
Abstract. Published data on the synthesis of quinoxalinesPublished data on the synthesis of quinoxalines

are generalized and described systematically; the key atten-are generalized and described systematically; the key atten-

tion is given to the sources published in the last 10 ± 15tion is given to the sources published in the last 10 ± 15

years. Modifications of the classical synthetic routes andyears. Modifications of the classical synthetic routes and

new methods little known to wide circles of chemists arenew methods little known to wide circles of chemists are

considered. The bibliography includes 122 referencesconsidered. The bibliography includes 122 references..

I. Introduction

Quinoxaline derivatives are fragments of many biologically

active and pharmacologically important compounds,1 ± 4

including riboflavin (vitamin B2), agonists and antagonists

of various receptors, agents with high antibacterial or

antiviral activities (echinomycin, lenomycin, actinomycin).5

Also, they are known to be applied as dyes, effective

electroluminescent materials,6 organic semiconductors,7

building blocks in the synthesis of anionic receptors,8

cavitands 9, 10 and DNA-binding agents.11, 12

Examples of biologically active compounds containing

quinoxaline fragments are presented below.

This diversity of useful synthetic quinoxaline derivatives

accounts for the appearance of modifications of the classical

synthetic methods and the search for new methods ensuring

the availability of the corresponding functionalized qui-

noxalines.

The methods of synthesis and the chemistry of quinox-

alines are the subjects of some chapters in books.13, 14 Since

then, an extensive series of studies on the methods of

synthesis of functionalized quinoxalines have been pub-

lished; they were mainly concerned with modified KoÈ rner 15

and Hinsberg methods,16 i.e., the reactions of 1,2-arylenedi-

amines with dicarbonyl compounds.
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This review presents three main approaches to the syn-

thesis of quinoxalines: (i) condensation of o-phenylenedi-

amine (o-PDA) and its derivatives with various two-carbon

unit donors, (ii) cyclization of aniline derivatives, (iii) reac-

tions of various heterocyclic systems devoid of the pyrazine

fragment.

II. The condensation of o-phenylenediamine
and its derivatives with various two-carbon unit
donors

The main route for constructing the quinoxaline system is

the reaction of 1,2-arylenediamines with various two-car-

bon unit donors: a-diketones (path a), oxalic acid de-

rivatives (path b), pyruvic acid derivatives (path c),

a-halocarbonyl compounds (path d ), epoxides (path e),

dihalides (path f ), alkenes (path g), alkynes (path h),

a-hydroxy ketones (path i), ketones (path j ), heterocyclic

systems (path k).

Path a. In most cases, this path is implemented by the

reaction of o-PDA with various diketones in boiling acetic

acid or ethanol, which gives the corresponding quinoxalines

in good yields.17 ± 21 The substituents in the diketone may be

represented by alkyl, aryl and hetaryl fragments.21 ± 30 The

reaction of diketone containing ferrocenyl fragment with

o-PDA was carried out in boiling dioxane under nitrogen;

3-phenyl-2-ferrocenylquinoxaline was obtained in 65%

yield.29

R1 R2 R3 R4 Yield (%) Ref.

H H Me Me 91 19

H H H Me 77 19

H H 3-O2NC6H4 3-O2NC6H4 85 21

Br H pyrrol-2-yl pyrrol-2-yl 7 23

H H o-(CH2)2C6H4(CH2)2 86 25

H OC12H25-n 20,6-bipyri- 2-pyridyl 74 26

din-2-yl

H H 2,2-dimethyl- 2,2-dimethyl- 98 27

1,3-dioxolanyl 1,3-dioxolanyl

H H Fc Ph 65 29

The use of unsymmetrically substituted o-phenylenedi-

amines and 1,2-diketones may lead to the formation of two

regioisomeric products.24, 29, 30

R1 R2 R3 R4 Total Ref.
yield (%)

NO2 H Me Me 87 18

F H Ph 4-HOC6H4 94 24

CF3 NO2 Ph Ph 75 30

CF3 NO2 Me Me 72 30

CF3 NO2 H H 68 30

CF3 NO2 Me H 75 30

CF3 NO2 Ph H 66 30

F H Ph 6-hydroxy-2-naphthyl 58 24

F H Ph 40-hydroxybi- 80 24

phenyl-4-yl

F H Ph 4-hydroxyphenyl 93 24

NO2 H Fc Ph 73 29

CO2H H Fc Ph 81 29

The structure and the ratio of the products formed upon

the reaction of unsymmetrical 1,2-arylenediamines with

diketones are determined by the nature of substituents:

electron-donating substituents in diamines activate the

amino groups, whereas in diketones they decrease the

electrophilicity of the carbonyl groups. For electron-with-

drawing substituents, the opposite trend is observed.

Sugars containing an a-dicarbonyl function can also act

as two-carbon unit donors. The reaction of 1-deoxy-4,5-O-

isopropylidene-D-erythro-hexo-2,3-diulose with aromatic

diamines (the Maillard reaction) in chloroform in the

presence of molecular sieves (MS) results in the formation

of quinoxaline derivative with polyoxyalkyl substituents.31

A vicinal tricarbonyl compound comprising an activated

carboxylate fragment and a formally dicarbonyl fragment

can serve as the electrophilic component. By reactions of

diamines with vicinal tricarbonyl derivatives of a-amino

acids, a number of new heterocyclic a-amino acids, in

particular those with quinoxaline fragment, were

obtained.32, 33
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Tetraketones synthesized from methyl ketone and

diethyl oxalate are condensed on refluxing with o-PDA in

ethanol 34, 35 with participation of the most electrophilic

(second and third) carbonyl carbon atoms.

