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ABSTRACT

A study of the acetylation of 1-(p-nitrophenyl)-5-
aminotetrazole and 5-(p-nitrophenylamino)tetrazole was
undertaken because of the possible similarity between
these reactions and the acetylation of l-phervl-S-amiro-
tetrazole and 5-phenylamirotetrazole (1).

During tle investigation it was notec¢ that in addition
to the expected acetyl derivative, 1-(p-nitropheryl)-5-
acetylamirotetrazole, two other compocunds were formed,
Product A and Product B. The elemental analysis cf Frocduct
A incicated that it was a compound formed by the loss cof
two atcms of ritrogen from l-(p-ritreophenyl)-5-acetylamino-
tetrazole. The elemental analysis of Froduct B indicated
that it could be the acetyl derivative of Product A.

An identification of Product A and Product B was undertalen.

The hydrolysis of both Procduct A ard Product B, using
concentrate” hydrochloric acid, yielded p-nitroaniline
and hydrazine dihydrochloride. This information along
with some previous work by Stollé (2) indicated that
Product A could be 2-methyl-5-(p-nitrophenylamino)-1,3,k4-
oxadiazole,

A synthesis of 2-methyl-5-(p-nitrophenylamino)-
1,3,4-0xadiazole vas undertaken to corroborate the previous
evidence by independent synthesis. Of the synthetic methods
attempted the most successful was the treatment of

l-acetyl-4-phenylthiosemicarbazide with yellow mercuric



oxide in refluxing toluere. The intermeciate 2-methyl-5-
phenylamiro-1,3,4~0xadiazole thus formed was nitrated
with mixed acid to achieve tle cdesired product.

The synthesized 2-methyl-5-(p-nitrophenylamiro)-1,3,4-
oxadiazole proved to be identical with Product A ard upon
long treatment in refluxirg acetic anhycdride an acetyl
derivative was formecd wnich proved to be identical with

Product B.
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INTRODUCTION

In earlier work (1,2) it had been showr that 5-alyl-
amirotetrazoles and 5-nhenylamirotetrazole undergo re-
arrangement on acetylaticn with the forratior of l-sub-
stituted S5-acetylaminotetrazoles. It was the purpose of
this worlr to irvestigate the behavior on acetylaticn of
5-(p-nitropihenyvlamino)tetrazole and l1-(p-nitropheryl)-5-
arinotetrazole.

During studies irvestigating trne acetylaticn of
l-(p-nitrophenyl)=5-ani: ctetrazole and 5-(p-nitropheryl-
amino)tetrazole it was noted ti:at in addéiticen to 1-(p-
nitrophenyl)-5-acetylamirotctrazole two other compounds
were formed, Procuct A and Procuct B. Blemental anralysis
of Prccduct A ircdicatec tite loss of one mole oi nitrogen
from 1-(p-nitropheryl)-5-acetylaminotetrazole and the
elermental aralysis oi Froduct B indicated tnat it coulcé
be the acelyl derivative o: Procuect A, Tne ecrux of the
problem was tc identify Procuct A anc¢ Procuet B and to
determire their structures, if possible, by ircdeperdert

synthesis.



HISTORICAL

R.A. Henry (3) observed that an equilibrium existed
between 5-aminotetrazole derivatives with an alyl or
aryl substituent in the l-position (I) in the first

instance ard on the amino nitrcgen (II) irn the other.

R-N——C-NH,, Hent  H-N— AR
R ]

I I\N N N\\N A 11
I T
g - ]

I1I
If the substituent R group was alkyl the equilibrium was

shifted to the left while if the R group was aryl the
equilibrium was shifted to the right. A possitle mecharism
to explain this equilibrium could be the formaticn of

a guanyl azide intermediate (III) followed by recycliza-
tion. If the substituent R group was electronegative

in character the 5-substituted aminotetrazole (II) was
favored while if the R group was electropositive in char-
acter the l-substituted S-aminotetrazole (I) was favored.
It was irnteresting to note that the isomerizaticr of
5-allylaminotetrazoles, l-phenyl-5-aminotetrazole, and
l-phernyl-5-alkylamirotetrazoles go essentially to comple-
tion (4). If ar equilibrium existed here it was far to
one side. Studies of the acetylation of l-alkyl-5-amino-
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tetrazoles and S-alkylamirotetrazoles (1) showed an irter-
esting conversion cycle from the 5-allylamirotetrazole

to the l-alkyl-5-aminotetrazcle. Acetylaticr of either
l-benzyl-5-amirotetrazole (Ia) or 5-benzylaminotetrazole
(ITa) with hot acetic anhydride gave only the l-benzyl-
5-acetylamirotetrazole (IVa)., Acetvlation of IIa in the
cold with acetic arhydride ir the presence of scdium
carbonate gave l-acetvl-5-benzylaminotetrazole (Va).

The latter on heating isomerized to l-benzyl-5-acetylamino-

tetrazcle (IVa). This cycle was illustrated as follows:

c_fn

R-N ﬁ'NHz . Heat H-N
N /
\ AC O !
N§§N//k Heat 2 N§§N//N N\
Ac 0
I Héat 11
H_ O Ad,0 H_ O
ABid R-N-——C-E-B-CH3 2 2
” Na,C04-H,0 Acid
2C d -
N\N /N Heat
CH3-8-N C-E-R
v
a) R Benzyl N N
b) R Ethyl NI
\

It was interesting to note that althocugh beth compounds

Ia and IIa were formec by benzylaticn of 5-aminotetrazole,
it was impossible to convert coﬁpound Ia irto compcurd 1Ia
by this cvcle of.reacticns.

In a similar study of the acetylation of l-phenyl-

-3-



S-aminotetrazole ard 5-phenylamirotetrazcle a comparable
cycle of conversions was ncted. Acetylaticn of either
l-phenyl-5-amirotetrazole (VI) or 5-phenylamirotetrazole
(VII) with hot acetic anhvdride gave orly l-vhenyl-5-
acetylamirotetrazole (VIII). Acetylationr of VII in the
cold with acetic anhydride ir tie presence of sodivm
carbonate gave l-acetyl-5-phenvlarmirotetrazole (IX). The
latter, on heating, isomerized to l-phenyl-5-acetyvlamiro-
tetrazole (VIII). This series of reactions co:1d be

illustrated by a similar diagram (4%,5,12):

'—-—C-NH2 H=N
‘ ' Reflux
Xylene =

Ac20
ifeat VII hen0
N Na..CO H.O
—_—Cc. B 2¥V3 2
X I ﬁ E 8 CHy 4,0 Ao1d
Cold
= N
N
VIII N/
Hea CH3-8- ﬁ_g

Through tiis series of reactions it was possible to make
a complete cycle to form either compound VI or comnound

VII from any poirt in the cycle. 1l-(p-Nitrophenyl)-5-

. i



aminotetrazole was synthesized (2) to study a similar

series of reactions.



