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2- and 4-u-substituted alkylamino-3-aminopyridines and the corresponding ,5-nitro, bromo, amino, alkoxy-
carbonyl, and carboxamido derivatives and 3-substituted amino-4-aminopyridines have been synthesized and 
cyclized to the corresponding imidazo- and triazolo[4,o-6]- and -[4,5-oJpyridines. These compounds show-
diverse types of pharmacological activity. Their structure-activity relationship has been discussed. 

Certain amino- and diaminopyridines prepared as 
inlermediates in the synthesis of potential purine an
tagonists'- were found to possess analeptic and pressor 
activities which were particularly marked in 2,3- and 
3.4-diaminopyridines.3 A survey of the literature4 

showed that a number of 2,3- and 3,4-diaminopyridines 
with substituents in the ring and also on the amino 
groups have been reported and cyclized to the corre
sponding imidazo and triazolopyridines. but except for 
Pastier'' and Haxathausen,6 who have described certain 
interesting biological properties of simple aminopyri
dines. the pharmacology of the isomeric diaminopyri
dines. substituted 2,3- and 3.4-diaminopyridines, and 
the corresponding imidazo and triazolopyridines has 
not been investigated, although the latter are isosteric 
with benzimidazoles. The latler have been shown to 
possess ix wide spectrum of biological activities. This 
prompted the synthesis of a number of 2- and 4-a<-sub-
stituted alkylamino-3-aminopyridines carrying various 
substituents in the 5-position, of 3-substituted amino-4-
aniinopyridines, and also of the corresponding imidazo-
aud triazolo[-i.n-b]- and -[4,."w]pyridines. The syn
thesis and pharmacological evaluation of these com
pounds forms the subject matter of this paper. During 
the course of this work we came across three patents by 
the Ciba group, claiming analgetic activity for 2-ben-
zylimidazopyridines7 and analeptic activity for imid
azopyridines' with dialkylamino-lower-alkylamino 
groups on the imidazole nitrogen. 

Most of the aminopyridines required for this study 
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were prepared by known methods, while new methods 
were developed for a few. Thus, 2,4-diaminopyridine 
had been prepared earlier by a Hofmann bronioamide 
degradation of 2,4-lutidinamide,9 while in the present 
work it was found more convenient to synthesize it by 
annnonolysis of 2-ehloro-4-aminopyridine, which in 
turn was prepared from 2-chloropyridine through its X-
oxide,10 by nitration" and reduction.10 Similarly, it 
was found more expedient to synthesize 3,.!-diaininopy-
ridine by catalytic reduction of 2-chloro-3,o-dinitropy-
ridine,'2 in preference to older methods13 which were 
more laborious. 

4-/3-Substitu1edethylamino-3-nitro-, -3..")-diiiitro-,and 
-3~nitro-5-bromopyridines (II, X = H, XO>, Br) were 
prepared from the corresponding 4-chloro compounds 
(•ryte.".is by condensation2b'4a'e'h with the appropriate 
amines. The 3-nitro and 3,-1-dinitro compounds thus 
obtained (II, X = H or X(J2) were reduced with Raney 
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nickel catalyst to the corresponding amino compounds 
(III, X = H or NH2). 4-Phenethylamino-3-nitro-5-
bromopyridine was similarly reduced to the corre
sponding amine (III, X = Br; R = CH2CH2C6H6). 
However, when the same conditions were used for the 
reduction of 4-/3-diethylaminoethylamino- and 4-/3-(1-
piperidyl)ethylamino-5-bromo-3-nitropyridines, reduc
tion of the nitro group was accompanied by dehalogena-
tion, and hydrobromides of the corresponding dehaloge-
nated bases were obtained. This facile dehalogenation 
is obviously due to the high nucleophilicity of the terti
ary nitrogen on the side chain of the ethylamino residue 
in the orlho posit'on. The 4-/3-aminoethylamino-5-
bromo-3-nitropyridines were therefore reduced to the 
corresponding amino compounds with ammonium sul
fide.4' 4-/3-Substituted etliylamino-3,5-dinitropyridines 
(II. X = N02) were partially reduced to the 3-amino-5-
nitro compounds (III, X = N02) using sodium hydro-
sulfide.16 Attempted reduction with ammonium sul
fide gave back the unchanged compound. 

These 4-/3-substituted ethylamino-3-aminopyridines 
gave the corresponding l-/3-substituted ethylimidazo-
[4,o-c [pyridines (IV, R' = H) on cyclization with for
mic acid2'40,'1,£'h while treatment with nitrous acid4d_f 

gave the corresponding triazolo [4,5-c [pyridines (V). 
Similarly, the reaction of 4-/3-substituted ethylamino-3-
aminopyridines (III, X = H) with carbon disulfide4d'g 

and urea4d,g gave the corresponding 2-mereapto- (IV, 
R' = SH) and 2-oxoimidazo [4,5-c [pyridines (IV, R' = 
OH). The corresponding 5-nitro compounds (III, X = 
X02), however, failed to react with CS2 or urea under 
similar conditions. 

2-co-Substituted aminoalkylamino-3-nitro-, -3,5-dini-
tro-, -3-nitro-5-bromo-, or -3-nitro-5-alkoxy(or aralkyl-
oxy)carbonylpyridines (VII) were synthesized from the 
corresponding 2-chloro-3-nitro-,n3,5-dinitro-,I23-nitro-
5-methoxycarbonyl-,18 and 3-nitro-5-bromopyridinesI8a'19 

(VI), respectively, by condensation with the various 
amines. 2-aj-Substituted alkylamino-3-nitro and the 
corresponding 5-methoxycarbonyl compounds (VII, X 
= H or COOH3) were reduced to the corresponding 
amino compounds (VIII, X = H or COOCH3) using 
Raney nickel, while the corresponding 3-nitro-o-
bromo and 3,5-dinitro compounds (VII, X = Br and 
N02) were reduced to the corresponding 3-amino-o-
bromo- and 3-amino-5-nitropyridines (VIII, X = Br or 
X02) with ammonium sulfide. The 5-benzyloxycar-
bonyl compounds were reduced with sodium dithio-
nite.4e These substituted 2,3-diaminopyridines were 
cyclized to 3-substituted imidazo [4,5-6 ]pyridines (IX, 
R' = H) and the corresponding 2-oxo- (IX, R' = OH) 
and 2-mercaptoimidazo [4,5-6]pyridines (IX, R' = SH) 
and 3-substituted triazolo[4,5-6]pyridines (X) as de
scribed above. 

