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Introduction.

Five membered heterocyclic compounds containing a
methylene or methinyl group adjacent to a carbonyl
groups couple with aromatic diazonium compounds to
give the corresponding azo derivatives [1]. The products
may have one of the potentially tautomeric structures 1, 2

and 3.
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From time to time various workers have produced evi-
dence either in favour of one or more of these forms or the
existence of a tautomeric equilibrium involving two or
more of them. The formation of a mixture of the methyl
derivatives of 1 and 3 upon treatment of a series of the ar-
ylazo derivatives of five membered heterocyclic carbonyl
compounds with etherial diazomethane [2-6] may indicate
that these compounds are present, at least in ether solu-
tion, as an equilibrium mixture in which form 1 and 3 pre-
dominate. However, it is generally assumed that the hydr-
azone is the stable form whenever coupling takes place at
a methylene carbon atom. Some authors [5,7-11] have pre-
sented spectral data in favour of this view. These data in-
dicated the existance of intramolecular bonding between
the C=0 and NH groups. Also nmr data were interpreted
by Jones [8] and Pelz [9] in favour of the hydrazone form 3.
However, Snavely et al. [12,13] have interpreted the infra-
red and nmr data in favour of structure 3. Polarography
has been recently employed to shed further light on this
problem and evidence for dependence of the structure of
these compounds in solutions on the pH of the solution
could be obtained [14-17].

When coupling occurs on a methinyl carbon atom, with-
out elimination of a group, only the azo structure is possi-

ble [1].
Methods of Preparation.

(1) Action of Aromatic Diazonium Salts on Heterocyclic
Compounds.

Azoles carrying electron-donating functional substitu-
ent at a suitable position couple readily with diazotized
amines to yield the corresponding arylazo derivatives.
Thus, arylhydrazonoazolones are usually prepared via
coupling reactions of diazotized amines with active methy-

lene azolones [17-87]. The reaction is usually conducted in
the presence of a base like sodium acetate [38-45], sodium
carbonate [19-37] sodium hydroxide [19-37] or pyridine
[30,54] and usually excellent yields of the hydrazones are
formed by this procedure. For example, 4-arylazo-2-pyraz-
olin-5-one (3) is obtained by treatment of 2-pyrazolin-5-one
(4) in dilute alkali with the appropriate diazonium salts
{19,20]. Heterocyclic amines could be also coupled in acid
media to yield arylazo derivatives [88].
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When the heterocyclic azolones are not readily accessi-
ble an indirect cyclization procedure of acyclic hydrazones
has been utilized [89-143]. For example, 4-arylazo-3,5-pyr-
azolidenediones 7 are obtained via action of hydrazines on
arylazo derivatives of diethylmalonate 6 [144-147]. Also,
3-amino-4-arylazo-2-pyrazolin-5-ones are prepared in
much better yields via cyclization of the arylazo deriva-
tives of ethyl cyanoacetate (¢f. Chart 1) [122].
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Similarly, 3-amino-4-arylazo-2-isoxazolin-5-one could be
synthesised only via cyclization of the amidoximes resul-
ting from the reaction of hydroxylamine with the arylazo
derivatives of ethyl cyanoacetate [148,149)]. These amidox-
imes could be also rearranged in a Tiemann-like rear-
rangement reaction into the arylazohydantoins [142]; the
latter can be also obtained by the action of chloroacetic
acid on arylazo-2-thiohydantoins (¢f. Chart 1) [150].
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group, three different triazolines are obtained. In all cases 1. cHs )
the first step involves nucleophilic addition of the amine e N-R or © o

to the carbonyl group followed by ring opening and fur-
ther ring closure [79,151] (¢f. Chart 2).
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Heterocyclic diazonium salts were utilized for synthesis
of arylhydrazonoazolones [26,60-69]. Thus, diazotized
4-aminoantipyrine, 5>-aminopyrazoles and 5-amino-3-phen-
ylpyrazole were reported to couple with pyrazolones and
isoxazolones to yield the corresponding hydrazones. It is
interesting to report here that hydrazones derived from di-
azotized 5-amino-3-phenylpyrazole and azolones are, in
contrast to hydrazones like 9, resistant to cyclization
under a variety of conditions [150,152-162] (cf. Chart 3).

The addition of sodium nitrite to 5-amino-3,4-dialkylis-
oxazole in aqueous hydrochloric acid effects an oxidative
coupling reaction to yield 3,4-dialkyl-4-(3,4-dialkyl-5-isox-
azolylazo)-2-isoxazolin-5-one (10) [46,60).
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Treatment of 5-benzylidene-2,4-thiazolidinedione with
benzenediazonium chloride effects N-coupling with the
formation of 3-phenylazo-5-benzylidene-2,4-thiazolidinedi-
one (11) [49].
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Instead of diazonium salts, diazoamino compounds
have been used in the coupling reaction with the active
methylene group in the heterocyclic compounds [43,78].
For example, treatment of 2-n-dodecylthio-2-thiazolin-5-
one hydrobromide with diazoaminobenzene in alcoholic
solution gives 2-n-dodecylthio-4-phenylazo-2-thiazolin-5-

one (12) [78].
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Although an alkyl substituted methylene group may
undergo normal coupling, e.g. 3,4-dimethylpyrazolone [9],
yet other substituents such as triarylmethyl [80}, acyl [42,
81,82}, isopropylidine, and halogen [165], have been repor-
ted to be cleaved upon coupling with diazonium salts. Si-
milar cleavages have been reported [163]. Upon treatment
of arylidenebis(2-pyrazolin-5-ones) (13) with diazonium
salts 4-arylazo compounds were formed. However, under
certain conditions, it has been possible to isolate the inter-
mediate carrying both the acyl group and the azo group
(cf. 14) [42].

A variety of heterocyclic compounds and aromatic am-
ines have been coupled together and some of the resulting
arylazo derivatives have been reviewed [1,86,87,89,164].
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(2) Action of Arylhydrazines on Heterocyclic Compounds.

Phenylhydrazine reacts with 2,3-diketopyrrolidine in ac-

etic acid to give 3-phenylhydrazono-2-ketopyrrolidinone
(15) [90].
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A number of 2-pyrazolin-5-ones having substituents at
C-4 react with arylhydrazines by replacement of the substi-
tuents to give 4-arylazo derivatives [91-92]. For example,
treatment of 4-chloro-3-methyl-1-phenyl-2-pyrazolin-5-one
with phenylhydrazine yields the corresponding 4-phenyl-
azo derivative [119].
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Ridi [93] has reported that the reaction of 2,3-dimethyl-
1-phenyl-4-nitroso-3-pyrazolin-5-one with phenylhydrazine
gives 4-phenylazo-3-methyl-1-phenyl-2-pyrazolin-5-one.
This may occur by replacement of the methylphenylhydr-
azine moiety in the 3-pyrazolin-5-one by phenylhydrazine.
The 4-oximino-2-pyrazolin-5-one could then react with
phenylhydrazine to give the reported product.
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The reaction of 5-phenyl-3-anilino-2(SH)-furanone with
phenylhydrazine yields a mixture of three products, 1,5-di-
phenyl-2,3-pyrrolidinedione-3-phenylhydrazone (16), 2-
phenyl-4-phenylhydrazonobuterolactone (17) and 1-anil-
ino-3-phenylhydrazono-2-oxo-5-phenylpyrrolidine (18) [94].
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When bﬁtyrolactone-4-0xime is boiled with hydrochloric
acid for few minutes then treated with phenylhydrazine

acetate in alkaline medium, buterolactone 4-phenylhydr-
azone (19) is formed [95].
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Arylazo derivatives can also be obtained by treatment of
a gem-dibromide with phenylhydrazine [96]. For example,
4,4-dibromo-3-phenyl-5-isoxazolone reacts with phenyl-
hydrazine to give 4-phenylazo-3-phenyl-2-isoxazolin-5-one
[96].
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(3) Action of Acids and Bases on Arylazo-3-ketoesters.