DISCUSSTION

In conrecti.n with studies concerring the thermal
rearrangement of l-aryl-5-amirotetrazoles it was cbservecd
that 1-(p-nitrephenyl)-5-aminotetrazole would undergo rear-
rangement to T-(p-nitrorhenylanmiro)tetrazole in boiling
xylene (5).

The acetylation of botn 1l-(p-nitrophenyl)-5-armino-
tetrazole ard 5-(p-nitrophenylamino)tetrazole with boiling
acetic arhydride was studied first. In bctn irstances
the same acelyl derivative was formed. Hydrclysis of this
acetvl cerivative gave cnly l-(p-nitropheryl)-H-a~irotetra-

zcle,

NO,

It is interesting to note that the same cycle of conver-
sions takes place with the p-nitrorhenyl S5-amirotetrazoles
as was observed with the phenyl S5-aminotetrazoles (5).

This 1is particularly noteworthy since the p-nitrcphenyl

Sy



group is usually ccnsicdered to be distinctly more electro-
negative than the phenyl group.

It was noted that during the acetylatior of 1-(p-nitro-
phenyl)-S-amirotetrazole by refluxing with acetic anhydride
a second compound, Product A, was formed. Elemertal
analysis of Froduct A irdicatec¢ that it differed from
the acetyl derivative (XII) by the loss of two nitrogen
atoms. It was also noted that the amount of Procuct A
covld be ircreased by prolonging the reacticr period with
the acetic aniydride.

Since Procduct A was evidertly formec¢ bv the partial
decompesition of l-(p-nitropheryl)-5-acetylamirotetrazole
a supply of Product A was synthesized by prolonged treat-
ment of 1l-(p-nitrophenyl)-f-amirotetrazole with an excess
of acetic anhydride under reflux. The result of this
experiment was a m‘xture of two ccmpounds, Product A and
Product B, Product B was separated from Product A by
extraction with col® crlorcform. The elemental aralysis
of Product A agreed with the ermpirical formula, C9H8Nh03’
Product B gave an elemental analysis in agreement for an
acetyl derivative, CyqHyoN 0y, of Product A. It was also
shown that Product A was formed when l-(p-nitrophenyl)-5-
acetylaminotetrazole vwas heated with acetic anhydride
for several hours. It is also significant that Froduct A
was formed cn prolonged heating of 5-(p-nitrophenylamiro)-

tetrazole (XI) with acetic arhydricde. 1In this irstance

-7-



too Product A probably resultec from thermal degradatiocn
of the initially formed acetyl derivative (XII). It is
interesting to note that the treatment of l-phenyl-5-
aminotetrazole with acetic arhydride, under reflux, for a
period of 120 hours gave cnly t'.e expected acetyl deriva-
tive as an isolable product. This indicatecd that the
effect of the nitro group attached to the para position

of the benzene rirg aided the decomposition.
\—N c-g B ~CH,

J l ' °2N‘]I\) rlr\N /L,

A.c C Heat ) =7
Hea Short time XII
Xylene lAczo Reflux
H-N 7 EW///A 'tag Long time
hort time g HgN) 0
“ 9"8My03
N§ A ‘\\ H0, Product A
X C11H1 N0y
Product B

When Product A was subjected to hydrolysis with
concentrated hydrochloric acid, p-nitroaniline ard hydra-
zine dihydrochloride were isolated. The former was identi-
fied by a mixture melting point with a known sample of
p-nitroariline ard the latter was identified by the
formation of benzalazine with an alecholic solution of
benzaldehyde., When Product B was subjected tc the same

conditions the products isolated were also p-nitroanilire

-8~



and hydrazine dihydrochloride.

Three structures came to mind as possible forrulas

for Product A:

H
TR
2 =

XIII XIV

0N e N "
Ll
RN
Xv

The formation of XIII and XIV can be pictured by an
opening of th: tetrazole ring followed by a loss cof a mole
of nitrogen and recyclization. In formula XIII the
recyclization would involve the benzene ring forming a
benzimidazcle while in formula XIV the cyclization wculd
occur with the carbonyl portion of the molecuvle forming
the 1,2,4-oxadiazole structure.

Under the conditions of hydrclysis XII1 would be
expected to yleld 4-nitro-o-phenylenediamine and XIV would
be expected to yield p-nitrcaniline. Sirce no 4-nitro-o-
phenylenediamine was recovered upon hydrolysis, XIII was
discarded as a probable structure. The fact that hydra-
zine dihydrochloride was a product of hycrolysis in addi-
tion to t'e p-nitroaniline made XIV a doudbtful choice.

-9-



Both p-nitrocaniline and hydrazine dinycdrochleride could be
hydrolysis nroducts of XV, However, tire formation of such
a structure from l-(p-nitrovhenyl)-5-acetylamirotetrazole
wculd entail not orly an opering of the tetrazole ring
followed by loss of a mole of nitrcgen, but also a rear-
rangement in order to form a structure with two adjcent
nitrogen atoms. Stollé et al. (6), in 1929, had noted
this type of rearrangement with simpler 5-aminotetrazole
molecules. Their explanation of such a rearrargement

involved the formation cof a carbodiimide as an 1ntg£yediate:

