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I. Introduction

1,3-Dicarbonyl compounds are important `building blocks'

in organic synthesis. They can serve as the basis for prepar-

ing diverse open-chain, carbo- and heterocyclic mole-

cules,1 ± 4 which find extensive practical use in industry and

medicine. For example, the known medical drugs amido-

pyrine, analgin, methyluracil, nifedipine, sulfadimicine, diu-

ciphone and celebrex are heterocyclic derivatives of 1,3-

dicarbonyl compounds.5

In addition, 1,3-dicarbonyl compounds are the most

frequently encountered ligands in metal complexes.6 ± 9 The

high complexing ability of these compounds accounts for

diverse aspects of their practical use, in particular, for the

separation of mixtures of rare earth elements and extrac-

tion-and-photometric determination of metal ions.1, 2, 10

Metal chelates of 1,3-dicarbonyl compounds are used as

antioxidants and lubricant additives, catalysts for oxida-

tion, addition and polymerization processes, for the pro-

duction of metallic and oxide coatings, for introducing a

metal into high-temperature superconducting films,10, 11 for

the manufacture of electroluminescent diodes,12 etc. Today,

the development of polydentate ligands able to form coor-

dination clusters and supramolecular structures becomes

more and more important, 1,3-dicarbonyl derivatives being

rather convenient for this purpose.9

Other valuable synthons are 1,3-dicarbonyl derivatives

containing additional functional groups able to participate

in the chemical transformations or affect the course of the

reactions. One of such groups is the (het)arylhydrazone

group. No reviews of the chemistry of 2-(het)arylhydra-

zono-1,3-dicarbonyl compounds have been published,

although numerous examples demonstrate the extensive

synthetic potential of these derivatives. The prospects of

the research along this line are due to the diverse biological

action, catalytic activity and complexing properties of their

transformation products. This review is meant for consid-

ering systematically the published data on the synthesis,

structure, and reactions of 2-(het)arylhydrazono-1,3-dicar-

bonyl compounds and for analyzing the possible routes for

their use in organic synthesis and in practice.

II. Synthesis of 2-(het)arylhydrazono-1,3-
dicarbonyl compounds

A known method for the synthesis of 2-(het)arylhydrazono-

1,3-dicarbonyl compounds is the Japp ±Klingemann reac-

tion (1) comprising azo coupling of (het)aryldiazonium salts

with 1,3-diketones (R1, R2=Alk, Ar) and 3-oxo esters

(R1=Alk, Ar; R2=OAlk).13

The reaction carried out in water ± alcohol or water ±

acetone medium in the presence of sodium acetate usually

provides good yields of coupling products. In some cases,

formazans are formed as by-products. Numerous 2-(het)ar-

ylhydrazono-1,3-dicarbonyl compounds containing diverse

substituents in the 1,3-dicarbonyl residue and the (het)ar-
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ylhydrazone fragment have been obtained to date (see the

Table in the Appendix).14 ± 74

An original approach to the synthesis of arylhydrazones

has been proposed.75 The reaction of acetylacetone (1a) or

ethyl acetoacetate (2a) with N-nonafluorobutylsulfonylben-

zotriazole in the presence of NaH in an inert medium

affords compounds 3a or 4a.

Cases have been described in the literature where acyclic

arylhydrazone was not isolated upon azo coupling of

1,3-dicarbonyl compounds with hetaryldiazonium salts, as

this product underwent spontaneous cyclization under the

reaction conditions to give heterofused triazines. Thus the

reaction of compounds 1, 2 with 1,2,4-triazol-5-yl-,35 1,2,3-

triazol-5-yl- 76 and pyrazol-3-yldiazonium salts 77 ± 80 gives

azolotriazines 5, while the reactions with indazol-3-yldiazo-

nium 81 and 3-diazopyrazolo[3,4-d ]pyrimidine 82 yield bian-

nulated triazines 6.

A distinctive feature of fluoroalkylated 1,3-diketones

and 3-oxo esters in the azo coupling with hetaryldiazonium

chlorides having an a-NH group under standard conditions

is the formation of 4-fluoroalkyl-4-hydroxy-1,4-dihydro-

azolo[5,1-c]triazines 7. These products result from the

addition of the NH group of the hetaryl residue to the

carbonyl carbon atom at the fluorinated substituent.83 ± 85

According to NMR spectroscopy data, heterocycles 7

are subject to ring ± chain tautomerism through opening of

the triazine ring at the C(4)7N(5) bond giving open-chain

hetarylhydrazone form A. Fluoroalkylated dihydro-

azolo[5,1-c]triazines 7 are stable against dehydration.

However, in another publication,86 the reactions of

fluoroalkylated 1,3-diketones 1b ± e with 4-phenylpyrazol-

3-yldiazonium chloride were reported to give 3-(fluoro-

acyl)pyrazolo[5,1-c][1,2,4]triazines 8b ± e, resulting from

dehydration of intermediate hetarylhydrazones, which

were subjected to subsequent cyclization in glacial acetic

acid without characterization. However, in our opinion, the

data presented by the authors does not suffice to confirm

the structure of compounds 8b ± e.

R2= 3-F-4-MeOC6H3: R1=CF3 (b), C2F5 (c);

R2= 3-Cl-4-FC6H3: R1=CF3 (d) , C2F5 (e).

Nevertheless, quite recently more reliable information

appeared concerning the azo coupling of 1-(2-thienyl)-4,4,4-

trifluorobutanedione (9) with hetaryldiazonium salts in

pyridine under conditions of microwave (MW) synthesis;

this gave dehydration products, fluoroalkyl-containing azo-

lotriazines 10 ± 12.87

R =Me (1a, 3a), OEt (2a, 4a).
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III. Structure of 2-(het)arylhydrazono-1,3-
dicarbonyl compounds

2-(Het)arylhydrazono-1,3-dicarbonyl compounds are sub-

ject to syn ± anti-isomerism due to different positions of the

substituents relative to the C=N bond. Both isomers are

rather stable as they are stabilized by an intramolecular

hydrogen bond (IMHB) between the carbonyl oxygen atom

and the hydrogen atom of the arylhydrazone amino group.

R1 = Me, Alk, AlkF; R2=Me, But, OMe, OEt, Ar.

Mitchell and Nonhebel 33 used IR and 1H NMR spec-

troscopy data to demonstrate that arylhydrazones obtained

from acetylbenzoylmethanes mainly exist as the isomer in

which the IMHB involves the acetyl group (form A). The

preferred binding of the acetyl rather than the benzoyl

group was attributed to steric factors. In addition, the

authors concluded that the introduction of electron-releas-

ing substituents into the aryl group of the arylhydrazone

residue increases the content of isomer A, while electron-

withdrawing substituents increase the content of isomer B.

Bertolasi et al.88 studied the structure of symmetrical

1,2,3-trione 2-arylhydrazones based on dibenzoylmethane

using X-ray diffraction. Atta et al.21 determined, by com-

paring the data of 1H and 13C NMR spectroscopy for

2-arylhydrazone derivatives of ethyl acetoacetate and ace-

tylacetone, that the ester group (form A, R2=OAlk) rather

than the acetyl group (form B, R2=Me) has a higher

tendency to intramolecular hydrogen bonding with the

amino group.

However later, on the basis of X-ray diffraction studies

of a number of 2-arylhydrazono-3-oxoesters, Bertolasi

et al.89 showed that 2-(2-methoxyphenyl)- and 2-(2-cyano-

phenyl)hydrazono-3-oxoesters tend to form IMHB at the

acetyl group, while for 4-cyano-substituted analog the

IMHB rather involves the ester group.

It has been reported 34 that the absolute value of the

spin ± spin coupling constant 1J (15N15N) of the isomer in

which the IMHB involves the ester group is smaller

(*10.8 Hz) than that for the isomer with hydrogen-bonded

acetyl group (*11.1 Hz).

The spatial structure of the polyfluoroalkylated

2-(het)arylhydrazono-1,3-dicarbonyl compounds has been

studied in detail by physicochemical methods.90, 91 It was

found by X-ray diffraction and IR spectroscopy that in the

solid state these compounds exist as the isomer in which the

intramolecular hydrogen bond involves the carbonyl oxy-

gen atom at a non-fluorinated residue (form B). According

to 1H, 13C and 19F NMR spectroscopy, in solutions in

CDCl3 and acetone-d6, they also exist predominantly as

isomer B. It was shown by DFT B3LYP/6-31G(d,p)

ab initio calculations 90, 91 that this isomer is energetically

more favourable.

IV. Chemical transformations of 2-(het)aryl-
hydrazono-1,3-dicarbonyl compounds

1. Intramolecular heterocyclization
2-(Het)arylhydrazono-1,3-dicarbonyl compounds can

undergo a number of intramolecular cyclizations. The

transformations of hetarylhydrazones are especially diverse.

For example, compounds containing an NH group in

the azolylhydrazone residue tend to undergo C,N-hetero-

cyclization giving a triazine ring upon condensation of this

group with the carbonyl carbon atom of the acyl residue.

Thus, 2-(het)arylhydrazono-1,3-dicarbonyl compounds

were converted into derivatives of bicyclic triazines

(13),35, 39, 41, 92 tricyclic triazines (14) 32, 36 and tetracyclic

triazines (15).55, 57, 58 Usually the cyclization is carried out

on heating the reactants in acetic acid (in acidified ethanol)

or in a sealed tube without a solvent.

