
Vol.33 No. 10 RUSSIAN CHEMICAL REVIEWS October 1964

THE CHEMISTRY OF 1,3,4-OXADIAZOLE
DERIVATIVES

E. P. N e s y n o v and A. P. G r e k o v

CONTENTS

I. Introduction 508

II. Preparation of mono-substituted 1,3,4-oxadiazoles 508

ΠΙ. Preparation of symmetrical 2,5-substituted
1,3,4-oxadiazoles 508
1. 2,5-Dialkyl-l,3,4-oxadiazoles 508

2. 2,5-Diaryl-l,3,4-oxadiazoles 508

IV. Preparation of asymmetrical 2,5-substituted

1,3,4-oxadiazoles 509

1. 2-Alkyl-5-aryl-l,3,4-oxadiazoles 509

2. 2,5-Diaryl-l,3,4-oxadiazoles 509

3. Derivatives of 2-amino-l,3,4-oxadiazole 510

4. Heterocyclic 2,5-substituted 1,3,4-oxadiazoles 510

V. Preparation of poly-1,3,4-oxadiazoles 511

1. Bis-l,3,4-oxadiazolyl derivatives 511

2. Poly-1,3,4-oxadiazole derivatives 511

VI. Properties and uses of 1,3,4-oxadiazole derivatives 512

I. INTRODUCTION

There is now much experimental material on the chemistry
of 1,3,4-oxadiazole derivatives, which are widely.used in
pharmacy, dyestuff production, scintillation technology,
for the production of thermostable polymers, and in other
fields of science and technology.

2,5-Substituted 1,3,4-oxadiazoles had been prepared
before the end of the last century, but there have been no
reviews on this subject; this article attempts to fill this
gap, embracing the literature up to 1961, and including
nearly all the most important material on the preparation
and chemical properties of 2,5-substituted 1,3,4-oxadia-
zoles.

II. PREPARATION OF MONO-SUBSTITUTED
1,3,4-OXADIAZOLES

2-Aryl-l,3,4-oxadiazoles are prepared by the reaction
of carboxylic acid hydrazides with excess of triethoxy-
methane1"4:

of triethoxy me thane can be as little as three moles per
mole of hydrazide. At a lower temperature, compound (I)
is formed in quantitative yield1»3; further heating converts
this into compound (Π). The method is a general one only
when any functional substituents in the initial hydrazides
are inert to the "ortho-ester".

In some cases 2-aryl-l,3,4-oxadiazoles can be obtained
by conversion of functional groups in a previously prepared
oxadiazole; for example, 2-(4-aminophenyl)-l,3,4-oxadia-
zole has been prepared by reduction of the (nitrophenyl)-
oxadiazole with phenylhydrazine2. Reduction by agents
which act in acid or alkaline media is inapplicable, because
of the ready hydrolysis of the resulting oxadiazole under
such conditions2.

2-Amino-l,3,4-oxadiazole (III) is obtained by the removal
of hydrogen sulphide from formyl thiosemicarbazide by
means of lead oxide in ethanol5»6:

PbO
(III).HCONHNHCSNH,

A considerable quantity of 3-mercapto-l,2,4-triazole is
also produced.

III. PREPARATION OF SYMMETRICAL 2,5-SUBSTI-
TUTED 1,3,4-OXADIAZOLES

1. 2,5-Dialkyl-l,3,4-oxadiazoles

Symmetrical 2,5-dialkyl-l,3,4-oxadiazoles (IV) are pre-
pared 7" 1 4 by the reactions

N,H42RCOOH RCONHNHCOR - (IV),

where R = alkyl.

Aliphatic acids react readily with hydrazine hydrate at
room temperature, giving a quantitative yield15 of the sym-
metrical 1,2-diacylhydrazines, which are cyclised to the cor-
responding oxadiazoles either by heating in a vacuum9"11 or
by the action of phosphorus pentoxide 7>9, zinc chloride W 5 ,
phosphorus pentachloride or phosphoryl chloride1β in ben-
zene, thionyl chloride14, or the anhydride of the corres-
ponding aliphatic acid8»9»12»13. 2,5-Dialkyl-l,3,4-oxadia-
zoles are also formed by prolonged heating of esters of the
aliphatic acids with hydrazine hydrate at 150-230° 9>12 or
by heating the corresponding tetraacylhydrazines at 300-
350°:

(RCO)a Ν—Ν (RCO)j -» (IV) + (RCO)2O.