NN—— -g-g--cn :N // _\\—N- -E-g-‘m%
BTSN A

OzN“ = NG — | —

0 — —
2/ Jr
O,N X, N—N N N
TN 1 el |
e AC-0h 0N o
H —

On evaluatior cf tlhe information from the hydrclysis
of Product A ard Product B along with the evidence which
Stollé et al. (6) had ccllected, the synthesis of 2-methyl-
5-(p-nitrcpherylamino)-1,3,%-oxadiazole was uncertaken

in arn attempt to identify Product A,

«]0-



Stollé (7) had shtown that treatrent of 1,2-diacetyl-
hydrazine with acetic anhydride led to the formation of
2,5-dimethyl-1,3,%-0oxadiazole., With this in mind the
synthesis of 2-methyl-5-(p-nitrophenylaniro)=1,3,4-oxa-
diazole by treatment of l-acetyl-k-(p-nitrophenyl)semicarb-
azide with acetic anhydride was attempted without success.,
Two variations of tihis technique were tried., p-Nitro-
phenyl isocyanate was treated with hydrazire and tre
resulting L. (p-nitrophenyl)semicarbazide wezs heated with
acetic anhydride. In another attempt p-nitrophenyl iso-
cyanate was treated with acetyl hydrazine and the result-
ing l-acetyl -4-(p-nitrophenyl)semicarbazide was heated with
acetic anhydride. In each irstance a product meltirg at
200-21000. was obtained. Since these products exhibited
a melting point at least 20°C. below that of Product A an
alternate method of svnthesis was attempted. No effort
was made tc identify tie compound melting at 209-210°C.

In 1929 Stollé and Fehrenbach had synthesized some
2-amino-l,3,h-oxadiazoles by the treatment of acyl thio-
semicarbazides with lead oxide (11). In an attempt to syn-
thesize 2-methyl-5-phenylamiro-1l,3,4-oxadiazole this pro-
cedure was apnlied to l-acetyl-Lt-phenylthiosemicarbazide.
Two experiments performed by this method yielded a com-
pound melting at 217-218°C. The elemental analysis for
this compound agreed well with the values calculated for

09H9N3S. Since a compound melting at 193-1Qh°c, had been

-11l-



assigned the structure of 2-methyl-5-phenylamiro-1,3,4-
thiadiazole (XVI) (8), a possible structure for t'e
compound, m.p. 217-213°C., wovld be that of 3-mercapto-5-
methyl-lt-phenyl-1,2,4-triazole (XVII). The assignment

of this structure was supported by the fact that this
compound was soluble ir dilute base ard irnsoluble in
dilute acid. Other experiments performecd urder slightly
different conditions yielded, varicusly, a procuct melting
at 160-165°C. (l-acetyl-lt-phenvlsemicarbazide melts at
169°C.) and ancther product wiich melted with decomposi-
tion at 309-311°C. No further attempt at identification

of these prccducts was made.

il | |

-c\s/c..CH3 HS-C\\ _C-CHy
XVI I :§§7 XVII
=

Hoggarth (9) recertly showed that certair S-methyl-
l-acyl-thiosemicarbazides would cyclize on heating to
give 2-amino-5-aryl-l,3,4-oxadiazoles along with small
anounts of isomeric 1,2,4-triazoles. Followirg this
procedure S-methyl-l-acetyl-Wt-phenylthiosemicarbazice
(XVIII) was prepared. By warming this intermediate a
small amount of 2-methyl-5-vhervlamino-1l,3,4-oxadiazocle

(XIX) cculd be separated from the reacticn mixture.

-1l2-



However, the major product was a sulfur-containing
material which may have been 3-methyl-5-methiylmercapto-
Yopreryl-l,2,4-triazole (XX). This latter product was
insoluble in dilute base but soluble in dilute aqueous
acid., Tre yields of oxadiazole obtained by this method
were low an¢ often not renroducible.

Because of t'e usefulness of mercuric oxide irn the
fcrmaticn of carbodiimides (10) it was thcught that a
similar method using l-acetyl-Y-phenylthiosemicarbazide
could prove useful fer the svnthesis of 2-methyl-S5-phenvl-
amino-1,3,t-oxadiazole. After treatment of l-acetyl-k-
phenylthiosemicarbazide with yellow mercuric oxide ir
boilirg toluere, 2-methyl-5-phenylamiro-1,3, 4-oxadiazole

could be isolated consistently ir yields of 5h-64%,

@iz&m ‘J La

XVIII
N——N

CH sﬂ\ -lcn

37T T3
X

I =
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Several attempts te ritrate the 2-methyl-5-phenvl-
armiro-1,3,4-oxadiazole by dissclvirg t e powdered oxa-
diazole ir either cold cercentrated sulfuric acid cr cold
acetic arhydride fellcowed by t'ie drepwise additier of
concertrated rnitric acid, while swirlirg the flask in arn
ice bath, proved ursuccessful. After quenching the nitra-
tiop mixture with ice only a viscous red cil or gum cculd
be isclated. Because of this difficulty the nitration was
attempted by adding powcered 2-methyl-5-phenylamiro-1l,3,4-
oxadiazole in small portions to an ice cold solutior of
mixed acid. The heat generated by each additior was
dissipated by ccnstant swirling of the flasl in ar 1ice
bath. Wher the resulting nitraticr mixture was poured
over ice a floceculent yellow precipitate formed., This
precipitate could be separated into two fractions by
extraction with cold chloroform. The chloroform insoluble
material, after recrystallization frorm isopropyl alcohol,
proved to be identical wit» PFroduct A, t-us supporting the
assumption t~at Product A is 2-methyl-5-(p-nitrophenyl-
aminc)-1,3,%-oxadiazole (XV), Acetylaticn of the chloro-
form insoluble material with acetic arhydride gave Product
B, an observation ir conformity with the suggesticr that
Product B (XXI) was the acetyl derivative cf Product A,
(Otrer isomeric structures for XXI could be drawn with
the acetyl group attached to the ring. No attempt was

made to locate the actual position of the acetvl group.)

=14



N——1) N——K
O, ﬂ
CH3-§ |
- C-CH ;. —C. C-CH
o3 AN ~No” 3
XV i Xxx1
O
Product A Product B
N——N

ok e X

XXII LN

The ciiloroform soluble portion of tlie nitration
mixture could be separated into a product whose elemental
analysis suggested that it was 2-(2,4-dinitrophenylaminro)-
S5-methyl-1,3,4%-oxadiazole (XXII) and a small amount of
nitroanilines. The structure of the oxadiazole was based
upon its hydrclysis to 2,4-dinitroariline and hydrazine
dihydrochloride.

The structure of Product A was thus established
through the identification of its hydrolysis products and
by independent synthesis as 2-methyl-S5-(p-nitrophenylamino)-
1,3,4-0oxadiazole (XV). Product B was similarly idertified
as the acetyl derivative (XXI) of 2-methyl-5-(p-nitro-
phenylamino)-1,3,%-oxadiazole.