Attempts to prepare 3-/3-substituted ethylimidazo-
[4,5-6]pyridine-6-carboxamides (IX, R' = H; X = 
COXH2) from the corresponding methoxycarbonyl 
compounds by heating with alcoholic ammonia or 
diethylamine in sealed tubes at 120°, gave unchanged 
starting materials. In the case of 3-phenethyl-6-me-

thoxycarbonylimidazo [4,5-6 [pyridine, it was therefore 
first saponified with sodium hydroxide solution, and the 
carboxylic acid thus obtained was converted into its 
chloride which on treatment with ammonia or diethyl-
amine gave the corresponding amides. The synthesis 
of the 3-/3-diethylaminoethylimidazo [4,5-6 ]pyridine-6-
carboxamide by this method proved difficult as the cor
responding acid, due to its dipolar character, could not 
be satisfactorily isolated from the reaction mixture 
after hydrolysis. The preparation of the acid from the 
corresponding benzyl ester also proved unsatisfactory 
as the removal of the benzyl group by catalytic hydroge-
nation was unexpectedly difficult. This amide was 
eventually synthesized from the ester by conversion to 
the corresponding hydrazide followed by reduction with 
Raney nickel.20 

The 3-substituted amino-4-aminopyridines (XII) 
were prepared from 3-bromo-4-nitropyridine 1-oxide21 

by condensation22 with methanolic solutions of the 

NRR' NH, 

I^SpNRR' 

XII 

V 
CH2CH2C6H5 

Xllla, X = JCH 

b,X= ^N 

various amines followed by catalytic reduction with 
Raney nickel. 3-Phenethylamino-4-aminopyridine was 
cyclized to 3-phenethylimidazo- (Xllla) and triazolo-
[4,5-c[pyridine (XHIb) with copper acetate-formalin4a 

and nitrous acid,46 respectively. 

Experimental 

2,4-Diaminopyridine.—2-Chloropyridine (6.0 g.), glacial acetic 
acid (32 ml.), and 30% hydrogen peroxide (32 ml.) were heated 
at 55-60° for 8 days. The solvents were distilled under reduced 
pressure on a steam bath and the crude N-oxide so obtained was 
nitrated according to the method of Finger, et al.,n to give 2-
chloro-4-nitropyridine 1-oxide in 50% yield, m.p. 150-151° 
(lit.11153-153.5°). 

This pyridine 1-oxide (21.5 g.), reduced iron powder (20.0 g.), 
and glacial acetic acid (200 ml.) were gently warmed on the water 
bath when a vigorous reaction set in. After the reaction slowed 
down, the mixture was heated on the water bath for 1.5 hr. The 
reaction mixture was then cooled, diluted with water (200 ml.), 
and made basic with NaOH pellets under cooling. The hot solu
tion was filtered, and the residue and the mother liquor were ex
tracted with ether. The combined ether extracts were dried 
(Na2S04), the ether was removed, and the 2-chloro-4-aminopyri-
dine thus obtained was crystallized from benzene-hexane in 80% 
yield, m.p. 88-90° (lit.23 91-91.5°). The amine (0.5 g.), copper 
sulfate (0.1 g.), and concentrated XH4OH (5 ml., sp. gr. 0.88) were 
heated in a sealed tube at 170-180° for 40 hr. The reaction mix
ture was evaporated to dryness, and the residue was made strongly 
alkaline and extracted with ether to give 2,4-diaminopyridine in 
15% yield which was crvstallized from benzene; m.p. 107° (lit.9 

m.p. 106-107°). 
3,5-Diaminopyridine.—A solution of 2-chloro-3,5-dinitropyri-

dine (1.0 g.) in ethyl acetate (50 ml.) was hydrogenated in pres
ence of excess Raney nickel catalyst at a pressure of 2.46 kg./ 
cm.2 The solution was filtered into concentrated HC1 (1 ml.), 

(16) W. W. Hartman and H. L. Silloway, Org. Syn., 25, 5 (1945). 
(17) Y. Ahmed and D. H. Hey, J. Chem. Soc, 4516 (1954). 
(18) (a) A. H. Berrie, G. T. Newbold, and F. S. Spring, ibid., 2590 (1951); 

(b) J. H. Boyer and W. Sehoen, J. Am. Chem. Soc, 78, 423 (1956). 
(19) E. V. Brown and H. T. Burke, ibid., 77, 6053 (1955). 

(20) C. Ainsworth, ibid., 76, 5774 (1954). 
(21) J. M. Essery and K. Schofield, J. Chem. Soc, 4953 (1960). 
(22) J. W. Clark-Lewis and R. P. Singh, ibid., 2379 (1962). 
(23) H. G. den Hertog, J. C. H. Schogt, J. Debruyn, and A. de Clark, 

Rec. trav. chim., 69, 673 (1950). 
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1 
2 
• ) 

4 
5 
6 
i 

S 

() 
10 
11 
12 
!5 
14 
15 
Hi 
17 
IS 
10 
20 

CH,CH2XKt2 

CH2CH2XEt2 

CH,CH2XKI: 
CH:CH2XEt: 
CH2CH2XEt2 

CH2CH,XLt: 
C H 2 C H 2 X I M 2 

CB.CHsSCiBm 
CH2CH2Xe sH,„ 
CH2CH-.NCr,H1„ 
C'H2CH2XC5H,„ 
CH2CH2XC-,H1U 

CH2CH,.XC5HK, 
OH,CH2XO,Ti„, 
(.'H2CH2C,;H;) 

CH2CH2C6H.-, 
CH2CH.C,,H, 
OH2CH2C:f,H., 
CH2CH2C6H:, 
C'H2CH2CbH, 

22 

2:! 

24 

OL'H, 

CH.CH, 

CH,CHCH:C6H, 
CH3CHCH,C6H, 

l i ' 

NO, 
X H . 

xo2 
X H : 

XH2 

X0 2 

XH2 

NO, 
NH2 

XO. 
X H : 

X H : 

XO; 
XH, 
NO: 
XH: 
XO: 
XH: 
XO: 
NH: 

X 

H 
H 
NO: 
XO: 
XH: 
Br 
Br 
H 
H 
NO: 
NO: 
NH: 
Br 
Br 
H 
H 
NO: 
NO: 
Br 
Br 

^ X " 

B.p. ..mm., „r ,„.,,.. 

U0-115 (bath; (0 
145-150 (bath) (0 
ll!)r 

S2-S5' 
Picrate, 164-107"' 
S2' 
•2HOI, 208-200'' 
70-SI' 
72"' 
122' 
157" 
•3HC1, 234-230' 
07 -9S'' 
•2HC1, 205-208" 
S2' 
•HC1, 174-175' 
116-117'' 
112" 
62' 
•HCI, 203-204'' 

-c. 