2,5-Dibenzhydryl-l,3,4-oxadiazole and its derivatives
have been prepared as follows18"20:

Ν—Ν

-!^ JJ— CH(C,H6), ^ - »

Ν—Ν
ί

Ν = Ν

-CCl (C.H,), = 0 (C,HS)S.

RCONHNH, < C l H t O ) ' C H . RCONHN=CHOQ,H,

(I)

Ν Ν

(Π)

The reaction is carried out at the boiling point of the tri-
ethoxymethane; the time of heating can be restricted to
that necessary for complete dissolution of the hydrazide in
the latter, which is usually several hours2. The amount

2. 2,5-Diaryl-l,3,4-oxadiazoles

These compounds (V) are usually prepared as follows21 »22:

2ArCOCl NtH< » ArCONHNHCOAr POC1' » ArC (Cl)=NN=(Cl) CAr •££-, (V).

The p r e p a r a t i o n of the 1,2-diaroylhydraz ine f r o m the
aromatic acid chloride and hydrazine hydrate is conveni-
ently conducted in dry pyridine, which combines with the
hydrogen chloride liberated in the reaction, so avoiding the
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need for excess of hydrazine hydrate2 3 or for carrying out
the reaction in aqueous alkaline solution2*. In the production
of the oxadiazole there is no need for prolonged boiling of
the diaroylhydrazine with the phosphoryl chloride, as is
sometimes recommended21; it is quite sufficient to heat
till the starting material is completely dissolved.

Symmetrical 2,5-diaryl-l,3,4-oxadiazoles are also ob-
tained directly from the corresponding diaroylhydrazines
by heating at 180-350° 7,9,15,17,25-29 o r t,y t h e a ction of
phosphorus pentoxide19»26"32, thionyl chloride19»28 or oxalyl
chloride 33. The reaction product of the hydrazide with

' chlorinating agents can be cyclised to the oxadiazole by
means of silver nitrate 2 8, 3 4- 3 7. 2,5-Diaryl-l,3,4-oxadia-
zoles are also produced by heating mono- or tri-acylhydra-
zines17»25*38:

2 ArCONHNH, ( V ) + N 2 H 4

ArCONHN (COAr)2 - • (V) + ArCOOH;

by heating the silver salts of 1,2-diaroylhydrazines39, by
the action of iodine on the silver or mercury salts of the
acylhydrazones (VI)40:

ArCONHN=CHAr
(VI)

ArC(OAg)=N—N=CHAr Λ- ArC(OI)=N—N=CHAr -» (V),

and also, from the hydrazones (VI), by heating40, by chlo-
rination in carbon tetrachloride41, or by boiling with a
dilute alkaline solution of potassium cyanofer rate (III) or
with isopentyl nitrite4 0.

The action of acid chlorides on silver salts of the hydra-
zones (VI) produces dihydrooxadiazoles of type:

Ν — Ν — C O R '
X O R '

Of interest also is the preparation of aryl 1,3,4-oxadia-
zoles by the reaction of carboxylic acid monoacylhydrazides
with iminium-ether chlorides at 80-160° 4 2 or by treatment
of their reaction product with nitrous acid4 3"4 6:

ArC (=NH) NHNHCOAr •£ ArC(NH2)=N—N=C(OH) Ar HNO> >

HNO,
• ArC (OH)=N—Ν = C (OH) Ar -» (V).

2,5-Diaryl-l,3,4-oxadiazoles have also been obtained by
the decomposition of substituted l,3,4-oxadiazol-5-ones at
2800 4 7,4 8:

ArCO—Ν— Ν

0 = 1 ])—Ar -» (V),
X O '

and by the hydrolysis of 3,6-diaryl-l,2-dihydro-l,2,4,5-
-tetrazines in the presence of mineral acids or alkalis 4 4, 4 7" 4 9.