The hydrolysis of arylazo-G-ketoesters with hydrochloric
acid affords, among the reaction products, arylazo pyraz-
olones of general formula 20 probably formed via the ac-
tion of eliminated arylhydrazine on 3-keto acid or its ester

[97].
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Arylazo-(3-ketoesters react with hydrazines to give 4-ar-
ylazo-5-pyrazolone derivatives [98-112]. The intermediate
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phenylhydrazone derivatives have been isolated in some
cases and they can be cyclised to the corresponding azo
pyrazolones by boiling in acetic acid [113].
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Elguero et al. [10] have prepared 1,2,3-trimethyl-4-phen-
ylazo-3-pyrazolin-5-ones 21 by the reaction of N,N'di-
methylhydrazine with a-phenylazoacetoacetic ester.
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Treatment of o,3-diketoesters with hydrazines effects
their cyclization into 4-arylazo-2-pyrazolin-5-ones 20, pro-
bably formed wvia the intermediate phenylhydrazones
[117]. Instead of the ester, hydrazides of a,(-diketoacids
have been used [118]. A very similar synthesis is the use of
an ¢-oximino-3-ketoester and a hydrazine [118}; also quite
similar is the cyclisation of a-chloro [119,165], a-amino
[120] and/or a-acyloxy [121] B-ketoesters with hydrazines.
Apparently an oxidation of a hydrazino to an azo function
occurs in the course of the last three reactions.
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The reaction of ethyl cyanoacetate with hydrazine hydr-
ate leads to the formation of 3-amino-4-arylazo-2-pyrazol-
in-3-ones (23), probably formed wvia the cyclisation of the
intermediate hydrazide (22) [122}. In support of this view
Dubenko and Gorbenko [123] have reported that the cycli-
sation of phenylazocyanoacetic acid N-acetylhydrazide
(24) leads to the formation of 4-arylazo-l-acetyl-5-imino-
pyrazolidin-3-one (25).
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Treatment of arylazo-B-ketoesters with hydroxylamine
generally leads to the formation of 4-arylazo-2-isoxazolin-
S-ones [111,124-126]. In some cases the intermediate ox-
ime derivative can be isolated and cyclised to the isoxazol-
one derivative by boiling with acetic acid [125].
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a-Ethylthio-a-arylazo-3-ketoesters react with hydroxyl-
amine to give the arylazo derivatives 26 without elimina-
tion of the ethylthio group [127].
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Treatment of a-arylazo derivatives of G-ketoesters with
N-methylhydroxylamine yields the corresponding 4-aryl-
azo-3-isoxazolin-5-ones 27 [3,4,128].
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(4) Reactions of Heterocyclic Amines with Hydrazidic Hal-
ides.

Recently, a variety of arylazo fused heterocycles have
been prepared via reaction of the hydrazonyl chloride de-
rivatives with aminoazoles and aminoazines [166,167].
However, in some cases the reaction resulted in a novel 2
+ 3 cycloaddition yielding fused 1,2,4-triazoles, examples
are shown in Chart 4.
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(5) Miscellaneous Methods.

No attempt is made here to include all those methods
described for the preparation of individual arylazo hetero-
cyclic compounds. Only some of these are reported here.

3-Methyl-1-phenyl-2-pyrazolin-5-one reacts with aryl or
arylsulphonyl azides to yield azopyrazolones 28 [129].
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A number of azopyrazolone dyes 29 have been synthe-
sized by an azo group transfer of heterocyclic diazonium
salts to l-substituted-3-methyl-5-pyrazolones. 2-Azido-3-
ethylbenzothiazolium fluoroborate or 2-azido-3-ethyl-4,5-
dimethylthiazolium fluoroborate may be used as the
heterocyclic diazonium salt. Kinetic investigation of the
dye synthesis point to a multiple stage mechanism with in-
termediate formation of 4-diazo-3-methylpyrazolones 30
[130].
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Cyclisation of a variety of bishydrazones of «,3-diketo-
acids [131-133], «,B-diketoesters [134,135], and o,B3-di-
ketoamides [136], using either acid, base or heat has been
reported to give 4-arylazo-2-pyrazolin-5-ones. In this reac-
tion the aryl groups have usually been the same, although
Kleene [135] has used different aryl groups. Chargaff and
Magasanik [137] have reported that the oxidation of the
1,2-bisphenylhydrazone of mesoxaldehyde gave rise to
4-phenylazo-1-phenyl-2-pyrazolin-5-one.

N-NH-Ar"

I N=N-Ar"
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N-NK-Ar'

Similarly ozazones could be converted into arylazopyr-
azolone derivatives [132,133,16].

When acetoacetanilide oxime is treated with benzene-
diazonium chloride, both coupling and cyclisation via the
loss of aniline, take place with the formation of 3-methyl-
4-phenylazo-2-isoxazolin-5-one [140). The latter compound
can also be obtained by the action of hydroxylamine on
a,B-diketobutyric acid ozazone [133].
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Fichter [141] has reported an arylazo-2-pyrazolin-5-one
as one of the products from the reaction of a,c'-dibromo-
a-methylsuccinic acid (31) with p-bromophenylhydrazine.
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When ethyl 3-methyl-4H-benzo-1,4-thiazine-2-carboxyl-
ate (32) is heated with phenylhydrazine in ethanol, the thi-
azine ring is ruptured and 3-methyl-1-phenyl-4-phenylazo-
pyrazolone is formed together with the disulphide, 33

[168].
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Chemical Properties.
(1) Action of Acids and Alkalies.

The introduction of the arylazo function makes the
heterocyclic ring less aromatic. Consequently, arylazoaz-
oles undergo ring cleavage more readily than the corres-
ponding parent compounds. Thus, 3-substituted-2-methyl-
4-arylazo-3-isoxazolin-5-ones 34 readily undergo hetero-
cyclic ring cleavage by the action of hot acetic acid with
the formation of a-arylazoacetoacetic acid (35). Under si-
milar conditions 3-isoxazolin-5-ones are not cleaved [3].
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When 4-alkyl(or aryl)-4-arylazopyrazolones 36 are treat-
ed with concentrated alkali the pyrazolone ring is cleaved
with the formation of the ozazone 37 [9].
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When 4-arylazo-2-phenyl(or alkyl)}-2-oxazolin-5-ones 38
(X = O) are treated with alcoholic alkali [169-172], or with
hydrochloric acetic acid mixture [173], heterocyclic ring
opening, followed by recyclization via loss of water, takes
place with the formation of l-aryl-5-phenyl-1H-1,2,4-triaz-
ole-3-carboxylic acid 39. Similar rearrangement was repor-
ted when 4-arylazo-2-phenyl(or alkyl)-2-imidazolin-5-ones
38 (X = N) were treated with alkali to yield the triazole
acids 39 [174,175).

Reactions with 2-thiazolin-5-ones have been reviewed by
Metzger. Recently [151,176] azolylacetonitriles 40 have
been obtained via rearrangement of 38 with active methyl-
enenitriles.
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Another type of rearrangement has been reported upon
heating 4-arylazopyrrolidinones with hydrochloric acid in
methanol to yield the pyrroloindolone derivatives 41 [177].
The intermediate 3-amino-8b-alkyl[1,3-a,4,8-b]tetrahydro-
pyrrolo[3,4-blindol-3(2H)-ones 42 were separated and con-
verted into 41 by long reflux with aqueous acetic acid.
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This type of transformation represents a normal Fisher
indole synthesis in which intermediates of type 42 were
isolated.

Nitration of 1-phenyl-3-methyl-4-p-nitrophenylazo-5-pyr-
_azolone with concentrated nitric acid gives l-p-nitrophen-
yl-3-methyl-4-p-nitrophenylazo-5-pyrazolone (43) [178]. On
the other hand, treatment of 4-(2,4-dichlorephenylazo)-1-
phenyl-3-methyl-5-pyrazolone with concentrated nitric
acid results in the formation of 4-nitro-3-methyl-1-phenyl-
S-pyrazolone [90].

Vol. 22

Arylazoaminopyrazoles have been reported to react with
nitrous acid to yield the corresponding diazo derivatives.
The reactions of these diazo derivatives have been recent-
ly reviewed [164]. Chemical reactions of 4-arylazo-S-amino-
pyrazoles have also been very recently reported [179] and
will not be described here further.

