Feb. 1971

41

Azinotriazines. 1. Synthesis and Spectral Data of Pyrido[3,2-e]-as-triazines
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A series of pyrido[3,2-e]-as-triazines (V1) was prepared via acid-catalyzed cyclization of
suitable 2-substituted 3-aminopyridines obtained by reduction of the corresponding 3-nitro-

pyridines.

Cyclization of 3-amino-2-hydrazinopyridines (IIl) with triethyl orthoformate and

hydrochloric acid, or cyclodehydration of 2-(2-acetylhydrazino)-3-aminopyridines (IV) with
alcoholic hydrogen chloride gave 1,2-dihydropyrido[3,2-e]-as-triazine hydrochloride (V). Mild
dehydrogenation with alkaline potassium ferricyanide yielded heteroaromatic pyrido(3,2-e ]-as-
triazines (VI), for which ultraviolel and nmr spectral data are reported.

There are eight possible pyridotriazines, if those with
bridgehead nitrogen atoms are excluded. Examples of
only two of these eight bicyclic heteroaromatic systems
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are known: derivatives of pyrido[2,3-e ]-as-triazine pre-
pared by base-catalyzed cyclization of 2-guanidino-3-nitro-
pyridines (1) and a pyrido[3,2-d ]-v-triazine prepared by
diazotization of 3-aminopyridine-2-hydroxamic acid (2).

An interest in the chemistry of azinoazines (3) led us to
prepares derivatives of some of the other pyridotriazine
ring systems. The synthesis of a series of pyrido[3,2-e]-
as-triazines, including the parent compound, is described
in this paper. Syntheses of derivatives of the two remain-
ing pyrido-as-triazine systems are described in the follow-
ing paper.

The pyrido[3,2-¢]-as-triazine ring system was formed
by cyclization of suitably substituted pyridines. Both
intramolecular  cyclodehydration of 3-amino-2-(2-acyl-
hydrazino)pyridines (IV), an extension of the Bischler
synthesis of benzo-as-triazines (4,5), and intermolecular
cyclization of 3-amino-2-hydrazinopyridines (III) with a
one-carbon unit were used to give 1,2-dihydropyrido-
[3,2-e]-as-triazines (V) as-shown in Scheme I.

2-Hydrazino-3-nitropyridines (1) were prepared by
treatment of appropriate 2-halo-3-nitropyridines with
ethanolic hydrazine hydrate (1-2 hours, 25°). The desired
amine (Illa) was not obtained in one step from 3-
amino (or 3-acetamido)-2-chloropyridine and hydrazine
(or methylhydrazine) under more vigorous conditions
(100°, 5 hours);  70-90% of starting materials was
recovered. Selective reduction of the nitro group in Ia
without concurrent cleavage of the N—N bond in the
desired hydrazinopyridine could not be obtained with
Raney nickel. However, when palladium-on-carbon was
used as catalyst, the nitropyridines I were reduced rapidly
to 2-amino-3-hydrazinopyridines (III) in good yield. These
compounds were not kept for prolonged periods as they
are sensitive to air oxidation. The treatment of a suspen-
sion of IIl in triethyl orthoformate with hydrochloric acid
(6) at room temperature gave 1,2-dihydropyrido[3,2-¢]-
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as-triazine hydrochlorides (V, R'=H).
2-(2-Acetylhydrazino)-3-nitropyridines (II) were pre-
pared from 1 with acetic anhydride at room temperature.
These compounds gave deep purple solutions in alkali,
presumably due to formation of tautomeric aci-nitroforms.

2+(2-Acetylhydrazino)-3-nitropyridine (IIa) exists as
two interconvertible polymorphs:  red plates (from
benzene) which change to orange at 120° without melting.
The color change is not reversed on cooling, and the red
form is obtained again on recrystallization. As required
for polymorphs, the infrared and ultraviolet spectra of
both forms in solution are identical while the infrared
spectra taken in potassium bromide disks are quite dif-
ferent.  The red form shows strong intermolecular
hydrogen-bonding expected of an acylhydrazine in the
solid state (7) (3240 c¢m™', bonded NH stretching;
1630 em™', bonded C=0 stretching). The orange form
gives a spectrum similar to that obtained in solution
(1700 em™! | non-bonded C=0 stretching) but with bonded
rather than non-bonded NH stretching (at 3260 cm™1).

