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nickel catalyst to the corresponding amino compounds 
(111, X = H or NH,). 4-Phenethylaiiiino-3-nitro-5- 
broniopyridine was similarly reduced to the corre- 
sponding aniine (111, X = Br; R = CH&H&eH,). 
However, when the same conditions were used for the 
reduction of 4-0-diethylaiiiinoethylainirio- arid 4-p-( 1- 
piperidyl)ethylanii1io-5-bronio-3-nitropyridines, reduc- 
tion of the nitro group was accompanied by dehalogena- 
tion, arid hydrobromides of the corresponding dehaloge- 
iiated bases were obtained. This facile dehalogenatioii 
is obviously due to the high nucleophilicity of the terti- 
ary nitrogen on the side chain of the ethylaniino residue 
i n  the ortho position. The 4-,&aminoethylamin0-3- 
bromo-3-nitropyridiries were therefore reduced to the 
corresponding amino compounds with ammonium sul- 
fide.4f 4-p-Substituted ethylamino-3,5-dinitropyridines 
(11. X = S O * )  were partially reduced to  the 3-amino-5- 
nitro compounds (111, X = KOz) using sodium hydro- 
sulfide.16 Attempted reduction with animoniuni sul- 
fide gave back the unchanged compound. 

These 4-p-substituted ethylaniino-3-aniinopyridines 
gave the corresponding I-6-substituted ethyliniidazo- 
[4,5-c]pyridines (ITr, R' = H)  on cyclizatiori with for- 
mic acidz r c , d , f i h  while treatment with nitrous 
gave the corresponding triazolo [4,5-c]pyridines (V). 
Similarly, the reaction of 4-,&substituted ethylaniino-3- 
arninopyridines (111 X = H) with carbon disulfide4d%' 
mid urea4d'g gave the corresponding 2-mercapto- (IV, 
R'  = SH) and 2-oxoimidazo[4,5-c]pyridi11es (IT, R '  = 
OH). The corresponding 5-nitro compounds (111, X = 
S O ? ) ,  homver,  failed to react with CS, or urea under 
similar conditions. 

2-a-Substituted aniinoalkylaniino-3-nitro-, -3,5-dini- 
tro-, -3-nitro-5-bronio-, or -3-nitro-5-alkox,v(or aralkgl- 
oxy)carbonylpyridines (VII) were synthesized from the 
corresponding 2-chloro-3-1iitro-,~~ 3,5-dinitro-,'*3-nitro- 
5-methoxycarbonyl-, l8 and 3-1iitro-6-bromopyridiries'~~~~~ 
(VI), respectively, by condensation with the various 
ani iiies. 2-W-Su bsti t uted alkylaniiiio-3-n i tro arid the 
corresponding 5-niethoxycarbonyl compounds (VII, X 
= H or COOHZ) were reduced to the corresporiding 
amino conipounds (T'III, X = H or COOCH,) using 
Raney nickel, nhile the corresponding 3-nitro-5- 
bromo and 3,3-dinitro compounds (YII, X = Br and 
KO,) were reduced to  the corresponding 3-aniino-5- 
bromo- and 3-amino-5-nitropyridines (PIII, X = Br or 
SOz) with amnioriiurii sulfide. The 3-benzyloxycar- 
bony1 compounds were reduced with sodium dithio- 
nite These substituted 2,3-diaiiiinopyridiries were 
cyclized to 3-substituted iniidazo [4,5-b]pyridines (IX, 
R' = H) and the corresponding 2-oxo- (IX, R'  = OH) 
and 2-mercaptoiniidazo [4,5-b]pyridines (IX, R' = SH) 
arid 3-substituted triazolo [4,5-b]pyridines (X) as de- 
scribed above. 

