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2- and d-e-substituted alkylamivo.3-aminopyridives and the correspouding 5-vitro, bhromo, amino, alkoxy-
carbouyl, and carboxamido derivatives and 3-substituted amivo-4-aminopyridines have beeu synthesized and

cvelized to the corresponding imidazo- and triazolo[4,5-b]. and -[4,5-c]pyridines.
Their structure-activity relationship has heen dixenssed.

diverse types of pharmacological activity.

Certain antino- and diaminopyridines prepared as
intermediates in the synthesis of potential purine an-
tagonists® were found to possess analeptic aud pressor
activities which were particularly marked in 2,3- aud
3.4-diamnopyridines.® A survey of the literature
showed thar a mmuber of 2,3- and 3,4-diaminopyridines
with substitnents i the ring and also on rhe amino
groups have been reported and cycelized to the corre-
sponding iidazo and triazolopyridines, but except tfor
[‘astier” and Haxathausen,® who have described certain
mteresting biological properties of simple aminopyri-
dines. the pharmacology of the isomeric diaminopyri-
dines, =ubstituted 2,3- and 3.4-diaminopyridines, and
the corresponding imidazo and triazolopyridines has
not been nvestigated, althouglh the latter are isosteric
with benzimmidazoles. The latter have beent shown to
possess a wide spectrim of biological activities.  This
prompted the syuthesis of a muuber of 2- and 4-w-sub-
stitnted alkylamino-3-aminopyridines carrying varions
substituents in the 3-positio, of 3-substituted ainino-4-
antiopyridines, and also of the corresponding imidazo-
and (riazolo[45-b]- and -[4,5-¢]pyridines. The syn-
thests and pharmacological cevaluation of these coni-
pounds forms the subject matter of this paper. During
the course of this work we came across three pateits by
tlie Ciba group, claiming analgetic activity for 2-ben-
zvlimidazopyridines” and analeptic activity for inid-
azopyridines®*  with  dialkylamino-lower-alkylamino
groups on the imidazole nitrogen.

Most of the aminopyridines required for this study
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These compounds show

were prepared by known methods, while new methods
were developed for a few. Thus, 2,4-diaminopyridine
had been prepared earlier by a Hofinann bronoamide
degradation of 2 4-lutidinamide,? while in the present
work it was found ore convenient to synthesize it by
aminonolysis of 2-chloro-4-aminopyridine, which 1in
turn was prepared from 2-chloropyridine through its N-
oxide, by unitration' and reduction.® Similarly, 1
was found more expedient to synthesize 3.5-diaminopy-
ridine by catalytic reducrion of 2-chloro-3 S-dinitropy-
ridine,** in preference 1o older methods'® which were
niore laborious.

4-8-Substituied ethylamino-3-nitro-, -3,5-dinitro-,and
-3-nitro-d-bromopyridines (IT, X = H, NO,, Br) werce
prepared from tlie corresponding 4-chloro componunds
(DB hy condensation®* 8 with the appropriate
atnines.  The 3-nitro and 3.5-dinitro compounds thus
obtained (11, X = H or NO.) were reduced with Raney
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nickel catalyst to the corresponding amino compounds
(ITI, X = H or NH,). 4-Phenethylamino-3-nitro-5-
broniopyridine was similarly reduced to the corre-
sponding amine (ITI, X = Br; R = CH.CH.Ce¢Hs).
However, when the same conditions were used for the
reduction of 4-8-diethylaminoethylamino- and 4-8-(1-
piperidyl)ethylaniino-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 ortho position. The 4-g-aminoethylamino-3-
bromo-3-nitropyridines were therefore reduced to the
corresponding amino compounds with ammonium sul-
fide.” 4-8-Substituted ethylamino-3,5-dinitropyridines
(IT. X = NO,) were partially reduced to the 3-amino-5-
pitro compounds (ITT, X = NO,) using sodium hydro-
sulfide.'®* Attempted reduction with anunonium sul-
fide gave back the unchanged compound.

These 4-pB-substituted ethylaniino-3-aminopyridines
gave the corresponding 1-8-substituted ethylinmidazo-
[4,5-c[pyridines (IV, R’ = H) on cyclization with for-
mie acid®*@4fP while treatment with nitrous acid**-f
gave the correspouding triazolo[4,5-c|pyridines (V).
Siwiilarly, the reaction of 4-8-substituted ethylaniino-3-
aminopyridines (III, X = H) with carbon disulfide*®:#
and urea'®® gave the corresponding 2-mercapto- (IV,
R’ = SH) and 2-oxoimidazo[4,3-¢]pyridines (IV, R’ =
OH). The corresponding 3-nitro compounds (ITI, X =
NOs), however, failed to react with CS, or urea under
siniilar conditions.