This suggests thal in the orange form there is intra-
molecular bonding of the two hydrogens on the acyl-
hydrazine nitrogen atoms to the nitro group and the
pyridine nitrogen, as in VII, leaving no hydrogen atom
capable of forming an intermolecular hydrogen-bond to
the carbonyl oxygen atom as in the red form. Similar
intramolecular hydrogen-bonding in o-nitroacetanilides
has been extensively studied (8).

In series a and ¢, reduction of the nitro group in 1l
using palladium-on-carbon as catalyst occurred rapidly to
give the amine 1V. In series b however, no amine was
obtained presumably due to partial hydrogenolysis of the
5-chloro substituent and subsequent cyclization of the
resulting mixture of acetylhydrazinoaminopyridines cata-
lyzed by the hydrogen chloride generated. The amine IVb
was prepared by selective acetylation of Illb with one
equivalent of acetic anhydride in ether at room tempera-
ture. Cyclodehydration of the amines IV occurred rapidly
at room temperature with 6 [V alcoholic hydrogen chloride
to give 1,2-dihydropyrido[3,2-e ]-as-triazine hydrochlorides
(V, R'=CHj).

Although benzimidazoles are by-products of the
Bischler synthesis of benzo-as-triazines (5,9), no imidazo-
[4,5-b |pyridine formation was observed with the mild
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cyclization conditions used here. Benzimidazoles result
from cyclization of o-acylaminophenylhydrazines formed
either by acylgroup migration from o-acylhydrazino-
anilines (5,9) or by ring opening of the initially formed
dihydrobenzo-as-triazines. Under suitable conditions, such
as heating with anhydrous organic acids, o-acylhydrazino-
anilines can be cyclized to benzimidazoles in good yield

(10).
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Mild treatment of the hydrochlorides Va (R'=H or
CH;) with base gave dihydropyridotriazines as yellow
solids, sensitive to air oxidation. Brief treatment of the
hydrochlorides V with alkaline potassium ferricyanide
gave good yields of the aromatic pyrido[3,2-e ]-as-triazines
(V). The methyl esters VIc (R'=H or CH;) were hydro-
lyzed under mild alkaline conditions to the corresponding
carboxylic acids.

1-Methyl-1,2-dihydropyridotriazines (X, R=H or CHj)
were prepared by the same reaction sequence using methyl-
hydrazine instead of hydrazine (Scheme II). Attempts to
convert X to l-methylpyridotriazinium chlorides (XI)
using oxygen with ferric chloride or platinum (11) resulted
in recovery of starting material only.

The pyrido[3,2-e ]-as-triazines (VI) were orange or red
crystalline solids, and the parent heterocycle Vla (R=R'=H)
was appreciably soluble in water (about 25 mg./ml. at 25°).
The ultraviolet spectra (Table I) exhibit three main bands,
which from their position and intensity are assumed to be
= ¥ bands, and a longer wavelength absorption iden-
tified as a n = 7* band by its low intensity and its shift to
longer wavelength in non-polar solvents. The 3-methyl,
6-chloro and 6-carbomethoxy substituents all cause a
bathochromic shift of the first 7 > 7* band.

The nmr spectrum of the parent heterocycle Vla (R=H)
exhibits a sharp singlet at very low field (7 -0.11) which
is assigned to Hj as this proton is subject to the N-aniso-
tropy of two adjacent nitrogen atoms (12). This assign-
ment is confirmed by the absence of this peak in the nmr
spectrum of the 3-methyl derivative VIa (R'=CH;). The
assignment for the pyrido ring protons follows from a
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TABLE 1