(2) Action of Ammonia, Amines and Hydrazines.

4-Arylazo-3-phenyl-2-isoxazolin-5-ones react with alco-
holic aqueous ammonia to yield a-arylazobenzoylacetam-
ide 44 [43] whereas the reaction of 4-arylazo-3,4-dimethyl-
2-isoxazolin-5-one (435) with hot ammonia affords dimethyl-
glyoxal monoxime (46) [46].

CeHs
Ar-N=N o NHy (,2=0
——3> Ar—-N=N-CH
5 N /0 t
HgCg N (|:=0
NHo

44

Similarly, 4-(3,4-dialkylisoxazolylazo)-2-isoxazolin-5-ones
47 react with hot ammonia to give 48 [46].
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4-Arylazo-2-isoxazolin-5-ones react with hydrazine hydr-
ate in absence of acetic acid to yield 4-arylazo-2-pyrazolin-
5-ones [180]. Similar treatment with hydrazines also effects
the conversion of the isoxazolone ring into the pyrazolone
nucleus [180-182]. However, Knorr and Reuter [140] have
reported the isolation of acetylglyoxalic acid diphenyl-
hydrazone (49) as an intermediate in this reaction and the
dihydrazone was readily converted into the pyrazolone on
heating with glacial acetic acid. Mustafa et al. [180] have
found that when the reaction between 4-arylazo-2-isoxazol-
in-5-ones and phenylhydrazine was conducted at room
temperature, the phenylhydrazide of arylazoacetoacetic
acid oximes 50 were isolated. The latter phenylhydrazides
underwent cyclisation to the arylazopyrazolone derivatives
when refluxed with glacial acetic acid.
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rﬁ R'—NH-NHZ Ar-N=N o]
—_—
RSy -0 RSy
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The reaction of 2-methyl-3-substituted-4-arylazo-3-isox-
azolin-5-ones with phenylhydrazine in presence of acetic
acid leads to cleavage of the hetero-ring and recyclisation
to 3-substituted-1-phenyl-4-arylazo-2-pyrazolin-5-ones [3).

Ar-N=N o Ar-N=N (o]
| Ph—NH-NHp
o) _— X, _N=-Ph
RSN AcOM RTSN7

4-Arylazo derivatives of 2-phenyl-2-0xazolin-5-ones rear-
range under the influence of ammonia [169,170], amines
[169-171], or hydrazines [169,170,172] via heterocyclic ring
opening followed by cyclization with the loss of water to
yield the corresponding 1,2,4-triazole derivatives.

The arylazo group in 4-arylazo-3-acylimino-5-pyrazolid-
one is replaced by an arylimino group by the action of am-

ines [163].

N(CyHg)p

R-C-N N=N-R™
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H” SN0
! HoN
g
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N o CH3
.
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1
R

(3) Action of Grignard Reagents.

The introduction of an arylazo group in the a-position
with respect to the heterocyclic carbonyl groups seems to
activate the latter toward organomagnesium compounds.
Thus, whereas 1,4-addition of the reagent takes place
upon treatment of 4-arylidene-1-phenyl-3-methyl-5-pyraz-
olone with Grignard reagents to yield 4-diarylmethyl-3-
methyl-1-phenyl-5-pyrazolone [183], 1,2-addition of the
reagent to the carbonyl group in 4-arylazo-3-methyl-1-
phenyl-2-pyrazolin-S-ones has been reported by Mustafa
and co-workers [184] with the formation of 1-phenyl-3-
methyl-4-arylazo-5-arylpyrazoles 51.
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N ——————y N,
\,:, 0 Hp0 ~N OH
CeHs CeHs
l—“zo
HaC N=N—Ar
H3C ; N=N-Ar  phmgar I
_
N l N\N Ar
~NTel |
i CeH
CeMs efs

1,5-Diphenyl-3-methyl-4-phenylazo-5-pyrazole 51 (Ar' =
C.H;) has also been obtained by the action of phenylmag-
nesium bromide on 1l-phenyl-3-methyl-4-phenylazo-5-
chloropyrazole followed by hydrolysis. Similarly, 4-arylazo-
3-substituted-2-isoxazolin-5-ones on treatment with
Grignard reagents yield the corresponding 4-arylazo-5-ar-
ylisoxazoles 52 [185].

: COMgX
Ar—N=N o Ar'MgX Ar-N=N ar'
—_—
Ry RASYAO
Ar-N=N ar
R \N/O
52

On the other hand, the reaction of the Grignard reagent
with 4-arylhydrazono-2-oxazolin-5-ones 53 (X = 0O) and
4-arylhydrazono-2-thiazolin-5-ones 53 (X = S) has been re-
ported to effect their rearrangement into 1,2,4-triazole de-
rivatives 54 {170-172].

) N R
Ar-N-N o . -y
H R'MgX Ar-N N——I—c R
Nyx Hx\?N OH
R R
83
A'—N--|N ~HaX
R
)\\ /
R N7 Sc—r'
\
54 OH

Arylazopyrazoles react quite readily with the Grignard
reagent affording arylazopyrazole derivatives [186]. Simi-
lar behaviour has been reported for arylhydrazonoe-3,5-pyr-
azolidinediones [187). Antipyrene itself does not react with
Grignard reagents, but the arylazo antipyrene adds three
molecules of the reagent to give arylhydrazonopyrazolid-
ine derivatives (¢f. Chart 5) [188].
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Chart 5
. . Ar=N=N o Me504 or Bralien I =
, oH I T l
Ar-N-N o, Ar-N-N & Ar-N=N R" M~ Sy ~° Mel/K2C03 M3~ -0
j f R"MgX ﬁ — i
—_— — \ CH
R' \N’N\R R \N/N\R R \N’N ~R 3
Methylation of 4-arylazo-3-methyl-1-phenyl-2-pyrazolin-
H o 5-ones with diazomethane [3] or dimethyl sulphate in pre-
“N- 0 Nz .. .
Ar-N "rﬁ R"Mgx Ar-N Nj/\:r sence of alkali gives a mixture of N-methyl and O-methyl
oA oA Mg derivatives [190].
i |
e R Ar-N=N o
H I\N/N—Ph

| R
Ar-N=N | 0 RMgX Ar-N-N R
———

R
N
H3c r|‘/N\Ph N~ “Spp

I
CHy H3C chs

(4) Alkylation.

Meyer [2] reported that when 3-phenyl-4-phenylazo-2-is-
oxazolin-5-one was treated wtih diazomethane, 3-phenyl-
4-B-methylphenylhydrazono-2-isoxazolin-5-one (33, Ar =
R = C.H,) was formed together with an unidentified pro-
duct, which was proved by Mustafa et al. [3] to be 5-meth-
oxy-3-phenyl-4-phenylazoisoxazole (56). Summers et al.
[4,5] obtained the triazole derivative 37 from the reaction

o3
_N= —N-N o] Ar -N=N OCH3
Ar-N=N 0 CHaN Ar =
g > 0 + >, O
R \N/O R NT R N~
55 56

of 4-o-chlorophenylazo-3-methyl-2-isoxazolin-5-one with di-
azomethane, in addition to the N-methyl (35, R = CH;, Ar
= C,H,-Cl-0) and O-methyl (56, R = CH,, Ar = C,;H,Cl-0)
derivatives.

OCH3

HzC
(I
N\'I“/N
CgH4Cl-0

57

The reaction of arylhydrazones with diazomethane
usually does not involve the azomethine linkage [37]. Only
addition of the reagent to the double bond in 4-arylhydraz-
ono-3-amino-2-pyrazolin-5-one affording the spiropyrazol-

yl-1,2,4-triazole derivative 58 has been recently reported
[189].

N
Y W F
Ar-N-N 0 CHyN, A,_N_N_t.(o
N H -
N3NIN/I HoN Xy -NCH3
58

4-Arylazo-3-methyl-2-isoxazolin-5-ones react with di-
methyl sulphate to give 2,3-dimethyl-4-arylazo-3-isoxazol-
in-5-ones [3]. The latter can also be obtained by treatment
of 3-methyl-4-arylazo-2-isoxazolin-5-ones with methyl iod-
ide in presence of potassium carbonate [4].