IV. PREPARATION OF ASYMMETRICAL 2,5-SUBSTI-
TUTED 1,3,4-OXADIAZOLES

1. 2-Alkyl-5-aryl-l,3,4-oxadiazoles

These compounds (VII) are obtained as follows50:
Ν Ν

R - - A r (VII).

The aliphatic acid hydrazides are produced from the
esters and hydrazine hydrate in a satisfactory yield at
room temperature; under other conditions the hydrazides
are readily converted into symmetrical 1,2-diacylhydra-
zines5 1. The kinetics of benzoylation of aliphatic hydra-
zides shows that the 1,2-diacylhydrazines are obtained in
quantitative yield in dilute solutions at room temperature5 1.
Cyclisation of the diacylhydrazines into oxadiazoles is
carried out as described in Section III.

2-Alkyl-5-aryl-l,3,4-oxadiazoles can be prepared from
hydrazides and "acid ortho-esters"1 under conditions
analogous to those used for 2-aryl-l,3,4-oxadiazoles (see
Section II):

ArCONHNHa

(C,H,O),CR
ArCONHN=CROCaH5

(VII).

An interesting method is the preparation of oxadiazole
derivatives from diphenylmethyl derivatives of 2-phenyl-
-1,3,4-oxadiazole, which are obtained by heating iV-ben-
zoyl-iV'-diphenylacetylhydrazine with phosphorus pentox-
ide 5 2:

Ν Ν

(C,H5)i CHCONHNHCOCeH6 -i-i-4'

Ν Ν

(C e H 8 ) 2 CBr- —C e H B

Ν Ν

The bromine atom of the 5-(bromodiphenylmethyl)-2-
-phenyl-l,3,4-oxadiazole is replaced by the hydroxy-group
by heating with aqueous alkali or by the ethoxy-group by
reaction with sodium ethoxide 19>53. Shaking with mercury
in benzene in an atmosphere of carbon dioxide produces
9,9'-bis-(5-phenyl-l,3,4-oxadiazol-2-yl)-9,9'-bifluorenyl;
in the presence of oxygen the product is bis[diphenyl-
-(5-phenyl-l,3,4-oxadiazol-2-yl)methyl] peroxide53, which
On dissolving in sulphuric acid decomposes to give 5-ben-
zoyl-2-phenyl-l,3,4-oxadiazole 5 4. Heating 5-(bromodi-
phenylmethyl)-2-phenyl-l,3,4-oxadiazole with mercury in
the presence of />-quinone gives the ether 5 2:

Ν — Ν Ν—Ν

2-Alkoxy-5-aryl-l,3,4-oxadiazoles are also obtained by
direct alkylation of oxadiazolones 55>56.

2. 2,5-Diaryl-l,3,4-oxadiazoles

These compounds are generally prepared as follows 5 1 J 5 7 :

Ar'CONHNH,
ArCOCl • ArCONHNHCOAr' —

Ar—» 'I—Ar'

POCl, Η,Ο
[ArC(OH)=NN=C(OH)Ar'J • ArCCl=NN—CClAr'

Most of the mixed aryl 1,3,4-oxadiazoles have been pre-
pared by this method 21,50,5s,59̂  a n cj a i s o un^_ Άη<^ bi-func-
tionally substituted 2,5-diphenyl-l,3,4-oxadiazoles21»57>60,
the reaction conditions and yields being substantially inde-
pendent of the position and type of substituent. Contrary
to literature data, the diaroylhydrazines are formed in the
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cold; elevated temperatures produce significant amounts
of by-products, the symmetrical diaroylhydrazines of the
type (C6H5CONH)2 and (XCeH4CONH)2, particularly when
the benzene ring contains electron-accepting substituents.
At the cyclisation stage, the period of heating the diaroyl-
hydrazine with phosphoryl chloride can be restricted to the
time necessary for its complete dissolution, instead of the
boiling for several hours recommended in the literature2 1.