Electronic Absorption Spectra (a) of Pyrido[3,2-e }-as-triazines

Compound A max my ()
Vla, R'=H <210 > 28,000) 283 (Sh) (3700) 305 (6530) 315 (5680) 475 (200)
VIb, R'=H <210 (>23,900) 282 (Sh) (3330) 312 (8320) 325 (8160) 470 (230)
Vle, R'=H <210 > 24,800) 262 (4750) 314 (5320) 325 (4750) 475 (195)
VI, R=CO,H, R'=H <210 (> 21,000) 268 (3610) 312 (6160) 322 (5540) 475 (180)
VIa, R'=CH;, <210 (> 22,700) 270 (4380) 312 (6720) 325 (6020) 480 (230)
Vib, R'=CH;, <210 (> 30,300) 282 (Sh) (3430) 315 (8840) 330 (9384) 475 (280)
VIe, R'=CH3 <210 > 36,100) 268 (4385) 320 (7140) 332 (6530) 495 (210)
VI, R=CO,H, R'=CH; <210 > 28,900) 268 (3700) 320 (6930) 332 (6270) 490 (175)
(a) In ethanol solution.
TABLE II
Proton Chemical Shifts (7) and Coupling Constants (cps) for Pyrido[3,2-e]-as-triazines
(In Deuteriochloroform Solution)
Compound 73 75 75 77 Is.6 Is,7 Je,7
Vla, R'=H -0.11 1.43 1.88 0.60 8.6 2.0 3.8
Vib, R'=H -0.07 1.48 - 0.77 - 2.6
Vie, R'=H -0.18 0.90 5.87 (a) 0.22 2.2
VI, R=CO,H, R'=H (b) -0.35 1.00 0.32 2.2
Vla, R'=CH; 6.80 (c) 1.62 2.02 0.74 8.6 1.8 4.0
VIb, R'=CHg 6.80 (c) 1.65 0.90 2.5
Vle, R'=CHj, 6.77 (¢) 1.07 5.92 (a) 0.35 2.1
VI, R=CO,H, R'=CHj; (b) 6.83 (c¢) 1.18 0.43 2.1

(a) Carbomethoxy protons. (b) In dg-dimethylsulfoxide solution. (¢) Methyl protons.

comparison with the chemical shifts and coupling con-
stants for substituted pyridines (13) and the assignment of
the high-field quartet to Hg is confirmed by the absence
of this peak in the nmr spectrum of the 6-chloro derivative
Vib (R'=H). The complete assignments of the relative
chemical shifts and coupling constants for the pyrido-
[3,2-c ]-as-triazines are given in Table II.

EXPERIMENTAL (14)

2-Hydrazino-3-nitropyridine (Ia).

Hydrazine hydrate (20 g., 0.4 mole) was added dropwise to a
stirred, partial solution of 2-chloro-3-nitropyridine (31.7 g., 0.2
mole) in ethanol (200 ml.). After the addition was complete, the
reaction mixture was stirred for 3 hours and then concentrated
under reduced pressure. Water (250 ml.) was added to the residue
and the mixture extracted with chloroform (five 100 ml. portions).
The combined extracts were dried (magnesium sulfate), filtered
and the chloroform removed under reduced pressure to yield the
crude hydrazinopyridine Ia.

In the same manner, 2-bromo-5-chloro-3-nitropyridine (15),
reaction time 2 hours, gave Ib; 5-carbomethoxy-2-chloro-3-nitro-
pyridine (16), reaction time 15 minutes, gave l¢ and 2-chloro-3-
nitropyridine with methylhydrazine, reaction time 3 hours, gave
VIII (R=H). The respective crystallizing solvents, melting points,
etc., are given in Table II1.

24(2-Acetylhydrazino)-3-nitropyridine (Ila).

2-Hydrazino-3-nitropyridine (10.8 g., 0.07 mole) was stirred
with acetic anhydride (50 ml., 0.53 mole) for 1 hour. The reaction
mixture was poured into water (500 ml.), neutralized with sodium
hydroxide solution and extracted with chloroform (five 100 ml
portions). The combined extracts were dried (magnesium sulfate),
filtered and the chloroform removed under reduced pressure to
yield the crude product Ila.

In exactly the same manner Ib, Ic and VIII (R=H) were con-
verted to Ilb, Ilc and VIII (R=COCH3,), respectively. The crude
products were recrystallized as described in Table III.

3-Amino-2-hydrazinopyridine (Illa).