-15-



1,2
EXPERIMENTAL

Preparation of l-Phenvl-5-aminotetrazole

In a space in the hood area a 3 1. three-necked flask
was placed in an ice bath and was equipped with an alcohol
thermometer, a reflux ccndenser, a mechanical stirfer,
and an exhaust vent., The flask was charged with 600 ml.
of 95% etryl alcohol and 93 g. (91 ml., 1 mole) of ariline.
Al]l reagents used in subsecuent steps were added with
centinuous stirring while the temperature of the reaction
mixture was kept below 10°C. After the alcohol and aniline
sclution had cooled to the desired temperature, 1C6 g.

(1 mole) of cyanogen bromide, dissolved in 400 ml. of

50% ethyl alcohol, was added slowly thrcugh a dropring
funnel. This addition was completed in approximately

one hcur. A solution of 40 g. (1 mole) of sodium hydrcxide
dissolved in 100 ml, of water was then added in the same
manner., This addition took about 30 minutes., The reaction
mixture was then stirred without further addition fer 90
minutes. A solution of 81 g. (1.25 moles) of sodium azide
dissolved in 250 ml. of water was thern added, This addi-

1
Microanalyses by Miero-Tech Laboratcries, Skokie,
Illinois

2

Melting points were taken in open capillary tubes
and were uncorrected.

-16-



tion could be made quite rapidly. A solution of 101 ml.
of concentrated hydroc“ioric acid and 100 ml. of water was
then added t':rcugh a dronnirg funnel, taking svecial pre-
caution to keep any fumes from escarirg from the hood.
(Hydrazoic acié was liberated at this stage of the pro-
cess.,) The reaction flask was then removed from the ice
bath, placed on a steam bath, the temverature raised to
the beiling point, and the soluticn maintaired at reflux
terperature fer six hcurs., Following the reflux period
the reaction mixture was cocled in ar ice bath, ‘(he solid
product was ccllected by suction filtration. The crude
product was recrystallized from 50% isopropyl alechol.

The yields in two prevaraticrs were 80 g. (50%) ard 95 g,
(594). The higher yield was obtained by evaporation of
some of the alcohol from the filtrate ané allowing this
solutior tc stand fcr a period of time fcllowed bty filtra-
tion of the crystallire material. The recrystallized pro-
duct melted at 158-16000., resclidified, ancd remelted at
201-203°C, A melting point of 163-163.5°C., resolidifica-
tion, and remelting at 205-206°C. was rerorted for a

purified prcduct (2).
Nitration of l-Phenvl-5-aninotetrazole (2)

Two hundred milliliters of ccncentrated sulfuric
acid was placed in a 1 1, three-necked flask equippecd

with an alcohol thermometer and a mechanical stirrer.

-17-



The flask wes placed in an ice bat!: ard the acif ccoled,
vith stirrirg, to C. ©Stirrirg and cooling were ccntirued
throcughout tre subsequert operations. While keerirg tie
temperature of the reaction mixture below 10°C., 4§ g.
(0.41 moles) of powdered l-phenyl-5-amirctetrazcle was
added in small porticns. Tollowing the addition of the
l-phenyl-5-aminotetrazcle re furtner oprerations were
performed until all of tie sclid material had been
dissclved., At this time 200 ml,., of ccrncentrated nitric
acld was added drcpwise. RBecause of the exotrermic
effect this adciticn tock 90 to 120 mirutes., Iollowing
the addition o t-e ritric acid the reacticn mixture was
left in tre ice bath for 20 mirutes. The stirrer was
then disconrected ard the nitraticn mixture was ncured
over apprcximately 1000 g. of ice, allowed tc stand for
several hours (until tie icec had melted), and the pre-
cipitate collectec by filtration. The crude prcduct
was recrystallized frem a 5:3 glacial acetic acid: water
mixture. The yield was 35 g. (53%) of product that melted
at 179-18100., resolidified, an¢ remeltec with efferves-
cence at 219-221°C. Garbrecht anc Herbst (2) reported
melting at 176°C., resolidification, and remelting at
221-223°C. Other runs under the same conditions gave

yields of 57%, 4%, and 53%.
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Acetylation of 1-(p-Nitrophenyl)-5-aminotetrazole

In a 50 ml., round-bottomed flas were placed 2 g.
of recrystallized l-(p-nitrophenyl)-5-aminotetrazole and
20 ml. of acetic arhydride. The reaction mixture was
boiled under reflux for 30 mirutes after which the
mixture was transfered to a beaker, Ten milliliters of
isopropyl alcohol ard 5 ml. of water were added and the
soluticn was then eveporatecd to dryness on a steam hath.
The residue was recrystallized from 99% isopropyl alcohel,
The yield of l-(p-nitrophenvl)-5-acetylaminotetrazole
was 1.7 g. (74%). The crystals formed were pale yellow
needles meltirg at 191°C. with gas evoluti-n, resclidifing,
and remeltirg at 224-225°C,

Analysis. Calculated for CoHgNgO3: C, 43.553 H, 3.25;
N, 33.%6. Found: C, 43,513 H, 3.313 N, 34.13.

A second reaction was run with the same amounts of
reactants and the same conditions with the excepticen
that the time of reflux was extended to 4% minutes.
The yield of this run was 1.7 g. (74%) melting at 192°C.
with gas evolution, resolidifing, and remelting at 225-
226°cC,

A third run with the same amounts anc conditions
was made with the reflux time extended to one hour.
From this reaction the yield of l-(p-nitrophenyl)-5-acetyl-
amirotetrazole was only 1.0 g. (44%), melting at 190°C.
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with gas evoluticn, resolidifing, and rcrelting at 223-
224°c,

'Following the same procedure with a reflux time of
three hours, a fourth run showed a different texture of
residue after tre evaporation to dryress. Thils residue
was dissolved in 99% isonropyl alcchol and allowed to
stand for several hours. Durirg this period a few
crystals of 1-(p-nitrophenyl)-5-acetylaminctetrazole
had formed, This material was ccllected by filtration
and showed tiie same meltirg point characteristics as
the previous three samples. The filtrate was evaporated
to dryness and recrystallized from 29% iscpropyl alcohol,
yielding a vellow powder (Product A) melting at 233-234°c,
A very small amourt of t'is substance gave a brilliant
red color in dilute base, while purified 1-(p-nitrophenyl)-
b-acetylaminotetrazocle gave no color when added to dilute

base.,

Decomposition of 1A{p-Nitrophenyl)-5-amirotetrazole by
Treatment with Acetic Anbydride