H3C

lcuznz
CH3

|
Ar-N~N 0 Ar-N=N OCH3
N N + -Ph
HSCI - N-Ph HaC I\N,N

On the other hand, treatment of 4-arylazo-3-methyl-1-
phenyl-2-pyrazolin-5-ones with dimethyl sulphate results
in the formation of arylazo derivatives of antipyrine 59

[191].

N=N-A HzC N=N-A
H3C T ' (CH3)2804 3 j—_i r
—_—
o HyC-NL g

| |
Ph Ph

59

When 4-arylazo-3-methyl-1-phenyl-2-pyrazolin-5-thiones
60 were treated with alkyl sulphates or iodides in presence
of alkali, 4-arylazo-3-methyl-1-phenyl-5-thioalkylpyrazoles
61 [192] were obtained. Similar S-alkylation has been re-
ported with chloroacetic acid [192].

Ar—N=N]:_fS RpS04 or Ar~N=N SR
—_—
-Ph i X N
HaC XV Ri/alkoli HC NP
€0 -1}

(5) Acylation.

Auwers [190] reported that treatment of 3-methyl-1-
phenyl-4-phenylazo-2-pyrazolin-5-one with benzoyl chlor-
ide under the influence of sodium hydroxide leads to the
formation of the corresponding O-benzoyl derivative 62
which was also obtained from condensation of 3-methyl-1-
phenyl-5-pyrazolone with S-phenylbenzoylhydrazine [190].

CgHg~N=N

N3
H3C: :

N
N “CgHg

0CO-CgHs

62

(6) Reduction.

Reduction usually affords the corresponding amino
compound [48,193,194]. However, other products were iso-
lated depending on the catalyst used and the reaction con-
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ditions. Thus, treatment of 3-methyl-4-(p-nitrophenylazo)-
1-phenyl-2-pyrazolin-5-one with sodium hydrogen sulphide
effects only reduction of the nitro group with the forma-
tion of l-phenyl-3-methyl-4-(p-aminophenylazo)-2-pyrazol-
in-5-one (63) [195], whereas, 4-amino-2-pyrazolin-3-ones
were obtained by reduction with zinc and hydrochloric
acid [194] or with tin and hydrochloric acid of 4-arylazo-2-
pyrazolin-5-ones [29].

N

NS —Ph
HzC” N~
63
R' N=N-Ar R\ NHp
| [ Zn or Sn/HCI r_j,
N : N
NN (o] SN 0

A

!
R
R' N !
Zn/acetic W T—”/R
N0 oAy N
)
R
64

Reduction with zinc and acetic acid generally leads to
rubazonic acid (64) although Knorr [196] reported the iso-
lation of aniline and 4-amino-3-methyl-1-phenyl-2-pyrazol-
in-5-one from the reduction of 4-phenylazo-3-methyl-1-
phenyl-2-pyrazolin-5-one with the same reagents.

Alcoholic solutions of sodium hydrosulphite [29,47,48,
193] were also used to effect reduction. For example, treat-
ment of 3-aryl-5-phenylazo-2,4-thiazolidinedione with sod-
ium hydrosulphite effects the reduction of the azo group
with the formation of the corresponding 3-aryl-S-amino-
2,4-thiazolidinediones 65 [47,48]. Ammonia and aniline
were identified among the reduction products of phenyl-
azorhodanine with zinc and sodium hydroxide [32].

0. N=N-CgH [¢ NH2
| e Na2S204
—_—

-2

) N S
Ar/N\n/ [-Y3d '
[o] o}
65

Reduction of 4-phenylazo-3,4-dimethyl-1-phenyl-2-pyr-
azolin-5-one (66) with zinc and acetic acid effects the elimi-
nation of the azo group with the formation of 3,4-dimethyl-
1-phenyl-2-pyrazolin-5-one (67) [9].

CH3 CHz

N +  Ph-NH-NH
~SNTSo Zn/acetic Ns N0 e

CeHs acid ('}sH_r,
s 67
An abnormal reduction has been reported by Michaelis,
Kotelmann and Drews [197] who found that phosphorous
pentasulphide effects the conversion of 4-arylazo-3-pyraz-
olidin-5-ones, having no 1-substituent, to 4-arylazopyrazol
derivatives 68.
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68

The polarographic behaviour of arylhydrazonoazolones
has been recently investigated [16]. The 4-e reduction
waves in both acidic and basic media have been observed.
Mechanisms to account for the reduction waves were sug-
gested. Some preliminary reduction schemes suggesting
formation of aminoazolones and diaminoazoles have been
suggested. However, CPE experiments were not conduc-
ted. Thus, the proposed mechanism needs further confir-
mation.

(7) Reaction with Phosphorus Pentasulphide.

Arylazo heterocyclic compounds having a carbonyl
function can be converted into the corresponding thione
compounds by the action of phosphorus pentasulphide in
the proper solvent [5,198-201]. For example, when 3-meth-
yl-4-phenylazo-2-isoxazolin-5-one was treated with phos-
phorus pentasulphide in xylene or toluene, 3-methyl-4-
phenylazo-2-isoxazolin-5-thione (69) was obtained [198,

199].
H3C N=N-CgHg
[ I
N~oNg

69
(8) Reaction with Phosphorus Oxychloride.

Treatment of 4-arylazo-3-methyl-1-phenyl-2-pyrazolin-5-
ones with phosphorus oxychloride under pressure yields
1-phenyl-3-methyl-4-arylazo-5-chloropyrazoles (70) [203].
In the same way, 4-arylazo-3-pyrazolin-5-ones having no

CgHg-N=N 0 POCIy CgHg-N=N cl
>, N I N
- X
H3C” SN~ “CgHg

H3C” N7 SCghg
70

substituent in the l-position react with phosphorus oxy-
chloride to give the corresponding 3-chloro derivatives 71
[202].

(9) Reaction with Aromatic Thiols.

The reaction between 4-arylazo-2-phenyl-2-oxazolin-5-
ones and aromatic thiols effects rearrangement via hetero-
cyclic ring opening and cyclisation with the loss of water to
yield 3-aryl-5-thiocarboxy-1H-2-aryl-1,2,4-triazoles 72
[171].
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Ar—N:NT_fO Ar'SH N cosar'
- N

Nyo A"N\I?N
CeHs CeHs
72

(10) Metal Complexes.

The most important reactions of arylazo heterocyclic
compounds are those with various salts to form metal com-
plexes [204-240]. These products are of great importance,
since they have been extensively used as dye-stuffs. Of
these metal complexes those of pyrazolone find wide appli-
cation due to their excellent dyeing characteristics.
Chromium complexes are prepared by reaction of arylazo
derivatives with inorganic compounds [204-207] including
chromium sulphate [208], chromium trifluoride [209] with
organic chromium compounds such as chromium formate
[210], ammonium oxalochromate, and chromium complex-
es with salicylic acid [210]. Copper [211-219], nickel [204,
213}, lead [212], zinc [221], and cobalt [223,224] have also
been used. The aromatic moiety of the arylazo group
usually has a hydroxyl or carboxyl group ortho to the azo
linkage. Usually these complexes contain a number of pyr-
azolinone residues corresponding to the valence of the me-
tal atom. The metal atom reacts with the C-5 oxygen of the
ring in its enol form and with the hydroxyl group of the
aromatic ring to form more or less covalent bonds. There
is also electron donation by other oxygen atoms and by the
azo group [239].

Although a large number of metal dye-complexes have
been used in dyeing, only a few of such compounds have
been characterised and reported in the literature. The re-
action with copper salts is shown in the following equation
together with the structure of the final product 73. In
some cases the formation of intermediates have been re-
ported [217-219].