Bttenipts to prepare 3-6-substituted et liyliniidazo- 
[4,5-b]pyridine-6-carboxaniides (IX, R' = H; X = 
COSHZ) from the corresponding iiiethoxycarbonyl 
compounds by heating with alcoholic aninionia or 
diethylamine in sealed tubes a t  120", gave unchanged 
starting materials. In the case of 3-phenethyl-&me- 

thoxycarboriyliniidazo [4,5-b]pyridine, it was therefore 
first saponified with sodium hydroxide solution, and the 
carboxylic acid thus obtained was converted into its 
chloride which 011 treatment with aninionia or diethyl- 
amine gave the corresponding amides. The synthesis 
of the 3-/3-diethylaniirioethyliniidazo [4,5-b lpyridine-6- 
carboxaniide 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 renioval 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 

The %substituted aiiii1io-4-aniinopyridiiies (XII) 
were prepared from 3-broiiio--l-ni tropyridirie l-oxide2' 
by condensationz2 with iiiethariolic solutions of the 

various amines foliowed by catalytic reductioii with 
Raney nickel. 3-Phenethylamino-4-aniinopyridine was 
cyclized to 3-phenethyliniidazo- (XIIIa) and triazolo- 
[4 ,h]pyridine (XIIIb) with copper acetate-formalin4" 
and nitrous acid,le respectively. 

Experimental 
2,4-Diaminopyridine.-2-Chloropyridine (6.0 g.), glacial acetic 

acid (32 ml.)! and 307, hydrogen peroxide (32 ml.) were heated 
a t  55-60' for 8 days. The solvents were distilled under reduced 
pressure on a steam bath and the crude E-oxide so obtained was 
nitrated according to the method of Finger, ef al.," to give 2- 
chloro-4-nitropyridine 1-oxide in 5000 yield, m.p. 150-151' 
(lit." 153-153.5"). 

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 mixtiire was then cooled, diluted with water (200 ml.), 
and made basic with S a O H  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 
( Sa2S04), the ether was removed, and the 2-chloro-4-aminopyri- 
dine thus obtained was c tallized from benzene-hexane in 80% 
yield, m.p. 88-90" (lit.*3 91-91.5'). The aniine (0.5 g.), copper 
siilfate (0.1 g.), and canceritrated SH,OH (5  ml., sp. gr. 0.88) were 
heated in a sealed tube a t  170-180" for 40 hr. The reaction mix- 
ture was evaporated to dryness, and the residLie was made strongly 
alkaline and extracted with ether to give 2,4-diaminopyridine in 
1.57, yield which m-as crystallized from benzene; m.p. 10i"  (kg 
m.p. 106-10iO). 
3,5-Diaminopyridine.-A solution of 2-chloro-3,5-dinitropyt-i- 

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 HCl (1 ml.), 

(16) IT-. TY. Hartman and H. L. Silloway, U r g .  S!,n., 25, 5 (1942). 
(17)  Y .  .%timed and D. 1%. Hey, J .  Chem. Soc.,  4516 (1954). 
(18) (a) J\. H. Berrie, G .  T. Piewhold, and F. S. Spring, i b i d . ,  2590 (1951); 

ib) J .  H. Boyer and &'. Schoen, J .  A m .  Chem. Sac., 78, 423 (1956). 
(19) E. V .  Brown and H. T. Burke, ibid., 77, 6053 (1955) .  

(20) C. .\insworth, ibid., 76, 5774 (1954). 
(21) J. 11. Essery and I<. Schofield, J. Chem. Soc., 4953 (1960). 
(22)  J. \V. Clark-Lewis and R. P. Singh, ibid., 2379 (1962). 
(23) H. G. den Hertog, J. C. H. Schogt, J.  Debruyn, and .\. de Clark. 

Rec. trau. chin . .  69, 673 (1950). 
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TABLE I1 

NO. 

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

70 

71 

72 
73 

R 
C1 
XHCHzCH2NEt2 
SHCH2CHzNEt2 
NHCH2CHaSEt2 
NHCHzCH2NE tz 
XHCH2CHZSEt2 
NHCHzCHZNEt 2 

NHCHzCH2NEt2 
h"CH&H,NC,Hio 
?;HCH2CH2SCoHia 
SHCH2CH2NC2Hio 
NHCH2CHzNC.Hio 
SHCHtCH2C6Hj 
NHCH2CH2CsHb 
SHCHiCH2C6Ha 
SHCH2CH2C,H3 
SHCHzCHzCbHj 
?r"CH2CH2CsHo 
SHCH2CH2CsH0 
SHCHzCHOHCHzSEt2 
SHCHzCHOHCH2NEt2 

N H L H  < t12&o< HJ 

OCH, 

O L H ,  

hH( I 1  ( H H 

XHCH( CHa)CH,C6H, 
NHCH( CH3)CHzCe" 