A partial solution of 2-hydrazino-3-nitropyridine (7.7 g., 0.05
mole) in ethanol (100 ml.) containing 0.5 g. of 10% palladium-on-
carbon was hydrogenated at 35 psi in a Parr hydrogenator. Uptake



Vol. 8

A. Lewis and R. G. Shepherd

44

[}
S¥e
6°LC
9°¢€e

0Ty
9°0¢
¢'Se
8y

¥°9¢
6'1¢
T'¥e
0°6C

T'€¢
9'9¢
8'6C
9'9¢

N

99
Vs
9Y
19

€L
€S
4
Y9

8y
8'¢
¢t
13 4

8y
8'¢
LT
¢y

H
% ‘punoy

£'es
S8y
€'y
€'0S

1°¢s
09%
1'8¢
L8y

6'SY
ey
c'9¢
0'ey

Ly
L'6¢
0ce
0°6¢

e
0'sg
6'.¢
L'ge

9'0¥
8'0¢
€'se
sy

1'9¢
(144
€V
9'8%

gee
Y92
8°6C
¥'9¢€

L9
'S
Sy
9

€L
By
Sy
S'9

8Y
oy
T'¢
v

8y
8¢
Lz
6'¢

H
% 'POTED

€'€es
[ 4
61y
9'0S

c'cs
(A 4
6'L€
La'14

LSy
S’y
$'o¢
6'cY

6'cv
9°6¢
8'l¢
0°6¢

OYN?TH®D | Sa[paau AIOAL
EOYNTIHED W swisud a)1ym
() OYNIDSHED ) Sa[paau AI10AT
OYNOTHLD o) sa[poau AI0Al

soutpriAdourure-g-( ouzeIpAY[A199Y-2 ) g

rNOTHD q sare[d aym
ToPNOTHLD W S3[Paau A10A1
(3) *NIDLHSD q SI[PaIU IIYM
YNEH®D d soje[d arym

souipuidourzeipAy-g-ouruy -¢

EOYNOTHED q swsud moffoL

SOYNO'HD o saypoou mof[a4

() €OYNIDEHLD q $a[pPa9u MOTPRA
EOYNBHLD q (2) saye[d paz

sautpuidogiiu-¢« ouzeIpAY[A190y-Z 13

LOYNEHD q swisud a8uelo
YOYNBHLD d sa[paau adueio
(9) TOPNIDSHD q Sa[paau pai
LOYN®H®D q sa[pau afurIo
soutpuAdoniu-g-omzeIpAl-g
emuLio g () 1uaajog wio g
184139y
ILIRCHEILAN

08T punoy 22T poed ‘1) (§) '9°gg punoy
“9'gg PITED ‘1) (9) "g'ST pumog 4T 'POE) ‘[ (p) oydiowk[og (2) Z'61 :PUnoy ‘g'@T POED 1) () [OUBYIAW = | ‘[OUBY}S = J ‘WICJOIO[YD = 1) ‘Qudazudq = g ()

0L
89
12
19

cl
€9
¥9
18

0L
.9
€8
$9

(2]
09
16
18

% PPPIA

6C1-821
002861
SST-¥S1
sor-€st

L0T-901
602-80¢C
691891
GIT 111

9ST-SST
€02 102
SLTTLY
881251

1909
0L1-691
SET¥ET
GLT LT

QO a.Q.E

€HD0D=4 ‘X1
LI\
qAl
eAl

H=Y XI
it
qI
L1

£HD00=Y ‘NIA
o
qI
e[|

H=Y ‘TIIA
9
qi
]

punodwon)



“§'G ipunoy 2P :PIfeD Ioydsly [IeY LQTH §°0 10} PAEMI[Ed ‘jeIpAyISY (?) apuopyporpAylq (p) d'w mopeq
00T 1noqe paudEp sidweg (9) ‘Burjowr uo pasodwiodaIp YoTYMm SPI[os snotoydwe a1am SIPLUIOIYP0IPAY Y, () TOUBYISUL = A ‘[OUBY}D = | ‘QUIZUIQ = g ‘3JBJ0E [AYd = ¥ (B)