In the case of cyclization of unsymmetrical 2-hetarylhy-

drazones of 1,2,3-triones, derivatives of benzoylacetone, the

researchers 36, 41 do not agree on which acyl group is

involved in the reaction. KocÆ evar et al. 36 believe that

cyclization involves the acetyl group, while according to

Baig and Stevens,41 the benzoyl group participates in the

reaction; however, neither of the authors presented justified

proof for this opinion.

R1=Me, Et, Prn, Ph; R2=Me, Ph, OMe, OEt, OPrn;

X=N (5), CH (13): Y=N, CH, CC6H4Cl-4, CBr, CCO2Et,

CC(O)NH2; Z=N, CH, CC6H4OMe-4, CSBn, CSO2Bn, CNHMe;

14: R3=H, OH; R4=H, CN; R5=H, Ph;

15: Ar=Ph, C6H4Cl-4, 2-Fu.

Baig and Stevens 41, 92 found that heterocyclization of

4-carbamoylimidazol-5-ylhydrazono-3-oxoesters 16a,b can

be carried out not only in acid medium, but also in a basic

medium (in pyridine). In the latter case, the reaction follows

an alternative route with participation of the ethoxycar-

bonyl substituent, resulting in 4-oxo-1,4-dihydroimi-

dazo[5,1-c][1,2,4]triazine-8-carboxamides 17a,b.

R=Me (a), Ph (b).
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A similar course of cyclization at the ester group was

also noted for 2-hetarylhydrazono-3-oxoesters 18 93 and 19

[X=N (Ref. 55), CH (Ref. 58)] but in an acid medium.

R=Me, Ph.

X = CH, N.

In the case of 2-(het)arylhydrazono-1,3-dicarbonyl com-

pounds with the hetaryl substituent containing a CH group

in the a-position to the hydrazone group, in intramolecular

C,C-cyclization is possible. Transformations of 2-(3-carba-

moylpyrazol-4-yl)hydrazonoacetoacetates 20a,b, resulting

in esters of 3-carbamoyl-7-hydroxypyrazolo[4,3-c]pyrid-

azine-6-carboxylic acids 21a,b were reported.41

R=Me (a), Et (b).

2-Arylhydrazono-1,3-dicarbonyl compounds can also

participate in C,C-cyclization processes. 2-Arylhydrazones

3, 4 cyclize in the presence of aluminium chloride with

participation of the ortho-carbon atom of the aryl sub-

stituent and the acetyl or ethoxycarbonyl group to give

3-acetylcinnolines 22 and 3-acetyl-4-hydroxycinnolines

23.16, 53, 94, 95

The presence of a reactive substituent in the dicarbonyl

fragment of hydrazones provides additional cyclization

opportunities: 2-(het)arylhydrazono-4-bromo(chloro)ace-

toacetates 24 cyclize to 3-alkoxycarbonyl-4-hydroxy-1-

(het)arylpyrazoles 25 upon an intramolecular elimination

of hydrogen bromide (or chloride).59

Another illustration is cyclization of 2-phenyl-

hydrazonopentafluorobenzoylacetate (26) to ethyl 4-oxo-1-

phenyl-5,6,7,8-tetrafluoro-1,4-dihydrocinnoline-3-carbox-

ylate (27) upon intramolecular replacement of ortho-fluo-

rine by the NH group of the arylhydrazone fragment.68

Patel et al.96 showed that 2-arylhydrazonoacetoacetates

4 can also undergo cyclization involving the methyl group

under the action of [hydroxy(tosyloxy)iodo]benzene in the

presence of diisopropylethylamine. This gives ethyl 1-aryl-4-

hydroxy-1H-pyrazole-3-carboxylates 28.{

Tos is p-toluenesulfonyl.

2-(2-Azidophenyl)hydrazono-1,3-dicarbonyl compounds 3b,

4b can undergo thermal cyclization to give substituted

benzotriazoles 29a,b.23

R1=Me (3b, 29a), OEt (4b, 29b).

Cyclization can also take place without participation of

the hydrazone NH group. Thus on treatment with hydrogen

chloride in benzene, ethyl 2-arylhydrazono-4-thiocyanato-
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acetoacetates 30a ± c form a mixture of oxathioles 31a ± c

and thiazoles 32a ± c.18

X=2-Cl (a), 4-Cl (b), 3-CF3 (c).

Another example of this type of cyclization was reported

by Bondar et al.,97 who carried out intramolecular cycliza-

tion of ethyl 2-arylhydrazono-4-[(4H-1,2,4-triazol-3-yl)-

thio]acetoacetates 33 to give ethyl a-arylhydrazono[1,3]thi-
azolo[3,2-b][1,2,4]triazol-5-ylacetates 34.

R1=H, 3-CF3, 4-NO2, 4-Cl, 4-OMe; R2=H, Me, Ph.

An unusual cyclization of ethyl 2-[(antipyrin-4-yl)hydra-

zono]-3-oxo-3-phenylpropanoate (35) to ethyl 3-benzoyl-

3a,4-dimethyl-6-oxo-5-phenyl-2,3,3a,4,5,6-hexahydropyraz-

olo[4,3-c]pyrazole-3-carboxylate (36) induced by an HCl ±

EtOH or HCl ±AcOH mixture was reported.30

2. Complexing properties of 2-(het)arylhydrazono-1,3-
dicarbonyl compounds
2-(Het)arylhydrazono-1,3-dicarbonyl compounds are able

to form chelates with transition metal cations. Treatment of

1,2,3-trione 2-(het)arylhydrazones 29, 63, 66, 69, 70, 98 ± 125 and

2-(het)arylhydrazono-3-oxoesters 124 ± 131 with metal salts

yielded the corresponding complexes [reaction (2), see the

Table in the Appendix]. Studies of the structures of these

metal chelates were reported.63, 98, 99, 114

3. Reactions with mononucleophiles
2-(Het)arylhydrazono-1,3-dicarbonyl compounds contain

two electrophilic centres, carbonyl groups, which are the

sites of attack by nucleophilic reagents. In 3-oxoester and

unsymmetrical 1,3-diketone derivatives, these centres are

inequivalent, therefore, regioisomers may form.

Template condensations of 1,2,3-trione 2-arylhydra-

zones 3 (R1=Me) 132, 133 and 2-arylhydrazono-substituted

acetoacetate 4 (R1=OEt) 134 with primary amines on a

copper(II) and nickel(II) templates, resulting in tetraaza

chelate complexes 37 are documented.

R1=Me, OEt; R2 = Me, Ph; R3=H, 3-Me, 4-Me, 3-OMe,

4-OMe, 3-NO2, 4-NO2; 3-Cl, 4-Cl; R4=Me, Et, Prn, Bun, Ar;

M=Cu, Ni.

Fluoroalkyl-containing 2-arylhydrazono-1,3-dicarbonyl

compounds react ambiguously with methylamine, the reac-

tion route depending on the length of the fluoroalkyl

substituent.135, 136 Thus 2-arylhydrazones of 1,2,3-triones 3

with a short-chain fluoroalkyl substituent R1 (n4 2) are

condensed with methylamine at the carbonyl group at the

non-fluorinated residue R2 to give 2-arylazo-3-aminoenones

38. The transformations of methyl-substituted (R2=Me)

arylhydrazones 3 containing a long-chain fluorinated sub-

stituent (n5 3) are non-selective. In this case, apart from

2-arylazo-3-aminoenones 38, the reaction gives N-methyl-2-

arylhydrazono-3-oxobutanamides 39. The latter are formed
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H2O±AlkOH

(H2O± dioxane)

(L)

[MxLn(H2O)iClj(OH)k(MeOH)m(OAc)p]Y

M=Ni, Cu, Pd and so on; x=1, 2; n=1, 2; i=0, 1, 2, 3, 4, 5;

j=0, 1, 2, 3, 4, 7; k=0, 1; m=0, 1, 3; p=0, 1, 2, 3;

Y=Cl, OAc, NO3, ClO4.
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upon the amine addition to the carbonyl group at the

fluoroalkyl substituent and the subsequent haloform cleav-

age of intermediates via elimination of fluoroalkane. The

reactions of arylhydrazones 3 containing polyfluoroalkyl

(n5 3) and bulky tert-butyl or phenyl substituents

(R2=But, Ph) afford only amides 39.

The template condensation of 1,2,3-trione 2-arylhydra-

zones 3 with methylamine on a Ni(II) template furnishes

metal complexes 37. An advantage of the template method

is the possibility of preparing metal chelates with ligands

having a long polyfluoroalkyl group (the number of carbon

atoms is 53) and a bulky hydrocarbon group. An alter-

native method for the preparation of chelates 37 is treat-

ment of 2-arylazo-3-methylamino-1-(polyfluoroalkyl)eno-

nes 38 with metal salts.

R1=CF3, (CF2)2H, C3F7; R2 = Me, Ph; R3 = H, Me, OMe;

M=Ni, Cu.

The major process in the reaction of 2-arylhydrazono-3-

oxoesters 4 with methylamine is amine condensation at

the ester group to give amides 39. However, for esters 4

(n=4, 6) having nonafluorobutyl and tridecafluorohexyl

substituents, this is not the only reaction pathway, as the

reaction is accompanied by the addition of amine at the

fluoroacyl fragment followed by haloform cleavage to give

diamide 40.136

Amides 39 exhibit complexing properties relative to

transition metal cations, and they can be used to prepare

metal complexes 41. The same chelates can be synthesized

by template condensation of esters 4 with methylamine on

nickel(II) template.136 The template method is used for the

synthesis of amides 39 with long polyfluorinated alkyl

substituents.