11 ' 
NO2 
XO2 
KO2 
NO* 
"2 

r\' HP 
"' 
li 0 2  

S O ,  
KO2 
S H ,  
SH2 
S O ?  
KO? 
Pi02 
so2 
N Hz 
"2 

"2 

NO2 
"2 

X 

COOCHzCCHs 
H 
NO* 
COOCHI 
H 
NO2 
COOCHi 
Br 
H 
9 0 2  

H 
N 0 2  

H 
NO, 
COOCH, 
COOCH2CaHj 
H 
NO2 
COOCHa 
NOz 
KO* 

7-- 

I3.p. (mm.) or m.p., O C .  C 

86" 53 33 
100 (bath) (0.001)* 55.5 
666,d 46.6 
59" . . .  
110 (bath) (0.001) 63.46 
83'.' 51.9 
34d . . .  
57-5gd . . .  
120(bath)(0.001)  57.6 
9 i h  48 98 
94" 65 5 

85% 64.2 
120-122& 54.8 

91" 66.81 
.HC1, 144% 62.5 
136% 60.11 
10,5' . . .  
73-75d . . .  
135-13ih . . .  

118" 54.34 

102h . . .  

-yo calcd 
H 

3.06  
7 . 5  
6 . 0  

9.61 
7 . 8  

. . .  

. . .  

. . .  
7 . 2  
5.69 
9 . 1  
7 . 1  
5 . 3 5  
4 . 4  

5.04 
6 . 4  
5 . 7  

. . .  

. . .  

. . .  

. . .  

____ 
N 

23.5 
24.7 

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 

9.57 

is. 91 

--_<- /c found- 
C H 

53.23 3.36 
55.9 7.7 
46.9 5.72 

63.70 9.53 
52.2 7 . 5  

. I .  . . .  

. . .  . . .  

. . .  . . .  
58.0 7.36 
48.53 5.26 
65.6 9 . 5  
54.0 7 . 2  
64.5 5 . 6  
54.3 4 . 2  

66.62 5 .31  
62.9 6 . 6  
60.4 5 . 4  

. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  . . .  

--- 
?i 

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 

. . .  16.00 . . .  , . , 15.54 NO2 NO* 130' . . .  

NH2 NO2 174-176' . . .  . . .  17.61 . . .  . . .  17.52 

KO2 NO? l lS i  . . .  . . .  18.54 . . .  , , .  18.13 
KHP NO2 .HCl, 208-211b . . .  18.15 . . .  18.06 . . .  . . .  

a Crystallized from hexane. Lit.* b.p. 120" (0.05 mm.). c Lit.* m.p. 66". Crystallized from ether-hexane. e Reported earlier8 
h Crystallized from aqueous ethanol. but boiling point was not described. 

i Crystallized from ethanol. 
Lit.* m.p. 83". 0 Crystallized from benzene-hexane. 

i Crystallized from benzene. k Crystallized from water. 

chloroform extracts were dried (Na7SO1) and evaporated, and the 
amines were purified through their hydrochlorides. Yields of 
various amines varied from 6 5 8 0 %  (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 SH4OH (40 ml., sp. gr. 0.88) were heated to 70", 
and HIS 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 NH40H,  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 65-807, (Table 11). 

4-~-f-Aminoethylamino-3-amino-5-bromopyridines (111, X = 
Br ;  R = CH2CH?N<).-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-b]- and -[4 5-clpyridines (1V and IX, R' = H).- 
The diaminopyridines (111 and VIII)  were refluxed with 98- 
1007, 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 ",OH. The 
products were either filtered and crystallized or extracted with 
rhloroform, the extracts were dried (Na2S04), 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 111 and IV). 

2-0xoimidazo[4,5-b]- and -[4,5-c]pyridines (IV and IX, R' = 
OH).--2- or 4-Substituted amino-3-amiiiopyridines (111 and VIII)  
were fused with urea a t  160-170". After the evolution of am- 
monia had slowed down, the melt was cooled and extracted with 

absolute ethanol (charcoal), the alcoholic extract m-as concen- 
trated, and the products m r e  isolated as hydrochlorides by 
treatment with ethanolic HCl; yields 45-50% (Table I11 and 
IV). 

2-Mercaptoimidazo[4,5-b] - and - [4,5-c]pyridines (IV and IX, 
R' = SH).-A solution of the 2- or 4-substituted aniino-3- 
aminopyridine (111 and VIII)  in niet,hanol and C B  was refluxed 
for 20 hr. The solvent was evaporated under reduced pressure 
and the residue was crystallized from ethanol; yields 80-907, 
(Table 111 and IV). 