2-w-Substituted aminoalkylaniino-3-nitro-, -3,5-dini-
tro-, -3-nitro-5-bronio-, or -3-nitro-3-alkoxy(or aralkyl-
oxy)carbonylpyridines (VII) were synthesized froi the
corresponding 2-chloro-3-nitro-, 7 3,5-dinitro-,'23-nitro-
5-methoxycarbonyl-*® and 3-nitro-5-broniopyridines!®*
(VI), respectively, by condensation with the various
amines. 2-w-Substituted alkylamino-3-nitro and the
corresponding 5-niethoxycarbonyl compounds (VII, X
= H or COOH;) were reduced to the corresponding
amino conipounds (VIII, X = H or COOCHj;) using
Raney nickel, while the corresponding 3-nitro-5-
bromo and 3,53-dinitro conmpounds (VII, X = Br and
NO;) were reduced to the corresponding 3-aniino-5-
bromo- and 3-amino-5-nitropyridines (VIII, X = Bror
NO,) with ammonium sulfide. The 35-benzyloxycar-
bonyl compounds were reduced with sodium dithio-
nite.** These substituted 2 3-diaminopyridines were
cyelized to 3-substituted imidazo[4,5-b]pyridines (IX,
R’ = H) and the corresponding 2-oxo- (IX, R’ = OH)
and 2-mercaptoimidazo [4,5-b ]pyridines (IX, R’ = SH)
and 3-substituted triazolo[4,3-b]pyridines (X) as de-
scribed above.

Attempts to prepare 3-8-substituted ethylimidazo-
[4,5-b]pyridine-6-carboxaniides (IX, R’ = H; X =
CONH,) 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-
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thoxyearbonylimidazo[4,5-b]pyridine, it was therefore
first saponified with sodiuni hydroxide solution, and the
carboxylic acid thus obtained was converted into its
chloride which on treatment with aninionia or diethyl-
amine gave the corresponding ainides. The synthesis
of the 3-8-diethylaminoethyliinidazo[4,5-b]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 niixture
after hydrolysis. The preparation of the acid from the
corresponding benzy! 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.?

The 3-substituted amino-4-aminopyridines (XII)
were prepared froni 3-bronio-4-nitropyridine l-oxide?!
by condensation?? with methanolic solutions of the
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various amines foliowed by catalytic reduction with
Raney nickel, 3-Phenethylamino-4-aminopyridine was
cyclized to 3-phenethylimidazo- (XIIIa) and triazolo-
[4,5-c]pyridine (XIIIb) with copper acetate-formalin*®
and nitrous acid,™ respectively.

Experimental

2,4-Diaminopyridine.—2-Chloropyridine (6.0 g.), glacial acetic
acid (32 ml.), and 309, hvdrogen peroxide (32 ml.) were heated
at 55-60° for 8 days. The solvents were distilled under reduced
pressure on a steam bath and the ecrude N-oxide so obtained was
nitrated according to the method of Finger, et al.,!! to give 2-
chloro-4-nitropyridine 1l-oxide in 509, yield, m.p. 150-151°
(11t.11153-153.5°).

This pyridine 1-oxide (21.5 g.), rednced irou 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 bastc 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
(Nas80y), the ether was removed, and the 2-chloro-4-aminopyri-
dine thus obtained was erystallized from benzene—hexane in 809
vield, m.p. 88-90° (lit.2? 91-91.5°). The amine (0.5 g.), copper
sulfate (0.1 g.), and concentrated NH,OH (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% vield which was erystallized from benzene; m.p. 107° (lit.?
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./
em.? The solution was filtered into concentrated HCI (1 ml),
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NHR
X R
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CLoealed, - sty ol
N R ne N By oo sy py e 7O & 1 N o 1 N
1 CH:CH, N Ny H FHO=115 (hathy p0.001)” 35,40 7.50 23,52 Hn. T2 TN 23,51
2 CH.CHoN Lty NH. H 145150 Mhath) (0.01)" 6340 06l 26,02 G308 0TS 2674
3 CH.CH,N Ity N0,y Nt 1197 1606 600 2473 46,92 6.7 245
1 CGH.CHN L NH. N 828 3201 o 276 5323 T.000 27T
5 (H.CH.NEt, NH. NH. Picrate, 164107 . . 2498 . o RESETH
6 CH,CH,NEt, NO2 Br S 11,63 5.000 0 1763 R S s X I L
n CH,CH,N It NH, Br DHCL 208-200" BT 52060 15055 3749 561 1572
S CH,CH,NC,Hy N1, H TO-S1 576 ) 224 HNTH2 TS 22 1)
Q CH.CHNC,Huo N1l T i GH 200 2500 GH.8% T.8T 0 24 84
10 CH2CHyNC;H) N, N, 12 4508 560 2307 4057 0,22 24.06
11 CHsCH.NCLHe NH, NO,y 1377 AEC O TT 26041 D400 T.24 2040
2 CH,CH,NC:Hjo NH. NH. SHCT, 234-256° 1.8 G.OG 205 1176 T 10
15 CH,CH,NC;H,, Nty Be 07087 3070 56 1T 44,02 536 1684
14 CH,CHyN (L H,, NH. Br DHCT 205-208¢ asT 61 15,08 30,2 5. 01 1517
15 CH,CH.C.H. Ny i1 R 64,2 NI 17028 64,32 HTH 1712
16 CH,CH.CeH; NH, 1 HCI, 1744175¢ 62,65 659 16,85 6272 6,66 1673
7 CH,CH,C(H. N, Nty LG=117" 542 1.1 194 RN EN fao2
IS CH.CH,C H. NH. N Q. 112 6O SN 21T BO.THh R
1o CH.CH,C,H, Nty Br 62 B e I I 1| N T S S P
20 ("HCH.CyH NH. Br -HCI, 203-204" B IS D R S 1 2.5 4783 42 1209
OCH:
21 CHLOH;~ D—0cH N1 i1 HCL 210-212 dee” T 12 20N
[l W)
sp  enen= Hocn. NH, H DHCT 202 dec.” B T R T 1)
O
93 VHLCH., ’/hj\\/—uil NH. Il DHBr 255-255 dec.” S S 1051 . C 008
24 CH,CHCH.(:H; AN B! 49 : R T . R T
25 CH,CHCH,(:H, NH. I 210-220 (bath) (0,001 oL L 1.5 L o |