Various biologically active fragments can be introduced

into a quinoxaline system not only using a dicarbonyl

reagent but also by means of functionalized aromatic

diamines. Quinoxalines containing a hydrogenated naph-

thalene fragment were prepared in moderate yields (42%±

70%) by the reaction of abietic acid derivative 1 with 1,2-

diketones.36 When present in subtoxic concentrations, these

compounds inhibit the replication of chicken pox virus and

cytomegalovirus.

The introduction of catalytic amounts of iodine to the

reactions of aliphatic and aromatic diketones with substi-

tuted o-diamines reduces the reaction time and ensures the

synthesis of quinoxalines at room temperature in high yields

without by-products.37

More et al.38 studied these reactions in various solvents

(polar protic and aprotic, non-polar). The highest rates were

attained in polar solvents (the reactions are completed in

15 ± 20 min), the highest reaction rates being observed in

acetonitrile. The optimal iodine concentration was

10 mol.%, a decrease in the concentration resulting in

longer reaction times. Electron-donating substituents in

o-diamine increased the product yield, while electron-with-

drawing groups decreased the yield. The substituents in

aromatic diketones induce the opposite trend. Nevertheless,

the changes in the yields are insignificant and the yields are

high. In the case of unsymmetrical 1,2-diketones, different

diamines give rise to 1 : 1 isomer mixtures formed in a nearly

quantitative yield.

The role of iodine in the formation of the quinoxaline

system is not entirely clear; according to publications,37, 38 it

serves as a mild Lewis acid.

Functionalized quinoxalines were also obtained in high

yields from 1,2-diketones under microwave radiation

(MW).39 Microwave radiation reduces the reaction time,

increases the yields and rules out the formation of by-

products and polymerization products typical of thermally

induced reaction. Note also that this method ensures high

yields of not only quinoxalines containing electron-donat-

ing groups but also of those with electron-withdrawing

groups; the use of unsymmetrical ketones gives rise to 1 : 1

isomer mixtures.

Diketones can also be generated in situ. For example,

a-keto aldehyde obtained by oxidation of (N-benzyloxy-

carbonyl-L-alanyl)diazomethane with dimethyldioxirane

(DMD) is subjected to condensation with o-PDA in ethanol

at room temperature to give optically active quinoxalines

with a chiral amino acid or peptide aminoalkyl fragment in

the side chain, the products being formed in high yields.40

The condensation of 1,2-diaminobenzenes with 1,4-

dibromobutane-2,3-dione, containing two a-halocarbonyl
fragments together with the dicarbonyl fragment, in boiling

benzene occurs exclusively at the a-dicarbonyl fragment 41

R = Ph (80%), neo-C5H11 (60%).
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and results in 2,3-bis(bromomethyl)quinoxalines formed in

high yields without bromoacylquinoxaline and bis-quinoxa-

line.

Note that the reaction route and the structure of

products formed from compounds containing both diketone

and a-halocarbonyl fragments depend on the solvent.

For example, the reaction of 3-chloro-1,3-diphenylpropane-

1,2-dione with o-PDA in acid medium (acetic acid) involves

the a-diketone fragment and gives quinoxaline 2, while in a

basic medium (MeONa in MeOH), the reaction involves the

a-chloro ketone fragment to give dihydroquinoxaline 3.42

The solid-phase synthesis of quinoxaline-containing

peptides comprises the following sequence of transforma-

tions: (i) the addition of peptide containing a b-(4-amino-3-

nitrophenyl)alanine residue to the Wang resin; (ii) reduc-

tion of the nitro group with tin(II) chloride; (iii) reaction of

the diamine thus formed with a dicarbonyl compound.43

Note in conclusion that in quinoxaline synthesis, a-di-
ketones can be involved in the formation of a benzene

rather than pyrazine ring. Thus 2,3-dicyanoquinoxalines

were prepared by the Wittig reaction of 2,3-bis(bromo-

methyl)-5,6-dicyanopyrazine with 1,2-dicarbonyl com-

pounds.44

Path b. Oxalic acid derivatives are also used as two-

carbon unit donors; these compounds react with o-PDA to

afford tetrahydroquinoxaline-2,3-diones.1, 45, 46 Usually,

ring closure is induced by strong acids or by heating (in

some cases, refluxing).

1,2,3,4-Tetrahydroquinoxaline-2,3-diones can be pre-

pared without a catalyst or heating by conducting the

reaction on a rotary evaporator.47 The excess of diethyl

oxalate serves as a mild solvent and can easily be separated

from the target product by washing with ether. Since the

products are efficiently separated (precipitated and evapo-

rated), the possibility of side reactions is eliminated.

