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except in the case of 2-(octahydro-l-azocinyl)ethyl-
amine which gave XX.

A preliminary report by Halliday aud co-workers on
structure—activity relationships for the compounds
described here has already appeared.!' These mate-
rials were evaluated for hypotensive action in the nor-
motensive anesthetized dog and rat and for adrenolytic
effectiveness in the dog. Int addition to the two reports
mentioned,*!! other and more detailed descriptions of
biological activities can be found elsewhere.’* Fur-
thermore, a summary publication ou structure—activity
relationships and mechanism of action of the more
potent compounds will appear.'* These studies reveal
that a sym-N,N'-bis(2-pyridylalkyl)ethylenediamine
skeleton is necessary for maximum adrenolytic potency.
That is, all of the compounds listed in Table II in
addition to II, ITT, IV, V|, VIII, IX, and XIII, are sub-
stautially less adreunolytic than I at comparable doses.
Compounds I, VI, and VII are of similar adrenolytic
potency iu that 10 mg./kg. (calculated as amount of
base admiuistered intravenously) usually reversed the
pressor response to 2 v/kg. of epinephriue in the normo-
tensive auesthetized dog. Branching the ethylenedi-
amine chain markedly increased adrenolytic potency.
Compared to I, the branched compounds X and XI are
roughly 2 and 10 times, respectively, more potent
adrenolytic agents. Presently available data indicate
that branching caused no changes in the quality of
biological activity.

Experimental!4

N,N -Bis|[«=(2-pyridyl)ethyl]ethylenediamine (I).—A mixture
of 121 g, (1.0 mole) 2-acetylpyridine and 37 g. (0.50 mole) of 819
aqueous ethylenediamine in 400 ml of benzene was heated at
reflux for § hr. while 23 ml. of water was collected in a Dean-Stark
apparatus. After cooling to room temperature, the precipitate
was collected, washed with benzene, and dried. A mixture of this
material and 0.4 g. of PtO; in 200 ml. of ethanol was reduced
under 3 atm. (3.09 kg./cm.?) of hydrogen. The catalyst was
removed by filtration and the filtrate concentrated in vacuo
toasirup. Distillation provided 120 g. (8997) of product.

1,2-Bis(2-pyrrolylcarboxaldimino'ethane.—To a solution of 28
g. (0.29 mole) of pyrrole-2-carboxaldehyde in 100 ml. of benzene
was added 12 ml. of 7297 aqueous ethylenediamine. After heat-
ing at reflux with stirring for 8 hr., the mixture was cooled. The
precipitate was collected, washed with benzene, and dried to
afford 26.8 g. (87571 of product, m.p. 175-179°.

Anal. Caled. for Ci» Hyy Nyt N, 26.15. Found; N, 26.18.

N,N’-Bis(2-pyrrolylmethyl)ethylenediamine Dihydrochloride
(VI).—A mixture of 26.8 g. (0.125 mole) of the Schiff base and 0.3
g. of Pt()y in 200 ml. of ethanol was reduced under 3 atm. (3.09
kg./em.?) of hydrogen. The catalyst was removed by filtration
and excess ethiereal hydrogen chloride was added to the cooled
filtrate. The precipitate was collected and recrystallized from
methanol to provide 6.7 g. (199) of product.

N,N’-Bis|«-(2-pyridyl)ethyl Jethylenediamine!s (VII).—A solu-
tion of 21 g. (0.20 mole) of 2-vinylpyridine, 6.1 g. (0.090 mole)
of 88¢¢ aqueous ethylenediamine, and 12 g. (0.20 mole) of glacial
acetic acid in 100 ml. of ethanol was heated at reflux for 6 hr.
The reaction mixture was concentrated n racuo and the resi-

(11) R. P. Halliday, W. J. Kinnard, and J. P. Buckley, Abstracts of
Papers, Aumerican Pharmaceutical Association Annual Meeting, Miami
Beach, Florida, May 12-17, 1963.