This method may be hindered by reaction of functional
groups with the reagents used; the following procedure
was devised to circumvent this 6 1:

N — N
C.H.NHNH,

Ν Ν

—C,H4NOS C,H 6 -

ΗΝΟ,

-Ο,Η,ΝΗ, HC1

HNO, N — N N—N

II 1HC1 HA-!" ^-C,H«Naa

The 5-(aminophenyl)-2-phenyl-l,3,4-oxadiazoles are
obtained in good yield using phenylhydrazine as reducing
agent57»61. This method has been used for the partial
reduction of dinitrophenyl-l,3,4-oxadiazoles in 1-methyl-
naphthalene as solvent, one of the nitro-groups in 2,5-di-
-(/>-nitrophenyl)- and 2,5-di-(m-nitrophenyl)-l,3,4-oxa-
diazole being reduced fairly readily. In 2,5-di-(o-nitro-
phenyl)-l,3,4-oxadiazole, however, both nitro-groups are
reduced simultaneously.

The nitro-group is also readily reduced to the amino-
-group if the 2,5-diphenyl-l,3,4-oxadiazole contains other
substituents in addition, or if a phenyl ring is replaced by
pyridyl, e.g. in the formation of 2-(/>-aminophenyl)-5-
-(/3-pyridyl)-l,3,4-oxadiazole. However, the presence of
a heterocyclic residue makes amino-substituted 1,3,4-oxa-
diazoles considerably more difficult to obtain, because of
their substantially lower chemical stability and the diffi-
culty of isolating them from the reaction mixture. The
amino-group in 1,3,4-oxadiazoles participates in all reac-
tions appropriate to a primary aromatic amino-group57, so
that a whole series of substituted 1,3,4-oxadiazoles were
able to be obtained, the chemical structures of which were
fully confirmed by other methods of preparation.

Asymmetrical 2,5-diaryl-l,3,4-oxadiazoles can be ob-
tained in good yield by heating 5-substituted tetrazoles with
carboxylic acid chlorides in pyridine; the following has
been suggested62 as the reaction mechanism:

o-

N—NH

R-C
\

N = N

R'COCI y

R-C
\

N—N—C

\

N = N

N—N=C

\+ - N ·
N = N

N - N

— Ν

Acid anhydrides are also used as acylating agents.

The action of imidoyl chlorides on compound (VIII) pro-
duces compound (DC), in which an oxadiazole ring and a
triazole ring are joined by a benzene ring 6 3:

NC,H,

Ν — Ν

H6C,-

N—NH C'H'\

- C H 4 - C
\

H5C,

N_N Ν—Ν

IL.H.J - C , H 6 .

N = N
C,H6

3. Derivatives of 2-Amino-l,3,4-oxadiazole

^ 2-Amino-l,3,4-oxadiazole (X) and its derivatives are
obtained by the elimination of hydrogen sulphide from thio-
semicarbazides by means of lead monoxide 5>6»64:

Ν Ν

RCONHNHCSNH, RC (OH)-NN=C (SH) NH,
-H,s

R-U /-NH,
XT

(X)

Good yields are obtained by heating a solution of the thio-
semicarbazide in 95% ethanol with a tenfold excess of lead
monoxide for several hours 5>6>64.

2-Amino-5-phenyl-l,3 ,4-oxadiazole has been prepared
by the following routes6 5:

OOOH

C,H6—C=NNHCONH,

OH- I-

SCH3

CH»CONHN=C—NH2

Ν—Ν

QHjCONHNH,.

Heating the thiosemicarbazide derivatives

RCONHNHCSNHR' and RCONHN=C (SCH3) NHR',

or the action of dehydrating agents on them, has given the
corresponding oxadiazoles66"68:

Ν — Ν Ν Ν Ν—Ν

- ν J-NHR'. R- l J'-SR', R-. -SO2R'. R - - Ο Η .

(VIII) (IX)

The action of a 5% sodium hypobromite solution on benz-
aldehyde semicarbazone produces 2-amino-5-phenyl-
-1,3,4-oxadiazole69. A number of other derivatives of
2-amino-5-phenyl-l,3,4-oxadiazole have also been pre-
pared7 0"7 7.

