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Quinazolo| 3,4-c}-1,2,4-triazoles

P. M. Hergenrother

Materials & Structural Sciences Laboratory, Boeing Scientific Research Laboratories,
Seattle, Washington 98124

Received June 18,1971

As part of a program directed toward the preparation
ol heterocyclic polymers (1-5), it was of interest to syn-
thesize a series of model compounds containing a novel
heterocyclic fused ring system, quinazolo[3,4-¢]-1,2,4-
triazole. This work was performed to obtain information
regarding reaction conditions necessary for the formation
of polyquinazolotriazoles (5) and to obtain model com-
pounds to aid in polymer identification.

The 5-(o-aminophenyl)-1,2,4-triazole reactants for quin-

azolo[3,4-c ]-1,2,4-triazole formation were prepared as
shown in reaction scheme 1. Reaction of the amidrazone
(hydrazidine) in cold N,N-dimethylacetamide with o-
nitrobenzoyl chloride provided the N-acylamidrazone in
high yield > 80%). The N-acylamidrazone can undergo
cyclocondensation with the elimination of water and/or
ammonia to form a 1,2,4-triazole and/or 1,3,4-oxadiazole
respectively.  As previously indicated (2,6), preferential
formation bf 1,3,4-oxadiazole can be accomplished by

REACTION SCHEME 1

NO
cel
"

0

NO2
11 A
NO
H 2
N
N bl
N——N
n
I IH]
NH.
H 2
N

e w[Oly
I} t It Il
C C N C

. SNHNH -~

Vi



132 Notes

REACTION SCHEME II

f
NH—C
= -H,0 H
O N N Q N
2 N | 2 N [
N——N N———N
VIIE vil
2 CH,CO.X 2 C¢HsCOCL
NH,
Ol «
9 N N
- b
N——N
XOZC COpX cloc cocCl
-H,0 i i
N - C—NH
~ HN—C
| O)_4 v O
N N
N N
| O [ (I
N——N N——-~N N——N
X IX
where X - H or CoH;
REACTION SCHEME 111
NHo NH2
H
N
I I
N——N N——N
2 CHsCO X l l 2 CellsCOCI
-H,0
-
X1l X1

where X = H or CgHs

Vol. 9



133

Notes

Feb. 1972

LvE
YS9
5 72
€3¢
Sey
¢'9c
9.8
0.8
gLy
r'1is
9'sy
8Ll
0°'0v
0cy
£'6¢c
6'0¢
S1e

e- 01 X2

1299
S0¢
092

00¢
85S¢

9%e
162
8¢
€5¢

98¢
0¥c

9s¢
16C
414
€5¢

98¢
0S¢

ru ‘xewt y

(q) wnyoadg AN

(21'22)
(4 4d

(82°02)
LT08

(£9'%2)
95¥z

1€2)
L0°€%

(99°12)
6v'1c

(2502)
Y802

(88°'1¢)
S6'LE

(69°22)
VLT

(99'52)
€€Ve

(¢s'62)
Sy'6c

(12'92)
62792

(ss'%2)
8Eve

N %

(06'¢)
08¢

(8¢'%)
(114

(ss°¢)
LV'E

(00°¥)
sT'¥

(s0'¥)
S6'¢

(€v'v)
Sy
(eev)
Sty
(88°2)
86'C
(6¥'¢)
W
L9¥)
6S¥
(6€°¢)
£e'e
(68°¢)
16°¢

H%

(c6'€L)
68'€L

(29'29)
1€°29

(28'12)
8912

(¥529)
£€°29

(62°¥2)
€0V

(2g'02)
6869

(62°€9)
€L°€9

(8¢°cS)
AN
(2€'19)
89°0¢
(19°69)
90°99

(c¥'8s)
19°8S
(EL°¥S)
69'%S

D%

(v) s1sheuy [Eyuaway

Sa[pIu
6NLTHSED AYM

prjos
EQ6NLTHSED 30:0%

Sa[paou
A:ZON:va 30——0%
pros
TQoINYIYYEY MO[PRA
Sa[paau
mZm—IONU aIym
prjos
O°SNSTHO?D ATYm
18410 P4
mZb:x:NU 0} ue) I
“ISAID
¢OOZMAE~NU ue}
prjos
WOOZN. ~E-U 30——0%
18410
mZ—:._m—U uey ‘3]
1SAID
NO mZoImﬁu ue}
pros