H3C NzN CuClp
|
N\NIO OCH3

N _Cus«—OCH3z
] |
CeHs CgHs
0CHy
N
“ (I)CH3
H3C N, O~ Ny
no DL & LL
N e 1 CH3
tons |
eHs |
OCH3
73

Structure 74 has been proposed for the 1:1 chromium
complexes [232] and 75 for the 2:1 complexes, while struc-
ture 76 was proposed for the cobalt complexes [227].
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HaC N=N NOZT
|
A
)

74
B SOpNHp |
HaC N=N
b
N m*
NN 0-Cr- -
1 &Hs
HgCg O i
L
N=N CH3
SO,NH,
L 75
— —‘ -
Q\NW T CHa
0-Co—0 N
| N7
') 1
CgHs 2 Not

Studies of the formation constants of arylazo pyrazolone
and arylazo thiopyrazolone metal derivatives have shown
decreasing order of stability of bivalent derivatives in the
order Cu > Ni > Cd > Zn. [t was also shown that arylazo
thiopyrazolones have a strong affinity for metal ions than
the oxygen analogue [228].

REFERENCES AND NOTES

[11 S. M. Parameter, “‘Organic Reactions’’, R. Adams, ed, John
Wiley and Sons, New York, Vol X, 1959, Chapter 1.

[2] A. Meyer, Ann. Chem., 252 (1914).

[3] A. Mustafa, W. Asker, A. H. Harhash and A. M. Fleufel, Tetra-
hedron, 21, 2215 (1965).

{4] L. A. Summers and D. J. Shields, Chem. Ind. (London), 1264
(1964).

[5] L. A. Summers, P. F. M. Freeman and D. J. Shields, J. Chem.
Soc., 3312 (1965).

[6] G. Cum, G. Lo Vecchio and M. C. Aversa, 4tti Accad. Peloritana
Pericolanti Cl. Sci. Fis., Mat. Natur., 49, 151 (1966); Chem. Abstr., 69,
43836 (1968).

[7] S. N. Baranov and A. P. Grishchuk, Zh. Obshch. Khim., 32, 1938
(1962); Chem. Abstr., 58, 5158f (1963).

[8] R. Jones, A.J. Ryan, S. Sternhell and S. E. Wright, Tetrahedron,
19, 1497 (1963).

[9] W. Pelz, W. Piischel, H. Schellenberger and K. Liffler, Angew.
Chem., 72, 967 (1960).

{10] J. Elguero, R. Jacquier and G. Tarrago, Bull. Soc. Chim. France,



Mar-Apr 1985

2990 (1966).

[11] G. Cardillo, L. Merlini and R. Mondelli, Gazz. Chim. Ital., 95,
320 (1965).

[12] F. A. Snavely and F. H. Suydam, J. Org. Chem., 24, 2039 (1959).

[13] F. A. Snavely, W. S. Trahanovsky and F. H. Suydam, J. Org.
Chem., 27, 994 (1962).

[14] M. Z. El Sabee and M. H. Elnagdi, J. Prakt. Chem., 318, 658
(1976).

[15) H. M. Fahmy, M. H. Elnagdi and L. I. Ibraheim, Indian J. Chem.,
19B, 644 (1980).

{16] H. M. Fahmy, M. Abdel Aziz, M. Azzem and M. Aboutalb, Indian
J. Chem., 36, 501 (1981).

[17] L. Knorr, Ann. Chem., 238, 139 (1887).

[18] K. V. Auwers and E. Auffenderg, Chem. Ber., 50, 929 (1917).

[19] L. Knorr, Chem. Ber., 29, 249 (1896).

[20] R. V. Rothenburg, Chem. Ber., 26, 1722 (1893).

[21] L. Claisen and W. Zedel, Chem. Ber., 24, 140 (1891).

[22] A. Meyer, Compt. Rend., 150, 1765 (1910).

[23] A.S. Samarin and V. A. Loskutov, Tr. Tonskogo Cos. Univ., Ser.
Khim., 170, 157 (1964); Chem. Abstr., 63, 595 (1965).

[24] D. E. Worrall, J. Am. Chem. Soc., 44, 1551 (1922).

[25] B. K. Patnaik and M. K. Rout, J. Indian Chem. Soc., 32, 563
(1955).

[26] A. Meyer, Compt. Rend., 152, 610 (1911).

[27] T. Curtius and T. Callan, Chem. Ber., 43, 2447 (1910).

[28] S. N. Baranov, Zh. Obshch. Khim., 31, 512 (1961); Chem. Abstr.,
55, 24725 (1961).

[29] C. F. Duffin and J. D. Kendal, J. Chem. Soc., 3969 (1955).

[30] A. Dorlars, O. Bayer and E. Enders, German Patent 951,946
(1956); Chem. Abstr., 51, 10075 (1957).

[31] A. P. Grishchuk and S. N. Baranov, Zk. Obshch. Khim., 29, 1665
(1959); Chem. Abstr., 54, 8792 (1960).

[32] A. P. Grishchuk and S. N. Baranov, Zh. Obshch. Khim., 28, 896
(1958); Chem. Abstr., 52, 17234 (1958).

{33] A.P. Grishchuk and S. N. Baranov, USSR Patent 161,825 (1964);
Chem. Abstr., 63, 8523d (1965).

[34] A. P. Grishchuk and S. N. Baranov, Zh. Obshch. Khim., 1, 762
(1965); Chem. Abstr., 63, 8523 (1965).

{35] W. F. Beech and M. Mondoza, British Patent 560,892 (1944);
Chem. Abstr., 40, 3904 (1946).

[36] W. Porter, O. Senn and W. Wehrli, Belgian Patent 616,190
(1962); Chem. Abstr., 58, 1466 (1963).

[37] A. M. Khaletskii, V. G. Pesin and J. H. Teng, Tr. Leningr. Khim-
Farmatsevt. Inst., 11, 74 (1960);, Chem. Abstr., 58, 6817a (1963).

[38] H. Grossmann and H. Keller, Swiss Patent 396,256 (1966); Chem.
Abstr., 64, 16027 (1966).

[39] F. N. Stepanov and Z. Z. Moiseeva, Zh. Obshch. Khim., 25, 1977
(1955); Chem. Abstr., 50, 8604 (1956).

{40] H. Fenger and W. Zeh, J. Prakt. Chem., 82, 50 (1911).

[41] N. V. Khromov and A. E. Porai-Koshits, J. Gen. Chem. USSR,
17, 1816 (1947); Chem. Abstr., 42, 4164i (1948).

{42] F. Korte and F. Wiisten, Chem. Ber., 96, 2841 (1963).

[43] V. K. Kuskov, Zh. Obshch. Khim., 21, 152 (1951); Chem. Abstr.,
45, 7565 (1951).

[44] W. Dieckmann, Chem. Ber., 47, 1439 (1914).

[45] A. P. Grishchuk and I. D. Komaritsa, USSR Patent 226,616
(1967); Chem. Abstr., 70, 47430 (1969).

[46] H. Kano, I. Adachi and E. Y. Zaki, Chem. Pharm. Bull., 12, 1021
(1964).

[47} P. N. Bhargava and S. C. Sharma, Bull. Chem. Soc. Japan, 35,
1926 (1962).

[48] P. R. Singh, Indian J. Chem., 1, 100 (1963).

[49] L. Zugravescu and E. Carp, “4L I. Cura’’, lasi. Sect., 14, No. 1,
151 (1958); Chem. Abstr., 56, 1555b (1962).

[50] P. N. Bhargava, R. P. Rao and M. S. Sastry, J. Indian Chem.
Soc., 33, 596 (1956).

[51] P. N. Bhargava and M. Nagabhusanam, J. Indian Chem. Soc.,

Review 251

34, 776 (1957).
[52] P. N. Bhargava and M. S. Sastry, J. Sci. Research Banaras Hindu
Univ,, 6, 196 (1955-1956); Chem. Abstr., 52, 11821 (1958).

[53] M. T. Zimaity and E. Asah, Egypt. J. Chem., 21, 217 (1978).

[54] S. N. Baranov and T. V. Perova, Khim. Geterotsikl. Soedin., 2,
326 (1967); Chem. Abstr., 68, 2855 (1968).

[55] A. P. Grishchuk, I. D. Komaritsa and S. N. Baranov, Khim.
Geterotsikl. Soedin., 5, 706 (1966); Chem. Abstr., 66, 75941d (1967).