Triazolo[4,5-b]- and -[4,5-c]pyridines (V  and X).-.4 57, 
aqueous solution of sodium nitrite was added to a vigorous 
stirred solution of the diaminopyridine (111 and VIII)  in 10 
HC1 cooled to O",  until the reaction mixture gave a test for nitrous 
acid. Stirring was continued a t  this temperature for a further 
1.5 hr. I n  cases where a solid separated, i t  was filtered and 
crystallized; otherwise the solution mas evaporated to dryness 
in uaczm, t'he residue was dissolved in a little water and made 
basic with "*OH, and the free base was worked up as usual; 
yields 85-10070 (Table I11 and IV).  

2-Phenethylimidazo [ 4,541 pyridine-6-carboxylic Acid.- 
3-Phenethyl-6-methoxycarbonylimidazo [4,5-b]pyridine ( 1.5 g. )  
was refluxed for 2 hr. with 2 0 5  XaOH solution ( 2 5  ml.) and the 
reaction mixture was cooled and acidified to pH 4-5 with HCI. 
The acid which separated was filtered, washed with water, and 
crystallized from aqueous ethanol: yieldS95c", (Table IV). 
3-Phenethylimidazo[4,5-b]pyridine-6-carboxamide.-The acid 

(0.4 g.) was refluxed with oxalyl chloride (2.0 nil.) in dry benzene 
(10 ml.) for 4 hr. The solvent was removed in t m u o ,  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 beiizene and a 
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,ticin time of 15-20 hr 
iirne of hr. ' Crystallized from ether-l;esaiie. 0 Lit.ae b:p. 147" (1 nun.). * C:ry<talli;ed as miiricihydrate. i Crystallized from 
benzene-hexane. 

nt~.e:tiii of dry KH3 was passed thrciuqh i h e  solutioii, ntid the 
an i i de  so obtained was filtered, wished bvith wtter, arid crystal- 
lized from aqueous ethanol; yield i 5 % ,  (Table IV). 

N,N-Diethyl-3-phenethylimidazo 14,541 pyridine-6-carbox- 
amide.---niethylariiine was added to n benzene solut,iori of the 
acid chloride prepared :ts deswibed :tbove. The solutinn  vas 
l i l t  wed, the filtrate was evaporated to dryness, a n d  the residue 
w:ts c-ryst,allized froin ether-petroleum ether; yield 05r ;  ( T : t h l ~  
IT.'). 

2-Phenethylamino-5-benzyloxycarbonyl-3-nitropyridine. - 
(i-(~hliirri-5-nitronicotinoyl chloride, I* prepared from 6-hydro. 
nitronic~otinic acid (1.0 g.),l6was dissolved in dryhenxene (IOniI . ) :  
benzyl alcohol (1.0 nil.) was added and the mixture was kept 
for 15 niin. Rerizene was rernoved under reduced pressure, a.nd 
thr residue was triturated with cold ethanol, filtered, and crystal- 
lized from hexane. It was then condensed with phenethylatnine 
:i.s described ahove for the methoxycarbonyl compound ; yield 

3-Phenethyl-6-benzyloxycarbonylimidazo 14,541 pyridine.. 
The above nitro compound (0.5 g , )  was suspended in ethanol 
( 10 nil.) and reduced with sodium dithionite by warming on the 
m t e r  bath. The reaction mixture was evaporated to dryness 
in. mcuo,  arid the residue was extracted with chloroform. Re- 
iiioval of the chloroform gave a sirup (0.3 g.) which was refluxed 
with 98-100"; formic itcid ( 5  ml.) for 15 hr. and worked up :LS 
iisual; yield SOC;,. 

3-P-Diethylaminoethylimidazo [4,5-b] pyridine-6-car box- 
hydrazide.----A solution of 3-~-dietliylarni1ioethyl-6-11ieth1~~y- 
c~:ir~~onyliniidazo[4,5-b]p~ridiiie (0.6 g. )  in absolute etlianol ( 5  
1111.) arid hydrazine hydrate (1 ml. of 99-100(:1) was refluxed for 
15 hr. The reaction mixture was evaporated to dryness in uucuo, 
:tiid the residue was crystallized froiii ethanol-ether: yielil 05' , 
(Table IV).  