COSN'THED mojRA

enuLIo | 100D

"PIOB dUnys ur paurwala (q) -sisaypuased ut sanfea [eonaioayy, (B)

S'v92-v9¢

93P S02-¢0C

12¢61¢€

"99p 162-68¢

L81-57981

93P LETSEC
8VE-9v¢
geletie
293P 291-091
S'S8I-¥8I1
sol-161

03P L1E-S14

UO n.Q.E

X

IX

X1

HIA

ITA

Al

11

II

Jaquiny|
punodwon)

spunodwio?) [PPOJy PUE $IRIPIULII U] JO UOHRZUIIIRIRY))

I 319Vl

(srozeI-4°g 1-[ ¢ ¢ Jojozeumb
-Auayd-g ysiq(jhrpautpudd-, o° z) ¢'¢

AeapAy[aozew)-§ g 1-(jAuayd
-oprurezuaq-o}-¢ Jsiq(jAipautpuid- o, z) €€

[orozen-°2 1-(1Apuid- 7)
-¢-[ %' ¢ Jojozeunb Jsiq(auajiuayd-w) ¢'g

[or0zem1-4°2'1
-(jAuayd-o) g([4pud- z)-¢ siqoprureeyyydost

OZRUFH T T
-(1ApuAd- g )y ¢-[ ¥ ¢ Jojozeuinbidusyd-g

AOZRIN-H'T' T

-(1Auaydoprurezuaq-o)g-(|ApuAd- 7)€
[d10zeru-4¢ 1-(14uayd

-ourwe-o )¢ [siq([Apouipuid- o°, 7) €'¢
[orozeL-4°  T-(1Auayd

-0iu-0) ¢ Jsiq(jAipoutpuid- o, 7) €°¢
QUOZEBIPTWEIP

(141pautpu4d-9°g X jAozuaqontu-o)p- NN
SoRIN-FT 1

-(jAusydoutwe-o) ¢-([ApHAd- 2 )¢
JjozeLy

-¥'g‘ 1-(1Aueydonu-o)6-(14pHd- 7)€

suozelpiwe(jApuAd-g ([Aozuaqoniu-o) N

punodwon)



134 Notes

healing in strong acids such as trifluoroacetic acid. Where-
as, conversion to the 1,2/4-triazole by refluxing in m-
cresol is accompanied by the presence of a small amount
(< 5%) of 1,3,4-oxadiazole. In this study, the 1,3,4-

oxadiazole was removed by recrystallization and therefore
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Figure 1. Differential Scanning Calorimetry of 3,3'-(2",6"-
pyridinediyl) bis| 5-(o-aminophenyl)-1,2,4-triazole ] (VI).

no serious problems were encountered in the purification
of the nitro compounds (II and V). The reduction was
accomplished in essentially quantitative crude yield using
sodium sulfide nonahydrate in ethylene glycol at 115°
or by hydrogenation at ambient temperature in methanol
and/or pyridine under ~ 50 psi using Adams’ catalyst.
Compound VI exhibited a tenacious affinity for water and
required drying for several hours at high temperature
(200°) over phosphorus pentoxide in vacuo for removal.
The melting point of compound VI as determined by
differential scanning calorimetry (Figure 1) was 334°
while the visual uncorrected melting point as determined
on a Mel-Temp melting point apparatus was 346-348°.