» Lat. bops 1667 (1 mm.), ¢ 14 1=143° (0.05 nune ). 2 Lat. bhope ISE-185° (L mm), ™ 150-166° (0.07 nune )y
e Crystallized from ethanclk-ether.
i Crystallized from hydrobromic acul.

zene=hexane. 7 Crystallized from agueous ethavol.
tallized from ethavol.  # Cryxtallized from water.

and che catalyst was washed with hot alcohol.  The filtrate on
concentration gave 3,5-diaminopyridine dihyvdrochlovide, which
was cryvstallized from ethanol coataiving HCI vield 0.43 g.,
urp. >300°  The free baxe obtamed from the dihvdrochloride
wis ervetallized from Denzene: nup. FHO® PR30 0, 11O
111°).

2- or 4-w-i-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 stiring to a solntion of the appropriate amine
(0.15 mole) in dry toluene (50 ml.). The reaction mixture was
stirred at 70-75° fur a further 2 hr., cooled, and filtered. The
filtrate was washed with water and they extracted with 100 HCL
the actd layer was made baste with NH,OH and extracted with
CHCI. 'The chloroform extract was dred ' Na,8();), the solvent
wns renoved, and the residne wax purified through its hydro-
eblaride and erystallized or distilled 12 high vacuum, The
different compoaads thhe obtained in vields of 75059 arve de-
sertbed i Tables Tand 11

2- or 4-3-Arylethylamino-3-nitropyridines (I1I and VII).
The 2- o 4-chlovo-3-nitropyridine and  their 3-substituted
devivatives (1 or VI, 0.1 vwole) were eondensed with g-aryiethyl-
ponne (0.2 mole) az descabed aboave.  The reacticar mixture was
filtered, the filtrate was evapmrated to dryvess, and the residue
was erystallized: yvields varted from 75070 These compounds
are descrded in Tables 1 and IT1.

2- or 4-Substituted Amino-3-aminopyridines (11, X = H.
NH.: VHI, X = H, COOCH,).-~The approprinte mitrs com-
ponnds were suspended i ethamf (10wl /g.) and hydrogenated