R1 R2 Yield (%)

H H 40

H Ph 37

Cl H 59

Cl (CH2)2CN 41

Me H 27

CF3 (CH2)2CN 29

More rarely, oxalic acid itself 48 and oxalyl chloride 49

are used to prepare tetrahydroquinoxaline-2,3-diones. The

use of oxalomonoimidic acid diethyl ester results in 3-ami-

noquinoxalin-2(1H)-one in high yield.50

Oxalic acid derivatives 4 ± 6;{ were used 51, 52 in reactions

with substituted o-PDA; in some cases, this gave isomeric

mixtures of products (Scheme 1).
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The ratio of the products depended not only on the

electronic effects of substituents in diamines, but also on

steric factors and activity of the imino and hydroxyimino

derivatives used. Thus the reaction is less selective for more

reactive hydroxymoyl chlorides where a considerable

amount of the minor isomer is formed.

Path c. The Hinsberg reaction (heating of o-PDA with

a-keto acids) has been known for more than a century and

still remains the most practicable method for the prepara-

tion of quinoxalin-2(1H)-ones.53, 54

Due to the presence of a- and b-dicarbonyl fragments in

hetaroylpyruvic acids, their reactions with o-PDA are

expected to give both quinoxalines and benzodiazepine

derivatives. However, as in the reactions with aroylpyruvic

acids, only quinoxalin-2(1H)-one derivatives were iso-

lated.55, 56

Conducting the reaction of a-keto acids with o-PDA

under enzymatic catalysis in the presence of Saccharomyces

cerevisiae at room temperature and pH 7 allows one to

avoid the formation of by-products and gives quinoxalin-

2(1H)-ones in quantitative yields.57 Note that the course of

the reaction may be affected by not only the enzyme but

also the enzyme carrier.

Microwave irradiation of the reaction mixture also

minimizes the formation of by-products.57 Microwave radi-

ation reduces the reaction time to several minutes and

allows the reaction to be carried out without a solvent,

which makes the workup easier.

When comparing these two variants of performing the

reaction, note that although the biocatalytic process pro-

vides the target products in quantitative yields, it requires

labour-consuming product purification and much time for

the reaction to be completed, whereas the microwave-

assisted reaction is a facile process resulting in quinoxalin-

2(1H)-ones in high yields within several minutes.

The reactions of o-PDA with aryl- and alkylchloropyru-

vates acid esters afford quinoxalin-2(1H)-ones 7.58, 59 In this

case, the formation of the quinoxaline ring involves the

a-keto group of the ester rather than the a-chloro ketone

fragment.

In the case of chlorophenylpyruvamides, the reaction

with o-PDA involves the a-chloro ketone fragment, giving

rise to 1,4-dihydroquinoxalines 8, which is due to relatively

easy alkylation of the amino group unlike transamidation of

the amide group.58

The use of a-keto acid chlorides also affords the corre-

sponding quinoxalin-2(1H)-ones.60

R1 = H: R2 = Bn (45%), Me (68%); R1 =Me: R2 =Me (77%),

Bn (20%); R1 = Bn, R2 =Me (14%).

NH2

NHR1

+

O

R2

OH

O
EtOH

D, 1.5 h

N

N

R2

O

R1

R=Me, Et, Bn, (CH2)2CO2H, CH2CO2H, OH;

(a) Saccharomyces cerevisiae, 20 8C, 72 h (yields 92%± 95%);

(b) MW, 3.5 ± 13 min (yields 86%±91%).

R O

HO O

o-PDA

a or b

N

N O

R

H

R= Et (77%), Prn (74%), n-C5H11 (70%), n-C6H13 (75%),

n-C9H19 (76%), Bn (82%), (CH2)2Ph (85%).

R

Cl

O

O

OMe

o-PDA, AcOH
N

N O

R

Cl

H

7

R=Me (56%), Et (55%), Pri (71%).

Ph

Cl

O

O

NR2

o-PDA, EtOH
N

N Ph

NR2

O

H

8

D, 6 h

THF, 24 h

NaHCO3, H2O,

EtOH, 24 h

NaHCO3, H2O,

EtOH, 24 h

EtO O

NMeCl
(4)

EtO O

NOHCl
(5)

NOH

NOHCl
(6)

Cl

Cl N

N O

NHMe .HCl

H
(61%)

Cl

Cl N

N O

NOH

H

(61%)

H

+

Cl

Cl N

N

NOH

(71%)

H

+

Cl

Cl

NH2

NH2

Cl

Cl

N

N

NOH

O

H

H

(19%)

Cl

Cl

N

N

NOH
H

(13%)

Scheme 1

Het

O OH

CO2H o-PDA, DMSO
N

N O

HetO

H

H

Het = (72%), (83%), (70%),
O S

O

N

Me

(78%), (69%), (75%),
SPh

Me
S

N

O

N

Me

Me

(65%), (82%).

SPh

Me
S

N

Me

Me

New and modified classical methods for the synthesis of quinoxalines 355



Path d. Yet another way of synthesizing quinoxaline

derivatives is the reaction of o-PDA and its derivatives

with a-halocarbonyl compounds,61 ± 63 resulting in 1,2-di-

hydro derivatives in moderate yields, and subsequent trans-

formation of these products to aromatic quinoxalines by

means of oxidants (in the presence of catalysts or without

catalysts).