R1=H: n=1, 2; R1=F: n=3, 4; R2=H, Me, OMe;

M=Ni, Cu.

4. Reactions with dinucleophiles
2-(Het)arylhydrazono-1,3-dicarbonyl compounds tend to

undergo cyclocondensation with dinucleophilic reagents.

This reaction is widely used by synthetic chemists for the

formation of heterocycles of various classes. Published data

on the transformations of 2-(het)arylhydrazones induced by

a-N,N 0-dinucleophiles (hydrazines, hydrazides, semicarba-

zides, etc.) is most abundant. These reactions result in the

corresponding (het)arylazopyrazoles and -pyrazolones

[reaction (3)] (see, for example, works 137 ± 179 and other

references in the Table in the Appendix). The reactions of

unsymmetrical 2-(het)arylhydrazono-1,3-dicarbonyl com-

pounds with substituted hydrazines and hydrazides did not

give isomeric pyrazoles. Actually, no strict evidence sup-

porting the structure of the obtained pyrazoles and pyrazo-

lones was presented by the authors. The conclusions about

the products were based only on considerations concerning

the higher reactivity of the carbonyl group at the methyl

substituent of 2-(het)arylhydrazones. This is why the con-

densation of the free amino group of the dinucleophile

involves the acetyl fragment of the substrate, resulting in

4-(het)arylazo-3-methyl-1-R1-5-R2-pyrazoles 42 (X=NR3)

and 4-(het)arylhydrazono-3-methyl-1-R1-pyrazol-5-ones 43

(X=NR3).

MeNH2, Ni(OAc)2

EtOH, 40 8C
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H
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R2

Me

38

M(OAc)2

EtOH±DMF
or NaOH, EtOH

37

N

M

N N

O
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N
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39
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N
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R1=H: n=1, 2, 4; R1=F, n=3, 4, 6; R2 = H, Me, OMe.

36 E V Shchegol'kov, Ya V Burgart, O G Khudina, V I Saloutin, O N Chupakhin



The use of hydroxylamine hydrochloride in reactions

with 2-(het)arylhydrazono-1,3-dicarbonyl compounds pro-

vides a route to isoxazole derivatives 42, 43 (X=O) con-

taining arylhydrazone residue (see the Table in the

Appendix).16, 21, 24, 25, 44, 67, 71, 72, 172, 180, 181 In all of these

studies, the formation of 3-methylisoxazoles is again just

postulated.

We found 83, 178 that 3-fluoroalkyl-substituted 4-(het)ar-

ylazopyrazoles are the only products formed in the reac-

tions of fluoroalkyl-containing 2-(het)arylhydrazones of

1,2,3-triones with substituted hydrazines. In addition, it

was found 179 that unlike reactions with hydrazines, reac-

tions of fluoroalkylated 2-arylhydrazones of 1,2,3-triones 3

with benzoic acid hydrazide and thiosemicarbazide afford

5-fluoroalkyl-substituted 5-hydroxy-4-arylhydrazonopyra-

zolines 44.

R1=CF3, (CF2)2H; R2=Me, Ph; R3=H, Me; X=S, R4=NH2;

X=O, R4=Ph.

It is evident that in the reactions of fluoroalkylated

arylhydrazones 3 with hydrazides, the site of the primary

attack of the nucleophile changes, because pyrazoles of a

different regioisomeric series are formed. Apparently, this is

in line with Pearson's concept 182 according to which the

weak nucleophile (hydrazide) first attacks the softer electro-

philic centre (acyl group), while in the case of hydrazines,

the situation is opposite. In the reactions of non-fluorinated

1,2,3-trione 2-arylhydrazones [see reaction (3)] with hydra-

zines and hydrazides, the cyclocondensation route does not

change.

Note also that no hydroxy-substituted pyrazolines are

formed in reactions of non-fluorinated 1,2,3-trione

2-(het)arylhydrazones with hydrazides. Apparently, the

electron-withdrawing effect of the polyfluoroalkyl group

prevents elimination of the water molecule.

2-Arylazopyrazolones 45 can be prepared by the reac-

tion of 2-arylhydrazonoacetoacetate 4 with 3-(het)arylsyd-

nones. The latter represent a latent form of hydrazines, as

they decompose to hydrazines in acid media.183

R=Ar, 2-oxochromen-8-ylmethyl.

2-Arylhydrazono-1,3-dicarbonyl compounds 3 60, 184

and 4 16, 24, 185 react with urea, thiourea and guanidine to

hive pyrimidine derivatives 46, 47 containing azo and

hydrazo fragments, respectively.

2-Arylhydrazones of 1,2,3-triones 3 undergo cyclocon-

densation with sulfamides at the 1,3-dicarbonyl fragment to

give 4-arylazo-1,2,6-thiadiazine 1,1-dioxides 48.20

R1, R2=Me, Ph; R3=H, C(=NH)NH2, CH2C(O)NH2,

C(O)C6H4OPri-4, 2-Py, 1,3-thiazol-2-yl, 4-methylpyrimidin-2-yl,

5-methylisoxazol-3-yl.

2-Arylhydrazonoacetoacetates 4 react with o-phenylene-

diamines, o-aminophenols, o-aminobenzenethiol and 2,3-

diaminopyridine to give 3-arylhydrazones of 4-methyl-1H-

1,5-benzodiazepine-2,3-diones,186, 187 4-methyl-1,5-benzox-

azepine-2,3-diones and 4-methyl-1,5-benzothiazepine-2,3-

diones 187, 188 (49) and 4-methyl-1H-pyrido[2,3-b]-[1,4]diaze-

pine-2,3-diones 50.186 The amino group of unsymmetrical

dinucleophiles adds first, apparently, to the acetyl

X = NR3 [R3=H, Alk, C(O)Alk, NHC(O)NH2 etc.], O.

3, 4

NH2XH
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N X
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O
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H
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fragment of ester 4, because authors report in all cases

isolation of single regioisomers.

R1=H, 2-Cl, 4-Cl, 2-F, 2,4-F2, 4-Br, 3-CF3, 3,5-(CF3)2, 2-SMe,

3-SMe; X=NH: R2=H, Me; X=O: R2=H, NO2;

X=S, R2=H.

We showed 189, 190 that 2-arylhydrazono-3-oxoesters 4

bearing a 3-fluoroalkyl substituent react first with o-phenyl-

enediamine at the alkoxycarbonyl fragment giving rise to

2-arylhydrazono-3-oxoacid o-aminoanilides 51, which can

further cyclize on long-term refluxing in o-xylene to 3-aryl-

hydrazono-4-fluoroalkyl-1H-1,5-benzodiazepine-2,3-diones

52. The regioselectivity of these transformations decreases

with reduction of the length of the fluoroalkyl fragment,

because esters 4 with short difluoro- or trifluoromethyl

substituents form not only o-aminoanilides 51, but also

ethyl 2-(benzimidazol-2-yl)-2-(arylhydrazono)acetates 53.

These are products of diamine cyclocondensation at the

oxo group at the fluoroalkyl substituent followed by aro-

matization of the intermediate through elimination of the

fluoroalkane molecule.

R1=CHF2, CF3, (CF2)2H, n-C4F9, n-C6F13; R2=H, Me, OMe;

Alk=Me, Et.

1,2,3-Trione 2-arylhydrazones 3 react with substituted

o-phenylenediamines, o-aminophenol and o-aminobenzene-

thiol in acid media to yield arylazo-1,5-benzodiazepines

54,187, 191 -1,5-benzoxazepines and -1,5-benzothiazepines

(55).187

R1=Me, Ph; R2=Me, Ph, C6H4Cl-4, C6H4Br-4;

R3= 2-Cl, 3-Cl, 4-Cl, 4-Br, 4-I, 4-F, 2-OMe, 4-OMe;

R4 = H, Cl; X=O, S.

Our study of the reaction of the 2-arylhydrazones of

fluoroalkyl-1,2,3-triones 3 with o-phenylenediamine has

demonstrated 189, 192 that in boiling toluene (or o-xylene),

these reactions may follow two pathways depending on the

nature of non-fluorinated substituent. Indeed, compounds 3

having alkyl substituents (R2=Alk) are converted to

1-(benzimidazol-2-yl)-1,2-dioxoalkane arylhydrazones 56,

whereas phenyl-substituted analogues 3 (R2=Ph) yield

only cleavage products, namely, benzimidazole 57 and

arylhydrazone 58. Probably, the reaction starts with cyclo-

condensation of o-phenylenediamine at the carbonyl group

at the non-fluorinated substituent of 1,2,3-trione 2-arylhy-

drazones 3 with intermediate formation of benzimidazoline

A, which may follow alternative aromatization pathways.

R1 = CHF2, CF3, (CF2)2H, (CF2)4H, C4F9;

R2 = Me, Bun, But, CF3, Ph; R3 = H, Me, OMe.

In the template reaction of 1,2,3-trione 2-arylhydrazone

3c with o-phenylenediamine on a Ni(II) template, nickel(II)

N,N 0-phenylenebisiminate 59 is formed.193
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The nickel complexes erroneously described 189 as N,N 0-
phenylenebis(2-arylazo-1,3-aminovinylketonates) have ac-

tually a similar structure.

The template condensation of 1,2,3-trione 2-azolylhy-

drazones 60 with o-phenylenediamine in the presence of

nickel(II), copper(II) and palladium(II)194 salts results in

polynuclear complexes 61, 62.