3-P-Diethylaminoethylimidazo [4,5-h] pyridine-6-carboxamide. 
I 11v : h ~ v e  hjdr:izide iO.2 K . )  i i i  e t1 i : i i i i J l  (:IO 1111.) wits reflusilt1 r ,  

3-Phenethylamino-4-nitropyridine 1-oxide (100) w:ts (11)- 
txined in 30C; yield, m.p. 172'. 

: 1 7 m l .  Calcd. for Ci,HlrN,Oa: 3,  16.21, Foillid: S .  l i  
3-5-Diethylaminoethylamino-4-nitropyridine 1-oxide 

\vats obtained in loC; yield, m.p. 89'. 
.S rial. Calcd. for Cl,Hl8S,Os: S,  22.1, E 'o t l l i d :  1, 2 I .!I:. 

3-Substituted Amino-4-aminopyridines (XII) .  -'!.%e nitro- 
1)yridiiie 1-oxides ( S I )  were hydrogenated at a pressure of 2.41; 
kg./nri. '  usiiig Raiiey nickel as catalyst; yield i'!)-.S.ir;. 
:i-diiriethylariiiiio-i-arnirlop!-ridiiie hydrochloride (102) ( 

lized from ethanol; n1.p. 215". 
.lnal. Calcd. for C~HI1l; , .HCI: K, 24.2. Furlrid: 1, 23.76. 

3-Phenethylamino-4-aminopyridine (103) c*ryst:illized froni 
Iienzene; ni.p. 125'. 

:I Calcd. for  ~ i , j ~ ~ i b ~ d :  x> 1 ! ~ , ~ ~ .  ~~oUlld:  3, l<j.:j'. 
3-fl-Diethylaminoethylamino-4-aminopyridine dihydrochloride 

(104) crystallized from ethanol; 1n.p. 103" 

3 ,  15.7::. 
.i/~/lL. CdId .  for (1iiII,lIS,.2HCI.HzO: C, 44.14: H, 8.02.  

Fi1111id: (', 4:3.;5; H, S.:%l;  N ,  lS.6;3. 
3-Phenethylimidazo j4,5-c] pyridine ( 105). ---5-Plie~ret,hyIa11iiiiii- 

-1-aiiiiiiop~ritlirle (0.57 g , ) ,  w:iter (20 ~ i i l . ) ,  cc~pper ac.r,t:itr ( I  . 1  
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74" 

76 
77 
78 
79" 
80" 
81 
82 
83" 
84c 
85 
86 
87" 
88' 
89' 
90 
91 
92" 
93c 
94 
95 
96 
97 
98 

r - C  
10 

It  

CHzCHzNEtZ 
CHzCHJiEtz 
CH2CHzrL'Etz 
CHzCHzXEtz 
CHzCHzNEtz 
CHzCHzNEtz 
CHzCHzNEtz 
CHzCHzNEtz 
CHzCHzSEtZ 
CHzCH2NCsHio 
CHZCHZNC~HIO 
CHzCHzNC5Hio 
C H Z C H Z S C ~ H I ~  
CHzCHzCsHs 
CHzCHzCeHj 
CHzCHzCsHs 
CHzCHzCsHs 
CH9CH2C6Hj 
CHzCHzCsH, 
CHzCHOHCHzXEtz 
CHzCHzC6Hj 
CHzCHzC6H5 
CHzCHzCeHs 
CHzCHzXEtz 
CHzCHzNEt 2 

h m o - ,  I ~ D A Z O - ,  AND TRIAZOLOPP~~IDINEH 

X 

H 
KO2 
NOz 
NO2 
SH2 
Br 
COOCHP 
H 
NO2 
H 
NO2 
H 
so2 
H 
NO2 
COOCHI 
H 
r\' 0 2  

COOCHzCsHs 
NO2 
COOH 
CONHz 
CONEtz 
COYHNHz 
CONHz 

X'  

CH 
CH 
COH 
CSH 
CH 
CH 
CH 
s 
s 
c H 
CH 
h- 
?r' 
CH 
CH 
CH 
N 
s 
CH 
CH 
CH 
CH 
CH 
CH 
C H  

TABLE IV 

'N 
R 

1J.g. (111111.) Or 111.]J., OC 

110 (bath) ( O . O O 1 ) b  
62d,e 

185-187h3g 
Sirup 
Picrate, 147-14gi 
41e 
,HC1, 132' 
.HCl, 165-167' 
.HCl, 165' 
107" 
.HCI, 318-219' 
104k 
Xk 
107-108k 
103k 
6Se 
137-13gk 
164' 

222-225 dec.< 
194-197' 
108-1 loe 
145-146'' 
197-199' 

.2HC1, 236'" 

79-81e 

7--- 

C 

66.1 
52.8 

. . .  