The presence of a-halocarbonyl and b-dicarbonyl frag-
ments in ethyl 4-chloro-3-oxobutyrate implies that the

reaction with o-PDA would give both quinoxaline and

benzodiazepine moieties. However, only quinoxaline deriv-

atives were isolated under reaction conditions in 80% over-

all yield.62

When catalytic amounts of perchloric acid adsorbed on

SiO2 (HClO4/SiO2) are used in the reaction of a-bromo-

ketones and 1,2-diamines in acetonitrile, the target quinox-

alines are formed within 15 min,64 whereas without catalyst,

no reaction products are detected even after 5 h.

As opposed to other studied heterogeneous catalysts, the

HClO4/SiO2-catalyzed reaction does not stop after conden-

sation but proceeds further as oxidation and heterocycle

aromatization. In the presence of this catalyst, atmospheric

oxygen serves as the oxidant. In the absence of air, trans-

formation to the aromatic form almost does not take place

in the catalyzed reaction. The isolated dihydro derivative is

also oxidized under similar conditions in the presence of

HClO4/SiO2. The catalyst can easily be removed from the

reaction mixture and used three times without loss of

activity.

The reactions of o-PDA with compounds containing a

halogen atom in the a-position to the ester group followed

by oxidation of the dihydro product with manganese oxide

provide quinoxalin-2(1H)-ones in high yields.65

Quinoxaline derivatives can be obtained by reactions of

a-halocarbonyl compounds with arylenediamines also with-

out a catalyst. A one-pot method for the synthesis of

substituted ethyl 3-hydroxyquinoxaline-2-carboxylates

from o-PDA and diethyl bromomalonate without a solvent

or catalyst at room temperature in a vacuum has been

described.66 All unsymetrically substituted 1,2-diamines

afford isomer mixtures, while 4-nitro- and 4-benzoyl-1,2-

phenylenediamines give only one isomer.

Stirring of cis-cyclohexane-1,2-diamine with diethyl bro-

momalonate at 710 8C for 15 min followed by treatment

with 10% Pd/C in boiling p-cymene also results in quinoxa-

line in a 43% yield.66

a-Halocarbonyl compounds react with o-(N-sulfonyl)in-

doanilines to give spiroquinoxalines in moderate yields.67

A necessary condition for the reaction to occur is high
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benzene or o-dichlorobenzene. The attempts to increase the

mobility of methylene protons by replacing the vinyl and

p-nitrophenyl groups by electron-withdrawing oxadiazole

fragment did not induce the desired spirocyclization either.

The use of o-PDA supported on SynPhaseTM in the

reaction with an a-bromo ketone affords isomeric quinoxa-

lines in an overall yield of 86%.68

Path e. Epoxides can also serve as two-carbon unit

donors for the construction of a quinoxaline system. They

react with o-PDA to give di- and tetrahydro derivatives in

moderate yields. For preparing proper quinoxalines based

on epoxides, a good leaving group at one of the oxirane ring

atoms is required; in some cases, the use of catalysts is

required.

The condensation of 2-(p-tolylsulfonyl)-3-phenyloxirane

with o-PDA on heating in DMF for 3 h furnishes 2-arylqui-

noxalines in 45%± 66% yield.69 Apparently, arylquinoxa-

lines are formed upon the primary attack by the amino

group on the C(3) carbon atom bearing the phenyl group

with oxirane ring opening; this is followed by the attack by

the second amino group on the carbonyl group formed, and,

finally, oxidation of 1,2-dihydro derivative.

The application of this approach to 2-cyano- and 2,2-

dicyano-3-aryloxiranes led to 3-aryl-2-cyano- and 3-aryl-2-

oxo-1,2,3,4-tetrahydroquinoxalines, respectively, which are

dehydrogenated to give aromatic derivatives on heating in

ethanol in the presence of mercury oxide.

Diethyl (R,R)-oxirane-2,3-dicarboxylate obtained from

diethyl (2R,3R)-(+)-tartrate reacts with o-PDA at elevated

temperature under argon to give optically active tetrahy-

droquinoxalin-2-ones in good yields.70 Note that whereas

for o-PDA and its derivatives with electron-donating sub-

stituents, refluxing in ethanol is sufficient, for 1,2-diamino-

4-nitrobenzene heating without a solvent at 155 8C is

required.

A series of new quinoxalines were prepared in

55%± 61% yields by one-pot three-component condensa-

tion of epoxy ketones 9 with o-PDA in ethanol in the

presence of catalytic amounts of acetic acid.71 The authors

assumed that the reaction occurs as a tandem process

comprising the following sequence of transformations:

acid-catalyzed aminolysis of oxirane, cyclization, elimina-

tion of benzenethiol, oxidation with air oxygen, condensa-

tion of the resulting aroylquinoxaline with the second

o-PDA molecule. The formation of the product even at

1 : 1 reactant ratio shows that aroylquinoxaline is highly

reactive and undergoes further condensation, resulting in

imine. This might be due to protonation of the carbonyl

carbon atom or the quinoxaline nitrogen atom with acetic

acid, which increases the electrophilicity of the carbonyl

function.