61: M=Ni, Cu; X=CH, Y=S; X=N, Y=NH;

62: X=CH, Y=S; X=N, Y=NH.

Singh et al.45 described heterocyclization of 1,2,3-trione

2-hetarylhydrazones 63 with ethylenediamine, resulting in

1,4-diazepine derivatives 64.

However, our studies 195, 196 of the reactions of 1,2,3-

trione 2-arylhydrazones with ethylenediamine revealed only

one case of formation of a 1,4-diazepine derivative, 6-aryl-

azo-7-methyl-5-difluoromethyl-2,3-dihydro-1H-1,4-diaze-

pine (65), in particular, when 3-arylhydrazones of 1,1-

difluoropentane-2,3,4-trione were used.

Arylhydrazones of other 1,2,3-triones with either fluo-

roalkyl or non-fluorinated substituents reacted with

ethylenediamine giving rise to open-chain N,N 0-ethy-
lenebis(2-arylazo-3-amino-1-R1-3-R2-prop-2-en-1-ones) 66

(n=2). Analogous N,N 0-oligomethylenebis(arylazoamino-

vinyl ketones) 66 (n=3, 4, 6) were obtained 195 ± 203 by

reactions of compounds 3 with ethylenediamine, trimethy-

lenediamine and tetramethylenediamine. Note that all of

these transformations are regioselective. 1,2,3-Trione

2-arylhydrazones also react with diethylenetriamine and

triethylenetetramine in a similar way to yield compounds

67.196

R1=Me, Ph, CF3, (CF2)2H, (CF2)4H; R2=Me, Ph.

Podands 66 show complexing properties 195 ± 205 being

converted to metal chelates 68 on treatment with nickel(II)

and copper(II) acetates. The same complexes can be

obtained by the template method directly from 1,2,3-trione

2-arylhydrazones 3.195 ± 198
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R1=Me, CF3, (CF2)4H, C4F9; R2=Me, Ph; n = 2, 3, 4;

M=Ni, Cu, Pd.

In view of the above data, the reported 206 formation of

cyclization products 69a,b in the reactions of pentane-2,3,4-

trione 2-hetarylhydrazones 70a,b with hexamethylenedi-

amine and octamethylenediamine raises doubts, because

the authors cite no data supporting the cyclic structure.

Probably, these reactions yield the products of linking of

two molecules of trione hydrazone 70 with one diamine

molecule, the more so, as the authors report the formation

of Pd(II) and Pt(II) complexes of these compounds.

The same researchers describe 207 the template cycliza-

tion of pentane-2,3,4-trione 2-triazolyl- and 2-thiazolylhy-

drazones 60 with 1,6-diaminohexane in the presence of

Ni(II), Cu(II), Pt(II), Pt(IV) and Pd(II) salts, resulting in

polynuclear complexes 71 ± 73. Note that the structure of

these complexes was not confirmed by X-ray diffraction.

X=N, Y=NH; X=CH, Y=S; 71, 73: Z=OAc, W=H2O;

Z=Cl, W is absent; 72: Z=Cl: M=Pd(II), Pt(II);

Z is absent, M=Pt(IV).

2-Arylhydrazono(fluoro)-3-oxoesters 4 react with ethyl-

enediamine at the alkoxycarbonyl group giving the corre-

sponding N,N 0-ethylenediamides 74.196 However,

2-arylhydrazonoacetoacetate 4 (R=Me, Alk=Et) were

converted under these conditions only to `mixed type'

addition products, compounds 75. In the formation of

these products, one molecule of ester 4 (R=Me,

Alk=Et) adds ethylenediamine at the ester fragment,

while the other molecule reacts at the keto group. A similar

template reaction [in the presence of Ni(OAc)2] resulted in

symmetrical diamide of type 74.

Arylhydrazonoacetoacetate can also be used to prepare

nickel(II) tetraaza chelates similar to the complexes based

on 2-arylhydrazones of 1,2,3-triones, but Balakrishnan 208

proposed quite a different synthetic routes to these prod-

ucts. First, the condensation of acetoacetate 2a with ethyl-

enediamine afforded diimine 76, which was then subjected

to azo coupling. The subsequent treatment of ligand 77 with

nickel(II) acetate gave complex 78.
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A three-component template condensation of 1,2,3-tri-

one 2-arylhydrazones 3d ± f with 3-aminopropan-1-ol,209

b-alanine or anthranilic acid on the copper(II) ion tem-

plate,210 resulting in binuclear metal complexes 79, 80, is

known.

R=Me (d), Ph (e), CF3 (f); X=CH2, C(O).

The presence of the 1,3-dicarbonyl fragment in 2-arylhy-

drazono-1,3-dicarbonyl compounds 3 and 4 accounts for

their possible cyclocondensation with hetarylamines, which

yields heterannelated pyrimidines 81,211, 212 82,184, 211, 213, 214

83,212 84,211 85.214

R=H, 2-Me, 4-Me, 2-Cl, 2-Br, 4-Br, 2-I, 3-NO2, 4-CO2Et;

X=CH, N.

In the case of 2-arylhydrazonoacetoacetates 4, cycliza-

tion is regioselective, because the pyrimidine ring is formed

upon condensation of the free amino group of hetarylamine

with the acetyl substituent of ester 4 and condensation of

the a-NH group of the heterocycle with the ethoxycar-

bonyl.215

R=H, 3-Me, 4-Me, 4-Cl, 4-Br, 4-OH, 2-NO2, 4-NO2 , 4-OMe;

X=CH, N.

A regioselective cyclization of pentane-2,3,4-trione

2-arylhydrazones 3 with 4-aminotoluene, giving rise to

3-arylazo-2,4,6-trimethylquinolines 86, has been

reported.216

R=H, 3-Me, 4-Me, 2-OMe, 4-OMe, 2-Cl, 3-Cl, 4-Cl, 4-Br,

3-OH, 4-CO2H.

Examples are known of heterocyclization of 2-arylhy-

drazone-substituted acetoacetates 4c ± e with hetarylamines

functioning as N,C-dinucleophiles to give fused pyridines

87d,e 214 and 88c.217
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R=H (c), Me (d), Cl (e).

5. Reactions with ambident bifunctional reagents
2-Arylhydrazono-1,3-dicarbonyl compounds react with

bifunctional reagents, for example, with amino compounds

having an activated methylene group. These reactions

involve not only the 1,3-dicarbonyl fragment, but also the

arylhydrazone substituent. According to Elnagdi et

al.,218, 219 cyclization of ethyl 2-arylhydrazono-3-oxobuta-

noates 4c,d with 2-amino-1,1,3-tricyanopropene involves

the 1,3-dicarbonyl fragment and gives pyridin-2-ones 89.

In addition to this product, these reactions give pyridopyr-

idazines 90, resulting from the competing cyclization involv-

ing the arylhydrazone group.220 However, El-Sakka 221

obtained, along with monocyclic pyridin-2-one 89, the

product of its subsequent cyclization, pyridopyridine 91

(Scheme 1).

The reactions of compounds 4c,d with diethyl 2-amino-

1-cyanopropene-1,3-dicarboxylate affords only pyridopyri-

dazines 92.220

Alternative reaction pathway was also found for analo-

gous transformations of 2-arylhydrazones of pentane-2,3,4-

triones 3d,g. The authors believe that 2-arylhydrazono-1,3-

dicarbonyl compounds are first condensed by the acetyl

group with the activated methylene group of the reagent.

This yields initially the Knoevenagel intermediates, and

finally results in heterocycles 93d,219 94.220

Ar=Ph (d), 4-MeC6H4 (g).

The presence of the HN group in the molecules of

2-arylhydrazono-1,3-dicarbonyl compounds provides the

possibility of cyclizations with various esters containing an

activated methylene group to give pyridazinone derivatives.

Thus compounds 3, 4 are condensed with ethyl cyanoace-

tate,222 ± 224 triethyl phosphonoacetate anion,225 and ethyl

trimethylsilylacetate 226 giving rise to substituted pyridazin-

3-ones 95.

The pyridazine nucleus is formed through condensation

of the ester methylene group with the acyl fragment of

2-arylhydrazono-1,3-dicarbonyl compounds and the

ethoxycarbonyl residue with the HN group of the arylhy-

drazone fragment. Similar pyridazin-3-ones 95 (X=H) can

be synthesized by the reactions of compounds 3, 4 and the

Wittig reagents.227
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R1=Me, OMe, OEt, NHPh, NMe2, Ph; R2=Me, Ph;

R3=H, Me, Cl, NO2.

Reactant X Reaction conditions Yield (%)

NCCH2CO2Et CN NH4OAc (AcOH), D 60 ± 97

Me3SiCH2CO2Et H 1) BunLi, THF,778 8C; 20 ± 74

2) 40 ± 45 8C
(EtO)2P(O)CH2CO2Et H NaH, THF, 25 ± 65 8C 25 ± 71

Ph3P=CHCO2R4 H 7 7
(R4=Me, Et, Ph)

For the preparation of pyridazin-3-ones 96, 97, Gewald

et al.228 propose N-acylation of 2-phenylhydrazones 3d, 4c

with chloroacetyl chloride followed by cyclization of inter-

mediates 98 with pyridine.