(12) (a) R. P. Halliday, M.S. Thesis, University of Pittsburgh, 1960; (b)
R. P. Halliday, Ph.D. Thesis, University of Pittsburgh, 1962.

(13) I. P. Buckley. personal comnmunication.

(14) Melting points are corrected. Boiling points are uncorrected.
Most analyses were performed under the direction of Mr. E. Kluchesky in the
Analytical and Control Department, Lakeside Laboratories, 1ne.

(15) A recent report suggests that this reaction affords the unsymnietrical
nroduct: 1. Profft and 8. Lojack, Rer. Chim. Roumaine, T, 405 (1963).
loder Chemicus, 9, 20485 (1963),
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due was treated with excess aqueous sodium hydroxide. This mix-
ture was extracted twice with tetrahydrofuran, and the com-
bined and dried organic layers were distilled to afford 10.8 g.
(469) of product.

N,N’-Bispicolylhydrazine Diacetate (VIII).—A mixture of 21
g. (0.10 mole) of 2-pyridinealdazine,® 24 g. (0.40 mole) of glacial
acetic acid, and 0.5 g. of PtO; in 200 ml. ethanol was reduced under
3 atm. of hydrogen. The catalyst was separated by filtration,
and the filtrate was concentrated to dryness. Trituration of the
residue with ether followed by recrystallization from acetonitrile
afforded 4.9 g. (159%) of product.

N,N’-Bis|x«(2-piperidy!l)ethyl]ethylenediamine (XIIT).—A
mixture of 27 g. (0.10 mole) of I, 66 ml. of 6 N hydrochloric acid,
and 5 g. of 59 rhodium-on-alumina in 150 ml. of ethanol was
reduced under 3 atm. of hydrogen. The catalyst was removed by
filtration and the filtrate concentrated to a sirup which was
treated with excess agueous sodium hydroxide. This mixture
was extracted with ether, then tetrahydrofuran, and the combined
organic layers were dried over potassium carbonate. Distillation
provided 20.1 g. (719%) of product.

N-t-Butyl-N-[a=(2-pyridyl)ethyl Jamine (XIV}.—¢-Butylamine
(53 g., 0.72 mole) and 14 g. (0.075 mole) of 2-(a-bromoethyl)-
pyridine! in 100 ml. of ethanol were heated in a citrate bottle for
0.5 hr. at 100°.  After cooling and removal of solvent by distilla-
tion, 4.2 g. (0.075 mole) of potassium hydroxide dissolved in
75 mi. ethanol was added, and the mixture was filtered to remove
inorganic salt. The filtrate was concentrated and the residue
was distilled to provide 4.5 g. (349) of crude product.

N.[a-(2-Pyridyl)ethyl]piperidine (XV).—To a boiling solution
of 34 g. (0.40 mole) of piperidine in benzene was added a solution
of 8.8 g. (0.047 mole) of 2-(a-bromoethyl)pyridine in benzene
over 0.5 hr. Heating at reflux was continued for an additional
3 hr. After cooling, the mixture was fltered and the filtrate was
distilled to afford 7.3 g. (819;) of product.

[@=(2-Pyridyl)ethyl]trimethylammonium Bromide (XVI).—A
solution of 47 g. (0.80 mole) of trimethylamine and 15 g. (0.080
mole) of 2-(a-bromoethy)pyridine in 100 ml. ethanol was heated
in a pressure bottle for 3 hr. at 100°. The solvent wasevaporated
and the residue was recrystallized from acetonitrile to provide 11.3
g. (E8%) of material.

N-[8-(2-PyridyDethyl]piperidine (XIX).—A solution of 21 g.
(0.20 mole) of 2-vinylpyridine, 12 g. (0.20 mole) of glacial acetic
acid, and 17 g. (0.20 mole) of piperidine in 85 ml. of ethanol was
heated at reflux for 8 hr. The solvent was removed by evapora-
tion and the residue was treated with excess aqueous potassium
hydroxide. This mixture was extracted three times with ether.
The combined and dried organic layers were concentrated and the
residue was distilled to yield 29.5 g. (779,) of XIX.

