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

A preliminary report by Halliday and co-workers on 
structure-activity relatioilships for the compounds 
described here has already appeared." These mate- 
rials n-ere evaluated for hypotensive action in the nor- 
motensive anesthetized dog aiid rat and for adrenolytic 
effectiveness in the dog. In addition to the two reports 
mentioned,4 other aiid more detailed descriptions of 
biological activities can lie found elsewhere.12 Fur- 
thermore, a summary publication on structure-activity 
relationships aiid mechanism of actioii of the more 
potent compounds will appe~1r.l~ These studies reveal 
that a s y m - S ,  S '-bis( 2-pyridylalkyl) et hyleiiediamiiie 
skeleton is necessary for maximum adrenolytic potency. 
That is, all of the compounds listed in Table I1 in 
addition to 11, 111, I\-, IT, YIII, IX, and XIII, are sub- 
stantially less adrenolytic than I a t  comparable doses. 
Compounds I, TI, aiid IT1 are of similar adrenolytic 
potency in that 10 mg. kg. (calculated as amount of 
base administered intravenously) usually reversed the 
pressor response to 2 y 'kg. of epinephrine in the normo- 
tensive anesthetized dog. Branching the ethylenedi- 
amine chain markedly increased adrenolytic potency. 
Compared to I, the branched compounds X aiid 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. 

ExperimentalI4 

Pi,N'-Bis[ ~-(2-pyridyl)ethyl] ethylenediamine (I).--ii mixture 
of 121 g. (1.0 mole) 2-acetylpyridine and 37 g. (0.E0 mole) of 817c 
aqueous ethylenediamine in 400 ml. of benzene TTas heated a t  
reflux for 5 hr. n-hile 23 nil. of water was collected in a Eean-Stark 
apparatus. After cooling to room temperature, the precipitate 
nxs collected, washed n-ith benzene, and dried. A mixture of this 
niaterial and 0.4 g. of Pt,02 in 200 nil. of ethanol \vas reduced 
under 3 atin. (3.0'3 kg./cm.*) of hydrogen. The ciitalj-st was 
removed bl- fi1tr:ition and the filtrate concentrnted in L'aczio 
t o a  sirup. 1~istill:rtionprorided 120g. (895;) of product. 

1,2-Bis( 2-pyrrolylcarboxaldim.ino'ethane.-To a solution uf 28 
g. (0.29 mole) of pyrrole-2-c.arb[)saldeh!.de in 100 nil. of benzene 
was added 12 nil. of 725;  aqueous ethylenediamine. After heat- 
ing  a t  reflux n-ith &ring for S hr., the mixture a-as cooled. The 
precipitate n-as collected, washed with benzene, and dried to 
afford 26.8 g. (8741) of  product, ni.p. 175-179". 

=l,ml. Calcd. for C I ~  HI, S,: S, 26.15. Found; S, 26.18. 
N,N'-Bis( 2-pyrro1ylmethyl)ethylenediamine Dihydrochloride 

(VI).--4 mixture c)f26.1) g. (0.125 mole) of the Schiff base and 0.3 
g. I I E  P t 0 2  in 200 nil. of ethanol was reduced under 3 atm. (3.09 
kg . / (*~ i i .~ )  of Iiydrogen. Tlie c s t a l y t  was removed by filtration 
: m i  excess ethereal hydrogen rliloride was added to the cooled 
filtrate. The prec7ipit:ite was collected and recrystallized from 
nietlianol t o  provide 6.7 g. (19yc) of product. 

N,N'-Bis[a-( 2-pyridy1)ethyl ]ethylenediaminelj (I'II).-A solu- 
tion of 21 g. (0.20 mole) of 2-vinylpyridine, 6.1 g. (0.090 mole) 

aqueous ethylenediamine, and 12 g. (0.20 mole) of glacial 
acetic acid in 100 ml. of ethanol x a s  heated a t  reflux for 6 hr. 
The reaction niisture was concentrated i n  z'ucuo and the resi- 

(11) R. 1'. Halliday. TV. . T .  Kinnard, and .I. P. Buckle,, . Ihstracts of 
Papers. .iiiierican Pharmaceutical Association Annual lIeeting, Miami 
Beach, Florida, May 12-17, 1963. 