Ethyl 2-arylhydrazono-3-oxobutanoates 4c ± f react with

cyanoacetamide in the presence of ammonium acetate to

give a mixture of ethyl 1-aryl-6-imino-5-carbamoyl-4-methyl-

1,6-dihydropyridazine-3-carboxylate 99 with 5-arylhydr-

azono-4-methyl-2,6-dioxo-1,2,5,6-tetrahydropyridine-3-carbo-

nitriles 100 in 1 : 1.3 ratio;229 only upon refluxing the

reactants in a benzene ± acetic acid mixture, ethyl 1-aryl-5-

cyano-4-methyl-6-oxo-1,6-dihydropyridazine-3-carboxylates

101 were formed along with heterocycles 99, 100 (0.5 : 1 : 1

ratio).

R1=H (c), Me (d), Cl (e), OMe (f);

R2=H, 4-MeC6H4, thiazol-2-yl.

When N-substituted cyanoacetamides were used in this

reaction 230 and the reaction was carried out in a mixture of

boiling benzene and acetic acid in the presence of ammo-

nium acetate, heterocycles 99 and 100 were produced in 1 : 3

ratio. Evidently, in all cases, the primary step of formation

of heterocycles 99 ± 101 is the condensation of the acetyl

fragment of ester 4 with the methylene group of cyanoace-

tamide.

The 2-arylhydrazones of 1,2,3-triones 3 are react with

cyanoacetamide more selectively yielding pyridines 102.231

R=Me, Ph; Ar=2-OH-5-ClC6H3, 2-OHC6H4, 4-OHC6H4,

2-ClC6H4,4-BrC6H4, 2-MeOC6H4, 3-NO2C6H4, 2,4-(MeO)2C6H3.

The reactions of 2-arylhydrazono-3-oxoesters 4c ± f with

the potassium salt of cyanoacetohydroxamate afford mix-

tures of fused heterocycles, in particular, pyrazolo[3,4-c]-

pyridazines 103 and isoxazolo[5,4-b]pyridines 104 in 1 : 1

yield.232

R=H (c), Me (d), Cl (e), OMe (f).

Unlike the classical reactions of 2-(het)arylhydrazono-

1,3-dicarbonyl compounds 3, 4 with hydrazides, which lead

to pyrazole derivatives 43, their cyclization with cyanoace-

tohydrazide, which combines a hydrazine fragment and an

activated methylene group in the molecule, furnish different

heterocyclic systems depending on the reaction condi-

tions.233 When these reactions were carried out in ethanol

in the presence of piperidine, 2-arylhydrazones of pentane-

2,3,4-trione 3d,g were converted to 6-acetyl-2-aryl-3-hydra-

zono-5-methyl-2,3-dihydropyridazine-4-carbonitriles 105,

while ethyl 2-arylhydrazono-3-oxobutanoates 4c,d were con-

verted to pyrido[10,20:4,5][1,3,4]oxadiazolo[3,2-a]pyridines
106. Under these conditions, apparently, an intermediate is
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formed initially upon condensation of the acetyl residue of

arylhydrazones 3, 4 with the activated methylene group of

the hydrazide. Then the acetylacetone derivatives undergo

intramolecular heterocyclization by condensation of the

HN group of the arylhydrazone fragment with the carbonyl

group of the hydrazide residue, while acetoacetate deriva-

tives undergo more complex transformations. Most prob-

ably, first, two intermediate molecules are linked through

the condensation at the hydrazine group with elimination of

hydrazine, then two pyridine rings are formed upon con-

densation of the hydrazide HN group with the ethoxycar-

bonyl residues, and finally two pyridine nuclei are linked by

condensation of two hydroxyl substituents in pyridines.

This gives rise to the central oxadiazole ring of product 106.

The same researchers 233 found that short-term heating

of compounds 3d,g, 4c,d with cyanoacetohydrazide at

1508C in the presence of ammonium acetate affords 6-aryl-

azo-5,7-dimethylpyrazolo[1,5-a]pyrimidin-2-ols 107 and

6-arylhydrazones of 2-hydroxy-5-methylpyrazolo[1,5-a]-

pyrimidine-6,7-dione 108. The formation of these hetero-

cycles is due to the initial condensation of the free amino

group of the hydrazide fragment of the nucleophile with the

acetyl (in the case of arylhydrazones 3) or ethoxycarbonyl

(in the case of esters 4) group. The researchers assumed that

the intermediate undergoes double cyclization to give pyr-

azolopyrimidines 107, 108.

Ethyl 2-arylhydrazono-3-oxobutanoates 4c,d react with

arylidenemalononitrile yielding 2,4-dihydroxybenzonitriles

109, while the reactions with ethyl 3-aryl-2-cyanoacrylate

afford 4-oxo-1,4-dihydropyridazine-3-carboxylic acids

110.220 It is evident that the first step of these transforma-

tions is the Michael addition of the methyl group of the

initial ester to the C=C bond of the arylidene fragment.

The subsequent transformations of the intermediate depend

on the structure of the added fragment. In the case of

arylidenemalononitrile derivative 111 (Y=CN), cyclization

occurs through condensation of the CH group attached to

the electron-withdrawing cyano groups with the ethoxycar-

bonyl fragment with elimination of ethanol and hydrogen

cyanide. In the case of 3-aryl-2-cyanoacrylate derivative 111

(Y=CO2Et), heterocyclization is a result of addition of the

CH group at the aryl substituent to the NH group of the

arylhydrazone fragment and elimination of cyanoacrylate.

R=H (c), Me (d); Ar=Ph, 4-ClC6H4, 4-MeOC6H4.

Similarly, cyclization of ethyl 2-arylhydrazono-3-oxobu-

tanoates 4c,d with acrylo- and crotononitriles gives pyrida-

zinones 112.234

R1, R2=H, Me.

The reaction of ethyl 2-arylhydrazono-3-oxobutanoates

4 with carbon disulfide or phenyl isothiocyanate in the

presence of a base gives 1,3,4-thiadiazine derivatives
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113.235, 236 The heterocyclization involves the NH group

and the ethoxycarbonyl fragment of ester 4. On treatment

with a-dinucleophiles (hydrazines and hydroxylamine),

thiadiazines 113 decompose giving substituted pyrazoli-

nones and isoxazolinones 43,235, 236 similar to those synthe-

sized by cyclocondensation of ester 4 with the

corresponding a-dinucleophiles [see reaction (3)].

Ar=Ph, 4-NO2C6H4, 4-MeOC6H4, 2,4,6-Br3C6H2, 4-(2H-1,2,3-

triazol-3-yl)phenyl; X=NH, O; Y=S, NHPh; R=H, Ph, 4-

NO2C6H4, C(=Z)NH2 (Z=O, S).

6. Miscellaneous cyclizations
Apart from the transformations considered above giving

rise to heterocycles, 2-arylhydrazones of acetylacetone and

acetoacetate can undergo cyclizations with participation of

the methyl group.

An efficient method for the synthesis of 1-aryl-4-oxo-3-

ethoxycarbonyl-1,4,5,6-tetrahydropyridazines has been pro-

posed.237 6-Phenyltetrahydropyridazines 114 were obtained

by treatment of ethyl 2-arylhydrazono-3-oxobutanoates 4

with benzaldehyde in the presence of a base (Scheme 2).

By changing the reaction conditions, it is possible to

isolate an acyclic product of condensation of aldehyde with

ester 4 at the methyl group (compound 115), which under-

goes intramolecular cyclization in a basic medium as a

result of addition of a carbon atom of the C=C bond to

the NH group of the arylhydrazone fragment. For pre-

paring 6-iminotetrahydropyridazines 116, Patel and

Fernandes 237 propose using bromination of ethyl 2-aryl-

hydrazono-3-oxobutanoates 4 and subsequent KCN-

induced cyclization of intermediate 117 in DMF.

A method for preparation of substituted 1,4-dihydro-

pyridazin-4-ones 118, 119 by cyclization of 2-aryl-

hydrazono-1,3-dicarbonyl compounds 3, 4 under the

action of the Vilsmeier ±Haack reagent has been

reported.238, 239 The formylation of the methyl groups is

followed by heterocyclization involving the NH group of

the arylhydrazone fragment.

Ar=Ph, 4-NO2C6H4, 2,4-(NO2)2C6H3, 4-BrC6H4, 2,4,6-Br3C6H2,

4-(2H-1,2,3-triazol-2-yl)phenyl; R=Me, OEt.

For pentane-2,3,4-trione 2-phenylhydrazone (3d), a het-

erocyclization involving both acetyl groups with two equiv-

alents of 2-aminonicotinaldehyde, resulting in 2,20-
[(phenylazo)methylene]bis(1,8-naphthyridine) 120 has been

reported.240

A method for the synthesis of imidazoles 121 from ethyl

2-arylhydrazono-3-oxobutanoates 4 has been proposed.241

To this end, ester 4 is first acylated by acetic anhydride to

protect the arylhydrazone NH group. Then acetyl derivative

122 is treated with formamide in the presence of triethyl-

amine to give N-(5-acetyl-4-ethoxy-2-oxo-2,5-dihydroimida-

zol-1-yl)-N-arylacetamide 121. The imidazole ring is formed

with participation of the carbonyl carbon atom of the
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ethoxycarbonyl fragment and nitrogen of the C=N bond

of ester 4.

2-Arylhydrazono-1,3-dicarbonyl compounds 3d, 4c can

react with 1,2-diazabuta-1,3-dienes in the presence of a base

yielding 1-phenylpyrazole derivatives 123.242 In the

researchers' opinion, this reaction proceeds via 1,4-addition

of arylhydrazones 3, 4 to 1,2-diazabutadiene with inter-

mediate formation of 124. The intramolecular nucleophilic

attack of nitrogen of the Ph7NH fragment on carbon of

the hydrazone residue accompanied by elimination of the

hydrazine and acetyl groups results in the formation of the

pyrazole ring 123.