4. Heterocyclic 2,5-Substituted 1,3,4-Oxadiazoles

1,3,4-Oxadiazoles containing various heterocyclic sub-
stituents have been prepared analogously to the 2,5-diaryl-
-1,3,4-oxadiazoles78"81. The preparation of the hetero-
cyclic acid acylhydrazides from the acid chlorides and the
hydrazides must be carried out in the cold, since the use
of elevated temperature gives, in addition to the main re-
action product, the diacylated hydrazides RCONHN(COR)2,
which on hydrolysis gives the original monoacylhydrazide.
In the preparation of aroylhydrazides in boiling solutions,
symmetrical 1,2-diaroylhydrazines are also obtained, in
addition to the other products specified82. The usual sol-
vent for the production of acylhydrazides is pyridine, which
binds the hydrogen chloride liberated in the reaction, and
thus favours more complete utilisation of the initial reactants
and, in the case of pyridine carboxylic acid acylhydrazides,
the production of the product as the free base. However,
the extraction of the acylhydrazides from the reaction mix-
ture is more difficult, because of their good solubility
in pyridine82.
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Of interest is the preparation of heterocyclic derivatives
of 2-amino-l,3,4-oxadiazole from cyanogen bromide and
the heterocyclic acid hydrazide56:

O2N ![ j! -C-NHNHNH, O2N

Ν—Ν

Π II II
—U j) - " j i - N H a '

N O ' Ν Ο /

or by reaction of the heterocyclic acid chloride with thio-
semicarbazide with subsequent cyclisation to the oxadia-
zole5 6.

A number of heterocyclic derivatives of 1,3,4-oxadiazole
have been prepared by these methods1»40»83"88.

V. PREPARATION OF POLY-1,3,4-OXADIAZOLES

1. Bis-l,3,4-oxadiazolyl Derivatives

Bi- (1,3,4-oxadiazolyl)s are obtained by the general method
for 2,5-substituted 1,3,4-oxadiazoles 21>89:

aRCOCl POCla
N H 2 N H C O C O N H N H 2 • RCONHNHCOCONHNHCOR •

CjH.N

POC1,
Ν—Ν Ν—Ν

R- -R

The same method is applied to bis-(l,3,4-oxadiazolyl)
derivatives in which the oxadiazole rings are separated by
hydrocarbon chains, by using the hydrazide of the appro-
priate dicarboxylic acid. In many cases the production of
the secondary dihydrazide from the primary dihydrazide
and the appropriate acid chloride in pyridine also gives
significant amounts of a substance corresponding in pro-
perties and analysis to the diaroylhydrazine, and which
with phosphoryl chloride produces the 2,5-disubstituted
1,3,4-oxadiazole. Bis-(l,3,4-oxadiazolyl) compounds of
type (XI) in which R = Η have been prepared by the action
of triethoxymethane on the primary dihydrazide followed
by cyclisation1»89:

H 2 N N H C O — X — C O N H N H a

2(C,H,O),CH
Ν — Ν Ν — Ν

R-l' U—X— (

(XI)

>]-R

The action of triethoxymethane on malonodihydrazide
gives a derivative of bis-(l,3,4-oxadiazolyl)methane in
which the hydrogen atoms of the methylene group have been
replaced by the group =CH-OC2H5.

Oxidation of 2-amino-l,3,4-oxadiazole derivatives gives
azooxadiazoles (XII), which can be reduced to the corres-
ponding hydrazo-compounds (ΧΠΙ)5:

Ν—Ν Ν — Ν

(Χ)
oxidn.

(R^C.H.) R_ L-N-
(XII)

Ν—Ν Ν — Ν
redn.

-R :—U y—NH—NH—

(XIII)
Ν)/ ' — R.

Other bis-(l,3,4-oxadiazolyl) compounds can be obtained
by appropriate conversions of functional groups, for
example90:

Ν—Ν Ν—Ν Ν—Ν Ν—Ν

II II II Ι —
(C.H.), CHU _ J U I _ J -CH (C.H.),

=C(C.H,),·

Ν=Ν Ν=Ν

Bis-(l,3,4-oxadiazole) compounds such as the following
have also been prepared20»52:

Ν—Ν Ν—Ν

H,C,-P Jl-C(C,H4)1-C(C,l·
XX

Other methods can also be used to obtain bisoxadiazole
compounds ^J 4 0 » 9 1 .

2. Poly-l,3,4-oxadiazole Derivatives

The thermal decomposition of 5-substituted 2-acyltetra-
zoles at 60-120° produces 1,3,4-oxadiazoles62. This is
the basis of a procedure for the preparation of polyaryls
containing up to nine rings in the molecule by reacting
5-phenyltetrazole or l,2-di(tetrazol-5-yl)benzene with acid
chlorides RCeH4COCl, where R = H, />-NO2, or />-CN,92

e.g.