Different substituted quinoxalines can be obtained

directly from simple epoxides or monosubstituted styrene

oxides and o-arylenediamine using catalytic amounts of

bismuth powder and copper triflate additives in DMSO.72

The best results (yields 53%± 70%) in the synthesis of

quinoxalines were attained by using 1.5-fold excess of the

Ar = Ph, 2-MeOC6H4, 2,5-(MeO)2C6H3, 4-MeC6H4, 4-FC6H4,

4-Et2NC6H4, 4-PhC6H4.
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O
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diamine. In the absence of bismuth, DMSO or molecular

oxygen, no quinoxalines were formed.

The reaction of 2,3-diaminomaleonitrile with cyclohex-

ene oxide also leads to the corresponding hexahydroqui-

noxalines in 67%± 71% yield.72

For monosubstituted epoxides or cyclohexene oxide,

Cu(OTf)2 was added, while in the case of disubstituted

epoxides, the use of a strong Brùnsted acid (TfOH) was

more beneficial. The required amount of acid to be added

was calculated in view of the optimal ratio of the quinoxa-

line yield to the amount of the by-product formed in acid-

catalyzed polymerization of epoxides.

It was assumed 72 that the reaction proceeds as the initial

oxidation of epoxide with DMSO catalyzed by acid addi-

tives and resulting in the corresponding a-hydroxy ketone

or a-hydroxy aldehyde. In the second step, this intermediate

compound is oxidized to diketone or keto aldehyde under

the action of the Bi0/O2 system and then condensed with

o-PDA to give quinoxaline.

As noted above (see path c), the reaction of chloroar-

ylpyruvates with o-PDA affords quinoxalin-2(1H)-ones 7.58

The chloro ketones used in these reactions are obtained by

isomerization of chloro epoxides. However, chloro epoxide

(unlike isomeric chloro ketone) is condensed with o-PDA to

give quinoxaline 10.73

Path f. Dihalides can also serve as bis-electrophiles for

the construction of the quinoxaline system in the reaction

with 1,2-arylenediamines and their derivatives.

For example, the oxidative condensation of N-(o-amino-

phenyl)carbamate 11 with ethyl 2,3-dibromopropionate in

DMF in the presence of sodium hydride directly gives

quinoxaline in one step.74 Since carbamate 11 is readily

oxidized with air, the condensation is carried out under

argon and the subsequent workup is carried out in air to

obtain the aromatic product.

The presence of two biselectrophilic fragments (a-hal-
ocarbonyl and a-dihalide) in 2,3-dibromopropionate

implies the formation of a quinoxaline mixture. However,

only one product was isolated; this fact was attributed 74 to

fast elimination of hydrogen bromide under reaction con-

ditions followed by the reaction of the unsaturated bromo

ester formed in situ with o-PDA.

Path g. When activating groups are present, alkenes can

also act as donors of a two-carbon fragment in the synthesis

of quinoxaline derivatives.

The reaction of 1,2-diazabuta-1,3-dienes containing a

phosphine oxide or phosphonate fragment with 1,2-phenyl-

enediamines at room temperature leads to quinoxalines 12

in high yields.75

R1 R2 R3 Yield (%)

H P(O)Ph2 Me 81

H P(O)(OEt)2 Me 83

H P(O)Ph2 Ph 91

H P(O)(OEt)2 Ph 98

Me P(O)Ph2 Me 90

Cl P(O)Ph2 Me 93

Cl P(O)Ph2 Ph 89

The authors suggested that the first reaction step con-

sists of a nucleophilic attack by one o-PDA amino group on

the terminal carbon atom of the heterodiene system to give

the intermediate 1,4-adduct (hydrazone), and the nucleo-

philic attack by the second amino group on the hydrazone

carbon atom followed by elimination of the hydrazinecar-

boxylate fragment results in 2-phosphorylated tetrahydro-

quinoxalines.

Another example of using alkene for preparing quin-

oxalines is the addition of allyltri(n-butyl)stannane to

o-quinonediimines 13 in the presence of ZnCl2.76 Although

the reaction products are formally the Diels ±Alder

adducts, it should be noted that in the absence of a Lewis

acid, no cyclocondensation takes place; therefore, according

to authors' opinion, the reaction follows an ionic mecha-

nism. Other Lewis acids (AlCl3, Me2AlCl, TiCl4) also

promote the reaction, but still less efficiently than ZnCl2.

DMSO, 100 8C, p (O2)=1 atm
O

R

+
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R1 R2 Yield (%)

Cl H 98

Br H 72

Me H 72

Cl Cl 82

Me Me 44

Note that in the case of N-benzoyl substituents in

o-quinonediimines 14, allylated amides are formed under

conditions of this reaction.76

Substrate 14 Product

R1 R2 R1 R2 R3 yield (%)

H H H All H 61

Me H Me All H 68

Cl H Cl All H 68

Cl Cl Cl Cl All 77

Me Me Me Me All 69

The authors suggested that the first reaction step

includes coordination of the Lewis acid to quinoneimine,

the site of the primary attack by allylstannane depending on

the basicity of quinoneimine nitrogen atoms. The sulfonyl

substituent is more electrophilic than the benzoyl substitu-

ent; therefore, allylstannane attacks it to give intermediate

carbocation A stabilized through hyperconjugation.