R1=Me, OEt; R2=Me, Et, Pri, (CH2)2OMe; R3=OBut, NH2.

The reaction of 2-arylhydrazono-3-oxobutanoates 4

with chlorosulfonyl isocyanate at 0 ± 5 8C followed by

hydrolysis of the intermediate formed in the presence of

benzenethiol gives 7-aryl-3-methyl[1,2,5]thiadiazo-

lo[3,2-f ][1,2,4]triazine-4,6-dione 1,1-dioxides 125.243 The

temperature was found to have a crucial influence on the

transformation route. When the reaction is carried out at

105 ± 110 8C, 8-aryl-4-methyl[1,2,3,6]thiatriazino[3,4-d][1,2,3,4]-

oxathiadiazin-5-one 2,2,7,7-tetroxides 126 are formed

(Scheme 3).

A convenient one-step method for preparing 1,8-

dimethyl-3,4,5,6-tetrahydropyrrolo[3,2-e]indoles 127 based

on the reaction of alkyl 2-phenylhydrazono-3-oxobuta-

noates 4 with cyclohexane-1,4-dione in the presence of a

reducing agent was proposed.244

R=Me, Et, Bn.

2-[2-(Propargylthio)phenylhydrazono]-1,3-dicarbonyl

compounds are oxidized with peroxy acids to sulfones,

which then cyclize in triethylamine to give

pyridazino[3,2-c]-[1,4]benzothiazine S,S-dioxides 128.51

R1=Me, Ph; R2=Me, Ph, OEt.
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7. Miscellaneous reactions
Under the action of strong acids, the ester group in

2-arylhydrazono-3-oxobutanoates 4 may be hydrolyzed

giving rise to acids 129.245

Data on the possibility of reduction of 2-arylhydrazono-

3-oxoesters have been reported. Depending on the reducing

agent used, primary selective reduction of either the C=N

bond 246, 247 or the C=O bond is possible.248 It was

reported 247 that the arylhydrazone fragment of 2-arylhy-

drazono-3-oxobutanoates 4 was converted to acetamide

residue on treatment with zinc dust in an acetic acid ± acetic

anhydride mixture as a result of reductive acylation. Hydro-

genation of the resulting 2-acetamide-substituted acetoace-

tate (130) led to reduction of the carbonyl group and

provides D,L-threonine and D,L-allothreonine derivatives

(131), whose ratio depends on the nature of the catalyst

used and the reaction conditions.247, 248

Transformations under the action of sodium borohyd-

ride were described for ethyl 2-phenylhydrazono-4,4,4-tri-

fluoro-3-oxobutanoate 4g; this gave 3-hydroxy acid 132.

However, the product yield was relatively low (*40%).

Further catalytic hydrogenation (with hydrogen in the

presence of platinum oxide) of the C=N bond of acid 132

to 2-amino acid 133 also has low efficiency (yield

*30%).248

The aromatic nitration of 2-phenylhydrazono-1,3-dicar-

bonyl compounds 3 under the action of nitric acid, resulting

in 4-nitro (yield 55%± 66%) and 2-nitro derivatives (yield

12%± 17%) has been described.249

For 2-arylhydrazono-4-bromo-3-oxobutanoates 24,

replacement of the halogen atom in the alkyl group by an

arylthio group is known.177

V. Practical applications of 2-(het)aryl-
hydrazono-1,3-dicarbonyl compounds
and their derivatives

2-Arylhydrazono-1,3-dicarbonyl compounds and their

derivatives are valuable compounds from the practical

standpoint, first of all, due to their biological activities.

Some of 2-arylhydrazono-1,3-dicarbonyl compounds were

found to exhibit considerable pesticide activity.17, 24

2-(1,2,4-Triazol-3-yl)phenylhydrazono-3-oxobutanoates are

effective against the bacteria Staphylococcus aureus and

Mycobacterium fortuitum.250 3-(1,3-Benzothiazol-2-yl)hydr-

azones of pentane-2,3,4-trione are active against Staph-

ylococcus aureus 27 and against some kinds of tumours.28

Ethyl 2-(3,5-dimethyl-1H-pyrazol-4-yl)hydrazono-3-oxobu-

tanoate inhibits the growth of Mycobacterium tuberculo-

sis.251 2-(1,3-Thiazol-2-yl)hydrazone and 2-(1,3,5-triazol-2-

yl)hydrazone of pentane-2,3,4-trione (60) show high fungi-

cidal activities.194 Representatives of 2-arylhydrazono-1,3-

dicarbonyl compounds were patented as cardiotonics, hypo-

tensive and vasodilatory agents.252, 253

2-(Het)arylhydrazono-1,3-dicarbonyl compounds find

extensive use as intermediates in the synthesis of biolog-

ically active compounds. Thus ethyl 2-arylhydrazono-3-

oxobutanoate is used to obtain threonine.246 2-Arylhydra-

zono-3-oxoesters are used to synthesize morphine deriva-

tives, d-opioid receptor agonists and antagonists.254, 255

Substances with diverse biological activities have been

found in the series of heterocyclic derivatives of 2-(het)ar-

ylhydrazono-1,3-dicarbonyl compounds 42, 43. 4-(Het)aryl-

hydrazones 3-methylpyrazole-4,5-diones has high antiin-

flammatory 15, 43, 49 and diuretic activities and acted on the

central nervous system.256 4-Arylhydrazone 3-methyl-1-

nicotinoyl-1H-pyrazoline-4,5-dione exhibited antitumour

action,141 3-(2-arylazo-3,5-dimethyl-1H-pyrazol-1-yl)-3-oxo-N-

arylpropionamide had antibacterial and anti-HIV activi-

ties,139 4-(3,5-dimethyl-4-[(1,5-dimethyl-3-oxo-2-phenyl-

2,3-dihydro-1H-pyrazol-4-yl)azo]-1H-pyrazol-1-yl)phenyl-

sulfonylamide showed antiinflammatory and antibacterial

activities.257 An antibacterial and antifungal action was
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noted for 2-(3,5-dimethyl-4-phenylazo-1H-pyrazol-1-yl)-3-

phenyl-1,8-naphthyridine.143

4-Arylhydrazono-3-methylisoxazolin-5-ones were de-

monstrated 258 to have fungicidal activity. Bactericide

action was found for 2-[4-(5-hydroxy-3-methylisoxazol-4-

yl)phenylazo]-4H-chromen-4-one 24 and 4-(1,2-dihydroace-

naphthylen-5-ylazo)-3,5-dimethyl-1H-pyrazole.26

Among 4-arylhydrazono-3-methylpyrazolin-5-ones and

4-arylhydrazono-3-methylisoxazolin-5-ones 43, compounds

were found with antibacterial and antifungal action, in

particular, action against Mycobacterium tuberculosis

(H37Rv),259 Staphylococcus aureus, Escherichia coli and

Candida albicans.260

A hypoglycemic action was noted for 4-[(1,1-dioxo-2H-

1,2,6-thiadiazin-4-yl)azo]phenylsulfonylamides 48.20

Substituted thiadiazines 113 proved to be active against

Staphylococcus aureus, Salmonella typhi, Escherichia coli,

Bacillus subtilis.235 1,5-Benzodiazepine derivatives 49, 50

suppress the activity of the central nervous system.186

4,8-Diarylpyrazolo[5,1-c][1,2,4]triazines 8 were also active

for the central nervous system.86

1-(4-Propylazolo[5,1-c][1,2,4]triazin-3-yl)butan-1-ones and

6-butyryl-7-propyl[1,2,3]triazolo[5,1-c][1,2,4]triazine-3-carbox-

amide (13) showed inhibitory action with respect

to Pseudomonas aeruginosa, Candida albicans and

Staphylococcus aureus.39

The ruthenium(2,20-bipyridine)2[3-(2-naphthyl)hydrazo-
nopentane-2,4-dione] complex showed considerable antiin-

flammatory activity.261

1,2,3-Trione 2-(antipyrin-4-yl)hydrazones and N-(2-

hydroxyethyl)-substituted pyrazole (42) show analgesic

activities.262 Note that fluoroalkyl-containing compounds

are less toxic than non-fluorinated analogues and than

analgin used as the reference.262

Heterocycles 42 and 43 containing (het)arylhydrazone

substituent are applied as azo dyes 144, 263 ± 268 for polyamide

textiles. The copper complexes of formazans were patented

as dyes for cellulose,269 and Fe(II) complexes as dyes for

polyamide textiles.270 Some of such pyrazolines are used as

light-sensitive materials in photographic developers.271

2-(Het)arylhydrazono-1,3-dicarbonyl compounds and

their derivatives are widely used for determining the con-

tents of metal ions in solutions. Thus 3-(2-carboxyphenyl)-

hydrazone of pentane-2,3,4-trione is employed for

quantification of Cu(II) and Co(II) ions,272 and 3-(1,3-

thiazol-2-yl)hydrazone of pentane-2,3,4-trione is used to

determine traces of Cu(II), Co(II), Zn(II) and Ni(II)