.001)'' 

.01)'' 

(' 

55.46 
63.46 
46,6 
52. 1 

41.63 
36.77 
57.6 
65.45 
4S.0S 
54. 15 
41 s 
45. 76 
3>. 7 
64.2 
62.65 
54.2 
60 1 
4s..14 
47. 5s 

II 

7.56 
0.61. 
6.00 
7.5 

5,56 
5.26 
* . 0 

0.00 
5.60 
7. 17 
6.06 
5. 16 
5.61 
5 3 
6.30 
4. 1 
5. 48 
3. 76 
4 53 

N 

23,52 
26.02 
24.73 
27. (i 
24. 7S 
17.65 
1 5 . .')•'> 

22.4 
25.00 
25.7 
26.41 
20.5 
1 7.02 
15. OS 
1 7 2s 
16. S3 
10 4 
21 7 
13,0 
12.8 

r 

55, 72 
63. 1S 
46.02 
52.3 

41.42 
57.40 
57.52 
65,53 
40,57 
54. ^)~) 
41 .76 
44,02 
30,2 
64 52 
62.72 
54.5 
60 75 
4S, 1 S 
47 S3 

, f l M l l l . I 

11 

7 .55 
0.7S 
6.57 
7.60 

5.55 
5.61 
/ . 5 
t . 57 
6.22 
7.24 
7. 14 
5.56 
5,01 
5.75 
6.66 
4.5 
5.4 
5.47 
4.02 

\ 

25.51 
26.74 
24 .5 
0 - ~-> 

24 56 
1 7 22 
15.72 
22 10 
24 S4 
24,06 
26.40 
10,01 
16. S4 
15 17 
17.12 
16 73 
10,2 
21 ,55 
12.05 
12.00 

NO: 

NH: 

XH: 

XO: 
XH: 

H 
H 

•HCI, 210-212 dec. 

•2HC1 202-dec." 

•2HBr 255-255 dec ' 

49' 
210-220 (bath) (0.001 

10,51 

16.54 
1 S, 5 

12.0S 

12.50 

0.0S 

16.2s 

" Lit. b.p. 166° (1 mm.),1 141-145° (0.05 mm.) 
zene-hexane. ,; Crystallized from aqueous ethanol. e Crystallized from ethanol-ether. 
lallized from ethanol. * Crystallized from water. ' Crystallized from hvdrobromic acid 

Lit. b.p. 181-185° (I mm.),'" 155-160° (0.07 mm.)." ' Crystallized from bcn-
Crvstallized from ether-hexanc. " Orys-

and the catalyst was washed with hot alcohol. The filtrate on 
concentration gave 3,5-diaminopyridine dihydrochloride, which 
was crystallized from ethanol containing HCI; yield 0.43 g., 
m.p. >300°. The free base obtained from ihe dihydrochloride 
was crystallized from benzene: m.p. 110° (li1.,3>lta m.p. 1 Hi
l l 1°). ' 

2- or 4-w-(-Aminoalkylamino-3-nitropyridines (II and VII). 
A solution of the 2- or 4-chloro-3-nitropyridine or its 5-substituted 
derivative (I or VI, 0.1 mole) in dry toluene (25 ml.) was added 
gradually with stirring to a solution of the appropriate amine 
(0.15 mole) in dry toluene (50 ml.). The reaction mixture was 
stirred at 70-75° for a further 2 hr., cooled, and filtered. The 
fill rate was washed with water and then extracted with 1 0 ' t HCI, 
the acid layer was made basic with NH4OH and extracted with 
CHCI3. The chloroform extract was dried (Xa2S04), the solvent-
was removed, and the residue was purified through its hydro
chloride and crystallized or distilled in a high vacuum. The 
dillerenl compounds thus obtained in yields of 75-05'') are de
scribed in Tables I and II. 

2- or 4-(3-Arylethylamino-3-nitropyridines (II and VII). 
The 2- or 4-chloro-5-nitropyridine and their 5-substituted 
derivatives (I or VI, 0.1 mole) were condensed with /3-arylethyl-
.'inline (0.2 mole) as described above. The reaction mixture was 
filtered, the filtrate was evaporated to dryness, and the residue 
was crystallized ; yields varied from 75 -07', (. These compounds 
are described in Tables 1 and II . 

2- or 4-Substituted Amino-3-aminopyridines (111, X - H. 
NH, ; VIII, X = H, COOCH3).---The appropriate nitro com
pounds were suspended in ethanol (10 nil./'g.) and hydrogenated 

using Raney nickel catalyst at a pressure of 2.11 kg. cm." until 
the absorption of hydrogen ceased (ax. 30 inin.). The catalyst 
was filtered and washed with hot ethanol, the filtrate was con
centrated under reduced pressure, and the amines were isolated, 
either as free bases or as the hydrochlorides by adding a calculated 
quantity of ethanolic HCI to a concentrated solution of the 
amine in absolute ethanol when the hydrochloride separated out 
either on cooling or addition of dry ether, in yields of 65 -90'<. 
These compounds are described in Table I and II. 

4-( 3,4-Dihydroxyphenethylamino )-3-aminopyridine. A 
mixture of 4-(3,4-dimethoxyphenethy]amino)-3-aminopyridine 
dihydrochloride (6.5 g.) and 48'') HBr (65 ml.) was refluxed for 
S hr. The hydrobromide of the amine separated on cooling; 
yield, 7S')< . 

4-Phenethylamino-3-amino-5-bromopyridine. 4-Phenethyl-
amino-5-nitro-5-bro!nopyridine was reduced using Raney nickel 
catalyst as described above; yield 92 ') (Table I). 

4-Substituted Amino-3-amino-5-nitropyridines (III, X ^ 
XO:!.- -Sodium bvdrosulfide (115 ml.), prepared by saturating a 
12', NaOH solution with FLS at 0°, and NHjCl (100 ml. of 20' , 
solution) were added simultaneously under vigorous stirring to 
a suspension of the 4-substituted anuno-3,5-diuitropyridines 
( 17.0 g.) in ethanol 1 250 ml.) and NH4OH (30 nil., sp. gr. 0.88 1. 
The reaction mixtures became warm and the nitro compounds 
gradually went into solution. Stirring was continued for 2 hr., 
and the dark red reaction mixtures were acidified with concen
trated HCI and filtered. The fill rates were concentrated under 
reduced pressure and made basic with concentrated NH4OH. and 
the products so obtained wen' extracted with CHOk. The 
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No. 

49 
50 
51 
52 
53* 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

70 

71 

72 
73 

R 

CI 
NHCH 2CH 2NEt 2 

XHCH2CH2NEt2 

NHCH 2CH 2NEt 2 

NHCH 2CH 2NEt 2 

NHCH 2CH 2XEt 2 

NHCH 2CH 2NEt 2 

NHCH2CH2XEt2 

NHCH2CH2NC5H10 

XHCH2CH2XC6H10 

XHCH2CH2NC5H1C 

NHCH2CH2NCEH10 

NHCH^CH^CgHs 
iS HOH2CH2C6H5 

XHCH2CH2C6H5 
JN HGXI2CH2C6H5 

XHCH2CH2C6H5 

rs HCH2CH2C6H0 

XHCH2CH2C6H5 

XHCH 2CHOHCH 2XEt 2 

XHCH 2CHOHCH 2NEt 2 

OCH3 

N H C H J C H 2 ^ ^ H 0 C H » 