The imide nitrogen atom bearing a benzoyl substituent

is more basic; therefore, the reaction with allylstannane

occurs as 1,4- or 1,6-addition depending on the substituent

in the benzene ring.

Treatment of the resulting quinoxalines with bromine in

isopropyl alcohol in the presence of ammonia and m-chloro-

peroxybenzoic acid (m-CPBA) results in the corresponding

alcohols in high yields.

The proposed method provides the route to tetrahydro-

quinoxalines in high yields but it requires expensive reagents

and is applicable only to a limited range of derivatives.

Path h. Unlike alkenes considered above, acetylenedi-

carboxylic acid and its derivatives react with 1,2-phenyl-

enediamines to provide the ester carbon atom and the triple

bond carbon atoms as electrophilic centres for the construc-

tion of the quinoxaline ring.77

The reaction of 2,3-diaminoanisole with acetylenedicar-

boxylic acid gave a mixture of two isomeric products in

approximately equal amounts.78 Their separation was

attained owing to their different acidity: at pH 8 one isomer

passed to the solution and the other one remained in the

precipitate.

The use of trans-(1R,2R)-diaminocyclohexane in the

reactions with acetylenedicarboxylic acid derivatives carried

out on refluxing in methanol also yields decahydroquinoxa-

line derivatives in good yields.79
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However, in the case of di(isopropylamino)cyclohexane,

no quinoxaline formation was observed but the addition

product of two acetylene molecules to nitrogen atoms was

isolated;79 this is obviously due to steric hindrance caused

by the isopropylamino groups at the asymmetric carbon

atoms.

Path i. When a-hydroxy ketones are used as donors of

the bis-electrophilic fragment, the formation of the qui-

noxaline system requires the presence of MnO2 as the

oxidant.80

Thus a-hydroxy ketones are oxidized by MnO2 and the

keto aldehydes formed in situ then react with aromatic 1,2-

diamines to give quinoxalines in the one-pot process.81

When the reaction of hydroxyacetone with o-PDA is

performed in the presence of 15 equiv. of MnO2 in dichloro-

methane, 2-methylquinoxaline is produced in 43% yield.

The addition of acid or base or replacement of the solvent

did not improve the result, moreover, azobenzene was

formed as a by-product resulting from oxidative coupling

of diamine. When a twofold excess of diamine was used, the

target product was formed in a 79% yield within an hour.

Both alkyl and aryl-substituted a-hydroxy ketones are

converted to quinoxalines in good yields under these con-

ditions. The advantages of this method are the possibility of

preparing highly reactive keto aldehydes in situ and the ease

of product isolation, in particular, after completion of the

reaction, the oxidant and the by-product are removed by

filtering and evaporation.

When methyl glycolate (R=OMe) was used for the

synthesis of quinoxalin-2(1H)-one, the product was formed

in only 36% yield, because oxidation of methyl glycolate

was slower than that of a-hydroxy ketones and the azo

compound was formed faster than quinoxaline.

Path j. Ketones containing a-methylene group can also

act, under certain conditions, as donors of two-carbon

fragment for constructing the quinoxaline system.

o-Phenylenediamine reacts with a number of ketones in

poly(ethylene glycol) (PEG-400) at 60 8C in the presence of

KOH to give the corresponding quinoxalines in high yields;

the optimum reactant ratio is 1 : 2 and the optimum reaction

time is 60 h.82

Note that performing the process under argon leads to a

slight decrease in the product yield; increase in the reaction

temperature to 100 8C also decreases the product yield. On

increasing the KOH : diamine ratio from 1 : 1 to 3 : 1, the

product yield increases, while in the absence of KOH,

cyclization giving quinoxaline does not take place.

R1 R2 R3 Yield (%)

H Ph Me 72

H 4-MeOC6H4 Me 59

H 4-ClC6H4 Me 54

H Ph Prn 73

H Ph n-C6H13 65

H Ph CH2Bn 68

H Ph Ph 67

H Pri Ph 75

H Et Ph 56

H Me Bun 30

H n-C5H11 Bun 31

Me Ph Me 54

Me 4-MeOC6H4 Me 74

Me 4-ClC6H4 Me 49

Me Ph Ph 71

Me Pri Ph 95

It was suggested 82 that the process starts with conden-

sation of the ketone with the diamine to give ketimine,

which undergoes intramolecular hydroamination as the

enamine tautomer followed by dehydrogenation, the role

of KOH being to activate the amino groups and to facilitate

the tautomerization of the ketimine.

The reaction is applicable to alkyl aryl ketones; in the

case of acetophenone, the product yield is only 20%.

The reaction of o-PDA with 1-phenylbutan-2-one results

in only one regioisomer, 3-ethyl-2-phenylquinoxaline. Low

yields and reaction rates were observed when o-PDA

reacted with non-activated dialkyl ketones; however, in

this case, too, only one regioisomer was formed from

unsymmetrical ketones.

Path k. Some heterocyclic derivatives can also serve as

two-carbon unit donors; under the action of o-PDA, they

usually undergo ring cleavage to give substituted quinoxa-

lines.