N-[a-(2-Pyridyl)ethyl]-3-(octahydro-1-azocinyl)ethylamine
(XX).—A solution of 15 g. (0.12 mole) of 2-acetylpyridine in 50
ml. of ethanol was added to a stirred solution of 19.5 g. (0.12 mole)
of 2-(octahydro-1-azceinyl)ethylamine!® in 100 ml. of ethanol
during 10 min. An exothermic reaction ensued. After stirring
for an additional 0.5 hr., 0.5 g. of PtO, was added, and the mixture
was reduced under 3 atm. of hydrogen. The exothermic reduc-
tion was completed in 0.5 hr. The catalyst was removed by fil-
tration, and the filtrate was concentrated in vacuo to a residue
which was distilled to give 16.2 g. (529%:) of product.

(16) R. P. Mull, M. E. Egbert, and M. R. Dapero, J. Org. Chem., 38,
1933 (1960).
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Since maleic hydrazide was first shown to regulate
plant growth?? there has been much interest in deriva-

(1) Contribution No. 228 from Research Center, United States Rubber
Company.

(2) D. L. Schoene and O. L.. Hoffinann, Science, 109, 588 (1949).

(3) 0. L. Hoffmann and D. L. Schoene (to U. 8. Rubber Company), U. 8.
Patent 2,614,916 (Oct. 21, 1962).
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tives of this compound,*— usually preparcd cia 3,6-
dichloropyridazine.t®  During a programm of making
new derivatives of malete hydrazide we have also used
3,6-dichloropyridaziiie to prepare the 3,6-disubstituted
pyridazines listed i Table 1. Some of these pyrida-
zines have now been found to siow strong mhibition of
the tomato blight fungus Alterraiia solars.  Although
¢ bservatious of inhibiticn of the growth of plant fungi
cannct be extrapolated exactly to fuugi which are
parasitic to aninmals, a study of compounds which
show antifungal activity in plants may serve as a
guide for researches ot therapeutic fungicides.”

It is well established that the first eblerine atonr of
3,6-dichlorepyridazine is  displaced by nucleopliles
much more easily than is the second.?=  This effect
unidoubtedly arises from tite fact that all the nucleo-
philes thus far reported are electroun-releasing when
substituted on the pyridazine ring and so counteract
the activating (electron-withdrawing) effect of the
heterocyelie nitrogen atoms.  Hence, the preparation
of an unsymnnetrical 3,6-dianminopyridazine s bexi
carried out ustig the low-beiling amine i the first,
casy step and the high boiling amine i the second, more
difficult step.

I the prescut work it was reasoncd that a nucleo-
phile, such as cyanide iou, which would be clectron-
withdrawing as a substituent shonld not show the usual
lowered rate for displacement of the second chilorine.
However, our attempts to prepare a cyvanopyridazine
by treatinent of 3,6-dichloropyridazine with sodium
evanide in refluxing 809¢ cthanol™ or with cuprous
cyanide i pyridine' were unsuccessful.  Reaction of

Sreck sl RV Beandege, J. 2D Clemn. Soc., 81, 6511
ihi L. AL Steck, J. Uvg. Chem., 24, 1797

1) ia) ELAL
1050), and references vitell therein:
(1UL0).

(31 () J. Dreney, Angere. Cher,, 70, 5 (16538,
150 =0 Patent 2,764,584 (September 25, 10565,

() (a1 M. M. Rogers and J. I°. English (to American Cyangmid), T, S
'utent 2 671,086 (March 2, 1054 (hy ML AL Rogers and J. P, Englisle (30
Anmeriean CyanamnD, Ul S, Pawent 2,712,011 (dune 28, 1044,

(71 (1) N. Tabalavashi, J. Do Saes Japas, T8, T78 11055
Tad and H, Igeta, vhid., 76, 466 11955,

(8) R. 1L Alizzoni amd P. E. Spoerrl, /., s, Chem. Soc., 78, 1873 (16511

1) See, for example, J. F. Grove, Quavl. Fec. iLomlon), 17, 2 (1063,
it0) H. 1. Hass aml J., R, Marshall, Ind. Eng. Chew., 28, 352 (10311

iLi J. Drney {to Cibai.

v 1

31.34.