[56] P. N. Bhargava, K. Bhargauv and R. C. Kapoor, J. Indian Chem.
Soc., 38, 23 (1961).

[57] L. Knorr, Ann. Chem., 238, 137 (1887).

[58] L. Knorr and C. Klotz, Chem. Ber., 20, 2545 (1887).

[59] A. Michaelis and H. Horn, 4nn. Chem., 373, 213 (1910).

[60] A. J. Boulton and D. P. Clifford, J. Chem. Soc., 5414 (1965).

[61] G. T. Morgan and J. Reilly, J. Chem. Soc., 103, 1494 (1913).

[62] H. Reimlinger and A. V. Overstraeten, Chem. Ber., 99, 3350
(1966).

[63] A. Michaelis and A. Lachwitz, Chem. Ber., 43, 2106 (1910).

[64] A. Michaelis, A. Stiegler and W. Willert, Ann. Chem., 358, 127
(1907).

[65] G. T. Morgan and J. Reilly, J. Chem. Soc., 103, 808 (1913).

[66] A. W. Nies, U. S. Patent 2,432,034 (1947) and U. S. Patent
2,447,867 (1948); Chem. Abstr., 42, 1743c, 9187 (1948).

[67] A. Loria, A. Weissberger and P. W. Vittum, U. S. Patent
2,600,788 (1952); Chem. Abstr., 46, 8554 (1952).

[68] M. Ridi, Gazz. Chim. Ital, 71, 462 (1941).

[69] Fabrica Espafiola de Productos Quimicosy, S. A. Farmaceuti,
Spanish Patent 208,830 (1954); Chem. Abstr., 50, 5036i (1956).

[70} A. G. Farbwerke Hoechst, British Patent 1,043,505 (1966); Chem.
Abstr., 66, 3815f (1967).

{711 J. D. Kendall and D. J. Fry, British Patent 585,780 (1947); Chem.
Abstr., 42, 224 (1948).

[72] O. Kaiser, U. S. Patent 2,490,967 (1949) and U. S. Patent
2,493,975 (1950); Chem. Abstr., 44, 6631a, 7551h (1950).

[73] P. P. T. Sah, Rec. Trav. Chim., 69, 1407 (1950); Chem. Abstr., 45,
3122 (1951).

[74] F. Straub, J. Brassel and P. Pieth, U. S. Patent 2,557,057 (1951);
Chem. Abstr., 45, 9874d (1951).

[75} G. B. Crippa, M. Long and G. Perroncito, Gazz. Chim. Ital., 62,
944 (1932).

[76] H. W. Grimel, “*Organic Chemistry”’, H. Gilman, ed, Vol III,
John Wiley and Sons, New York, pp 285-286, Chapter 4.

[77] G. Lang, G. Schmoetrer and E. Henkel, German Patent 1,060,522
(1959); Chem. Abstr., 58, 1566d (1963).

[78] P. Aubert, E. B. Knott and L. A. Williams, J. Chem. Soc., 2185
(1951).

[79] A. Mustafa, A. H. Harhash, M. H. Elnagdi and F. A. El-All, Ann.
Chim., 748, 79 (1971).

[80] O. F. Ginzlurg, Zh. Obshch. Khim., 23, 1890 (1953); Chem.
Abstr., 49, 1049a (1955).

[81] B. Graham, U. S. Patent 2,694,703 (1954); Chem. Abstr., 49,
3706h (1955).

[82] A. Mustafa, A. M. Fleifel, M. I. Ali and N. M. Hassan, 4nn.
Chim., 739, 75 (1970).

[83] C. Bitlow, Chem. Ber., 40, 3787 (1907).

[84] G. W. Sawdey, M. K. Ruoff and P. W. Vittum, J. Am. Chem.
Soc., 72, 4947 (1950).

[85] F. Stolz, Chem. Ber., 28, 623 (1895).

[86] A. Rouz and J. Martinet, Rev. Gen. Mat. Color, 27, 115-120,
134-139, 152-155 (1923); 28, 13-14, 74-77 (1924); Chem. Abstr., 18, 1993
(1924).

[87] K. Venkataraman, **The Chemistry of Synthetic Dyes’’, Chapter
XVIII, Academic Press, New York, 1952.

[88] M. H. Elnagdi, M. R. H. Elmoghayar, D. H. Fleita, E. A. A. Hafez
and S. M. Fahmy, J. Org. Chem., 41, 3781 (1976).

[89] R. H. Wiley and P. Wiley, “‘Pyrazolones, Pyrazolidones and De-
rivatives’’, Interscience Publishers, John Wiley and Sons, Inc., New



252 Review

York, Tables XXII-XXIV, XLIX, LIV.
[90] P. L. Southwick and R. J. Owellen, J. Org. Chem., 25, 1133
(1960).
[91] W. Borsche and R. Manteuffel, 4nn. Chem., 505, 177 (1933).
[92} T. Iseki, T. Sugiura, S. Yasunaga and M. Nakasima, Chem. Ber.,
74, 1420 (1941).
[93) M. Ridi, Gazz. Chem. Ital., 71, 542 (1941).
[94] W. L. Meyer and W. R. Vaughan, J. Org. Chem., 22, 1565 (1957).
[95]) L. Kletz and A. Lapworth, J. Chem. Soc., 107, 1262 (1915).
[96] A. Meyer, Compt. Rend., 154, 1511 (1912).
[97] C. Bulow, Chem. Ber., 31, 2122 (1898).
[98] L. Fabbrini, Ann. Chim. (Rome), 45, 728 (1955); Chem. Abstr.,
51, 6614 (1957).
{99] C. Biilow and F. Schaub, Chem. Ber., 41, 2355 (1908).
[100] C. Biilow and P. Neber, Chem. Ber., 45, 3732 (1912).
[101] C. Biilow and F. Busse, Chem. Ber., 39, 3861 (1906).
[102} A. Lapworth, J. Chem. Soc., 83, 1114 (1903).
[103} H. Dahn and G. Rotzler, Helv. Chem. Acta, 43, 1555 (1960).
[104] A. Prakash and I. R. Gambbhir, J. Indian Chem. Soc., 43, 529
(1966).
[105] R. G. Dubenko and P. S. Pel’kis, USSR Patent 167,882 (1965);
Chem. Abstr., 63, 5656 (1965).
[106] T. L. Davis and J. P. Hirth, Netherlands Patent 6,602,993 (1966),
Chem. Abstr., 66, 76921) (1967).
[107] C. Biilow and E. Hailer, Chem. Ber., 35, 915 (1902).
[108] C. Biilow, Chem. Ber., 40, 3787 (1907).

[109] C. Biilow and K. Haas, Chem. Ber., 43, 2647 (1910).

[110] W. Wahl, Compt. Rend., 144, 569 (1907).

[111] R. F. Coles and C. S. Hamilton, J. Am. Chem. Soc., 68, 2588
(1946).

{112] P. Karrer and E. B. Hershberg, Helv. Chem. Acta, 17, 1014
(1934).

[113] C. Billow, Chem. Ber., 42, 4429 (1909).

[114] H. Hasselquist, Ark. Kemi, 7, 121 (1954); Chem. Abstr., 49, 6260
(1955).

[115} A. Wahl, Bull. Soc. Chim. France, [4] 1, 726 (1907).

[116] A. Wahl, Bull. Soc. Chim. France, [4] 1, 729 (1907).

[117] A. Wahl and M. Doll, Bull. Soc. Chim. France, [4] 13, 468 (1913).

[118] M. Bockmuhl, Med. U. Chem. Abhandl. Med. Chem., For-
schungsstatten 1. G. Farbenind., 3, 294 (1936); Chem. Abstr., 31, 5796
(1937).

[119] J. Van Alphen, Rec. Trav. Chim., 64, 109 (1945).

[120] J. P. Vila and B. Masso, Anales Real Soc. Espan. Fis. Quim.,
48B, 155 (1952); Chem. Abstr., 47, 6871 (1953).

[121] O. Dimroth and R. Schweizer, Chem. Ber., 56, 1375 (1923).