ions.273 3-(2-Hydroxy)naphthylhydrazone of pentane-

2,3,4-trione is effective for determination of lanthanide

ions [Gd(III), Eu(III) and Yb(III)] in aqueous solutions.110

1-(4-Antipyrinylazo)propan-2-one can be used as a met-

allochromic indicator for bismuth titration with ethylene-

diaminetetraacetate and for determining Cu(II) ions in

highly acidic solutions (0.5 M HCl, pH* 1).29

Copper(II) complexes with a tetraaza chelate unit based

on N,N 0-polymethylenebis(arylazoaminovinyl ketones) 68

are efficient in the liquid-phase oxidation of cyclohexene

with molecular oxygen.203 ± 205

VI. Conclusion

Analysis of the published data shows that 2-(het)arylhydra-

zono-1,3-dicarbonyl compounds represent an extensive

class of organic substances combining a 1,3-dicarbonyl

fragment and a (het)arylhydrazone substituent in their

structure. The diversity of 2-(het)arylhydrazono-1,3-dicar-

bonyl compounds is provided by facile and convenient

methods for their preparation. The key method is azo

coupling of 1,3-dicarbonyl compounds with (het)aryldiazo-

nium salts in which substituents in any molecular fragment

can be varied. Structural features account for the abundant

synthetic potential of these derivatives. Unlike 1,3-dicar-

bonyl compounds, they can react not only at the 1,3-

dicarbonyl fragment, but also at the active NH group of

the hydrazone residue thus generating heterocyclic systems

of various classes. Of primary interest are the transforma-

tions of 2-(het)arylhydrazono-1,3-dicarbonyl compounds

with dinucleophiles, as these reactions serve as the base for

the synthesis of diverse heterocyclic molecules. In most

cases, cyclization processes are regioselective, which allows

using 2-(het)arylhydrazono-1,3-dicarbonyl compounds for

targeted synthesis of particular heterocycles.

2-(Het)arylhydrazono-1,3-dicarbonyl compounds, their

open-chain and heterocyclic derivatives are of interest as

polydentate ligands for complexation, and this line of

research is fairly promising for further development.

The practical applications of 2-(het)arylhydrazono-1,3-

dicarbonyl compounds and products of their transforma-

tion are diverse; of these, especially valuable are hetero-

cyclic derivatives having a broad spectrum of physiological

action.

Nevertheless, the chemistry of 2-(het)arylhydrazono-1,3-

dicarbonyl compounds is far from being exhausted. The

subsequent studies of their properties and the scope of

application in organic synthesis appear quite topical. For

example, one trend is the study of fluorine-containing

2-(het)arylhydrazono-1,3-dicarbonyl compounds whose

chemical behaviour considerably differs from the chemistry

of non-fluorinated derivatives. This review can stimulate the

development of investigations into the biological activities

of 2-(het)arylhydrazono-1,3-dicarbonyl compounds and

their heterocyclic derivatives.

Thus, 2-(het)arylhydrazono-1,3-dicarbonyl compounds

are readily accessible and convenient 'building blocks' for

the design of various open-chain and heterocyclic structures

and, hence, they can be considered as promising subjects of

research in the coordination, heterocyclic and medicinal

chemistry.
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48 E V Shchegol'kov, Ya V Burgart, O G Khudina, V I Saloutin, O N Chupakhin



VII. Appendix

Table 1. Products of reactions (1) ± (3).

R1 R2 Ar (Het) M X Ref.

Me Me 7 7 14

Me OEt C6H47nRn [Rn=SMe-2, SMe-3, CF3-3, (CF3)2-3,5, F2-2,4] 7 NR [R=H, Ph, SO2Ph, 15

CH2OMe, CH2N(CH2CH2)2O]

Me Me, OEt C6H4(SC6H4NO2-4)-4 7 NH, NPh, O 16

CH2Br OEt C6H4R (R=Cl-2, Br-4, OMe-4, Ac-4) 7 7 17

CH2SCN OEt C6H4R (R=Cl-2, Cl-3, Cl-4, OMe-2, OMe-4) 7 7 18

Me, Ph Me, Ph, OEt C6H4SO2NHR-4 [R=H, Ac, C(=NH)NH2], 7 7 19, 20, 38

C(O)C6H4OPri-4, 4-Py, 7 7

Me OEt C6H4OH-2 7 NH, NPh, O 21

Me Me, OEt C6H4CO2H-2, C6H3CO2H-2-NO2-3 7 7 22

Me Me, OEt C6H4N3-2 7 7 23

Me Me, OEt 7 NH, NPh, O 24

Me OEt C6H4C(Me)=NAd-1 7 NH, O 25

Me Me 7 NH, NPh, NAc 26

Me Me, OMe, OEt, (R=H, Me-4, Me-5, Me-6, Cl-4, Cl-5, 7 7 27, 28, 42

NHPh

Cl-6, OMe-4, OMe-5, OMe-6, OEt-4, OEt-6, Cl-4, Cl-5, Cl-6,

Cl2-4,7, Me2-4,5, CN-5, NO2-6, Br-6)

[X=O, NPh, N(CH2)2Ph, NC6H13-n]
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Me
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Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me Me Ni2+, Cu2+, Co2+ 7 29

Me, Ph Me, OEt, NHPh, 7 7 30, 64

NHC6H4Cl-4

Me Me, OEt 7 7 32

Me, Et, Pin, Pri, But, Me, Et, Pri, But, CF3, C6H47nRn (Rn=NO2-4, Me-4, OMe-4, CO2Et-4, Br-4, 7 7 33

CF3, C6H4R-4 (R=H, C6H4R-4 (R=H, Me, Cl-4, Cl3-2,4,6)

Me, OMe), 2-Fu, OMe, NO2, CO2Et), 2-Fu,

2-Th, 2-Py, 1-Naph 2-Th, 2-Py, OMe, OEt

Me Me, OEt Ph 7 7 34

Me, Ph Me, OEt 7 7 35, 56

Me, Ph Me, Ph, OEt 7 NH, NPh 31, 36

Me, Ph Me, Ph C6H4R (R=NO2-2, NO2-3, NO2-4, OMe-2, OMe-3, OMe-4) 7 7 37

Me, Et, Prn Me, Et, Prn, OEt (X=N, CH; Y=N, CR1 (R1=H, NHMe, SBn, 7 7 39

SO2Bn, C6H4OMe-4); Z=N, CR2 [R2=H, Br, CO2Et,

C(O)NH2, C6H4Cl-4)]

Me, Ph, Bn, CH2CO2Et Me, OMe, OEt 7 7 40, 41

N

S
N

N

O

Me

Ph

Me

,

N

N

O

Me

Ph

Me

N

NH

NO

NC

Ph

H

N

N

N
H

N
N (R=H, Me)

N

R

R
H

X

Y Z

NH

N

N

C(O)NH2
N

N

C(O)NH2
H

,

H



Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me, Ph Me, OEt, NHPh, 7 NH, NC6H3(NO2)2-2,4, 43

NHC6H4Cl-4 C6H4R1 (R1=H, Me-2, Me-4,

Cl-4, Br-4, SO2NHR2-4 (R2=H,

Ac, 2-Py, pyrimidin-2-yl,

4,6-dimethylpyrimidin-2-yl)

Me Me, Ph, C6H4OH-4 C6H3Me-2-Br-4, C6H3Me-3-Br-4, C6H3Br-2-Me-4 7 NPh, O 44

Me, Ph Me, Ph 7 7 45

Me Me, OEt 7 7 46

Me Me Ph, C6H4OH-2, 1-Naph 7 7 47

Me Me C6H4SO2NHR-4 (R=Ph, C6H4NO2-4, CH2CO2H); 7 48

C6H4SO3H-4, 1-NaphSO3H-4

Me Me, OEt C6H4NO2-2, C6H4OR-4 (R=Me, Et) 7 NR (R=H, Ac, CH2OH, 49, 61

CH2NEt2, Ph, SO2Ph)

Me, Ph Me, Ph 7 7 50
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N
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Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me, Ph Me, Ph, OEt C6H4(SCH2C:CH)-2 7 7 51

Me, Ph OEt C6H4CO2H-2, C6H4SO3Na-4 7 7 52

Me OEt C6H4SO2R-4 [R=OH, NH2, NHPh, NHPy-2, N(CH2)5] 7 7 53

Me, Ph Me, Ph 7 7 54

Me OEt 7 NPh 55, 58

Me, Ph Me, OEt 7 7 57

Me, CH2Cl, Ph OMe, OEt, Me, (X=N, CCN, CCO2Et) 7 7 59

Ph, CO2Et

Me Me, OEt (R=H, Br) 7 NH, NPh 60

Me Me, OEt, NHPh 7 7 62

Me OCH=CH2 C6H4R-4 (R=OMe, Me, H, Cl, NO2) UO2+ 7 63

Me, CF3 Me, OEt (R=H, OMe; R0=H, Ph) 7 NH, NPh 65, 74

Me, Ph, CF3 Me, Ph C6H4Ac-4 Gd3+±Lu3+ 7 66
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Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me, Ph, 2-Th, CF3, CF2OCF3, C3F7, C6H4R-4 (R=H, Me, SO2CHF2, NO2, Cl) 7 NH, NPh, O 67

But, CHEt2

C6F5 OEt Ph 7 7 68

CF3 2-Th Ph Ni2+, Cu2+, Pd2+, VO2+ 7 69

Me, 2-Th Me, CF3, Ph, OMe, NHPh Ni2+, Cu2+, Co2+, Zn2+ 7 70

CF3, (CF2)2H, C3F7, Me, Ph, OMe, OEt, C6H4R-4 (R=H, Me, OMe) 7 NH, NPh, O 71 ± 73