(12) (a) R. P. Halliday, 11.9, Thesis, Unirersity of Pittsburgh, 1YfiO;  (h) 
It. P. Halliday, P1i.D. Thesis, University of Pit tsburah, 1962. 

(13)  .J. P. Iluckley, personal comniunication. 
(14) l l e l t ine  Iioints are corrected. Boiling points a re  uncorrected. 

3Iost analyses were performed under the direction of I I r .  E .  Kluchesky in the 
.inaiytical and  Control Department,  Lakeside Laboratories, Inc.  

(1.5) .i recent report suggests tha t  this reaction affords t h e  unsymmetrical 
i7roduct: 11. Profft and  S. Lojack, Rri, .  Chim. Roumnine. 7, 405 (1963). 
1ndf . r  Chemiiris. 9 ,  2!3185 (1963). 

due was treated with excess aqueous sodium hydroxide. This niix- 
ture was extracted twice with tetrahydrofuran, and the com- 
bined and dried organic layers were distilled to  afford 10.8 g. 
(467,) of product. 
N,N'-Bispicolylhydrazine Diacetate (VIII).-A mixture of 21 

g. (0.10 mole) of 2-pyridinealdazine,g 24 g. (0.40 mole) of glacial 
acetic acid, and 0.5 g. of PtOz in 200 nil. ethanol was reduced under 
3 atm. of hydrogen. The catalyst was separated by filtration, 
and t,he filtrate was concentrat,ed to dryness. Trituration of the 
residue v-ith ether folloxed by recrystallization from acetonitrile 
afforded 4.9 g. (155%) of product. 

(XIII).-A 
mixture of 27 g. (0.10 mole) of I, 66 ml. of 6 hydrochloric acid, 
and 5 g. of 57, rhodium-on-alumina in 150 inl. of ethanol \vas 
reduced under 3 atni. of hydrogen. The catalyst was removed by 
filtration and the filtrate concentrated to a sirup Lt-hich was 
treated n-ith excess aqueous sodium hydroxide. This mixture 
vias extracted with ether, then tetrahydrofuran, and the combined 
organic layers n-ere dried over potassium carbonate. Distillation 
provided 20.1 g. (7142) of product. 
N-t-Butyl-N-[a-(2-pyridyl)ethyl]amine (XIV;.-t-Butylaniine 

(53 g., 0.72 mole) and 14 g. (0.075 mole) of 2-(~bromoethyl j -  
pyridinel0 in 100 ml. of ethanol were heated in a citrate bottle for 
0.5 hr. a t  100". After cooling and removal of solvent by distilla- 
tion, 4.2 g. (0.075 mole) of potassiuni hydroside dissolved in 
75 mi. ethanol was added, and the mixture was filtered to remove 
inorganic salt. The filtrate was concentrated and the residue 
u-as distilled to provide 4.5 g. (347;) of crude product. 

N-[a-(2-Pyridyl)ethyl]piperidine (XI').-To a boiling sdution 
of 34 g. (0.40 mole) of piperidine in benzene was added a solution 
of 8.8 g. (0.047 mole) of 2-(~~-bromoethyl)pyridine in benzene 
over 0.5 hr. Heating a t  reflux was cuntinued for an additional 
3 hr. After cooling, the mixture was fltered m d  the filtrate was 
distilled to afford 7.3 g. (81%) of product. 

[~(2-Pyridyl)ethyl]trimethylammonium Bromide (XVI1.-A 
solution of 47 g. (0.80 mole) of trimethylamine and 15 g. (0.080 
mole) of 2-( a-bromoethy1)pyridine in 100 ml. ethanol was heated 
in a pressure bottle for 3 hr. a t  100". The solvent was evaporated 
and the residue Tvas recrystallized from acetonitrile to provide 11.3 

N,N'-Bis [a-( 2-piperidyl )ethyl] ethylenediamine 

g. (E8Y0) of material. 
N- [@-(2-Pyridyl)ethyl]piperidine (XIX).-A solution of 21 g. 

(0.20 mole) of 2-vin~-lpyridine, 12 g. (0.20 mole) of glacial acetic 
acid, and 17 g. (0.20 mile) of piperidine in 85 nil. of ethanol was 
heated a t  reflux for 8 hr. The solvent was removed by evapora- 
tion and the residue \\-as treated n-ith exi'ess aqueous potassium 
hydroxide. This mixture n-as extracted three times n-ith ether. 
The combined and dried organic layers Tvere concentrated and the 
residue was dist,illed to yield 29.5 g. (777,) of XIX. 