s Cevstallized Praan ben-

7 (rystalhized from ether-hexave. » Cryz-

asing Ravey vickel catalvst at o pressure of 2,11 kg em.? noul
the absorption of hydrogen ceased (co. 30 mio.).  The catalyst
was filtered and washed with hot ethanol, the filtrate was con-
centrated nuder reduced pressure, and the amines were isolated,
either ax free hases or as the ydrochliaides by addiag a ealendated
quantity of ethanolic HCI 1o a concentrated solution of the
amine in sabszoludte ethanol when the hydrochloride separated oat
either on cooling or addition of dry ether, in yields of 65007
These compounds are described m Table I and 11
4-(3,4-Dihydroxyphenethylamino )-3-aminopyridine.- - A
mixture  of  4-(3,4-dimethoxyphenethylamino)-3-aminopyridive
dihyvdrochlaide (6.5 ¢.) and 4877 HBr (65 ml.) was refinxed for
< hr.  The hyvdrdromide of the amive separated v comling:
vield, T8O
4-Phenethylamino-3-amino-5-bromopyridine.---4-Phevethyvl-
avtbm-3-nitro-3-hromopyridine was reduced using Ravey nickel
catalvst as described above: vield 92 (Table I).
4-Substituted Amino-3-amino-5-nitropyridines (IIl, X ==
NO; L --Sadupn hvdrosalfide (11D mill), prepared Dy saturavng ie
120, NaOH solntem with oS at 0°) and NHLCHOTOO il »f 207,
solation) werr added simnltaneonsly nnder vigorous stirring 1
iU osuspension  «f the  d-substitnted  amivo-3,5-divitrapyridines
117.0 go) o ethanol 1250 mb) and NHoOH (30 mL, sp. gr. .88
The veacticoy mixtures beciome warm and the niea cooppards
wridnally went wos =olutimn, Strving was eovtinwed Gor 2 b,
ond (he dark red rewction mixcares were aciditied with caoeon-
trated HCEand filteral, Phe filivates were coveentyared noder
vedhierd pressare ond wade baste with eoncentrated NILOH. o
the prsdnets s wbtaed were exivacied wirth CHCL The
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TaBLE 11
X R/
R
— % caled. - found
No. R R X B.p. (mm.) or m.p., °C. C H N C H N
49 CI NO, COOCH,CH, 86° 53.33 3.06 9.57 53.23 3.36 9.6
50 NHCH,CH:NEt, NO, H 100 (bath) (0.001)* 55.5 7.5 23.5 55.9 7.7 23.6
51 NHCH,CH;NEt, NO; NO, 664 46.6 6.0 247 469 572 24.3
52 NHCH,CH;NEt, NO; COOCH; 59° ... ... 18.91 . ... 18.98
53¢ NHCH.CH;NEt, NH, H 110 (bath) (0.001) 63.46 9.61 26.92 63.70 9.53 27.11
54 NHCH,CH,NEt, NH, XNO, 837 51.9 7.8 27.3 32.2 7.5 27.6
55 NHCH,CH,NEt, NH. COOCH; 347 o ... 21.06 . ... 20.85
56 NHCH,CH,NEt; NO, Br 57-59¢ . ... 17.66 e ... 17.98
57 NHCH,CH.NC;H, NO, H 120 (bath) (0.001) 57.6 7.2 224 580 7.36 22.3
58 NHCH,CH,NC;Hy, NO: NO: 97" 48 98 5.69 23.7 48.53 5.26 23.42
59 NHCH,CH.NC;H,, NH, H 94° 65.5 9.1 254 656 9.5 25.7
60 NHCH,CH,NC;H, NH, NO, 118" 54.34 7.1 2.4 5.0 7.2 26.8
61 NHCH,CH,C:H; NO, H 85 64.2 5.35 17.28 64.5 5.6 17.4
62 NHCH,CH,C:H; NO, NO, 120-122° 54.8 4.4 19.44 54.3 4.2  19.6
63 NHCH,CH,C:H, NO, COOCH; 102* o ... 13.93 o ... 14.01
64 NHCH,CH,CH, NO, COOCH.,C:H, 917 66.81 5.04 11.14 66.62 5.31 11.27
65 NHCH,CH,C:H, NH, H HCI, 1447 625 6.4 16.8 62.9 6.6 17.01
66 NHCH,CH.C:H, NH, NO. 136° 60.11 5.7 21.4  60.4 5.4  21.7
67 NHCH,CH,C:H; NH: COOCH; 105° . .. 15.48 o ... 15.31
68 NHCH,CHOHCH,NEt, NO; NO, 73-75¢ o L. 22,36 . L. 22,06
69 NHCH,CHOHCH.NEt, NH;, NO, 135-137" 24.73 o C. 24.82
OCH;
70  NHCHCH. OCH, NO, NO, 1307 16.00 o ... 15.54
OCH,

71 NH(‘th,QOUHW NH: NO; 174-1767 . ... 17.61 . .. 17.52
72  NHCH(CH;)CH,CsH; NO; NO, 116" . ... 18.54 . ... 18.13
73 NHCH(CH;)CH,CsH; NH: NO -HCl, 208-211* . ... 18.15 o . 18.06

e Crystallized from hexane. ? Lit.8 b.p. 120° (0.05 mm.). ¢ Lit.8 m.p. 66°. ¢ Crystallized from ether-hexane. ¢ Reported earliers

but boiling point was not described. 7 Lit.8 m.p. 83°.
i Crystallized from ethanol. 7 Crystallized from benzene.

chloroform extracts were dried (Na;S0O,) and evaporated, and the
amines were purified through their hydrochlorides. Yields of
various amines varied from 65-809; (Table I).
2-Substituted Amino-3-amino-5-nitropyridines (VIII, X =

NOQ,).—Solutions of the nitro compounds (8.4 g.) in ethanol
120 ml.) and NH,OH (40 ml.,, sp. gr. 0.88) were heated to 70°,
and H.S gas was passed until saturation. The dark red solu-
tions so obtained were evaporated to dryness under reduced
pressure, the residue was extracted with HCI (charcoal) and
made basic with NH,OH, 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 erystal-
lized either as free bases or as hydrochlorides; they were ob-
ained in yields of 65-809; (Table II).