C4F9, C6F5 CO2Me, CO2Et

Me Me C6H4Bun-4 Ni2+ 7 98

Me Me C6H4R-4 (R=Bun , n-C8H17) Cu2+ 7 99

Me, Ph Me, Ph, CF3 C6H4Ac-2 Ni2+, Cu2+, Co2+, Fe3+, 7 100

Mn2+, Zn2+, VO2+, UO2+

Me Me, Ph C6H4OH-2 Ni2+, Cu2+, Co2+, 7 101

Zn2+, Cd2+, Hg2+

Me Me C6H4R-4 (R=Me, OMe, Br) Th2+, Ni2+, Cu2+, UO2+ 7 102, 103

Me Me C6H4OH-2 Cu2+, Co2+, Fe2+, Mn2+ 7 104

Me, Ph Me, Ph Ph Ni2+, Cu2+, Pd2+ 7 105

Me Me C6H4R-4 (R=Me, OMe, Br) Cu2+ 7 106

Me Me C6H4R (R=H, CO2H-2, CO2H-4) Hg2+, Pd2+ 7 107

Me Me C6H4R (R=H, OMe-2, Cl-2, Br-2, F-4) Cu2+ 7 108

Me, Ph Me, Ph C6H4R-2 (R=OH, CO2H) Ni2+, Cu2+, Co2+, 7 109

Fe3+, Mn2+, Zn2+

Me, Ph Me, Ph Gd3+, Eu3+, Yb3+ 7 110

Me Me Ni2+, Co2+, 7 111

Pd3+, Mn2+

O
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F F F

F
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Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me Me Ni2+, Cu2+ 7 112

Me, Ph Me, Ph Ph Co2+ 7 113

Me OCH=CH2 C6H4R-4 (R=Me, OMe, Br) Ru3+ 7 114

Me Me Ni2+, Cu2+, Co2+, Zn2+ 7 115

Me Me C6H4R-4 (R=H, Ac, I, Br, Cl, NO2) Ni2+, Cu2+, UO2+, Co2+, Fe3+, 7 116, 117,

Mn2+, Zn2+, Cd2+, Mg2+, Ca2+ 119, 122

Me Me C6H47nRn (Rn=Me-4, NO2-2, OH-4, Ni2+, Cu2+ 7 118

Me2-2,6, Me2-3,5, Me-2-NO2-6)

Me Me C6H4OH-2 Cu2+ 7 120

Me Me C6H2OH-2-SO3H-3-NO2-5 Cu2+ 7 121

Me OEt Ph Ni2+, Cu2+, Co2+, Fe3+, 7 123

Mn2+, VO2+, UO2�
2

Me, Ph Me, Ph, OEt Ni2+, Cu2+, UO2�
2 , 7 124, 125

Co2+, Fe3+, Ru3+ 7

Me OMe C6H4R-4 (R=H, Me, OMe) Ni2+, Cu2+, Be2+, Co2+ 7 126

Me OEt C6H4R (R=H, Me-4, Me-2, NO2-2, NO2-3, Ni2+, Cu2+, Zn2+ 7 127

NO2-4, Br-4)

Me OEt Ph Ni2+, Cu2+, Co2+ 7 128

Me OEt Ph Fe2+, Pd2+, VO2+, UO2�
2 7 129

Me OEt C6H4OH-2 Ni2+, Cu2+, Co2+ 7 130

Me OEt C6H4CO2H-2 Ni2+, Cu2+, Co2+, Cd2+, Hg2+ 7 131

Me Me, OEt 7 NH 137

Me Me, OEt C6H4SO2NHR-4 [R=H, C(=NH)NH2, 7 NC(=S)NH2 138

pyrazin-2-yl, 5,6-dimethoxypyrimidin-2-yl,

4,6-dimethylpyrimidin-2-yl, 5-methylisoxazol-3-yl]
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Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me Me C6H4R-2 (R=H, Cl, Br) 7 NC(O)CH2C(O)NHAr 139

Me Me C6H4R1-4 (R1=H, CO2H, CO2Et), SO2NHR2 (R2=H, 7 142

4-methylpyrimidin-2-yl, 4,6-dimethylpyrimidin-2-yl)

Me Me Ph, substituted Ph 7 143

Me Me C6H4R (R=H, Cl-4, Me-2, Me-2, OMe-4, CN-2, 7 144

N2-2, NHAc-4)

Me, Ph Me, Ph, OEt C6H47nRn (n=H, Cl-3, Cl-4, Me-2, Me-3, Me-4, Me-2, 7 147

OMe-4, OEt-2, OEt-4, Br-3, Br-4, F-4, N2-2, N2-3,

N2-4, Me2-2,3, Me2-2,5, Cl2-2,6, Cl2-2,5)

Me OEt C6H4R (R=H, OEt-4, N2-2, N2-3, N2-4) 7 148

Me, Ph Me, Ph substituted Ph 7 C(=S)SMe 150

Me OEt C6H47nR
1
n (R

1
n =Me2-2,4, Me-4-NO2-3, Cl-2-NO2-4, 7 149, 151

Br3-2,4,6, H, Cl-3, Cl-4, Br-4, Me-5, OMe-2, OMe-3,

OMe-4, OH-4, CO2H-2, NH2-4, NHAc-4,

SO2NHR2-4 [R2=H, Ac, C(=NH)NH2, 2-Py, thiazol-2-yl, 7 146, 156

pyrimidin-2-yl, 4,6-dimethylpyrimidin-2-yl,

7 141, 161, 165

quinoxalin-2-yl], 1-Naph, 2-Naph,

Me Me C6H4R1 (R1=H, Cl-3, Cl-4, Br-4, Me-2, Me-4, Me-2, 7 140, 145, 152

OMe-3, OMe-4, OH-2, N2-4, NH2-4, NHAc-4,

SO2NHR2-4 [R2=H, Ac, C(=NH)NH2, 2-Py, thiazol-2-yl,

pyrimidin-2-yl, 4,6-dimethylpyrimidin-2-yl, quinoxalin-2-yl] 7 149

Me OEt C6H4SO2NHR-4 [R=H, Ac, C(=NH)NH2, 2-Py, 7 NPh 153

thiazol-2-yl, pyrimidin-2-yl, 4,6-dimethylpyrimidin-2-yl,

4,5-dimethyloxazol-2-yl]

N
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SN
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N N N
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NO2
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N N
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Me
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O

Me
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N
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Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me Me, OEt C6H4R (R=H, Cl-2, Cl-4, Br-4, Br-2, F-3, CO2H-4, 7 154, 155,

Me-4, Me-2, OH-4, SO2NH2-4), 2-Naph, C6H3Cl-2, 159, 162

NO2-4

Me OEt SO2NHR2 [R2=H, Ac, C(=NH)NH2, 2-Py, 7 156

thiazol-2-yl, pyrimidin-2-yl, 4,6-dimethylpyrimidin-2-yl,

quinoxalin-2-yl]

Me Me 7 157

Me, Ph Me, Ph C6H47nRn (Rn=Me-2, Me-4, Me-2, OMe-4, Cl2-2,5) 7 NC(O)CH2C(O)NHC6H4R 158

(R=H, Cl-2, Cl-3, Cl-4,

Me-2, Me-3, Me-4, Me-2,

OMe-3, OMe-4)

Me OEt C6H4SO2NHR-4 [R=H, C(=NH)NH2, pyrimidin-2-yl, 7 NC6H4NO2-4 160

4,6-dimethylpyrimidin-2-yl]

Me OEt C6H4R (R=Cl-4, Me-4, OMe-4, NO2-2, NO2-3, NO2-4) 7 NPh 163

Me Me, OEt Ph, substituted Ph 7 164

Me OEt Ph 7 166

Me, Ph Me, OEt 7 NPh, NC(=S)NH2, 167

NC(=S)SMe,

NC(=S)SBn

Me OEt Ph, 4-substituted Ph, thiazol-2-yl 7 NC(=S)NH2 168

Me OEt Ph, substituted Ph 7 NC6H3(NO2)2-2,4 169

Me OEt Ph 7 170

Me OEt Ph, substituted Ph 7 171

OH
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O

N

O

N
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N

N

N
Me

Ph
O

Me
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N
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Table 1 (continued).

R1 R2 Ar (Het) M X Ref.

Me OEt Ph, substituted Ph 7 172

Me OEt C6H47nRn (Rn=F-2, F-3, F-4, F2-2,4) 7 173

Me OEt C6H47nRn (Rn=F-2, F-3, F-4, F2-2,4) 7 NH, NPh, O 174

Me OEt C6H3(NO2)2-2,4 7 NPh, NC6H4Cl-4 175

Me OEt Ph 7 176

ArSCH2 OPh C6H4R-4 (R=H, OMe, NO2) 7 NH, NMe, NPh 177

CF3, (CF2)2H Me, Ph, But C6H4R-4 (R=H, Me), 7 NH, NPh, N(CH2)2OH 83, 178

Me OEt C6H4R (R=H, Me-4, Cl-3, Cl-4, OMe-4, NO2-4) 7 O 180

Me, Ph Me, Ph C6H4SO2NHR-4 [R=H, Ac, C(=NH)NH2, 2-Py, 7 181

pyrimidin-2-yl, 4,6-dimethylpyrimidin-2-yl, thiazol-2-yl,

1-phenylpyrazol-2-yl, 6-methoxypiperidazin-3-yl]

Note. Ad is adamantyl, Th is thienyl.
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