R =Me (65%), Et (68%).
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Thus 2,3-dihydroxy-1,4-dioxane, a stable synthetic

equivalent of anhydrous glyoxal, reacts with o-PDA at

room temperature in ethanol to give quinoxaline in high

yield within 30 min.83

The condensation of a-keto-b-substituted g-butyrolac-
tones (3-hydroxyfuran-2(5H)-ones) 15 with o-PDA results

in 3-substituted 3,4-dihydroquinoxalin-2(1H)-ones.84 The

authors assumed that the reaction starts with the nucleo-

philic attack by the amino group on the keto group of

furanone to give Schiff's base. Then the attack by the

second amino group on the lactone carbonyl group results

in ring opening. The process is completed by retro-aldol

condensation with evolution of formaldehyde, which was

identified as a reaction product with dimedone in an

ethanolic solution.

Similarly to butyrolactones, phenylhydrazine 16 (2H-

chromene derivative) reacts with o-PDA in a boiling

EtOH ±AcOH mixture with ring cleavage giving rise to

quinoxalin-2(1H)-one 17.85

2-Halo-2H-azirines can also function as the starting

compounds in quinoxaline synthesis.86 At room temper-

ature and even at 65 8C, the expected products are not

formed, but they are formed in good yields when the

reaction is carried out in DMF in an ultrasonic bath.

R1 R2 Yield (%)

Ph CO2Et 86

CO2Me Bz 73

CO2Me CO2Me 69

Me CO2Me 80

The reaction of alloxan (18) with o-PDA derivatives in

ethanol in the presence of hydrochloric acid gives spiroqui-

noxalines in low yields apart from other products.87

In 2000, a fundamentally new reaction was discovered,

taking place in the 3-aroyl(alkanoyl)quinoxalin-2(1H)-

one ± 1,2-arylenediamine system 88, 89 with pyrazine ring

contraction to give the corresponding 2-benzimidazolylqui-

noxalines in good yields.90 ± 93 The quinoxaline ring is

formed in this case with participation of the imine carbon

atom of the pyrazine ring and the a-carbon atom of the

3-substituent in the quinoxalin-2(1H)-one system.

R1 R2 Yield (%)

Ph H 97

Ph Me 81

Ph Et 79

Ph Prn 87

Ph Bun 87

Ph n-C5H11 86

Ph Bn 56

Me H 72
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The use of this reaction allows one to introduce the

benzimidazole system into the quinoxaline molecule. The

use of unsymmetrically substituted 1,2-arylenediamines

results in a mixture of isomers in approximately equal

amounts.92 ± 94

R1 R2 Total yield (%)

Ph NO2 83

Ph Me 82

Bn NO2 85

Bn Me 78

Me NO2 52

Me Me 72

In view of the formation of isomer mixture irrespective

of the nature of substituents in the quinoxalin-2(1H)-ones

and 1,2-arylenediamines used, the reaction mechanism was

described 93 as follows: first, the amino group of o-PDA

attacks either the C(3) atom of the quinoxaline system or

the alkanoyl (aroyl) carbon atom; this is followed by

cascade transformation comprising the formation of spiro-

quinoxaline A, opening of the pyrazine ring of the quinoxa-

line system to give quinoxaline-2-carboxylic acid

o-aminoanilide B, intramolecular electrophilic addition of

the amine nitrogen atom to the carbamoyl carbonyl group,

ring contraction and elimination of water (Scheme 2).

A similar reaction occurs for compounds with two

terminal benzoyl- or acetylquinoxalin-2(1H)-one frag-

ments.92, 95

Path l. Yet another approach to the synthesis of qui-

noxalines is intramolecular cyclization of various o-PDA

derivatives with appropriate functional groups. Thus when

dialdimines are used in cyanide-catalyzed aldimine coupling

(analogue of benzoin condensation), intramolecular cycli-

zation takes place to give quinoxaline derivatives.96 The

most effective solvents are methanol and DMF in which

sodium cyanide is readily soluble.

The authors assumed that the reaction proceeds through

the initial addition of the cyanide anion to the imino group

followed by the nucleophilic attack on the carbon atom by

the second imino group and elimination of the catalyst.
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In the presence of atmospheric oxygen, oxidative cycli-

zation takes place to give diimino derivatives; under phase

transfer conditions amino-imine derivatives can be

obtained; cyclization of unsymmetrical dialdimines provides

a route to unsymmetrical quinoxalines.

Note that vanillin (4-hydroxy-3-methoxybenzaldehyde)

and related aldehydes do not undergo benzoin condensa-

tion, whereas dialdimines based on vanillin are coupled to

give quinoxalines.

On heating with sodium hydride in DMF, 2-amino-

anilide 19 experiences the pyridazine ring rearrangement to

give quinoxalin-2(1H)-one 20.97

In di(p-tosyl)amides 21, ring closure takes place under

the action of K2CO3 and CuI to give 2-aroylquinoxalines

22.98

Ar Yield (%)

21 22

Ph 43 46

3-ClC6H4 60 60

4-MeC6H4 60 53

2-MeC6H4 55 50

4-MeOC6H4 41 40

2-MeOC6H4 52 49

1-Naphthyl 59 44

2-Thienyl 65 45

It is noteworthy that C-arylation of terminal alkynes

(Sonogashira reaction) requires both palladium(II) complex

and copper(I) iodide as the catalyst, whereas cyclization

requires only CuI (without CuI the cyclic product is not

formed). When potassium carbonate is replaced by triethyl-

amine, no cyclic product is formed either.