OCHs 

N H C I I - C H . - ^ ^ O C ' H , 

XHCH(CH3)CH2C6H6 

NHCH(CH3)CH2C6H6 

R' 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

NH 2 

NH2 

NH 2 

X 0 2 

X 0 2 

X 0 2 

XH2 

XH 2 

xo2 
X 0 2 

N 0 2 

X 0 2 

NH 2 

NH 2 

NH 2 

N 0 2 

XH 2 

N 0 2 

NH 2 

N 0 2 

XH 2 

X 

X 

COOCH2C6H6 

H 

xo2 COOCH3 
H 
N 0 2 

COOCH3 
Br 
H 
X 0 2 

H 
NO2 
H 
N 0 2 

COOCH3 

COOCH2C6H6 

H 
N 0 2 

COOCH3 

N 0 2 

X 0 2 

X 0 2 

N 0 2 

NO, 
X 0 2 

T CR' 

B.p. (mm.) or m.p., °C, 

86° 
100 (bath) (0.001 )b 

QQC.d 

59" 
110 (ba th) (0 .001) 
837 '0 

34d 

57-59d 

120 (bath) (0.001) 
97* 
94" 
118'' 
85' 
120-122*' 
102'' 
91" 
•HC1, 144' 
136*' 
105" 
73-75d 

135-1374 

130'' 

174-176' 

116' 
•HC1, 208-211* 

C 

53.33 
55.5 
46.6 

63.46 
51.9 

57.6 
48.98 
65.5 
54.34 
64.2 
54.8 

66.81 
62.5 
60.11 

-% calcd.-
H 

3.06 
7.5 
6.0 

9.61 
7.8 

7.2 
5.69 
9.1 
7.1 
5.35 
4.4 

5.04 
6.4 
5.7 

N 

9.57 
23.5 
24.7 
18.91 
26.92 
27.3 
21.06 
17.66 
22.4 
23.7 
25.4 
26.4 
17.28 
19.44 
13.93 
11.14 
16.8 
21.4 
15.48 
22.36 
24.73 

16.00 

17.61 

18.54 
18.15 

C 

53.23 
55.9 
46.9 

63.70 
52.2 

58.0 
48.53 
65.6 
54.0 
64.5 
54.3 

66.62 
62.9 
60.4 

/c found— 
H 

3.36 
7.7 
5.72 

9.53 
7.5 

7.36 
5.26 
9.5 
7.2 
5.6 
4.2 

5.31 
6.6 
5.4 

X 

9.65 
23.6 
24.3 
18.98 
27.11 
27.6 
20.85 
17.98 
22.3 
23.42 
25.7 
26.8 
17.4 
19.6 
14.01 
11.27 
17.01 
21.7 
15.31 
22.06 
24.82 

15.54 

17.52 

18.13 
18.06 

" Crystallized from hexane. b Lit.8 b.p. 120° (0.05 mm.). " Lit.8 m.p. 66°. d Crystallized from ether-hexane. ' Reported earlier* 
but boiling point was not described. f Lit.8 m.p. 83°. « Crystallized from benzene-hexane. * Crystallized from aqueous ethanol. 
* Crystallized from ethanol. > Crystallized from benzene. * Crystallized from water. 

chloroform extracts were dried (XTa2S04) and evaporated, and the 
amines were purified through their hydrochlorides. Yields of 
various amines varied from 65-80% (Table I) . 

2-Substituted Amino-3-amino-5-nitropyridines (VIII, X = 
NO2).—Solutions of the nitro compounds (8.4 g.) in ethanol 
120 ml.) and XH4OH (40 ml., sp. gr. 0.88) were heated to 70°, 
and H2S gas was passed until saturation. The dark red solu
tions so obtained were evaporated to dryness under reduced 
pressure, the residue was extracted with HC1 (charcoal) and 
made basic with NH4OH, and the liberated amine was extracted 
with chloroform. The amines were purified by repeatedly dis
solving in acid and precipitating with a base, and finally crystal
lized either as free bases or as hydrochlorides; they were ob-
ained in yields of 65-80% (Table II). 

4-/J-(-Aminoethylamino-3-amino-5-bromopyridines (III, X = 
Br; R = CH2CH2N<).—These were prepared from the cor
responding nitro compounds by reduction with ammonium sul
fide as described above in yields of 70-75%. (Table I). 

Imidazo[4,5-6]- and -[4 5-c]pyridines (IV and IX, R' = H).— 
The diaminopyridines ( I I I and VIII) were refluxed with 98-
100% formic acid for periods varying from 5-20 hr. The formic 
acid was removed under reduced pressure, and the residue was 
taken up in a little water and made basic with XH4OH. The 
products were either filtered and crystallized or extracted with 
chloroform, the extracts were dried (Na2SO,i), the solvents were 
removed under reduced pressure, and the products were isolated 
as the free bases or as hydrochlorides, in yields from 75-95%. 
(Table III and IV). 

2-Oxoimidazo[4,5-5]- and -[4,5-c]pyridines (IV and IX, R ' = 
OH).—2- or 4-Substituted amino-3-aminopyridines (III and VIII) 
were fused with urea at 160-170°. After the evolution of am
monia had slowed down, the melt was cooled and extracted with 

absolute ethanol (charcoal), the alcoholic extract was concen
trated, and the products were isolated as hydrochlorides by 
treatment with ethanolic HC1; yields 45-50% (Table III and 
IV). 

2-Mercaptoimidazo[4,5-6]- and -[4,5-c]pyridines (IV and IX, 
R' = SH).—A solution of the 2- or 4-substituted amino-3-
aminopyridine (I I I and VIII) in methanol and CS2 was refluxed 
for 20 hr. The solvent was evaporated under reduced pressure 
and the residue was crystallized from ethanol; yields 80-90% 
(Table I I I and IV). 

Triazolo[4,5-6]- and -[4,5-c]pyridines (V and X).—A 5 % 
aqueous solution of sodium nitrite was added to a vigorously 
stirred solution of the diaminopyridine (I I I and VIII) in 10% 
HC1 cooled to 0°, until the reaction mixture gave a test for nitrous 
acid. Stirring was continued at this temperature for a further 
1.5 hr. In cases where a solid separated, it was filtered and 
crystallized; otherwise the solution was evaporated to dryness 
in vacuo, the residue was dissolved in a little water and made 
basic with XH4OH, and the free base was worked up as usual; 
yields 85-100% (Table III and IV). 

2-Phenethylimidazo [4,5-6] pyridine-6-carboxylic Acid.— 
3-Phenethyl-6-methoxycarbonylimidazo [4,5-6]pyridine (1.5 g.) 
was refluxed for 2 hr. with 20% XaOH solution (25 ml.) and the 
reaction mixture was cooled and acidified to pH 4-5 with HC1. 
The acid which separated was filtered, washed with water, and 
crystallized from aqueous ethanol; yield 95% (Table IV). 

3-Phenethylimidazo [4,5-6] pyridine-6-carboxamide.—The acid 
(0.4 g.) was refluxed with oxalyl chloride (2.0 ml.) in dry benzene 
(10 ml.) for 4 hr. The solvent was removed in vacuo, and the 
residue repeatedly was distilled with dry benzene to remove 
traces of oxalyl chloride. The acid chloride was obtained as 
a brown crystalline solid. This was dissolved in benzene and a 
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No. 