[122] R. G. Dubenko and P. S. Pel’kis, Zh. Obshch. Khim., 1, 1762
(1965); Chem. Abstr., 64, 5068 (1966).

[123] R. G. Dubenko and E. F. Gorbenko, Khim. Geterotsikl. Soedin.,
3, 923 (1967); Chem. Abstr., 69, 18743 (1968).

[124] C. Biilow and U. Reden, Chem. Ber., 31, 2574 (1898).

{125] C. Biilow and A. Hecking, Chem. Ber., 44, 238 (1911).

{126] H. G. Garg, J. Indian Chem. Soc., 40, 135 (1963).

[127] Belgian Patent 617,389 (1962); Chem. Abstr., 59, 6413 (1962).

[128} L. A. Summers, British Patent 1,080,864 (1967); Chem. Abstr.,
68, 87286y (1968).

[129] W. Pelz, U. S. Patent 2,950,273 (1960); Chem. Abstr., 55, 2116
(1961).

[130] H. Balli and R. Gipp, Ann. Chem., 699, 133 (1966).

[t31] F. D. Chattaway and A. Adair, J. Chem. Soc., 1022 (1932).

[132] K. Auwers, H. Dannehl and A. Boennecke, Ann. Chem., 378, 210
(1911).

[133] H. G. Garg, J. Org. Chem., 27, 1045 (1962).

[134] C. Biillow and F. Schaub, Chem. Ber., 41, 2358 (1908).

[135] R. D. Kleene, U. S. Patent 2,512,251 (1950); Chem. Abstr., 46,
26%h (1952).

[136] H. D. Dakin, Biochem. J., 11, 79 (1917).

[137] E. Chargaff and B. Magasanik, J. 4m. Chem. Soc., 69, 1459

Vol. 22

(1947).

[138] H. El Khadem and S. H. El Ashry, J. Chem. Soc. C, 2251 (1968).

[139] H. El Khadem and S. H. El Ashry, Carbohydr. Res., 7, 507
(1968).

[140} L. Knorr and B. Reuter, Chem. Ber., 27, 1169 (1894).

[141] F. Fichter, J. Prakt. Chem., 74, 297 (1906).

[142] M. H. Elnagdi, M. R. H. Elmoghayar, E. A. A. Hafez and H. H.
Alnima, J. Org. Chem., 40, 2604 (1975).

(143] M. H. Elnagdi, H. A. Elfahham, M. R. H. Elmoghayar, K. U.
Sadek and G. E. H. Elgemeie, J. Chem. Soc., Perkin Trans. I, 989 (1982).

[144] M. H. Elnagdi and M. Ohta, Bull. Chem. Soc. Japan, 46, 1830
(1973).

[145] M. H. Elnagdi, N. A. E. L. Kassab, S. M. Fahmy and F. A. El-Al,
J. Prakt. Chem., 316, 177 (1974).

[146] M. H. Elnagdi and S. O. A. Allah, J. Prakt. Chem., 315, 1009
(1973).

[147] M. H. Elnagdi, A. S. Shawali and M. R. Elokbi, Indian J. Chem.,
11, 219 (1973).

[148] M. H. Elnagdi, M. R. H. Elmoghayar and D. H. Fleita, J. Prakt.
Chem., 316, 975 (1974).

[149] M. Biachi, A. Butti and S. Rossi, Tetrahedron, 30, 2765 (1974).

[150] S. N. Baranov and T. V. Perova, Khim. Geterotsikl. Soedin., 2,
326 (1967); Chem. Abstr., 68, 2855k (1968).

[151] H. A. Elfahham, I. Elsakka, N. R. Mohamed and M. H. Elnagdi,
Arch. Pharm. (Weinheim), 316, 792 (1983).

[152] T. Nishiwaki and T. Saito, J. Chem. Soc. Japan, 43, 2055 (1972).

[153] M. H. Elnagdi, Tetrahedron, 30, 2797 (1974).

[154] M. H. Elnagdi, D. H. Fleita and M. R. El-Moghayar, Tetra-
hedron, 31, 63 (1975).

[155] M. H. Elnagdi, M. M. M. Sailam and M. Ilias, Helv. Chem. Acta,
58, 1944 (1975).

[156] M. H. Elnagdi, M. M. M. Sailam, H. M. Fahmy, S. A. Ibrahim
and M. A. M. Elias, Helv. Chem. Acta, 59, 551 (1976).

[157} S. M. Fahmy, A. H. Badran and M. H. Elnagdi, J. Chem. Tech.
Biotechnol., 30, 390 (1980).

[158] E. M. Kandeel, K. U. Sadek and M. H. Elnagdi, Z. Naturforsch.,
35b, 91 (1980).

[159] E. A. A. Hafez, M. A. E. Khalifa, S. K. A. Goda and M. H.
Elnagdi, Z. Naturforsch., 35b, 485 (1980).

[160] M. H. Elnagdi, M. R. H. Elmoghayar, A. E. G. Hammam and S.
A. Khallaf, J. Heterocyclic Chem., 16, 1541 (1979).

[161] M. H. Elnagdi, E. M. Zaied, S. M. Fahmy, M. A. E. Khalifa and S.
Amer, Gazz. Chim. Ital., 107, 555 (1977).

[162]) M. H. Elnagdi, E. A. A. Hafez, H. A. Elfahham and E. M.
Kandeel, J. Heterocyclic Chem., 17, 73 (1980).

[163] G. W. Sawdey, M. K. Ruoff and P. W. Vittum, J. Am. Chem.
Soc., 72, 4947 (1950).

[164] M. H. Elnagdi, E. M. Zayed and S. Abdou, Heterocycles, 19, 559
(1982).

[165] J. Van Alphen, Rec. Trav. Chim., 64, 305 (1945).

[166] H. A. Elfahham, K. U. Sadek, G. E. H. Elgemeie and M. H.
Elnagdi, J. Chem. Soc., Perkin Trans. I, 2663 (1982).

[167] G. E. H. Elgemeie, H. A. ELfahham, S. A. S. Ghozlan and M. H.
Elnagdi, Bull. Chem. Soc. Japan, 57, 1650 (1984).

[168] Y. Maki, M. Suzuli and T. Yamada, Chem. Pharm. Bull., 14, 770
(1966); Chem. Abstr., 65, 16962 (1966).

[169] E. J. Browne and J. B. Polya, Chem. Ind. (London), 1086 (1960).

{170] E. J. Browne and J. B. Polya, J. Chem. Soc., 5149 (1962).

[171] W. Asker and Z. E. Elagroudi, J. Org. Chem., 26, 1440 (1961).

[172] G. W. Sawdey, J. Am. Chem. Soc., 79, 1955 (1957).

[173] A. Mustafa, S. A. Khattab and W. Asker, Canadian J. Chem., 41,
1813 (1963).

[174] M. Ruccia and S. Cusmano, Atti Acad. Sci, Lettere Arti
Palermo, Part 1, 23, 149 (1964);, Chem. Abstr., 62, 13148 (1965).

[175] M. Ruccia and M. Vivona, Ann. Chem. (Rome), 57, 671 (1967);
Chem. Abstr., 67, 100068e (1967).

[176] A. Nada, H. A. Elfahham, N. R. Mohamed and M. H. Elnagdi, J.



Mar-Apr 1985

Heterocyclic Chem., 19, 1457 (1982).

{177} H. Plieninger and I. Nogradi, Chem. Ber., 88, 1964 (1955); H.
Plieninger, Chem. Ber., 83, 273 (1950); P. L. Southwick and B. M.
McGrew, R. R. Engel, G. E. Millimann and R. J. Owellen, J. Org. Chem.,
28, 3058 (1963).

[178] C. Biilow, Chem. Ber., 31, 3122 (1898).

[179] M. H. Elnagdi, B. Y. Riad, F. M. Abdel-Galil and G. E. H.
Elgemei, Heterocycles, 20, 2437 (1983).

[180] A. Mustafa, W. Asker, A. F. A. Shalaby, Z. Selim and C. R.
Daguer, J. Org. Chem., 27, 4201 (1962).

[181] K. H. Saunders, J. Chem. Soc., 117, 1264 (1920).