Twenty grams of l-(p-nitrophenyl)-5-amirotetrazole
was placed in a round-bottomed flask containing 200 ml.
of acetic arhydride. The reaction mixture was boiled
under reflux for elevenr and one half hours. Following
the reflux period, 125 ml. of acetic anhydride was

distilled from the reaction vessel and the remaining
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solution was addec to 50 ml. of 20% isopropyl alcohol.
This solution was evaporated nearly to dryness on a

steam bath, and redissolved in apvrroximately 300 ml,

of 99% isopropyl alcohol., Approximately 5 ml. of this
sclution was removed ard placed in a small flask,

The remainder of the solution was poured into 500 ml.

of distilled water and ice, the precipitate ccllected

by filtration and dried in a vacuum desiccator.

The yield of crude product was 24 g. The 5 ml. portion

of so’ution mentioned above was diluted with approximately
20 nl, of water and treated with ercugh so0lid potassium
bicarbonate to neutralize the acetic acid. A light yellow
powder was separated. The beaker was set aside ard allow-
ed to stard over night., The next day the powder was col-
lected by filtration, washed with dilute hydrochloric acid,
and then with distilled water. Upon recrystallization
from 99% isopropyl alcohol this material formed pale

amber prisms which melted at 158°C. (Product B).

The bulk of t-e reaction product was recrystallized
from 29% isopropyl alcohol., Initial inspection of the
crystals formed indicated the presence of two different
crystal structures, fine yellow needles and light yellow
transparent prisms. The mixture of crystallire material
was collected by filtration and dried. A small portion
of this crystalline material was subjected to physical

separation, The vellow needles melted at 227-22800.
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(Product A) and the pale yellow transparent prisms melted
at 158°C. (Prcduct B). It was found that Product B could
be separate” frcm Product A by extractior with ccld
chloroform. The crude recrystallized product was
extracted with several portions of cold chloroform.

The residue was recrystallized from 99% isopropyl alcohol

and gave Product A, yellow needles, m.p. 232-23300.

Analysis, Calculated for C9H8kh03: C, 49,003 H, 3.€63

N, 25.45. Found: C, 42,383 H, 3.90; N, 25,31,

The chloroform filtrates were collected, evaporated to
dryness, and the sclid recrystallizecd from 9°% isopropyl
alcohol to give Product B, pale vellow transparert prisms,

Me.De. 15800.

Analysis, Calculated for Cy,H, N 0): C, 50.38; H,
3.84; N, 21.37. Found: C, 50.51, 50.723 H, 4.0k, 3.90;
N, 22.21, 272.00.

Decomposition of l-(p-Nit n -He 1 zole

A 50 ml. round-bottomed flask was charged with
3 go of l-(p-nitrophenyl)-S-acetylaminotetrazole and 20 ml.
of acetic anhydride. Thils mixture was boiled under reflux
for four and one half hours. Followirg the reflux period
the hot solution was placed in a beaker with 10 ml.

of glacial acetic acid, 5 ml, of water, and the soluticn
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wvas evaporated to dryress on a steam bath., The residue
was rlaced in 100 ml. of a saturated notassium bicarbonate
solution and let stand for 36 hours. The solid material
was collected by filtration, washed with dilute hydrc-
chloric acid, and rinsed several times with distilled
water. After the procduct was dried in the air it was
recrystallizec from 50% isopropyl alecohol. The crystals,
which were formed, werc collected by filtration and
exhibited a melting —oirt of 230-23100. A mixture melting
point with a previcusly prepared sample of Product A

showed no depression.,
Hyérolysis of Product A

In a 50 ml, round-bottomed flask was placed 1 g.
of Preduct A and 20 ml, of concentrated hydrochloric
acid. T:e sclid material dissolved upon heating as tre
solution was hciled vnder reflux for two hours. The
clear amber colorec sclution was allowed to stand
overrnight., The next morning amber prismatic crystals
had formed in the flask., These crystals were recovered
by filtration and the filtrate evaporated to dryress on
a steam bath. The crude crystals melted at 192-194°c,
An aqucous solution of several crystals gave an immediate
white flocculent precipitate with silver nitrate sclution.
Another portion of an aqgueous solution of the crystalline

material gave a pale yellow flocculent precipitate when
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it was shaken with several drops of an alccholic solution
of benzaldehyde. This preciritate, when dried, melted at
90-91°C. A mixture melting pcint of this precipitate
with a }nown sample of benzalazine showed no depression.
These facts were evidences for the assignment of hydrazine
dihydrochloride (m.p. 193°C,) as the structure for the
crystalline material.

The residue from the filtrate whick had been evap-
orated to dryness was recrystallized from hot water,
Yellow needles were formed which melted at 146°C. A
mixture melting point with a ¥nownr sample of p-ritro-
aniline (m.p. 1%7°C.) shcwed ro depression., Thus
p-nitroaniline was assigned as the structure for the

filtrate residue.

Hydrolysis of Product B

The hydrolysis of Product B was carried orn under
the same conditions as thcse used fer the hydrolysis
of Product A, I!lydrazine dihydrochloride and p-nitrocariline
were also the identified products of this hydrolysis.
These facts along with the elemental analysis of Froduct
B indicated that Product B wos the acetyl derivative
of Product A, This was corrchorated by syvnthesis at a

later point in the worlk.
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Thermal Rearrangemert of 1-(p-Nitrophenyl)-5-aminotetrazole

to 5-(p-Nitrophenvlamiro)tetrazole (5)

Two grams of 1l-(p-nitrophenyvl)-95-amirotetrazole was
placed with 20 ml. of xylene in a 50 ml. round-bottomed
flas) ard the scluticr was hoiled under reflux for two
and one half hcurs. The soluticn was cocled and the
needle shaped crystals which formeé were collected by
filtration., The yield was 1.7 g. (95%) of 5-(p-ritro-
phenylamino)tetrazole meltirg sharply at 224°C. with ro
indicaticr of yellowirg or shrinwkirg at 100°C. A mixture
melting voirt of this material with 1-(p-nitronhenvl)-
S-aminotetrazcle yellowed and shrank to approximately
one half its volume at 190°C. and melted sharply at 223°C.
When a small amount of 5-(p-nitrophenylamiro)tetrazole was
placed in dilute base 1t dissolvecd tc give ar intensly
red soluticn, while 1l-(p-nitrcphenyl)-S-a~inotetrazcle

diéd not produce a color with dilute base.
Acetylaticn of S5-(p-Nitrophenylamirol)tetrazole