4-3-t-Aminoethylamino-3-amino-5-bromopyridines (III, X =
Br; R = CH,;CH;N<)—These were prepared from the cor-
responding nitro compounds by reduction with ammonium sul-
fide as described above in yields of 70-759%, (Table I).

Imidazo[4,5-b}- and -[4 5-c|pyridines (IV and IX, R/ = H).—
The diaminopyridines (III and VIII) were refluxed with 98-
10097 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 NH,OH. The
products were either filtered and crystallized or extracted with
chloroform, the extracts were dried (Na.S0,), the solvents were
removed under reduced pressure, and the products were isolated
as the free bases or as hydrochlorides, in yields from 75-959.
(Table III and IV).

2-Oxoimidazo[4,5-b]- 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

¢ Crystallized from benzene-hexane.
k Crystallized from water.

& Crystallized from aqgueous ethanol.

absolute ethanol (charcoal), the aleoholic extract was concen-
trated, and the products were isolated as hydrochlorides by
treatment with ethanolic HCI; yields 45-509; (Table III and
).

2-Mercaptoimidazo[4,5-b]- and -[4,5-c]pyridines (IV and IX,
R’ = SH).—A solution of the 2- or 4-substituted amino-3-
aminopyridine (III and VIII) in methanol and CS; was refluxed
for 20 hr. The solvent was evaporated under reduced pressure
and the residue was crystallized from ethanol; yields 80-907
(Table IIT and IV).

Triazolo[4,5-b]- 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 (III and VIII) in 109
HCl 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 NH,OH, and the free base was worked up as usual;
vields 85-1009; (Table IIT and IV).

2-Phenethylimidazo[4,5-b]pyridine-6-carboxylic Acid.—
3-Phenethyl-6-methoxycarbonylimidazo[4,5-b]lpyridine (1.5 g.)
was refluxed for 2 hr. with 209; NaOH solution (25 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; vield 95% (Table IV).
3-Phenethylimidazo[4,5-b|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 chioride. The acid chloride was obtained as
a brown crystalline solid. This was dissolved in benzene and a
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T'aBLr 111

X R

PN

Lo X

Ny ~—N?

; eolel =t Bopmis
N, R X AN oo inony or map., O, « 11 N « 11 N
267 CHL,CHLN Ity H CH DHCH, 219-221%7 4048 6,87 1048 49.71 718 19.05
JHCI 179-1811 : L D208 21T
27° CH,CH,NE(y Nt CH 357 5471 6,46 28.6 OIS 6L02 0 26007
287 CH:CH,NT(, Br CH QHCL, 2112127 3850 513 1501 38,42 551 15032
20 CH.CH,NE(, H N 130-135 (bath) (0.005*  60.27 7.7 31,96 60.54  8.00 31.50
30 CH,CH:NEt, N0y N 145-150 (bath (0000537 50.0 6.06 31.8 50.4 6.34 31,03
31 CH.CH,NEt, Br N QHCI, 187-189" 3557 485 1913 35,03 479 19.05
a2e CH,CH,NC.H,, H CH 73-74" 68,6 S0 243 6S.52  N.32 240G
33t CH,CH,NC;H,, H COH 9372307 4 B LY L S P0L0N
3 GH,CH,NC:H), " (OSH 215-210 3954 G860 2104 50,72 6.ab o 2
Bhi CH,CHyNC;Hy, N, CH R8-00)7 6.7 b2 5.0 36,04 6.3 24 1
36 CHyCH,NC:H,, Br H HCH, 261-263 A58 506 1575 43,37 501 15,01
37 CH-.CH.NC.Hj, H N ]5-877 6235 7.5 50.30 62.52  7.23 2001
38 CH,CH,NC,H,, N1, N 67-6%" 5201 5.7 30,4 5104 580 3025
30 CH,CH,NC:H,, Br N HCH 222-224" 3750 4,64 4827 A7.08 0 4,03 17.02
40"*  CH,CH,C.H, " CH 121-122° GO.70 622 1T 4 69.3 6.30  17.02
CHCIL 202204 64,74 .43 1614 65.02 5.4t 16,22
44 (‘H.CH,CH; H COH HC, 255-260" 6098 508 15.2 60.63  5.32 15 0l
49 CH.CH,C.H; H CRH 260’ G588 500 16,4 65.83 542 16,32
43¢ CH,CH,C:H, NOs CH 122--123" 6275 4.4 2090 G315 427 207
44+ CH,CH,C¢H; Br CH 85-86 55,62 39T 13,00 55.84  4.24 13.806
45 CH,CH,CH; H N TO-81)7 (9.6 5.3 250 69 00 533 2470
16 CH,CH.C:H, N, N 160170 5T0T 408 26,02 581 112 95,72
47 CH,CH,CH, Br N 131-1327 145 361 1850 3162 361 18,61
OCH;

48 CH.CH, @OCHa g N

b Lits mup. 225-220.