862 €€ ¥0S $6T TE¢ S0S TOYN®H®D A sajeld pai
€ 0%  ges ¥ 0%  673TS TOYNEHOD q sa[paau pai
g6l 0TI€ T¢ <9 961 0TI 8% 99¥ YNIDSHED d swsud d8ue1o
€8¢ T¥Y VLS €8¢ TV SuS YNOHLD q sa[paau a3uelo
1ee 8¢ ¥ [ 38 E S S AR 4 COYNYHLD A/ sajeld paz
662 S€ L0S $'6c TE€ S0S TOYNH®D d sajeyd pax
91z 0% 8$T1 o0¢r €12 9¢ g1 eer YNIDEH®D | swisud aBuero
¥y 0¢ LS 25 20N B S £ YNYH?D q soyerd aguelo

saurzew)-so-[ -g‘¢ Jopusg

L1 08 LS T8 8.1 T8 9% V8¥ YNID' P HED q mofak
L8t g8z TS LeF €91 69 TS VeEy (2) YNID®HD q mofs
Lyl T€ LY TV OFVI  T€ 9% SI¥ OYNID''H®D W a3ueio
02¢ 2SZ 9¢ €8 ¥ee 96 LE Ve YNID8HLD | MO[[RA
9Z¢ ST 8%V T8¢ 12 €S2 9% T8¢ (P) PNUDOTHLD q mofjoAh
¢CT  L'€C VY 9T ¥SL  SYe 0% 0TF COYNIDSHED W a8ueio
Ive 128 T¢ ¥se 9¥e €L 6T T'Sg YNUIDHD q mofL
60c 0€ T¥ ¢€Tc¥ g0z 6c°e IV ¢€T¥ YNIDEHD q Mof4

Synthesis and Spectral Data of Pyrido[3,2-e ]-as-triazines

(q) sapuo[y0IpAl duizew-so-| -z g JopuidorpAyq-g

D N H D 0 N H D euuog  (e) Juoajog Lo g
9 ‘pumo g % “pofED Rt
AT 1AV

Feb. 1971

09
1L
44
c8
sS
L
L8
98

98
€9
€8
L
09
08
.8
18

% PRIX

239p 18
812-L1¢c
0€1-621
GLTILT

93P CET
CETIET
9¢1-6¢1
GST-1ST

(d)oLz

(@) svg
6€C-L€C

(@) ove
1144
€61-c61

(@) 812
v81-281

UO ».Q.E

€HD=4 ‘H%02=Y ‘1A
EHD=4 1A

EHD=M ‘qIA

€HD=Y ®IA

H=14 ‘H®0D=4 ‘IA
H=4 @IA

H=4 ‘q91A

H=4 ‘®IA

fHD=4 ‘X
H=4 X
€HD=4 “A
EHD=4 ‘qA
£HO=4 ‘®A
H=4 A
H=Y ‘9A
H=4 ‘®A

punodwon



46 A. Lewis and R. G. Shepherd

of hydrogen was complete in 30 minutes. The catalyst was
removed by filtration, and the filtrate evaporated to dryness under
reduced pressure to give the crude aminopyridine Ila.

In the same way, the aminopyridines IIlb, Illc, IVa, IVe, IX
(R=H) and IX (R=COCH3) were prepared by hydrogenation of Ib,
Ie, I1a, Ile, VIII (R=H) and VIII (R=COCH3), respectively. The
crystallizing solvent, melting points, etc., for three of these
compounds are given in Table 1IL.

242-Acetylhydrazino)-3-amino-5-chloropyridine (IVb).

Acetic anhydride (8.2 g., 0.08 mole) was added dropwise to a
stirred partial solution of 3-amino-5-chloro-2-hydrazinopyridine
(12.7 g., 0.08 mole) in ether (300 ml.). Stirring was continued for
1 hour after addition was complete. The product was isolated by
filtration and recrystallized from chloroform (see Table III).

1,2-Dihydropyrido{3,2-¢ ]-as-triazine Hydrochloride (Va, R'=H).

To a stirred suspension of 3-amino-2-hydrazinopyridine (2.48
g., 0.02 mole) in triethyl orthoformate (25 ml.) was added con-
centrated hydrochloric acid (3.5 ml., 0.04 mole). Stirring was
continued for 2 hours, then the product was isolated by filtration
and washed with ether.