One ard one half grams of 5-(p-nitrophenylamino)-
tetrazole and 20 ml. of acetic anhydrice were placed in
a 50 ml. round-hottomed flask and boiled urnder reflux
for 45 mirutes. The resulting solution was diluted with
20 ml. of isopyonyl alcohol and evaporated to cdryness

on a steam bath. The residue was recrystallized from 99%
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isonropyl alcohol yieldirg 0.9 g. of acetyl derivative
w-ich melted at 185°C, with gas evclutiorn, rescolidified,
and remelted at 221°C. A mixture melting poirt with 1-(p-

nitrophenyl)-5-acetylarirctetrazole exhibited no denression.,

Aralysis. Calculatec¢ for 09H8N603: C, 43.55; H, 3.25;

N, 33.3¢, Found: C, 43,313 I, 3.L5; N, 34,095,

Hydrelysis of l-(p-Nitronheryl)-5-acetylanirotetrazcle

One gram of l-(p-nitrerhenyl)-5-acetylamirotetrazole
was placed with %0 ml. of 20% hydrochloric acid ir a 100
ml. beaer ard the mixture was evancrated to drvness on
a steam bath., 1he residue was dissclved ir hot water
and nade just acidic to Corgo lied paper with hydrochloric
acid, Tre solution was cooled and the crystals collected
by filtration., After recrystallizatior from 50% isopropyl
alcohol this product melted at 175°C., resolidified, and
remelted at 220-221°C., A mixture melting point with

l-(p-nitrophenyl)-5-aminotetrazole showed no deoression.

Acetylation of l-Phenyl-S-amirotetrazole

Four grams of l-phenyl-S5-amirotetrazole was placed
ir a 50 ml. round-bottomed flask which contained 30 ml,
of acetic anhydride. The mixture was boiled under reflux
for 120 hours. The solution was set aside tc ccol and

the precibitate wvhich formed was collected by filtration.
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This precipitate was recrystallized from 95% ethyl alecohol
using Norite. The purified crystals melted at 216°C,

The filtrate, which had blaclened during the reaction
under long reflux, was evaporated to dryness and the
residue was recrystallized from 05% ethyl alcohol using
Norite. The crystallire material formed also meltecd at
216°C. A mixture melting point with approximately equal
portions of each of these two samples and a known sample
(13) of l-phenyl-5-acetylaminotetrazole showed no depres-
sion, This indicated that the l-phenyl-5-aminotetrazole
would not undergo the same type of decomposition as did

the 1l-(p-nitrephenyl)-S-aminotetrazole.

Preparaticn of l-Acetyl-U-phervlthiosemicarbazide

Finely powdered 4-phenylthiosemicarbazide (10 g.)
was added to 40 ml., of ice cold acetic anhydride and the
reaction mixture was swirled in an ice bath., Within a
few minutes a fine white powder precipitated. This
powder was collected by filtration and drie¢ in the air.
The yield of crude product (m.p. 166-170°C.) was 11 g.
(85%). This crude product was recrystallized from absolute
methyl alcohol and gave a melting point of 172°C.; the
melting point has been reported as 173°C. (14). A number
of preparations of this compound were completecd with

yields of crude product varying from 75-88%.
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Attempted Synthesis of 2-Methyl-S5-phenylamino-1,3,4-oxadi-
azole Using Lead Oxide (11)

A 300 ml. round-bottomed flas!r, equippec with a
reflux condenser an¢ mechanical stirrer, was charged with
3.3 g. (0.016 moles) of l-acetyl-lt-phenylthiosemicarbazide,
3.5 g. (0.016 moles) of lead oxide, and 150 ml. of 95%
ethyl alcohol, The mixture was heated under reflux,
with stirring, for 26 hours. The reacticn mixture wss
filtered while hot and the filtrate evaporated to approx-
imately 30 ml., using a steam bath, This solution gave
crystals, 2 g.y melting at 214-21700., which were recrystal-
1ized from 95% ethyl alcohol, m.p. 217-218°C. Another
experiment, using similar conditicns with the exception
that the reflux period was shortenedé to 14 hours, also
gave 2 g. of crude product which exhibited similar
melting point characteristics. A mixture melting poinrt
of the crystals from each of these experiments showed no
depression.

A small sample of this material was fused with
sodium followed by a qualitative test for sulfur, which

proved positive,

Analysis. Calculated for C9H9N3S: Cy 56.623 Hy L4,74s
N, 21.97. Found: C, 5¢.17, 56,013 H, %.79, 4,683 N, 22,59,
22.83.
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Since a meltirg point of 193-194°C. has beer assigred
to 2-methyl-5-phenylamiroth:iadiazole (8), a possible
structure for tris compound would be 3-mercapto-L-phenyl-
S-metiyl-l,2,4-triazcle., The fact that this compound was
scluble in dilute base acdcded suppcrt for the assignment
of the triazole structure.

A third experiment was ccmpleted followirg the same
procedure with the cxcepticn that tre reflux period was
six hours ard the quantity of lead oxide was lowered by
6%. This process gave a crude material, m.p. lhO-lSOOC.,
vhich was recrystallized from 95% ethyl alcohol yielding
a compound vhich meltecd at 160-16500. This material may
have been l-acetyl-U-phenylsemicarbazide, m.p., 169°C.,
but no further attempt at identification was made.