115¢

7 Reaction time of 15-20 hr.
time of 3 hr. f Crystallized from ether-hexane.
benzene-hexane.

streamy of dry NHj; was passed throngh the solution, and the
amide so obtained was filtered, washed with water, and crystal-
lized from aqueous ethanal; yvield 75%, (Table IV),
N,N-Diethyi-3-phenethylimidazo[4,5-b]pyridine-6-carbox-
amide.-—Diethylamine 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—petrolenm ether; vield 959 (Table
Iv).
2-Phenethylamino-5-benzyloxycarbonyl-3-nitropyridine.--
6-Chloro-5-nitronicotinoyl chloride, prepared from 6-hydroxy-5-
adtronicotinic acid (1.0 g.),'6 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. It was then condensed with phenethylamine
ns deseribed above for the methoxyearbonyl comnpound; yield
659%.
3-Phenethyl-6-benzyloxycarbonylimidazo[4,5-b|pyridine.. -
The above nitro compound (0.5 g.) was suspended in ethanol
(10 ml.) and reduced with sodium dithionite by warining on the
water bath. The reaction mixture was evaporated to dryness
in vacuo, and the residue was extracted with chioroform. Re-
moval of the chloroform gave a sirup (0.3 g.) which was refluxed
with 98-100¢% formic acid (5 ml.) for 15 hr. and worked up as
usnal; yield 5067,
3-8-Diethylaminoethylimidazo[4,5-b]pyridine-6-carbox-
hydrazide.-~-A solution of 3-g-diethyvlaminoethyl-6-methoxy-
carbonyhimidazo [4,5-blpyridine (0.6 g.) in absolute ethanol (5
nl.) and hydrazine hydrate (1 ml. of 99-100%;) was refluxed for
15 hr.  The reaction mixture was evaporated to dryness in vacuo,
und the residue was crystallized from vthanol-ether: yield 95¢,
(Table TV).
3-8-Diethylaminoethylimidazo[4,5-0|pyridine-6-carboxamide.
The above hydrazide (0.3 g.) in cthavol (30 ml.) was refluxcd

¢ Crystallized from ethanol.
¢ Lit.%e b.p. 147° (1 mn.).

10,56 1N 08

4 Crystallized from ethanol-ether. ¢ Reaction

b Crystallized as monohydrate. ¢ Crystallized from

1 the presence of moist Raney nickel catalyst (5.0 g (or 24
hr. The catalvst was filtered, the filtrate was evaporated 6
dryuess in vacuo, and the residue was crystallized from ethanol
ether; yield 657, (Table IV).
3-Substituted Amino-4-nitropyridine 1-Oxides (XI).- A sol«-
tion of J-bromo-4-nitropyridine l-oxide (3.3 g.) in absolute meth-
anol (70 ml.) and the appropriante anine (2 mole equiv. «f phen-
ethylamine, 1.5 mole equiv. of g-diethyvlaminoethylamine, and
excess dimethyvlamine) was heated on the steamn bath for 45 miv.
The solution was evaporated to dryness under reduced pressure,
and the residue crvstallized from absolute ethanol (charenal).
Thas 3-dimethylaming 4-nitropyridive 1-oxide (99) was obtaived
W 4577 yield, m.p. 145°.
Anal.  Caled. for GHoN;O,: N, 22,0, Found: N, 23.04,
3-Phenethylamino-4-nitropyridine 1-oxide (100) was ob-
tained in 309 vield, m.p. 172°.
Anal.  Caled. for CisH)sNgOg: N, 16.21, Found: N, 16.22.
3-5-Diethylaminoethylamino-4-nitropyridine 1l-oxide (101)
was obtained in 109 vield, m.p. 89°.
Anal. Caled. for C)H)sN.05: N, 22,1, Foaud: N, 2107,
3-Substituted Amino-4-aminopyridines (XII).---The wnitro-
pyridine l-oxides (X1) were hydrogenated at a pressure of 2.40
kg./em.? using Raney nickel as catalyst; yield 79-859. Thus
3-dimethylamino-4-aminopyridine hydrochloride (102) crystal-
lized from ethanol; m.p. 245°.
Anal.  Caled. for GGH,N3-HCI: N, 242, Foand: N, 23.76.
3-Phenethylamino-4-aminopyridine (103) crystallized frow
benzene; m.p. 125°,
Anal. Caled. for CullaNg: N, 1071 Found: N, 1932,
3-3-Diethylaminoethylamino-4-aminopyridine dihydrochloride
(104) crystallized from ethanol; m.p. 103°
Anal. Caled. for O\ HwN.-2HCI-H,0: C, 44.14; H, 8.02;
NLIRTS. Found: G, 43.75; H, .31, N, 18.53.
3-Phenethylimidazo|[4,5-c]pyridine (105).--+3-Phenethylamino-
F-amwopyridine (1.57 g.), water (20 ml.), copper acetate (1.1
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TaBLE IV
X Z~N—Ny
e
N
R
" caled, — -% fonnd————
No. R X X B.p. (;mw.) or m.p.. °C. C H N C H N