¢ 4-Dimethylaminaniling,

3, 6-dichloropyridazine with sodiun dibutyl phosphite
by the ntethed of Kosolapoff'? gave only recovered
starting materials and a small amount of material
which decomposed upon attempted distillation (100°,
0.05 nun.).

[11 a test of the fungicidal activity of 3,6-disubstitnted
pyridaziites, tomato plants were sprayed to cun-off
with aqueons suspensions (2000 p.p.ui) of the com-
peuntds listed in Table I, The treated plants aund nn-
treated control plants were inoculated with an aqueous
snspension of Alternaria solani spores aud kept i a
greenhouse for 3 days after which they were scored hy
comparinng the number of disease lesions of the treated
plants with these of the untreated plants.  The control
of fungus on the treated plants was as follows: 111,
0980 V, 049 1V.879; IX,809%; XI, 50%.

In a post-cniergence herbicide test, seeds of hoth
broad-leaf and grassy species of weeds were planted in
boxes and allowed to grow for about 2 weeks, after which
the weeds were sprayed to run-off with 2000 p.p.n.
aqueous suspensions of Tor VIII. Ten days later the py-
ridazines were evalaated for weed-controlling ability on
the basis of 097 for untreated weeds and 1009, for com-
plete absence of weeds.  Compound 1 gave 459¢ control
of broadleaf weeds and 8097 control of grassy weeds;
VIIT gave 93¢ control of broadleal weeds and 60
coentrol of grassy weeds,

In a pre-ctergence herbicide test, sceds of broadleaf
and grassy weeds were planted in pots in a sand-soil
mixture and the pots were then sprayed with an agueous
suspension of 1 at a rate of 5 pounds/acre of the chem-
ical. Three wecks after planting, the control of broad-
leaf weeds was 987 and the coutrol of grassy weeds
9597 .

Experimental!?
3-Chloro-6-isopropylaminopyridazine.—A solntion of 148 g,
{1.00 mole) of 3,6-dichloropyridazine in 500 ml. of reagent benzene

cire A
ves,” Calll Vol 111 lelun Wiley and Sons. lne.. New York, N. Y
21d

1210 Gl ML Wosolwand, J. Ao Chew. Noe., 87, T180 (1110).

‘13¢ AN melting puints are correctold.

1. Cullen, €. AL Dgrnfebl, and G HL Calewaon, “Orvgnnie Synvjne-
Lo 18AL,
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was treated with 180 ml. (2.10 moles) of isopropylamine. The
solution was refluxed for 132 hr. During this time the tempera-
ture of the solution rose from 59 to 75° and there precipitated
59.5 g. (629 of white plates of isopropylamine hydrochloride,
m.p. 155-158°; reported!t 148-150°. The solution was evap-
orated to give a tan crystalline precipitate which was dissolved
in 120 ml of concentrated hydrochloric acid and reprecipitated
into 2 L. of water containing 120 g. of sodium hydroxide. The tan
granular precipitate was separated by filtration, washed with
water and dried to give 108 g. (62¢%) of product, m.p. 107-110°;
picrate, m.p. 174-176°.