26" 

27' 
28" 
29 
30 
31 
32" 
33" 
34 
35' 
36" 
37 
38 
39 
40-' ' 

41 
42 
43« 
44" 
45 
46 
47 

48 

R 

CH2CH2XEt2 

CH2CH2NEt2 

CH2CH2NEt2 

CH2CH2NEI2 

CH2CH2NEt2 

CH2CH2NEt2 

CH2CH2NC5H,„ 
CH2CH2XC5H,„ 
(;H8CH2NCSH,O 
CH2CH2XC5H,0 

CH2CH2NCSH1(I 

CH2CH2NCsHio 
CH2CH2NCsHio 
CH2CH2NCsHio 
CH2CH2C6H6 

CH2CH2C6H5 

CH,CH2CBH5 

CH^OHsCfiHs 
CH2CH2C«HS 

CH2CH,C6H5 

CH2CH2CBH5 

CH2CH2C6H6 

,-OCH3 

CH2CH2<^V-OCH ; 

X 

H 

N<).. 
Br 
H 
NO, 
Bi
l l 
H 
H 
N<)... 
Br 
H 
X0 2 

Bi
l l 

H 
H 
N 0 2 

Bi
l l 

xo2 
Br 

X ' 

CH 

CH 
CH 
N 
X 
N 
CH 
COH 
CSH 
CH 
CH 
X 
N 
N 
CH 

COH 
CSH 
CH 
CH 
X 
N 
X 

TABLE III 

X R 

k>-N-X' 

I').)). i m m . i o r m . p , . ' { ' . 

•2HC1, 219-221'''' 
•HC1, 179-181" 

-2HC1, 211-212' 
130-135 (bath) (0.005}" 
145-150 (bath) (0.0003) 
•2HC1, 187-189" 
73-74"' 
237-239" 
215-216" 
88-90'" 
•HC1, 261-263" 
85-87'' 
07-68'' 
•HC1, 222-224" 
121-122' 
•HC1, 202-204" 
•HC1, 258-260" 
260' 
122-123" 
85-86' 
79-80" 
169-170' 
131-132' 

c 

49.48 

54. 71 
38,89 
60.27 
50.0 
35.57 
08.6 

59,54 
56 7 
43. S9 
62.38 
52, 1 
37.59 
69,70 
64,74 
60.98 
65.88 
62 75 
55.62 
69.6 
57.97 
51 .45 

' , ' i - a l c l 

11 

6,87 

C). 46 
5.13 
7 7 
6.00 
4.85 
8.6 

6,86 
6.2 
5.06 
7.35 
5.7 
4.64 
6.22 
5.43 
5.08 
5.09 
4.4 
3.97 
5.3 
4 .0s 
3.61 

N 

19.48 
22.03 
26.6 
15,13, 
31 .96 
31.8 
19,13 
24.3 
21 .21 
21 .4 
25,0 
15.75 
30.30 
30.4 
18.27 
17 4 
16.14 
15.2 
16.4 
20.9 
13.90 
25.0 
26,02 
18,50 

c 

49.71 

55.18 
38.42 
60.54 
50.4 
35.93 
68.52 

59.72 
56.94 
43.37 
62.52 
51 .94 
37.98 
69.3 
65.02 
60.63 
65.83 
63.15 
55.84 
69.90 
58, 1 
51 .62 

' , f>,.in.l.-

l l 

7. IS 

6.92 
5.51 
8.00 
0.34 
4.79 
8.32 

6.91 
6.31 
5.01 
7.23 
5.89 
4,93 
6.39 
5.44 
5.32 
5.42 
4,27 
4.24 
5.33 
4,12 
3.61 

N 

19.05 
21 .74 
26. 17 
15.3,2 
31.59 
31 .63 
19.05 
24.6 
20.98 
21.19 
24.9 
15.61 
29.91 
30.25 
17.92 
17.02 
10.22 
15.61 
16.32 
20.71 
13,. 86 
24.79 
25.72 
18.61 

H 115' 19.36 18.98 

" Reaction time of 15-20 hr. 6 Lit.8 m.p. 225-226. " Crystallized from ethanol. d Crystallized from ethauol-ether. "Reaction 
time of 3 hr. •'Crystallized from ether-hexane. "Lit.4" b.p. 147° (1 mm.). * Crystallized as monohydrate. 'Crystallized from 
benzene-hexane. 

stream of dry NH 3 was passed through the solution, and the 
amide so obtained was filtered, washed with water, and crystal
lized from aqueous ethanol; yield 75% (Table IV). 

N,N-Diethyl-3-phenethylimidazo [4,5-5] pyridine-6-carbox-
amide.—Diethyiamine was added to a benzene solution of the 
acid chloride prepared as described above. The solution was 
filtered, the filtrate was evaporated to dryness, and the residue 
was crystallized from ether-petroleum ether; yield 95% (Table 
IV). 

2-PhenethyIamino-5-benzyloxycarbonyl-3-nitropyridine. 
6-Chloro-5-nitronicotinoyl chloride,18 prepared from 6-hydroxy-5-
nitronieotinic acid (1.0 g.),16 was dissolved in dry benzene (10 ml.); 
benzyl alcohol (1.0 ml.) was added and the mixture was kept 
for 15 min. Benzene was removed under reduced pressure, and 
the residue was triturated with cold ethanol, filtered, and crystal
lized from hexane. I t was then condensed with phenethylamine 
as described above for the methoxvcarbonvl compound; vield 
65%. 

3-Phenethyl-6-benzyloxycarbonylimidazo [4,5-6] pyridine.-
The above nitro compound (0.5 g.) was suspended in ethanol 
( 10 ml.) and reduced with sodium dithionite by warming on the 
water bath. The reaction mixture was evaporated to dryness 
in vacuo, and the residue was extracted with chloroform. Re
moval of the chloroform gave a sirup (0.3 g.) wdiich was refluxed 
with 98-100% formic acid (5 ml.) for 15 hr. and worked up as 
usual; yield 50%. 

3-0-DiethyIaminoethylimidazo [4,5-6] pyridine-6-carbox-
hydrazide.—A solution of 3-/3-diethylaminoethyl-6-methoxy-
carbonylimidazo [4,5-6] pyridine (0.6 g.) in absolute ethanol (5 
nil.) and hydrazine hydrate (1 ml. of 99-100%) was refluxed fol
io hr. The reaction mixture was evaporated to dryness in vacuo, 
and the residue was crystallized from ethanol-ether; yield 9 5 ' , 
(Table IV). 

3-/3-DiethyIaminoethyIimidazo [4,5-6] pyridine-6-carboxamide. 
The above hydrazide (0.3 g.) in ethanol (30 ml.) was refluxed 

in the presence of moist Ranev nickel catalyst (3.1) g..i for 24 
hr. The catalyst was filtered, the filtrate was evaporated to 
dryness in vacuo, and the residue was crystallized from ethanol 
ether; yield 65%. (Table IV). 