74*  CH,CH,NEt, H CH 110 (bath) (0.001)"  66.1 8.25 25.7 66.42 8.37 25.42

75° CH,CH.NEt, NO, CH 624¢ 52.8 6,22 25.64 533.0 6.4 256
76  CH,CH,NEt, NO, COH -2HC], 2367+ 22.18 22.17
77  CH,CH,NEt, NO, CsH 185-187"7 23.72 23.41
78 CH.CH,NEt, NH, CH Sirup 30.04 30.34
79° CH,CH:NEt, Br CH Picrate, 147-149° 18.66 19.03
80° CH,CH.NEt, COOCH; CH 41° . 2009 o ... 20.67
81  CH.CH:NEt, H N HCl, 1327 51,66 7.04 27.4 51.96 6.94 27.08
82  CH.,CH.NE( NO: N -HCI, 165-1677 43,02 5.65 2795  43.66 5.80 28.75
83* CH,CH,NCHy, H CH -HCl, 1657 21.1 20.89
84° CH,CH.NC;H,, NO; CH 107° o L. 25.45 o ... 25.57
85  CH,CH,NC;H,, H N HC, 218-2197 53.83  6.70 25.40  53.41 6.25 25.72
86  CH,CH.NC;Hy NO N 104* 52.17 5.79 30.43  52.35 5.92  30.1%

87 CH,CH:CH, H CH 73 75.1 5.8 18.75  75.1 6.0 18.5
88° CH,CH.C¢H; NO, CH 107-108* 62.7 4.4 20,8  63.00 4.1 20.79

89° CH.CH.CeH; COOCH; CH 103* . ... 149 . L. 147
90  CH,CH:CeH; H N 68° 70.76  5.35 24.50  70.33 5.77 24.66
91  CH,CH,CH; NO: N 137-138° 57.99 4.09 26.02 58.09 4.32 25.83
92 CH,CH.C¢H; COOCH.C¢H; CH 164 73.66 5.26 11.76  73.37 5.51 11.52
93° CH,CHOHCH,NEt; NO- CH 79-81° . o 23.88 . . 23.22
94  CH,CH.C.H, COOH CH 222225 dec.t 67.41 4.8 15.72 67.53 4.70 15.85
95  CH,CH,CsH; CONH, CH 194-197° .. ... 21.05 . ... 20,93
96  CH,CH,C¢H, CONE, CH 108-110° 68.68 6.62 16.86 68.48 6.99 16.78
97  CH,CH:NEt, CONHNH, CH 145-1467 56.5 7.2  30.4 56.21 7.77 29.98
98  CH,CH:NEt, CONH, CH 197-199 26.82 26.63
* Reaction time of 15-20 hr. & Lit® b.p. 125° (0.07 mm.). ° Reaction time of 2-3 hr. ¢ Lit.® m.p. 66-67°. ¢ Crystallized from

ether—hexane. 7 Lit.5 m.p. 240°.
tallized from ethanol-ether.

¢ Crystallized from ethanol.

g.), and formalin (0.4 ml.) were refluxed for 5 hr. The reaction
mixture was cooled, acidified with concentrated HCI, and freed
of copper lons by passing in H,S, and the compound was isolated
as its hydrochloride; m.p. 184-187°, yield 509.

Anal. Caled. for C,;H;3N3HCI: 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
nmethod described above and the triazole was crystallized from
benzene-hexane; m.p. 119-120°, vield 75%,.

Anal. Caled. for C);HyN,: C, 69.64; H, 5.35;
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.
1.p.), pentylenetetrazole (60 or 90 mg./kg. s.c.), and electroshock
were studied in male mice at 0.5-0.25 LDg. The actions on
blood pressure, respiration, supertor cervical ganglia, and sali-
vation were studied in anesthetized cats by administering 2-5
mg./kg. i.v.

N, 23.0.

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-

» Lit® m.p. 191-192°.
k Crystallized from benzene-hexane.

? Crystallized from aqueous ethanol. 7 Crys-

! Crystallized from hexane.