The hydrochlorides Vb (R'=H), Ve (R'=H) and X (R=H) were
prepared in the same manner from IIib, Illc and IX (R=H),
respectively. The crystallizing solvents, melting points, etc., for
these compounds are given in Table IV.

1,2-Dihydro-3-methylpyrido{3,2-e]-as- triazine Dihydrochloride
(Va, R'=CHj3).

To a solution of 2-(2-acetylhydrazino)-3-aminopyridine (3.3 g.,
0.02 mole) in ethanol (30 ml.) was added 6 N ethanolic hydrogen
chloride (30 mL). The solution immediately became bright yellow,
and it was evaporated to dryness under reduced pressure to give
the crude product.

In similar manner, IVb, IVc and IX (R=COCH;) were cyclized
to give the hydrochlorides Vb (R'=CHj), Ve (R'=CHj3) and
X (R=CHj3). Crystallizing solvents, melting points, etc., are given
in Table 1V.

1,2-Dihydropyrido[ 3,2-¢ ]-as-triazine.

A solution of the hydrochloride Va (R'=H) (1.7 g., 0.01 mole)
in water (20 ml.) was made basic with ammonium hydroxide and
immediately extracted with chloroform (five 20 ml. portions).
The combined extracts were dried (magnesium sulfate), filtered
and the chloroform removed under reduced pressure. The residue
was recrystallized from benzene to give 0.49 g. (36%) of the
dihydropyridotriazine as bright yellow prisms, m.p. 135° dec.;
ir (potassium bromide) 3300 cm~! (NH).

Anal. Caled. for CgHegNg: G, 53.7;
Found: C, 53.9; H,4.5; N, 41.9,

1,2-Dihydro-3-methylpyrido[3,2-¢ ]-as-triazine.

A suspension of dihydrochloride Va (R'=CH3) (2.21 g., 0.01
mole) and sodium carbonate (5.0 g., 0.06 mole) in acetone (200
ml.) was stirred under an atmosphere of nitrogen for 3 hours. The
solution was filtered and evaporated under reduced pressure. The
residue was recrystallized from benzene to give 0.58 g. (43%) of
the dihydropyridotriazine as yellow prisms, m.p. 158° dec.; ir
(potassium bromide) 3300 cm~! (NH).

Anal. Caled. for C;HgN4: C, 56.7;
Found: C, 56.4; H,5.5; N, 38.2.

Pyrido[3,2-¢]-as- triazine (VIa, R'=H).
A solution of the hydrochloride (Va, R=H) (3.41 g., 0.02 mole)
in water (50 ml.) was made basic with ammonium hydroxide and

a solution of potassium ferricyanide (6.58 g., 0.02 mole) in water
(50 ml.) was added with stirring. The mixture was extracted with

H, 4.5; N, 41.8.

H, 54; N, 37.8.
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chloroform (five 100 ml. portions). The combined extracts were
dried (magnesium sulfate), filtered and the chloroform removed
under reduced pressure to give the crude pyridotriazine VIa (R=H).

In the same manner, the hydrochlorides Va (R'=CH3, Vb
(R'=H and CH3) and V¢ (R'=H and CH3) were converted to the
pyridotriazines VIa (R'=CHj3), VIb (R'=H and CH3) and Vic
(R’=H and CH3), respectively. Recrystallization solvents, melting
poiuts, etc., are given in Table I'V.

Hydrolysis of 6-Carbomethoxypyrido[3,2-e]-as-triazines (VIc, R=H
and CH3).

The above methyl esters (2 mmoles) in methanol (2 ml.) were
stirred with a solution of potassium hydroxide (2.2 mmoles) in
water (2 ml.) for 16 hours. The reaction mixture was diluted with
water (10 ml.), washed with chloroform (three 10 ml. portions)
and, after careful acidification to pH 1, extracted with ethyl
acetate (three 15 ml. portions). The combined extracts were
washed with water (15 ml.), dried (magnesium sulfate), filtered
and the ethyl acetate removed under reduced pressure. The pro-
ducts VI (R=CO,H, R'=H) and VI (R=CO,H, R'=CHj) are
described in Table IV.
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