[182] T. Posner and G. Schreibe, Chem. Ber., 57, 1127 (1924).

{183] A. Mustafa, W. Asker, A. F. A. Shalaby, S. A. Khattab and Z. E.
Selim, J. Am. Chem. Soc., 81, 6007 (1959).

[184] A. Mustafa, W. Asker, A. F. A. Shalaby and Z. Selim, J. Org.
Chem., 26, 1779 (1961).

[185] A. Mustafa, W. Asker, A. H. Harhash, N. A. L. Kassab and M. H.
Elnagdi, Tetrahedron, 20, 1133 (1964).

[186] M. H. Elnagdi, S. M. Fahmy, Indian J. Chem., 10, 461 (1972).

[187] A. H. Harhash, M. H. Elnagdi and E. A. Hafez, Indian J. Chem.,
10, 45 (1972).

(188] E. J. Brown and J. B. Polya, Indian J. Chem., 1086 (1960).

[189] E. M. Kandeel, K. U. Sadek, M. H. Elnagdi, 7th International
Congress of Heterocyclic Chemistry (1979), Tampa, Florida, Abstr.,
M1400C, p 59.

[190] K. Auwers, Ann. Chem., 378, 239 (1910).

[191] A. Michaelis and H. Schlecht, Chem. Ber., 39, 1954 (1906).

[192] C. F. Huebner and K. P. Link, J. 4m. Chem. Soc., 67, 102 (1945).

[193} G. A. Geselbracht, Belgian Patent 652,691 (1964); Chem. Abstr.,
64, 9852 (1966).

[194] R. V. Rothenburg, Chem. Ber., 27, 783 (1894).

[195] A. Eibner and O. Laue, Chem. Ber., 39, 2022 (1906).

[196] L. Knorr, Ann. Chem., 238, 183 (1887).

[197] A. Michaelis, Ann. Chem., 350, 288 (1906).

[198] M. J. A. Geoghegan, L. A. Summers and J. A. W. Turner, British
Patent 999,098 (1965); Chem. Abstr., 63, 8367d (1965).

[199} French Patent 1,312,008 (1964); Chem. Abstr., 62, 565a (1965).

[200] A. P. Grishchuk, T. E. Gorizdra, I. D. Komaritsa and S. N.
Baranov, USSR Patent 172,808 (1965); Chem. Abstr., 64, 738g (1966).

[201] A. P. Grishchuk, Khim. Geterotsikl. Soedin., Akad. Nauk Latv.
SSR, 3, 372 (1966); Chem. Abstr., 65, 13680c (1966).

{202] A. Michaelis, Chem. Ber., 38, 154 (1905).

[203] P. N. Bhargava and P. R. Singh, J. Sci. Ind. Res. Soc., 20¢, 209
(1961); Chem. Abstr., 56, 3467h (1962).

[204] Sandoz Ltd., British Patent 708,681 (1954); Chem. Abstr., 49,
20761 (1955).

[205} Sandoz Ltd., Swiss Patent 300,593 (1954); Chem. Abstr., 49,
15248h (1955).

[206] A. Minaru, M. Shigeo and N. Isao, Japanese Patent 77,11,989;
Chem. Abstr., 89, 6117¢ (1978).

[207] K. I. Zamaraev, Zh. Strukt. Khim., 10, 32 (1969); Chem. Abstr.,
70, 110424u (1969).

[208] French Patent 983,719 (1951); Chem. Abstr., 49, 15247h (1955).

[209] W. Widmer and A. Buehier, U. S. Patent 2,570,085 (1951);
Chem. Abstr., 46, 750c (1952).

[210] H. Krzikalla and A. Trofimow, German Patent 917,632 (1954);
Chem. Abstr., 49, 1335d (1955).

[211] E. Armatys, U. S. Patent 2,454,266 (1948); Chem. Abstr., 43,
7698¢ (1949).

Review 253

[212] D. S. Hoffman, British Patent 604,921 (1948); Chem. Abstr., 43
857e (1949).

[213] B. G. Carson, U. S. Patent 2,443,226 (1948); Chem. Abstr., 42
6125¢ (1948).

[214] W. Hanhart, U. S. Patent 2,709,166 (1955); Chem. Abstr., 49,
14331c (1955).

[215] Swiss Patent 266,100 (1950); Chem. Abstr., 44, 10329 (1950).

[216] O. Kaiser, W. Widmer, A. Buechler and C. Zickendraht, U. S.
Patent 2,538,568 (1951); Chem. Abstr., 45, 5416b (1951).

[217] V. 1. Mur, Zh. Obshch. Khim., 24, 572 (1954); Chem. Abstr., 49,
6198 (1955).

(218] V. I. Mur, Zh. Obshch. Khim., 25, 374 (1955); Chem. Abstr., 50,
2460 (1956).

’

}

[219] V. 1. Mur, Zh. Obshch. Khim., 26, 384 (1956); Chem. Abstr., 50,
13881 (1956).

[220] V. M. Dziomko, L. G. Fedosyuk, K. A. Dunaevstaya, Yu. S.
Ryabokobylko, A. V. Klesshikh, R. V. Poponova and R. S. Kuzanyan,
Khim. Geterotsikl. Soedin., 91, 1258 (1979).

[221] A. Spiliadis, V. Cornea, D. Bretcanu and E. Balta, Belgian
Patent 658,940 (1965); Chem. Abstr., 64, 9854g (1966).

[222] W. Steinemann, Swiss Patent 386,593 (1965); Chem. Abstr., 63,
4425e (1965).

[223] Ferbwerke Hoechst A. G., British Patent 994,979 (1965); Chem.
Abstr., 63, 11742¢ (1965).

[224] CIBA Ltd., British Patent 699,976 (1953); Chem. Abstr., 48,
8550d (1954).

{225} H. Pfitzner and O. Kaufmann, U. S. Patent 2,708,193 (1955);
Chem. Abstr., 49, 9935¢e (1955).

[226] G. Schily, J. Soc. Dyers Colour., 71, 705 (1955).

[227] Imperial Chemical Industries Ltd., 6,503,370 (1966); Chem.
Abstr., 66, 105889n (1967).

[228] F. A. Snavely, W. S. Trahanovsky and F. H. Suydam, Inorg.
Chem., 3, 123 (1964).

[229] Imperial Chemical Industries, Ltd., Belgian Patent 644,526
(1964); Chem. Abstr., 63, 11741e (1965).

[230] A. B. Bassat and S. Dershowitz; J. Soc. Dyers Colour., 91, 143
(1975).

[231] N. A. Evans and P. J. Waters, J. Soc. Dyers Colour., 94, 252
(1978).

[232] S. M. Fahmy, M. E. Hosami, S. E. Gammal and M. H. Einagdi, J.
Chem. Tech. Biotechnol.,, 32, 1042 (1982).

[233] M. Idelson, I. R. Karady, B. H. Mark, D. O. Rickter and V. H.
Hooper, Inorg. Chem., 6, 450 (1967).

[234] A. Spilliadis, V. Cornea, D. Bretcanu and E. Balta, French
Patent 1,443,109 (1966); Chem. Abstr., 66, 56563r (1967).

[235] R. L. Lantz and G. Mingasson, U. S. Patent 2,647,113 (1953);
Chem. Abstr., 48, 2379f (1954).

[236] Swiss Patent 291,812 (1953); Chem. Abstr., 48, 7907 (1954).

[237] F. Felix, A. Heckendorn and W. Widmer, U. S. Patent 2,478,185
(1949); Chem. Abstr., 44, 4685 (1950).

[238] N. M. Mackenzie and M. E. Nestler, U. S. Patent 2,434,173
(1948); Chem. Absir., 42, 2779h (1948).

{239] R. H. Wiley and P. Wiley, “"Pyrazolones, Pyrazolidones and
Derivatives’’, Interscience Publishers, John Wiley and Sons, New York,
1964, Chapter, II, p 73.

[240] M. R. Mahmoud, F. A. Adam, K. Yousef and M. T. El-Haty, Bull.
Soc. Chim. Belg., 92, 1 (1983).