A fourth experiment usirg a reflux period of 12
hours ard a 40% excess of lead oxide yielded 1 g. of crude
product melting at 309-311°C., with decomposition. No
attempt was made to identify this material,

In all of these exneriments using lead oxide the
weight of precipitate formed in the reaction flask was
in excess of the theoretical weight of lead sulfide
which could have been formed. This precipitate, in each
case, was dark gray instead of the black color of lead
sulfide. An attempt to extract the gray precinitate

with hot 95% ethyl aleohol was unsuccessful.
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Atterpted Synthesis of 2-Methyl-5-(p-rnitrophenylarirc)-
1,3,4-0oxadiazole from p-Nitrovhenyl Isocyanate

Equal mrolar portions of p-nitrophenyl isocyanate and
acetylhycrazine were placed in a small beaker and the
mixture melted and reso*idified almost instantly yielding
a crude product which decomposed at 300-301°C. This crude
material was placed in a 10C ml, round-bottomed flask
and was heated under reflux with 40 ml. of acetic anhy-
dride for 16 hours. All the solid material hac¢ dissolved
after approximately five hours of the reflux period had
elapsed, The reactior mixture was added to 50 ml. of
isopropyl alecohol, evaporated to dryness cn a steam bhath,
and recrystallizec, using rorite, frecr 99% isopropyl alcohol
yielding a granular material which skrank at 20500. and
melted at 209-210°C. No attempt was made to identify
this material.

Attempted Synthesis of 2-Methyl-5-(p-nitrophenylamino)-

1,3,4-0oxadiazole from 4-(p-Nitrophenyl)semicarbazide

A 50 ml. round-bottomed flaslr was charged with 2 g.
of Y4-(p-nitrophenyl)semicarbazide anc 30 ml, of acetic
anhydride. A flocculent white precipitate was formed
almost lmmecdiately. A small portion of this precipitate
was collected, drier, and recrystallized from 99% iso-

propyl alcohol, exhibiting a melting point of 242°C, The
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remainder of the precipitate was heated¢ under reflux for
20 hours, during which time the precipitate dissolved.

The reaction mixture was adfed to 50 ml. of isopropyl
alcohol, evaporated to dryness, and recrystallized from
99% isopropyl alcohol yielding a granular material which
melted at 209-210°C. A mixture melting point with the
product formed frcm the previous attempt to synthesize
2-methyl-5-(p-ritrophenylamino)-1,3,%-oxadiazole from
p-nitropheryl isocyanate showed ro depressiorn. No further

attempt was made to identify the compound.

Synthesis of 2-Methyl-5-pherylamino-1,3,4-0xadiazole
from S-Methyl-l-acetyl-Y-phenylthiosemicarbazide

The following experiment was based on a2 technique
developed by Hoggarth for the synthesis of 1,3,4%-oxa-
diazoles (9)., Fifty milliliters of 1 N sodium hydroxide
solution was mixed with 10 g. (0.O48 moles) of powdered
l-acetyl-lt-phenylthiosemicarbazide and the flask was
swirled to dissolve the powdered material. To this
solution was added 7.¢ g. (0.054% moles, 3.% ml.) of
methyl iodide diluted with 10 ml. of 99% isopropyl
alcohol., The flask was stoppered and shaken, A slight
pressure which developed was released and the shaking
was contirued., After a period of five minutes the pre-
cipitate which had formed was filtered by suction. The
filtrate was replaced in the flask but further shaking
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for a period of ten minutes failed to produce any addi-
tional precipitate. In another experiment the precipi-
tate which formed redissclved upon continued shaking
and could not be recovered, hence the filtration of the
precipitate after the five rinute shal"ing period. The
precipitate was dried urder reduced pressure at room
temperature. The crude product weighed %.2 g. (37%)
and melted at 121-124°C, with a disagreeable odor.

Three grams of the crude precirpitate was dissclved
in 60 ml. of 99% isopropyl alcohol and this solution was
boiled under reflux for 20 hours. During the first several
hours the odor of methyl mercaptan was evident at the
top of the reflux cocndenser. Followirg the reflux period
the alcoholic solution was evaporated to dryness under
reduced pressure at room temperature. The yield was 2.4 g.
of crude product melting at 60-100°C, This erude material
was recrystallized from 99% isopropyl alcohol. The
pvrimidal shaped crystals which resulted melted at
171-173°C. A mixture melting point with l-acetyl-W-pheryl-
thiosemicarbazide (m.p. 173°C.) was depressed to 1%5-15500.
A small portion of the compound was fused with sodium,
A qualitative test for sulfur with lead acetate proved
to be negative. The remalning crystals were recryvstallized

from 99% isopropyl alcohol, m.p. 174-17500.

Analysis. Calculated for 09H9N30: c, 61.723 H, 5.15;

N, 23.99. Founds C, 61,593 H, 5.165 N, 23,90,
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Although the desired product was achieved with this
synthesis, the yvield was very low., ©Several succeeding
attempts falled to give the same product. In all cases
the major product of the reaction was a transparent
crystallire ccmpcund, m.p. 119-12000., which was soluble
in dilute acid and insoluble in dilute base. A qualita-
tive test for sulfur was positive ar< the compouné showed
no change after refluxing for 26 bours in isopropyl
alcchol. A possible structure for this compound would be

3-methyl-4-phenyl-5-methylmercapto-1,2,4-triazole (XX).

Analysis for C;qHyqN98: C, 58.505 H, 5.40; N, 20.47;
S, 15.62., Founds C, 48,20, 58.44%; H, 5.55, 5.78; N, 20.86,
20,603 S, 15,28, 15,24,

No further attempt was made at identification.

Synthesis of 2-Methyl-5-phenylamino-1,3,4-oxadiazole

(o) ~Ace =4=ph thiosemicarbazide

A mixture of 15 g. (0,072 moles) of l-acetyl-lU-pheryl-
thiosemicarbazide ard 15.5 g. (0.072 moles) of yellow
mercuric oxide was placed in a 1 1. three-necked flask
equipped with a mechanical stirrer an¢ a reflux condenser.
The reactants were suspended in 300 ml. of toluene. The
mixture was heated with stirring to the boiling point and
maintained there for 20 mirutes. Even before the boiling

point of the mixture was reached the mercuric oxide gave
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indication of darkerirg. Within five minutes after thre
boiling point was reached the reaction mixture had become
black, After the completiorn of the reflux period the hot
reaction mixture was filtered with suction thrcugh a
large diameter fritted glass furnel of mecdium porosity.
The filtrate was allowecd to ccol arc¢ the precipitate of
white needles was collected by filtration. The yield was
8 g. (64%35) of crude material melting at 170-171°C, The
oxadiazcle was recrvstallized from 9°% isopropyl aleconcl
forming large clear prisms melting at 175°C. Cther runs
macde under these conditions gave yields of 4% and 56%.
If the reflux period was extencded heyond 20 minutes
tihe filtrate often was amber cr red ir color. This color

was removed by treatment with Norite. There was ro

sigrificant change in the yield.