3-Substituted Amino-4-nitropyridine 1-Oxides (XI).- A solu
tion of 3-bromo-4-nitropyridine 1-oxide (3.3 g.) in absolute meth
anol (70 ml.) and the appropriate amine (2 mole eqtiiv. of phen
ethylamine, 1.5 mole equiv. of /3-diethylaminoethylaniine, anil 
excess dimethylamine) was heated on the steam bath for 45 min. 
The solution was evaporated to dryness under reduced pressure, 
and the residue crystallized from absolute ethanol (charcoal). 
Thus 3-dimethylamino 4-nitropyridine 1-oxide (99) was obtained 
in 45% vield, m.p. 145°. 

Anal. Calcd. forC7H9N,02 : X, 22.9. Found: X, 23.04. 
3-Phenethylamino-4-nitropyridine 1-oxide (100) was ob

tained in 30%. yield, m.p. 172°. 
Anal. Calcd. for C13H,3N303: X, 16.21. Found: X, 16.22. 

3-fl-Diethylaminoethylamino-4-nitropyridine 1-oxide (101) 
was obtained in 10% vield, m.p. 89°. 

Anal. Calcd. for C„H,gN403: X, 22.1, Found: X, 21.97. 
3-Substituted Amino-4-aminopyridines (XII). -The nitro-

pyridine 1-oxides (XI) were hvdrogenated at a pressure of 2.4(5 
kg./cm.2 using Raney nickel as catalyst; yield 79-85%.. Thus 
3-dimethylamino-4-aminopyridine hydrochloride (102) crystal
lized from ethanol; m.p. 245°. 

Anal. Calcd. for C,H,iN3-HCl: X, 24.2. Found: X, 23.76. 
3-Phenethylamino-4-aminopyridine (103) crystallized from 

benzene; m.p. 125°. 
Anal. Calcd. for C,3H,1,X3: X, 19.71. Found: X, 19.32. 
3-(3-Diethylaminoethylamino-4-aminopyridine dihydrochloride 

(104) crystallized from ethanol; m.p. 103° 
Anal Calcd. for C l lH f f lX4-2HCl-H20: C, 44.14; H, 8.02: 

X, 18.73. Found: C, 43.75; H, 8.31; X, 18.53. 
3-Phenethylimidazo[4,5-c]pyridine (105). -—3-Phenethylamino-

4-aniinopyridine (0.57 g.), water (20 ml.), copper acetate (1.1 
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No. 

74" 
75c 

76 
77 
78 
79" 
80" 
81 
82 
83" 
84" 
85 
86 
87" 
88" 
89" 
90 
91 
92" 
93c 

94 
95 
96 
97 
98 

R 

CH2CH2NEt2 

CH2CH2NEt2 

CH2CH2NEt2 

CH2CH2NET2 

CH2CH2NEt2 

CH2CH2NEt2 

CH2CH2NEt2 

CH2CH2NEt2 

CH^CH^-S liit-2 

CH2CH2NC5H10 

CH2CH2NC0H10 

CH2CH2NC6Hio 
CHaOrizNCsHio 
CH2CH2C6H5 

CH2CH2C6H5 

CH2CH2C6H5 

CH2CH2C6XI5 

CH2CH2C6H5 

CH2CH2C6XI5 

CH2CHOHCH2NEt2 

CH2CH2C6H5 

CH2CH2C6H5 

CH2CH2C6H5 

CH2CH2NEt2 

CH2CH2NEt2 

X 

H 
NO2 

N 0 2 

N 0 2 

NH2 

Br 
COOCH3 
H 
N()2 

H 
N 0 2 

H 
NO2 

H 
N 0 2 

COOCH3 

H 
N 0 2 

COOCH2C6H5 

N O . 
COOH 
CONH2 

CONEt2 

CONHNHs 
CONH2 

X' 

CH 
CH 
COH 
CSH 
CH 
CH 
CH 
N 
N 
CH 
CH 
N 
N 
CH 
CH 
CH 
N 
X 
CH 
CH 
CH 
CH 
CH 
CH 
CH 

TABLE IV 

R 

13 .p . (111111.) o r 111.p., ° C . 

110 (bath) (0.001)6 

6 2 i . « 

•2HC1, 236 / '" 
i85-i87*'» 
Sirup 
Picrate, 147-149* 
41e 

•HC1, 132'' 
•HC1, 165-167' 
•HC1, 165' 
107e 

•HC1, 218-219'' 
104* 
73* 
107-108* 
103* 
68e 

137-138* 
164! 

79-81" 
222-225 dec* 
194-197* 
108-110' 
145-146' 
197-199' 

C 

66.1 
52.8 

51.66 
43.92 

53.83 
52.17 
75.1 
62.7 

70.76 
57.99 
73.66 

67.41 

68.68 
56.5 

/c G&lCQ, 

H 

8.25 
6.22 

7.04 
5.65 

6.70 
5.79 
5.8 
4 .4 

5.35 
4.09 
5.26 

4.86 

6.62 
7.2 

N 

25.7 
25.64 
22.18 
23.72 
30.04 
18.66 
20.9 
27.4 
27.95 
21.1 
25.45 
25.40 
30.43 
18.75 
20.89 
14.9 
24.50 
26.02 
11.76 
23.88 
15.72 
21.05 
16.86 
30.4 
26.82 

C 

66.42 
53.0 

51.96 
43.66 

53.41 
52.35 
75.1 
63.00 

70.53 
58.09 
73.37 

67.53 

68.48 
56.21 

% found— 
H 

8.37 
6.4 

6.94 
5.80 

6.25 
5.92 
6.0 
4 .1 

5.77 
4.32 
5.51 

4.70 

6.99 
7.77 

N" 

25.42 
25.6 
22.17 
23.41 
30.34 
19.03 
20.67 
27.08 
28.75 
20.89 
25.57 
25.72 
30.18 
18.5 
20.79 
14.7 
24.66 
25.83 
11.52 
23.22 
15.85 
20.93 
16.78 
29.98 
26.63 

• Reaction time of 15-20 hr. >> Lit.8 b.p. 125° (0.07 mm.). c Reaction time of 2-3 hr. d Lit.8 m.p. 66-67°. ' Crystallized from 
ether-hexane. s Lit.8 m.p. 240°. « Crystallized from ethanol. h Lit.8 m.p. 191-192°. * Crystallized from aqueous ethanol. ' C r y s 
tallized from ethanol-ether. * Crystallized from benzene-hexane. ; Crystallized from hexane. 

g.), and formalin (0.4 ml.) were refluxed for 5 hr. The reaction 
mixture was cooled, acidified with concentrated HC1, and freed 
of copper ions by passing in H2S, and the compound was isolated 
as its hydrochloride; m.p. 184-187°, yield 50%. 

Anal. Calcd. for C14Hi3N3-HCl: N, 16.21. Found: N, 16.2 
3-Phenethyltriazolo [4,5-c] pyridine (106).—3-Phenethylamino-

4-aminopyridine (0.5 g.) was treated with nitrous acid by the 
method described above and the triazole was crystallized from 
benzene-hexane; m.p. 119-120°, yield 75%. 