ΗΝ—Ν

N=C-
3NaN,+3LICl

Ν Ν

N-NH

N=N N / X N = N

2RC,H4COC1

Ν—Ν

The terminal nitrile groups of the reaction product of
/>-cyanobenzoyl chloride with l,4-di(tetrazol-5-yl)benzene
can again be reacted with lithium azide in boiling dimethyl-
formamide to produce tetrazole rings, which in their turn
can be reacted with the acid chlorides, etc., so increasing
the number of oxadiazole rings in the chain.

Polyoxadiazoles can also be obtained from 5-phenyl-
tetrazole and £-cyanobenzoyl chloride92:

Ν—NH

I C1COC.H4CN

Λ-CN
NaN,+LlC1

NaN,+LiCl
Ν—Ν N—NH

Polymers with an even number of aromatic rings can be
prepared from 4-(tetrazol-5-yl)benzoyl chloride, which
contains both the functions necessary for forming the oxa-
diazole ring9 2:

The action of dibasic acid chlorides on l,4-di(tetrazol-
-5-yl)benzene gives the polymers9 3:

where η = 17-50.
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The polyoxadiazoles are obtained in yields of up to
and have a high melting point and a low solubility in organic
solvents. It is thought that higher-molecular-weight poly-
oxadiazoles with alternating benzene and oxadiazole rings
could be obtained by introducing a methyl or alkoxy-group.
If pyridine nuclei are introduced between the oxadiazole
rings the resulting polymers are black and are soluble in
formic acid and phenol.

Cyclic polyoxadiazoles have also been prepared20:

-\J—lso/'-c(ciHl), Kail)ijJjJU_ljJi_c(ciHl:

2C-iiVii°ir iC iHi ) i
(QH,),

(CsH,)»

(C,H,h.

VI. PROPERTIES AND USES OF 1,3,4-OXADIAZOLE
DERIVATIVES

2,5-Substituted 1,3,4-oxadiazoles are colourless sub-
stances; the lower alkyl derivatives are liquids which
distil without decomposition. Replacement of an alkyl
residue by an aryl radical considerably raises the melting
and boiling points. Usually the asymmetrical 1,3,4-oxa-
diazole derivatives melt and boil at lower temperatures
than the symmetrical compounds. The presence of sub-
stituents of various electronic types on the aryl residues of
the oxadiazoles leads to the appearance of colour in the
compounds. Certain 2,5-substituted 1,3,4-oxadiazoles
which have no strong electron-accepting groups luminesce
in the crystalline state, in non-polar solvents or solvents
of low polarity, and in polystyrene81»94"97.

2-Hydroxy-5-aryl-l,3,4-oxadiazoles may exist in the
keto-form47»48»98"101.

Methylation of 2-amino-5-phenyl-l,3,4-oxadiazole with
methyl iodide produces 2,3-dihydro-2-imino-3-methyl-5-
-phenyl-l,3,4-oxadiazole, while acetylation and nitrosation
proceed normally; this shows that 2-amino-5-phenyl-
-1,3,4-oxadiazole can react either in the imino- or the
amino-form102.

The solubility of oxadiazoles in water varies with the
substituents present50; thus while 2,5-dimethyl-l,3,4-oxa-
diazole is miscible with water in all proportions 7, the
solubility of 2,5-diphenyl-l,3,4-oxadiazole in water is only
0.03%.

Aqueous solutions of mineral acids and alkalis cause
rupture of the heterocyclic ring, with formation of the cor-
responding hydrazide. 2-Aryl-1,3,4-oxadiazoles hydrolyse
almost instantaneously as soon as they are dissolved, giving
the primary hydrazides and formic acid2»5»7»10»103»104. The
tendency of oxadiazoles to hydrolyse decreases with their
solubility50.

Concentrated sulphuric acid (sp. gr. 1.84) does not sul-
phonate 2,5-diphenyl-l,3,4-oxadiazole even at 100° for 4 h
or longer, but only produces the double sulphate, which
hydrolyses readily in dilute aqueous solution to regenerate
the initial 2,5-diphenyl-l,3,4-oxadiazole105.