Quinazolo[3,4-c]-1,2,4-triazoles were prepared as
shown in reaction schemes I and 111 in essentially quantita-
tive yields by the following three methods. The o-amino-
phenyl-1,2 4-triazole compounds (111 and VI) were re-
acted with aromatic carboxylic acids by solution cyclo-
condensation in polyphosphoric acid at 250°, with phenyl
esters of aromatic carboxylic acid by melt condensation
to 340°, and wilth aromatic carboxylic acid chlorides
to form precursor amides which were thermally cyclo-
dehydrated at 300°. No chemical cyclodehydrating agents
were employed in this study. The thermal cyclode-
hydration of 3-(2'-pyridyl)-5-(o-benzamidophenyl)-1,2,4-
triazole (VII) was briefly studied by following the ring
closure through infrared spectroscopy and melting point.
AL 250°, complete ring closure was not attained after 24
hours whereas at 300°, essentially complete ring closure
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was observed after 1 hour. At 350°, complete ring
closure occurred after 0.5 hour. Characterization of the
quinazolotriazole model compounds (VIIL, X, and XII) is
given in Table I while the ultraviolet spectra are shown
in Figure 2.

EXPERIMENTAL

Melting points were determined on a Mel-Temp apparatus and
are uncorrected. The ultraviolet spectra (in sulfuric acid) were
obtained on a Cary 14 recording spectrophotometer while the
differential scanning calorimetry curve was obtained on a Du Pont
900 thermal analyzer. Elemental analyses were determined by
Galbraith Laboratories, Inc., Knoxville, Tennessee.

2-Pyridyl Amidrazone.

The reactant was synthesized following the procedure of Case
(7) and obtained as white needles, m.p. 95-96° [lit. (7) m.p.
95-96°].

2,6-Pyridinediyl Diamidrazone.

This compound was prepared through a known procedure
(1) as pale yellow needies, m.p. 231-232° dec.

Anal. Calcd for C7H11N7Z C, 435],
Found: C, 43.66; H, 5.72; N, 50.71.

Since the experimental procedures for the preparation of the
individual groups of compounds, the 5-{o-aminophenyl)-1,2,4-
triazoles (111 and VI), the precursor amides (VII, IX, and X1), and
the quinazolo[3,4-c]-1,2,4-triazoles (VIII, X, and XII) are very
similar, the procedure for the synthesis of a representative series
is presented.

3,3'-(2",6""-Pyridinediyl)bis [ 5-(0-aminophenyl)-1,2,4-triazole |
(V).

A solution of o-nitrobenzoyl chloride (30.7 g., 0.17 mole) in
N,N-dimethylacetamide (DMAC, 100 ml.) was added during 0.5
hour at 0° to 2,6-pyridinediyl diamidrazone (16.0 g., 0.083 mole)
in N,N-dimethylacetamide (DMAC) (150 ml.) containing sodium
bicarbonate (15.0 g., 0.088 mole). After complete addition, the
orange reaction mixture was stirred at ambient temperature for 2
hours followed by pouring into cold water (600 ml). The
resulting yellow precipitate was washed thoroughly with water and
dried over phosphorus pentoxide to yield N,N'-di(o-nitrobenzoyl)-
(2,6-pyridinediyl)diamidrazone [(IV), 35.0 g., 81% yield] as a
yellow solid, m.p. 160-162° dec. The N-acylamidrazone (24.6 g.,
0.05 mole) was placed in m-cresol (300 ml.) and refluxed under
argon for 5 hours followed by concentration to dryness to yield
a brown residue. The brown residue was washed twice with hot
methanol (250 ml.) to yield a tan insoluble solid (16.5 g., 73%
crude yield), m.p. 304-308°. Recrystallization from a mixture of
DMAC (130 ml.), methanol (200 ml.), and water (80 ml.) gave
3,3'(2",6"-pyridinediyl)bis[ 5 o-nitrophenyl)-1,2,4-triazole | [(V),
13.0 g., 79% recovery| as tan crystals, m.p. 311-312.5° (Table 1).

The nitro compound (4.6 g., 0.01 mole) and sodium sulfide
nonahydrate (10.0 g., 0.04 mole) were stirred in ethylene glycol
(100 ml.) to form a yellow solution which was heated to 115°
under argon and stirred at 115° for 4 hours. The cooled yellow
solution was diluted with water (200 ml.) and neutralized with
dilute hydrochloric acid to yield a tan precipitate. The isolated
dried tan solid (4.1 g., 104% crude yield) was recrystallized twice
from a mixture of DMAC, methanol, and water to afford 3,3'-
(2",6"-pyridinediyl)bis[ 5{o-aminophenyl)-1,2 4-triazole] (VI) as
pale yellow granular crystals (2.0 g., 51% yield). After drying in
an Abderhalden apparatus for 18 hours over phosphorus pentoxide

H, 5.74; N, 50.76.
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Figure 2. Ultraviolet Spectra (in sulfuric acid) of quinazolo[ 3,4 ]-1,2,4-triazoles.

under refluxing m-cresol (202°) in vacuo, the yellow crystals
melted at 346-348° (Table 1). The reduction can also be accomp-
lished by hydrogenation in a mixture of pyridine and methanol
at ambient temperature under ~ 50 psi using Adams’ catalyst.