3-Anilino-6-isopropylaminopyridazine.—A solution of 85.5 g.
(0.500 mole) of 3-chloro-6-isopropylaminopyridazine in 300 ml.
of reagent xylene was treated with 93 g. (1.00 mole) of purified
aniline and the solution refluxed for 18 hr. The dark solution
s0 obtained was treated with 100 ml. of concentrated hydrochloric
acid to give a dense tan precipitate of amine hydrochlorides.
The amine salts were separated from the xylene by filtration and
extracted three times with mixtures of 250 ml. of chloroform and
250 ml. of 59 sodium hydroxide. The combined chloroform ex-
tracts were evaporated to give a dark semisolid residue of unre-
acted aniline and 3-chloro-6-isopropylaminopyridazine. The re-
sidue from the extraction was dried to give 90 g. (79%) of light
tan granular solid, m.p. 177-178°. This was recrystallized from
750 ml. of 959 ethanol to give a first crop of 57.3 g. (50%) of
material as shining yellow plates, m.p. 175.0-175.6°.

Evaporation of the mother liquor gave a residue which was
recrystallized from 180 ml of 959 ethanol to give a second crop,
weight 17.5 g, m.p. 173.7-174.7°. The total yield was 74.8 g.
(669).

The infrared spectrum showed peaks for two types of N-H bond
(3330 and 3190 c¢m.™!), aryl hydrogen (3050 em.~), alkyl hy-
drogen (2980 and 2920 cm.™), 3,6-disubstituted pyridazine (855
and 838 cm.™!), and monosubstituted benzene (754 and 693
em. 1), as well as a complex of C-N and C—C stretching peaks
in the 1700-1300 cm. ! region.

3,6-Bis(2-benzothiazolylthio)pyridazine.—Sodium ethoxide was
prepared by dissolving 11.5 g. (0.500 g.-atom) of sodium in 500
ml. of absolute ethanol. To the ethoxide solution was added
83.5 g. (0.500 mole) of recrystallized 2-mercaptobenzothiazole.
The resulting clear yellow solution was treated with 37.3 g.
(0.250 mole) of 3,6-dichloropyridazine in 250 ml. of absolute
ethanol and the mixture refluxed for 36 hr. After cooling the
mixture to room temperature, the white precipitate was sep-
arated by filtration. Washing with two 200-ml. portions of
ethanol and two 200-ml portions of water followed by drying
gave 56.2 g. (55Y,) of product, m.p. 176-178°.

(14) A. Skita and F. Keil, Ber., 61, 1682 (1928).

Nitrogen Substituted Phenoxazines

ANDREW E. GAL! AND SOUREN AVAKIAN
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Richardson-Merrill Inc., Philadelphia 44, Pennsylvania
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Only a few 10-substituted phenoxazines were de-
scribed in the literature? prior to the publication of
Gilman’s® facile preparation of phenoxazine in 1957.
We wish to report a number of 10-substituted phenox-
azines, which, it was hoped, would have interesting
biological properties due to their analogy to the
phenothiazines and which have not been reported
elsewhere.4

(1) Hazleton Laboratories, Falls Church, Virginia.

(2) K. Miescher and A. Marxer (to Ciba Pharmaceutical Prods, Iuc.)
T. S, Patent 2,485,212 (October 18, 1949).

(3) H.Gilman and L. O. Moore, J. Am. Chem, Soc., 79, 3485 (1957).

(4) (a) P. Miller, N. P. Buu-Hoi, and R. Rips, J. Org. Chem., 24, 37
(1959); (b) G. Frangatos, G. Kohan, and F. L. Chubb, Can. J. Chem., 88,
1021 (1960); (¢) H. Vanderhaeghe, J. Org. Chem., 88, 747 (1960); (d)
M. P. Ohusted, P. N. Craig, J. J. Lafferty, A. M. Pavloff, and C. L. Zirkle,
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From 1-bromo-3-chloropropane and phenoxazine in
a solution of sodium amide we prepared 10-(3-chloro-
propyl)phenoxazine*® (1) which we treated with diallyl-
amine, N-(2-hydroxyethyl) piperazine, and N-(2-amino-
ethyl)morpholine to form compounds 2, 3, and 4,
respectively. Compound 5 was prepared from phen-
oxazine and N N-diallyl 2-chloroacetamide. Two
more phenoxazine derivatives (6 and 7) were prepared
from the dimethylamino alkylation of 2-acetylphen-
oxazine. 4"

Phenoxazine was acylated with chloroacetyl chloride
and 2-chloropropionyl chloride to give compounds 8
and 9, respectively. We refluxed various amines with
the appropriate chloroacylphenoxazine; the basic
products were converted then to the hydrochlorides and
the methyl halides (10-15). By a similar method, 16
was prepatred from 2-acetylphenoxazine.