N- [a-(l-Pyridyl)ethyl] -p-(octahydro-1-azociny1)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-l-azccinyl)ethylaniine~~ in 100 nil. of ethanol 
during 10 min. An exothermic reaction ensued. After stirring 
for an additional 0.5 hr., 0.5 g. of PtOZ n-as added, and the mixture 
was reduced under 3 atm. of hydrogen. The exothermic reduc- 
tion n-as completed in 0.5 hr. The catalyst \\-as removed by fil- 
tration, and the filtrate was concentrated in I 'UCUO to a residue 
n-hich \vas distilled to give 16.2 g. (52%,) of product. 

~~ 

(10) R.  P. ~ 1 ~ 1 1 ,  11. E. Egbert, and 31. R.  Dapero, J. O r g .  Chen.,  26, 
1953 (1960). 
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Since maleic hydrazide was first shown to regulate 
plant growth2 there has been much interest in deriva- 

(1) Contribution No. 228  from Research Center, Unlted States Rnhber 
Company. 

( 2 )  D. L. Schoene and 0. I,. Hoffinann, Science ,  109, 588 (1949) .  
(3) 0. L.  Hoffmann and D. L. Schoene ( t o  E. d. Ruhber ConiIiany), U. 9. 

Patent 2,614,916 (Oct. 21,  1RfiZ).  
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wm 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. (62%) of white plates of isopropylamine hydrochloride, 
m.p. 155-159'; reported14 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 1. 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, n1.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 
so obtained was treated with 100 ml. of concentrated hydrochloric 
arid to give a dense tan precipitate of aniine 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 5yo sodium hydroxide. The combined chloroform ex- 
tracts were evaporated to give a dark semisolid residue of unre- 
acted aniline and 3-chloro-6-i~opropylnminapyridazine. 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 955& ethanol to give a first crop of 57.3 g. (5Oy0) of 
material as shining yellow plates, m.p. 17t5.0-175.60. 

Evaporation of the niother liquor gave a residue which wau 
recrystallized from I80 ml. of 95% ethanol to give a second crop, 
weight 17.5 g., m.p. 173.7-174.7". The total yield was 74.8 g. 
(66%). 

The infrared spectrum showed peaks for two types of N-H bond 
(3330 and 3190 em.-'), aryl hydrogen (3050 em.-'), alkyl hy- 
drogen (2980 and 2020 cm.-l), 3,6-disubstituted pyridazine (855 
and 838 cm.-'), and monovubstituted benhene (754 and 693 
crn.-'), 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-rnercaptobenzothiazole. 
The resulting clear yellow solution %-as treated a i t h  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. (55%) of product, m.p. 176-178". 

(14) A. Skita and F. Keil, BeT., 61, 1682 (1528). 
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Only a few 10-substituted phenoxazines were de- 
scribed in the literature* prior to the publication of 
Gilman's3 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. 

(1) Hazleton Laboratories.Fal1s Church, Virginia. 
(2)  K. 3liescher and A. Blarxer (to Ciba Pharmaceutical Prods, Inc.) 

(3) H. Gilman and L. 0. Moore, J .  A m .  Chem. Soc., 79, 3485 (1957). 
(4) (a) P. Muller, ?;. P. Buu-Hoi, and  R. Rips, J. Org. Chem., 24, 37 

(1959); (b) G. Frangatos, G. Kohan. and  F. L. Chubb, Can.  J .  Chem., 38, 
1021 (1960); (c) H. Vanderhaeghe, J .  Org. Chem., 26, 747 (1960); (d) 
M. P. Olmsted, P. S. Craig, J. J. Lafferty, A. M. Pavloff, and  C. L. Zirkle, 

U. S. Patent 2,483,212 (October 18, 1949). 

From 1-bromo-3-chloropropane and phenoxazine in 
a solution of sodium amide we prepared 10-(3-chloro- 
propy1)pheno~azine~~ (1) which we treated with diallyl- 
amine, N-(2-hydroxyethyl)piperazine, and ?;-(2-amino- 
ethy1)morpholine to form compounds 2, 3, and 4, 
respectively. Compound 5 was prepared from phen- 
oxazine and K,K-diallyl 2-chloroacetamide. Two 
more phenoxazine derivatives (6 and 7) were prepared 
from the dimethylamino alkylation of 2-acetylphen- 
oxazine. 4 a , c 3 n  

Phenoxazine was acylated with chloroacetyl chloride 
and 2-chloropropionyl chloride to give compounds 8 
and 9, respectively. TT'e refluxed various amines with 
the appropriate chloroacylpheiioxazine; the basic 
products were converted then to the hydrochlorides and 
the methyl halides (10-15). By a similar method, 16 
mas prepai ed froin 2-acetylphenoxazine. 