. . .  

. . .  

. . .  

. . .  
51.66 
12 . !J3 

. . .  

. . .  
53.83 
52.17 
15 .1  

62.7 

70.76 
57.99 
73.66 

67.41 

68.68 
56.5 

-- 
. . .  

. . .  

. . .  

. . .  

.I.- /o calcd.-- 
H ?J 

8.25 25.7 
6.22 25.64 
. . .  22.18 
. . .  23.72 
. . .  30.04 
. , , 18.66 
. . .  20.9 

7.04 27.4 
5.65 27.95 
. . .  21.1 
. . .  25.45 

6.70 25.40 
5.79 30.43 
5 . 8  18.i.5 
4 . 4  20.89 
. . .  14.9  

5.35 24.50 
4.09 26.02 
5 .26  11.76 
. . .  23.88 

4.86 15.72 
. . .  21.05 

6.62 16.86 
7 .2  30.4 
. . .  26.82 

--% foiind- 
C H 

66.42 8.37 
53.0 6 . 4  

. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  . . .  
51.96 6.94 
43.66 5.80 

. . .  . . .  

. . .  . . .  
53.41 6 .25  
52.35 5.92 
( 0 . 1  6 . 0  
63.00 4 . 1  

70.53 5 . i 7  
58.09 4.32 
73.37 5.51 

67.53 4.70 

68.48 6.99 
56.21 7.77 

c. 

. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  . . .  
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x 
25.42 
25 .6  
22.17 
23.41 
30.34 
19.03 
20.67 
27, OX 
28. i 5  
20.89 
25.57 
2 5 , 7 2  
30.18 
18.5 
20.79 
14.7 
24.66 
25.83 
11.52 
23.32 
15.85 
20.93 
16.78 
29.98 
26.63 

a Reaction time of 15-20 hr. * Lit.8 b.p. 125' (0.07 mm.). Reaction time of 2-3 hr. d Lit.8 m.p. 66-67". e Crystallized from 
ether-hexane. Lit.* m.p. 240". Q Crystallized from ethanol. h Lit.8 m.p. 191-192". i Crystallized from aqueous ethanol. 1 Crys- 
tallized from ethanol-ether. k Crystallized from benzene-hexane. 1 Crystallized from hexane. 

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

Anal. Calcd. for CI4H13N3.HC1: N, 16.21. Found: N, 16.2 
3-Phenethyltriazolo [4,5-c] pyridine ( 106).-3-Phenethylamino- 

4-aminoppridine (0.5 g.) was treated with rhrous acid by the 
method described above and the t'riazole was crystallized from 
benzene-hexane; n1.p. 119-120", yield 757,. 

Anal. Calcd. for CIIH12Xa: C, 69.64; H, 5.35; V, 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 
mere studied in male mice a t  0.5-0.25 LD60. The actions on 
blood pressure, respiration, superior cervical ganglia, and sali- 
vation were studied in anesthet,ized cats by administering 2-5 
mg./kg. i.v. 

Results and Discussion 
Pharmacological data for some of the selected coni- 

pounds are described in Table V. Among the amino- 
pyridines the vasopressor action and barbiturate an- 
tagonisni were most marked in 4-aiiiinopyridine ; 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 aminopyridina. Introduction of an 
additional aniino 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 niethyl 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 a t  posi- 
tion 5 increased the analeptic activity without altering 
the magnitude of the pressor action, thus indicating 
that the two actioiis may be independent of each other 
and showing the possibilities of their dissociation. 
However, in 2,4-dianiinopyridine both these activities 
are completely abolished. This appears to be due 
either to the competition between 2- and 4-amino 
groups for the saiiie sites on the bioreceptor or perhaps 
to the binding of the niolecule a t  the "sites of loss." 
Introduction of a bromo or nitro group in position 5 or 
an  amino group in position 6 in 2,3-dianiinopyridine 
completely abolished these activities, and 2,3,6-tri- 
aininopyridine 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 sinall 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 coinpletely 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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