Concentrated nitric acid (sp. gr. 1.51) readily nitrates
2,5-diphenyl-l,3,4-oxadiazole to a mixture of the o'o"-,
m'm"-, and />'/>"-dinitro-compounds (in yield of 40, 20,
and 27% respectively)105.

A mixture of concentrated nitric and sulphuric acids
nitrates 2,5-diphenyl-l,3,4-oxadiazole to 5-(m-nitro-
phenyl)-2-phenyl- and 2,5-di-(m-nitrophenyl)-1,3,4-oxa-
diazole in yields of 31 and 38%105.

As has already been stated, a nitrophenyl group in a
1,3,4-oxadiazole is readily reduced to aminophenyl by
phenylhydrazine. Reducing agents which require acidic or
alkaline media (zinc dust, sodium disulphide) are unsuit-
able, since under such conditions the oxadiazole ring is
attacked, producing first the corresponding hydrazide, and
then hydrazine and aromatic acids2»61.

The amino-group in an aminophenyl-1,3,4-oxadiazole
can be diazotised and replaced by other substituents, for
example halogens and the hydroxy- or cyano-groups, which
in their turn can be used to provide further functionally
substituted 1,3,4-oxadiazoles 57>61. The diazotised amino-
-groups couple readily, producing azo-dyestuffsloe>107.

In dilute hydrochloric acid 2-arnino-5-phenyl-l,3,4-oxa-
diazole reacts with nitrous acid to give 2-nitrosamino-5-
-phenyl-l,3,4-oxadiazole, which can be reduced to 2-hydra-
zino-5-phenyl-l,3,4-oxadiazole; this with nitrous acid pro-
duces 2-azido-5-phenyl-l,3,4-oxadiazole5.

2-Hydrazino-5-phenyl-l,3,4-oxadiazole with benzalde-
hyde gives the corresponding substituted hydrazone, which
is decomposed by hydrochloric acid and steam into benz-
aldehyde, benzoic acid, and H2NNHCONHNH2.

5

Phenylhydrazinium chloride opens the oxadiazole ring of
2-amino-5-aryl-l,3,4-oxadiazoles, producing diaminoguani-
dine108.

Heating 5-alkyl-2-amino-l,3,4-oxadiazoles with hydra-
zine hydrate gives 3-alkyl-4,5-diamino-l,2,4-triazoles in
low yields109.

Alkaline reactants convert 2-amino-5-phenyl-l,3,4-oxa-
diazole into 2-phenyl-l,3,4-triazol-5-one65.

Raney nickel destroys the heterocyclic ring of 1,3,4-oxa-
diazoles, giving the corresponding amides110.

Molecular bromine does not brominate 2,5-diphenyl-
-1,3,4-oxadiazole, but forms only complexes between the
oxadiazole and the bromine111; a mixture of chlorine and
iodine produces a complex of the 2,5-diphenyl-l,3,4-oxa-
diazole with iodine chloride41. In alcoholic solution
1,3,4-oxadiazoles also readily give complexes with AgNO3
and HgCl2.7,9,15,28,29,112

2-Substituted 1,3,4-oxadiazoles can be determined by
potentiometric titration with sodium nitrite 103,104; 2,5-di-
aryl-l,3,4-oxadiazoles can be analysed argentometrically112.

Ultraviolet 81»95»97»113"118, infrared92»119, lumines-
cence 81,95-97,120̂  gjjjj Raman spectra121 of 1,3,4-oxadiazole
derivatives have been investigated. Dipole moments have
been measured122, the normal vibrational frequencies of the
oxadiazole ring have been calculated123, and polarographic
studies have been made124,125. The scintillation efficiency
of 1,3,4-oxadiazole derivatives has been determined in
toluene59»126"128 and polystyrene94-*6»129"131.

1,3,4-Oxadiazoles are widely used in pharmacy as anti-
-tubercular preparations75»76»83"85, in the production of
vat dyes60»132"148 and azodyes106»107»148, in colour photo-
graphy149"151, in scintillator technology59»95»96»126»127'129"131,
and for the production of thermostable polymers92»93.
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