TVe prepared phenoxazine-10-carbonyl chloride4'vn 
(17) by reacting pherioxazine with phosgene a t  at- 
mospheric pressure. This was then converted to the 
ethyl ester 18 and a basic ester 19 which was isolated 
as the methiodide. I n  addition, the unsubstituted 
hydrazide 20 was formed. 

Compounds 10, 12, and 13 were studied for anti- 
cholinergic and spasmolytic activity in vitro using ace- 
tylcholine (1-5 X lo-') and histamine (1-12.5 X lo+) 
induced spasms in the isolated guinea pig ileum prepa- 
ration, and BaClz ( l - l O + )  induced spasms in the iso- 
lated rabbit ileum preparation. Compound 10 in a 
concentration of 1-5 X 10-5 inhibited BaClz-induced 
spasms by 19% and in a concentration of 1-2 X 
inhibited acetylcholine-induced spasnis by 10%. Com- 
pound 12 was not active against acetylcholine-induced 
spasms in a concentration of 1-2 X but inhibited 
BaClz-induced spasms by 30% in a concentration of 
1-2.5 X Compound 13 inhibited BaClz-induced 
spasm by 40% in a concentration of 1-2.5 X 
acetylcholine-induced spasm by 20% in a concentra- 
tion of 1-2.5 X lo+, and histamine-induced spasm by 
30% at  1-2 X 

The effects of compound 10, 12, and 13 on the mean 
arterial blood pressure of dogs anesthetized with 
pentobarbital (35 mg./kg. i.v.) was studied by means 
of a mercury manometer following intravenous admin- 
istration of 10 mg./kg. Compound 10 produced a 
70% decrease in mean arterial pressure, 12 produced 
a 60% decrease, and 13 produced a 36% decrease. 
The hypotensive activity of all three compounds was 
of short duration, returning to control level in less than 
15 min. 

Experimental 

10-(3-Chloropropyl)phenoxazine (l).-To a solution of sodium 
amide in liquid ammonia, prepared from 3.9 g. (0.17 g.-atom) of 

ih id . ,  26, 1901 (1961); (e) H. Linde. Arch. Pharm.. 294, 398 (1961); ( f )  
BI. Claesen and H. Vanderhaeghe, J .  Org. Chem.. 26, 4130 (1961); (g) H. 
Vanderhaeghe and  L. Verlooy, ibid.. 26,3827 (1961); (h) V. G. Samolovova. 
T. V. Gortinskaja, and  31. N. Shchukina, Zh. Obshch. Khim. .  30, 1516 
(1560); (i) V. G. Samolovova, T. V. Gortinskaja, and XI. iY. Shchukina, 
ibid., 31, 1492 (1961); (j) Smith Kline & French Laboratories, British 
Patent 825.312 (Dee. 16, 1959); Chem. Abstr. .  49, 58408; (k) Chas. Pfizer 
and  Co., Inc. British Patent 850.334 (Oct. 5 ,  1900); (1) Smith Kline & French 
Laboratories, British Patent 87.5,348 (Aug. 10, 1961); (m) Recherche e t  
Industrie Therapeutiques (R.I.T.) S..A., Belgian Patent 569,697 (Jan. 24, 
1959); Chem. Abstr . .  64, 586d(19GO); (n) Belgian Patent 575.133 (July 27, 
1959); Chem. Abstr .  64, 5708,f (1960); (0 )  Belgian Patent 577,565 (Oct. 10, 
1959); (p) Smith Kline &French Laboratories, Belgian Patent Appl. 593,260 
(July 22, 1960); (9) Recherche e t  Industrie Therapeutique (R.I.T.) S.A., 
Belgian Patent Appl. 594,542 (August 30, 1960); 594,643 (August 30, 19GO). 