A solution of mixed acid (25 ml. of concentrated
sulfuric acid and 25 ml. of concentrated nitric acid)
was prepared and cooled in ar ice bath, To this sclution
was added, in small portiors, 16.8 g. of crude powcered
2-methyl-5-phenylamino-1,3,%-0oxadiazole. The solution
was stirred after each portion of powdered oxaciazole was
added and the mixture was allowed to cool in the ice
bath after each additicn. Following the firal additicn

a stirrirg rod was used to brealr up any undissolved
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material and the flasY was swirled in the ice bath until
all the solid material hac¢ cJissolved. The resulting
solution was poured cver approximately 4CO g. of ice.
A yellow, flocculent precipitate resulted. The crude
product was collected by filtration, washed with water,
and dried in a vacuum desiccatcr under reduced pressure.
The yield was 21 g. After ore recrystallization from
absclute methyl alcohol the product shrank at 210°C. and
melted at 212-21400. The crude material was extracte?
with several portions of c¢old chloroforn. The residue of
crude 2-methyl-5-(p-nitrophenylamino)-1,3,%-0oxadiazole
was recrystallized several times from absolute methanol,
This material melted at 232-234%°C. anc a mixture melting
point with Product A showed no depression.

The chloroform extracts were collected ir one flask
and evaporated to dryness. After evaporation meost of
the precipitate wes bright yellow in color. This portion
of the residue was manually separated from a small amount
of orange residue on the sides of the flask and was recry-
stallized several times from absolute methyl alcohol.
This material melted at 218-21900. and was subsequently
shown to be 2-(2,4-dinitrophenylamino)-5-methyl-1,3,4-

oxadiazole.,
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dentification of the By-products of the Nitr ocn of
2-Methyl-5-phenylamino-1,3,%-o0xadiazole

One gram of the yellow crystalline by-product,
meltirg at 218-21900., vas boiled under reflux with 30 ml,
of concentrated hydrochloric acid for three hours, After
approximately 30 mirutes of the reflux tire had passed
a yellow flocculent material began to form in the flas!-.
The amount of this matcrial seemed to remair constant
after one hour of the reflux time hac elapsed. The
refluxed solution was allowed to cool for approximately
15 minutes ard ther was filtercd. The filtrate was allowed
to stand overnight,

The yellow preciritate was recrystallized from
aqueous acetone, m.p. 178-180°C. A nixture melting point
with a known sample of 2,4=-dinitroarilire (m.p. 180°C.)
showed no cdepression,

The filtrate, which had beer left overnight,
containec¢ clear prismatic crystals Tlrese cerystals were
collected on a filter ard dried. They exhibited a melting
point of 195-200°C. with evolution of a gas (Hydrazine
dihydrochloride melts at 198°C.). A solution of a few
of these crystals in 5 ml. of water was treated with
several drops of an alcoholic solution of benzaldehyde,
After a short period of agitation a flocculent yellow

precipitate formed., This precipitate was collected by
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filtration and dried. The melting point, 92-93°C., was
similar to that of benzalazine (93°C.) and a mixture melt-
ing point with a !"nown sarmple of benzalazire showed no
depression.

From this evidence it was concludecd that the by-
product melting at 218-21900. vas 2-(2,%-diritrovheryl-

amiro)-5-methyl-1l,3,4-oxadiazole.

fmalysis. Calculated for ColinNgOg: Cy 40,775 H, 2.65;
N, 2¢,4%2, Found: C, 40,77, 40.553 H, 2.71, 2.€83; N, 27,07,
26.91.

The orange material, which had been physically
separated from the 2-(2,4-dinitrovhenylamiro)-5-methyl-
1,3,4-0xadiazole, was recrystallized from hot water,
giving a flocculent precipitate melting at 140-141°C.

A mixture melting point with p-nitroaniline (m.p. 147°cC.)
melted over a range fror 135-1%200. This material could
have been a mixture of p-nitroanilire and 2,4-dinitro-
aniline formed by hydrolysis of the appropriate oxadiasoles.
No further identificaticn was attempted since the amount

of this material was very small,

Acetylation of 2-Methyl-5-(p-nitrophenvlamino)-1,3,k4-

oxadiazole

A suspension of 1.5 g. of 2-methyl-5-(p-nitrophenyl-
amino)-1l,3,%-0oxadiazole in 30 ml. of acetic anhydride
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was boiled under reflux for eight and one half hours.

The resulting solution was poured into a 125 ml. beaker
and left overnight, The next day 100 ml. of 99% isoprovyl
alcohol was added ard the mixture evaporated to dryness

on a steam bath. The residue was powdered and extracted
with several portions of cold chloroform., The filtered
chloroferm solution was evaporated to dryness and the
residuc recrystallizeé several times from absolute methyl
alcchol. The resulting colorless prisms melted at 157-
150°C, A mixture melting point with Product B showe?

no depression,

Analysis, Calculated for C : C, 50,385 H, 3.8k4;

11510M 0
N, 21.37. Found: C, 50.19; H, 3.95; N, 21.57.
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SUMMARY

1. The acetylaticr, with acetic anhydride, of both
l1-(p-nitrephenyl)-5-aminotetrazole and 5-(p-nitrophenyl-
amino)tetrazole produced 1-(p-nitrophernyl)-5-acetvl-

amirotetrazele.

2. The long heatirg, with acetic arrvdride, of 1-(p-ritre-
phenyl)-5-arinotetrazole, 5-(p-ritrophenylamirc)tetrazcle,
or l-(p-ritrorphenyl)-5-acetylaminotetrazole produced
2-methyl-5-(p-nitrophenylamino)-1,3,%-0xadiazole and the
acetyl derivative of 2-methyl-5-(p-nitrophenyl)-1,3,4-oxa-

diazole,

3. The syrthesis of 2-methyl-5-phenylamino-1,3,4-oxa-
diazole was accomplished, with fair yield, by the treat-
ment of l-acetyl-li-phienylthiosemicarbazide with yellow

mercuric oxide in refluxing toluene.

4. The nitratior of 2-methyl-S-phenylarmino-1,3,4%-oxa-
diazole, using mixed acid, ylelcded rot only 2-methyl-5-
(p-nitrophenylamino)-1,3,4-oxadiazole but also 2-methyl-
5-(2,W-dinitrophenylamino)-1,3,4%-oxadiazole,
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