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 maguitude 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-dianminopyridines 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
niarked vasodepressor action. Brauching 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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a-methyl analog (15), while the mtroduction of 3 4-
dintethoxy (16) or dihiydroxy groups (17) in the pheny!

23 ring abolizhed this anticonvulsant activity.  The di-
= hyvdroxy conpound showed vasopressor action of short
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s s z R nitro-, bromo, or amino dertvatives did uot possess
= <z E £ts these activities. Introdnetion ol a nitro or bromo
= - r =X group tn phienethylunino compounds conferred vaso-
~ pressor action as shown in 2-phenethylaniino-3-amino-
S-uitropyridine aund d-phenethylamineo-3-amiio=i-hro-
= = < = =t == mopyridine; the former in addition also antagonized
rescerpine-induced  ptosis in ntiee. 4-g-Piperidytethyl-
antino-3,5-diaminopyridine, however, showed mild di-
- - = = ~d == uretic aclion,
- fz23 Inimidazo4.5H-b [pyridines, the g-f-aminoethyl residue
<Y at position 3 conferred a stimulant and analeptic ac-
= e - = ++ == =< tivity, which was particularly marked in 3-g-diethyl-
. - e _% Y= antinoethyhmidazo [4.5-0 Jpyvridine.  Introduction of o
= 2 2T LTy uitro (29) aud a methoxyearbonyl (32) group iu posi-
Z = =z = = 8 23 2= tion 6 of (hix compound did uot appreciably enhance
: + T P b SE™ the analeptic activity.  However, the methoxyearbonyt
X Z s T S = e TE rompound in addition to its aualeptic action possessed
=i £ vasopressor and respiratory stimulant actions.  This
Zz = s = = z == g= 2 respiratory stimnlant action was more marked e the
52 + + 1 + = corresponding 3-phencthyl-G-carboxanide (36), where
:5 : ‘_f it persisted for as long as 90 min. Introduction of an
3 ETz £ 2 s 2 2 = 2SR Z % anino or 1»1'0111(). group .in posi;ii(m 0 or a mereapto or
EgiZgw - - ) hydroxyl gronp in position 2 of 3-3-diethylaminoethyl-
B ERR hmidazo [4,5-0 [pyridine  abolished  analeptic  activity.
. 2 = = 3 The corresponding triazoto [4.5-b [pyridines did not show
.z z 8 z z E this analeptic arion.
_E% T = ¢ 2 Z - 1-Phenethyl- and 1-g-f-aminoethyhmidazo- or -tri-
~ = = = = = = - - [ S . s o
s = o= z z ZE+E azolo[4,5-¢ [pyridines on 1110' other lla;l(l, showed o
E = - - .2 2. general depressant action, which was quite pronotnced
e 7 & T T TF_ZE i1 1-phenethytirazolo [4,5-¢ Jpyridine and 1-3-piperidyl-
PEE L ==X % T I2L-=2% ethylinidazo|4.5-¢ pyridine.  These  two  compounds
& Eﬁ = £ ZEE Z - showed marked pofentiation of barbiturate hypnosis
;= £5E2:Z2 Z E 2z ¢ and also potentiated the action of reserpine and chlor-
5: é? i —; E - = S = promazine. The phenethyl compound (38) at a dose of
z _é E % ERE-a g ; ZZ g ';E 100 me. kg, blocked 50€% of the conditioned avotdance
EZZ¢ L2823 5 Nl regponse (CARY in rais* the piperidylethyl conipound
Z2E£:%3 ﬂf <z R =% (43), however, did vot affect the CAR.  Tutroduction
T = T = = - = et 2 of a mercapto or hydroxyl group at position 2, and a
¥ = 2 g 2 = 28 g8 %u = bromo or nitro group at position 7 of these imidazo- ardd
% - N = A e triazolopyridinies  did not rvonfer any significant sie-
= JIVILY.
. . 3z A group of workers have claimed analepuie activity
Z 2 g B é T for 1()\\'(‘1’-2111‘\‘\\'1 I’»-‘d-f—an_linoilnid'azg (4,5-b |py1'idi11(?s_u11(l
= 3 s _:_ 24z the  tsomerie  T-substituted nmdazo[4,.'»-l(‘]p:\'rll(lnws.
= B = Sz = 24 % especially  for  3-g-dicthylaminoethyl-6-nitrotmidazo-
. ; _E s = *:2 S\' i_’%— E [4.5-0 pyridine (29).' ;Xltl}u}lgll our st udy agrees with
e T3 T e the claimed analeptic activity of the 1.:111(,‘1', 11_511()\\'.\-
Z z =& £ z & =z that the corresponding 11111(1@20— and friazolo{4,95-¢ |py-
= P N R ridiues have a depressant action,
‘= <= = S . .
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