Anal. Calcd. for C,3H12N4: ' c , 69.64; H, 5.35; N, 25.0. 
Found: C, 69.84; H, 5.72; N, 25.51. 

Pharmacological Methods.—Acute toxidity, gross observa
tional effects, antagonism to sodium pentobarbital (60 mg./kg. 
i.p.), pentylenetetrazole (60 or 90 mg./kg. s.'c), and electroshock 
were studied in male mice at 0.5-0.25 LD6o. The actions on 
blood pressure, respiration, superior cervical ganglia, and sali
vation were studied in anesthetized cats by administering 2-5 
mg./kg. i.v. 

Results and Discussion 

Pharmacological data for some of the selected com
pounds are described in Table V. Among the amino-
pyridines the vasopressor action and barbiturate an
tagonism were most marked in 4-aminopyridine; these 
effects were accompanied by marked increase in secre
tions, thus indicating the possibility of involvement of 
the autonomic nervous system. 2-Aminopyridine was 
somewhat less active, while 3-aminopyridine was the 
least active of the aminopyridines. Introduction of an 
additional amino group in position 3 of 2- and 4-amino-
pyridines further increased the intensity and duration 
of their action on blood pressure and barbiturate an

tagonism. Introduction of an amino or a methyl group 
in position 5 or 6 of 2-aminopyridine reduced the mag
nitude of activity without affecting its pattern. In 3-
aminopyridine, introduction of an amino group at posi
tion 5 increased the analeptic activity without altering 
the magnitude of the pressor action, thus indicating 
that the two actions may be independent of each other 
and showing the possibilities of their dissociation. 
However, in 2,4-diaminopyridine both these activities 
are completely abolished. This appears to be due 
either to the competition between 2- and 4-amino 
groups for the same sites on the bioreceptor or perhaps 
to the binding of the molecule at the "sites of loss." 
Introduction of a bromo or nitro group in position 5 or 
an amino group in position 6 in 2,3-diaminopyridine 
completely abolished these activities, and 2,3,6-tri-
aminopyridine even showed a mild vasodepressor and 
anticonvulsant response of an antiextensor type. 

Substitution of either of the amino groups in 2,3- or 
3,4-diaminopyridines markedly altered their activity. 
With small alkyl substituents (mono and dimethyl) a 
certain amount of residual pressor and analeptic effects 
could still be noticed, but, with bigger substituents, 
these actions were abolished and in certain cases even 
the pattern completely changed. Thus 4-phenethyl-
amino-3-aminopyridine produced ptosis and mild 
ataxia, blocked the extensor convulsions, and had a 
marked vasodepressor action. Branching of the alkyl 
chain of this 4-phenethylaminopyridine did not alter its 
anticonvulsant activity as shown by the activity of its 
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PHARMACOLOGICAL R E S U L T S 

Pyr id ine ileri valivi 

Apprux . 
LDso 

(mice) 
i .p. . 

Cross obse r va t i ons (mice.) 

Effect, on 
t u r a t e liy 

- - ( > 
Dose;. 

ine./ksE-

10 

II 

12 
13 

14 

15 

Hi 

ir 

2-Amint) 

3-Amino 

4-Amino 

2,3-Diaminn 

3,4-Diamino 

2,4-Diamino 

2,5-Diamino 

2,6-1 )iamino 

3,5-Diamino 

2,3,6-Triamino 

3,4-Diamino-5-bromo 

3,4-Diamino-5-uiti'o' 
4-Ami no-3-phenet hylai nino 

3-Amino-4-phenethylammo 

3-Amino-4-(a-melhylphenethylamino! 

3-Ainiiio-4-(3,4-dimethoxyphenethylamino) 

3-Amino-4-(3,4-dihydroxyphenethylamino) 

35 Ilyperreflexia, slight motor activity, tonic 10 
convul. 20 

2(S Hyperreflexia, tremors, tonic convul. 6 
15 

10 Hyperreflexia, quiet, tonic convul., 2.5 
salivation + + 5 

25 Ilyperreflexia, irritation, piloerection, tail 5 
raising, tonic convul. 12 

20 Ilyperreflexia, irritation, piloerection, tail 5 
raising, tonic convul., salivation 10 

>200 Quiet and markedly relaxed, incoordinated 50 
movements 100 

50 Ilyperreflexia, irritation, Ionic convulsions 12.5 
25 

100 Alert, slight increase in random move- 40 
ments and tail raising followed by de- 20 
pression, clonic convul., secretions ± 

200 Alert, tail raising, hyperreflexia 150 
100 

200 Quiet but moved away freely, cyanosis 50 
respiratory failure 100 

100 Markedly alert, irritation, fight, squeaking 50 
noise, tail raising followed by depression, 
tonic convul. 

>800 Slightly .alert, piloerection, later depressed 500 
100 Quiet, labored respiration, irritation, pre- 50 

convul. jumping, clonic convul., decrease 
in locomotor activity 

150 Ptosis, marked depression, mild ataxia, 80 
clonic convul. 

80 Quiet, ataxia, death due to resp. failure 50 

250 Marked depression, hypothermia 3°F., 100 
anoxic convul., death 

150 Quiet, piloerection, cyanosis, gasping, 50 
death due to respiratory failure 

— C a r d i o v a s c u l a r 

nun. ' ' 
( m i l l . ) 

+ 3 7 (15) 

+ 15(10) 

+ 3 1 
(20-40) 

+25 
(20 30) 

+ 51 
(30-50) 

+ 10(7) 

+ 20(20) 

+ 20 
(15 30) 

+ 10(10) 

-20(10) 

0 

Resp.<: 

0 

0 

++ 

+ 

++ 
0 

0 

0 

0 

tl 

0 

efforts (<: 

N.M.V 

0 

0 

+ + + 

- 1 -

+++ 
0 

+ 

- j -

0 

0 

0 

:ats) 

Sal iva-
iion' ' 

+ 

0 

+ + 

+ 

+++ 
0 

_L-

+ 

0 

0 

0 

- 2 0 ( 2 ) 
+ 10(3) 

- 7 2 (5) 

- 2 5 ( 2 ) 

- 1 0 ( 2 ) 

+ 30(4) 

0 
0 

0 

0 

0 

0 

tl 
0 

0 

0 

0 

0 

Thick and mucoid saliva 

Profuse and watery saliva 

Thick and mucoid saliva 

Profuse and watery saliva. 

Blocked penfyleneielra/.nlc 
induced extensor convul. 

0 
0 Blocked pentylenetetrazole-

induced extensor convul. 