The quinazolo{3,4-c]-1,2,4-triazoles were prepared as shown
in reaction schemes Il and III by cyclodehydration of amide
precursors, by solution condensation in polyphosphoric acid (PPA),
and also by melt condensation as indicated in the following
representative procedures.

3,3"-(2",6"-Pyridinediyl)bis(5-phenylquinazolo [ 3,4-¢ ] -1,2,4-tri-
azole) Via Amide Precursor.

To a yellow slurry of 3,3'(2",6"-pyridinediyl)bis| 54o-amino-
phenyl)-1,2,4-triazole | (1.98 g., 0.005 mole) and anhydrous sodi-
um carbonate (1.06 g., 0.010 mole) in DMAC (50 ml.) at 0° under
argon, a solution of benzoyl chloride (1.41 g., 0.010 mole) in
DMAC (50 ml.) was added during 0.5 hour. The resulting almost
clear orange solution was stirred at 0° for 0.5 hour followed by
stirring at ambient temperature for 2 hours. Dilution with water
(150 ml.) gave a yellow precipitate which was filtered, thoroughly

washed with water, and dried over phosphorus pentoxide in vacuo.
The resulting yellow solid (2.5 g., 86% vyield based upon the
monohydrate), 3,3'(2",6"- pyridinediyl) bis [ 5-(o- benzamidophen-
yl)-1,2,4-triazole ] hydrate (X1), melted at 202-205° dec. (Table ).

A test tube containing the yellow precursor amide under
argon was introduced into a preheated oil bath at 300° and
maintained at 300° for 1.0 hour. During this heating phase, the
solid melted and foamed. The resulting brown product melted
at 260-263°. Recrystallization from a mixture of benzene and n-
hexane afforded near white needles of 3,3'(2",6""-pyridinediyl)-
bis(5-phenylquinazolo|3.4-c ]-1,2,4-triazole), m.p. 263-264°.

Solution Condensation in PPA,

In PPA (100 g.) under argon, 3,3'(2",6"-pyridinediyl)bis[ 5-
(o-aminophenyl)-1,2.4-triazole] (1.98 g., 0.005 mole) and benzoic
acid (1.22 g., 0.01 mole) were heated to 250° during 3 hours and
maintained at 250° for 0.5 hour. The partially cooled light brown
solution was poured into water to precipitate a tan solid. The
isolated tan solid was successively washed with aqueous sodium
bicarbonate and water and dried to provide a light tan solid
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(1.78 g., 77% vyield), m.p. 261-263°. Recrystallization from a
mixture of benzene and n-hexane afforded 3,3'-(2",6"-pyridine-
diyl)bis(5-phenylquinazolo[3,4-c ]-1,2,4-triazole) (XII) as white
needles, m.p. 264-264.5° (Table I).

Melt Condensation.

An intimate mixture of 3,3'(2",6'"-pyridinediyl)bis[540-ami-
nophenyl)-1,2,4-triazole| (1.98 g., 0.005 mole) and phenyl benzo-
ate (1.98 g., 0.01 mole) in a test tube under argon was introduced
into a preheated oil bath at 340° to form an immediate brown
melt which was maintained at ~ 340° for 1 hour. The resulting
brown foamy solid (2.11 g., 97% yield), m.p. 260-264° was
recrystallized from a mixture of benzene and n-hexane to provide
3,3"-(2",6""-pyridinediyl)bis(5-phenylquinazolo[3,4-<]-1,2,4- tri-
azole) as fine white needles, m.p. 264-264.5°.
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