We prepared phenoxazine-10-carbonyl chloride®°
(17) by reacting phenoxazine with phosgene at at-
mospheric pressure. This was then converted to the
ethyl ester 18 and a basic ester 19 which was isolated
as the methiodide. In addition, the unsubstituted
hydrazide 20 was formed.

Compounds 10, 12, and 13 were studied for anti-
cholinergic and spasmolytic activity ¢n vitro using ace-
tyleholine (1-5 X 10~7) and histamine (1-12.5 X 107%)
induced spasms in the isolated guinea pig ileum prepa-
ration, and BaCl, (1-10—%) induced spasms in the iso-
lated rabbit ileum preparation. Compound 10 in a
concentration of 1-5 X 10~% inhibited BaCl,-induced
spasms by 199, and in a concentration of 1-2 X 10~7
inhibited acetylcholine-induced spasms by 109,. Com-
pound 12 was not active against acetylcholine-induced
spasms in a concentration of 1-2 X 107, but inhibited
BaCly-induced spasms by 309, in a concentration of
1-2.5 X 10-7. Compound 13 inhibited BaCls;-induced
spasm by 409, in a concentration of 1-2.5 X 1077,
acetylcholine-induced spasm by 209% in a concentra-
tion of 1-2.5 X 10-8, and histamine-induced spasm by
309 at 1-2 X 107

The effects of compound 10, 12, and 13 on the mean
arterial blood pressure of dogs anesthetized with
pentobarbital (35 mg./kg. 1.v.) was studied by means
of a mercury manometer following intravenous admin-
istration of 10 mg./kg. Compound 10 produced a
709, decrease in mean arterial pressure, 12 produced
a 609 decrease, and 13 produced a 369, decrease.
The hypotensive activity of all three compounds was
of short duration, returning to control level in less than
15 min.

Experimental

10-(3-Chloropropy!)phenoxazine (1).—To a solution of sodium
amide in liquid ammonia, prepared from 3.9 g. (0.17 g.-atom) of

ihid., 26, 1901 (1961); (e) H. Linde, Arch. Pharm., 294, 398 (1961); (i)
M. Claesen and H. Vanderhaeghe, J. Org. Chem., 26, 4130 (1961); (g) H.
Vanderhaeghe and L. Verlooy. tbid., 26, 3827 (1961); (h) V. G. Samolovova.
T. V. Gortinskaja, and M. N. Shchukina, Zk. Obshch. Khim., 80, 15186
(1960); (i) V. G. Samolovova, T. V. Gortinskaja, and M. N. Shchukina,
tbid., 31, 1492 (1961); (j) Smith Kline & French Laboratories, British
Patent 825,312 (Dec. 16, 1959); Chem. Abstr., 49, 5840g; (k) Chas. Pfizer
and Co.. Inc. British Patent 850,334 (Oct. 5, 1960); (1) Smith Kline & French
Laboratories, British Patent 875,348 (Aug. 16, 1961); (m) Recherche et
1ndustrie Therapeutiques (R.1.T.) S.A., Belgian Patent 569,697 (Jan. 24,
1959); Chem. Abstr., 64, 586d (1960); (n) Belgian Patent 575,133 (July 27,
1959); Chem. Abstr. 54, 57087 (1960); (o) Belgian Patent 577,565 (Oct. 10,
1959); (p) Smith Kline & French Laboratories, Belgian Patent Appl. 593,266
(July 22, 1960); (q) Recherche et lndustrie Therapeutique (R.L.T.) S.A.,
Belgian Patent Appl. 594,542 (August 30, 1960); 594,543 (August 30, 1960).