0 Blocked electrosliock-induced 
convul. 

0 Blocked pentyleneletrazole-
induced tonic convul. 

0 Did not block pentyleuetetra-
zole-induced exlensor convul. 

0 Did not block penlyleneletra-
zole-induced extensor convul. 



1S 3-Amino-4-(|8-diethylaminoelhylamino) 

19 3-Amino-4-(/3-pipcridylethylamino) 

20 3,5-Diamino-4-(j3-piperidylethylamino) 

21 3-Amino-5-nitro-4-(/3-piperidyIethylamino) 

22 3-Amino-5-bromo-4-(l8-piperidylethylamino) 

23 3-Amino-2-pheny lethylami no / 

24 3-Amino-5-bromo-4-phenylethylamino 

25 3-Amino-5-nitro-2-phenylethylami:io/ 

26 3-Amino-5-nitro-4-phenyIelhylamino/ 

27 3,5-Diamino-4-phenylethylamino 

28 3-(/3-Diethylaminoethyl)imidazo [4,5-6] 

29 3-((3-Diethylaminoethyl)-6-nitroimidazo-

[4,5-6] 
30 3-(/3-Diethylaminoethyl)-2-hydroxy-6-

nitroimidazo [4,5-6] 
31 3-Phenethylimidazo [4,5-6]' 
32 3-d8-Diethylaminoethyl)-6-mcthoxy 

carboxylimidazo [4,5-6] 
33 3-( (S-1 )iethy laminoethy 1 )imidazo [4,5-6] -

pyridine-6-carboxylic acid 
34 3-Phenethyl-6-methoxycarboxylimidazo-

[4,5-6]/ 
35 3-Phenylethylimidazo[4,5-6]pyridine-6-

carboxylic acid 
36 3-Phenylethylimidazo [4,5-6] pyridine-6-

carboxamide'' 

37 N,N-Diethyl-3-phenethylimidazo [4,5-6]-
pyridine-e-carboxamide7 

>500 Quiet, piloerection, labored respiration 
150 Depression, increased secretions, mild 

ataxia, decrease in locomotor activity 
500 Slight motor activity, high doses produce 

depression, salivation 
100 Quiet, salivation, tonic convul., decrease 

in locomotor activity 
150 Sit-like patches, ptosis, pseudo-sedation, 

clonic convul., death 
>500 Marked depression, alaxia, ptosis, decrease 

in locomotor activity 
>350 Slightly active, tail raising, later depressed 
>800 Active, restless, piloerection, later de

pressed, locomotor activity reduced 
>800 Quiet, gasping and convul., locomotor 

activity reduced 
150 Hyperreflexia, no clear cut convul., death 

due to respiratory failure 
100 Quiet, quick resp., tonic convul. 

100 Alert, hyperreflexia, slight motor activity 
followed by depression, tonic convul. 

>200 Depression, piloerection, sit-like patches 

>400 Depression 
150 Quiet, slightly depressed, quick resp., 

piloerection, tonic convul. 
500 Quiet., hyperreflexia, pseudo-sedation 

>500 

200 Depression, slight hypothermia 

>500 

500 

38 1-Phenethyltriazolo [4,5-c] >400 Marked depression, increased salivation 

0 
0 

0 Diuretic action 

0 Potentiated pentylenetetrazole-
convul. 

0 

0 Antagonizes reserpine ptosis 

0 

0 

0 Potentiated pentylenetetrazole-
induced convul. 

0 Potentiated pentylenetetrazole-
induced convul. 

0 Potentiated pentjdenetetrazole-
induced convul. 

0 
0 

0 

0 Rate and amplitude of resp. in
creased and lasted for more 
than 60 min. 

0 

0 Rate and amplitude of resp. in
creased, and lasted for more 
than 90 min. 

0 Rate and amplitude of resp. in
creased and lasted for more 
than 60 min. 

0 Produced hypothermia and en
hanced the effect of reserpine 
and chlorpromazine and af
fects CAR 
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a-methyl analog (.15), while the introduction of 3,4-
dhnethoxy (16) or dihydroxy groups (17) in the phenyl 
ring abolished I his anticonvulsant activity. The1 di-
hydroxy compound showed vasopressor action of short 
duration, while the diinethoxy compound did not havi 
much effect on blood pressure; however, it markedly 
potentiated barbiturate hypnosis. The corresponding 
3-/-anhno(nhylamino-3-amiuopyridines and 1 licit' .">-
nitro-, bromo, or amino derivatives did not possess 
these activities. Introduction of a nilro or bromo 
group in phenethylamino compounds conferred vaso
pressor action as shown in 2-phenethylamino-3-amino-
o-nitropyridine and 4-phenethylamin(.)-3-ainino-">-bro-
mopyridine: the former in addition also antagonized 
resorpine-inducod ptosis in mice. 4-fJ-Pipe.ridylelhyl-
aniino-3,-">-diaminopyridiiie, however, showed mild di
uretic a d ion. 

In imidazo {4,.")-/) {pyridines, thefi-/-aniinoethyl residue 
at position 3 conferred a stimulant and analeptic ac
tivity, which was particularly marked in 3-/3-diethyl-
aminoeihylimidazo|4.."W) {pyridine. Introduction of a 
nitro (29) and a methoxycarbonyl (32) group in posi
tion Ii of this compound did not appreciably enhance 
the analeptic activity. However, the methoxycarbonyl 
compound in addition to its analeptic action possessed 
vasopressor and respiratory stimulant, actions. This 
respiratory stimulant action was more marked in the 
corresponding 3-phenethyl-(J-carboxamide (36), where 
it persisted for as long as 90 inin. Introduction of an 
amino or bromo group in position tj or a mercapto or 
hydroxyl group in position 2 of 3-fi-diethylaminoethyl-
imidazo[4.")-/) [pyridine abolished analeptic activity. 
The corresponding triazolo[4.,">-6 {pyridines did not show 
this analeptic action. 

1-Phenetliyl- ami l-jj-/-aininoethylimidazo- or -tri-
azolo [4,."i-r {pyridines on the other hand, showed a 
general depressant action, which was quite pronounced 
in 1-phenethyltriazolo [4,o-c{pyridine and l-/3-piperidyl-
elhylimidazo|4,.">-r {pyridine. These 1wo compounds 
showed marked potentiation of barbiturate hypnosis 
and also potentiated the action of reserpine and chlor-
promazine. The phenethyl compound (38) at a dose of 
100 mg. kg. blocked ">09c of the conditioned avoidance 
response (("All) in rats,24 the piperidylethyl compound 
(43), however, did not affect (.he CAR. Introduction 
of a mercapto or hydroxyl group at position 2, and a 
bromo or nitro group at position 7 of these inhdazo- and 
triazolopyridines did not confer any significant ac
tivity. 

A group of workers" have claimed analeptic activity 
for lower-alkyl 3-^-/-aminoiniidazo [4,o-6 {pyridines and 
the isomeric 1-substituted imidazo [4,"w {pyridines, 
especially for 3-^-diethylaminoethyl-(i-nitroimidazo-
[4,5-/;{pyridine (29). Although our study agrees with 
the claimed analeptic activity of the latter, it shows 
that the corresponding imidazo- and triazoio [4,•')-<• {py
ridines have a depressant action. 
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