Path m. Recently, a new multicomponent reaction was

proposed,99, 100 including the condensation of 1,2-arylene-

dimines, aldehydes and isocyanides to give 1,4-dihydroqui-

noxalines, which are oxidized on treatment with

2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) to give

the corresponding aromatic derivatives of 2-aminoquinoxa-

lines.

R1 R2 R3 R4 Yield (%)

H H Ph Ph(CH2)2 54

Me Me Ph Ph(CH2)2 50

Me H Ph cyclo-C5H9 53

Me Me 1-methylpyrazol-5-yl Ph(CH2)2 43

Me Me 3-pyridyl Ph(CH2)2 33

H H Ph MeO(CH2)2 48

CO2H H Ph cyclo-C5H9 35

H H 2-thienyl MeO(CH2)2 43

III. Synthesis of quinoxalines based on aniline
derivatives

The use of aniline derivatives for the synthesis of quinoxa-

lines, unlike 1,2-arylenediamines, implies regioselective

reaction.

The possible starting compounds include o-nitroanilines

(path n), anilines with a terminal nitro group in the sub-

stituent (path o), o-halogenated anilines (path p), a-arylimi-

nooximes (path q).

Path n. The reductive cyclization of o-nitroaniline deriv-

atives is used most widely . In the presence of bases, various

N-methyl-substituted o-nitroanilines give 1-hydroxyqui-

noxaline-2,3(1H,4H)-diones and azobenzene derivatives (in

the given example, the latter was detected but the yield was

not determined).101

Note that in the absence of the second substituent in the

o-position to the amino group, benzimidazoles are formed

under reaction conditions. Potassium carbonate proved to

be most effective among the compounds studied for the

formation of quinoxaline rather than benzimidazole system.
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It is assumed 101 that quinoxalines are formed as a result

of intramolecular redox process followed by cyclization.

Quinoxaline-2,3(1H,4H)-diones 23 can be obtained in

high yields also by a different method, namely, hydrogena-

tion of o-nitroaniline derivatives containing a carboxyl or

ester residue under the action of reducing systems such as

palladium on charcoal, tin in acidic medium or

NaHCO3 ±Na2S ±MeOH.49

Palladium-catalyzed reductive N-heteroannulation of

enamines obtained from o-nitroaniline yields a mixture of

1,2-dihydroquinoxalines and dihydroquinoxalinones.102

It is worth noting that heterocyclization of enamines in

the presence of ruthenium catalyst at 60 atm gives benzimi-

dazole as the major product.

Enamines with electron-withdrawing substituents other

than the nitro group in the o-position of the benzene ring do

not undergo heteroannulation to give quinoxalines.

Although the reaction mechanism is not entirely clear, in

the authors' opinion,102 the reaction occurs as initial deox-

ygenation of the nitro compound in the presence of a

catalyst to give the nitrosoaryl derivative followed by

cyclization involving the neighbouring enamine fragment

and catalyst-induced deoxygenation.

Yet another possible route includes the insertion of

enamine to palladium derivative A to give bicyclic complex,

which undergoes b-elimination followed by reductive elim-

ination (Scheme 3).

The primary amines supported on 2-(3-methoxyphe-

noxy-4-formyl)ethylpolystyrene react with 2,4-dinitro-1,5-

difluorobenzene followed by replacement of the second

fluorine atom by an amino acid residue, reduction of nitro

groups and cyclization to give tetrahydroquinoxalinones

24.103

7

+

NO2

N CO2R

NO2

H

B7

NO2

N CO2R

N
O

O7

H

NO2

N CO2R

N
O

OH

HH
B7 NO2

N O

NH
CO2R

OH

H

NO2

N

N

OH

O

O
H

B7 is base.

N

Me

NO2

O

OEt

O

H2 (3.5 atm), Pd/C (5%)

DMF, 3 h

N

N

Me

OH

O

O

23 (85%)

NH

Me

NO2

+

Cl O

O OEt
Et3N, Et2O

NH2

NO2

+

Me

Me

CHO

PhH, MS 4 �A

720 8C, 14 days

N

NO2

Me

Me

H

(73%)

dba is dibenzylideneacetone, dppp is 1,3-bis(diphenylphosphino)propane,

L is 1,10-phenanthroline.

N

N

Me

Me
N

N O

Me

Me+

H

HH

(71%) (11%)

Pd(dba)2, dppp, L, MeCN

70 8C, CO (6 atm), 20 h

O
a

NHR
b

N

R

O2N NO2

F
c

N

R

O2N NO2

N CO2Me
H

d

+

N

Me

Me

NO2

H

CO

7CO2

N

Me

Me

N

O

H

N

N
Pd

O Me

Me
H

A

N

N

O7
Me

Me

H
N

N

OH
Me

Me

N

N
Me

Me

H

N

O

PdN

MeMe

H
N

N

PdH
Me

Me

O
H

N

N
Me

Me

O
H

H

Scheme 3

364 D F Saifina, V AMamedov



1-Azido-2-nitrobenzenes when react with triphenylphos-

phine and heptanal in the presence of palladium catalyst are

also subject to annulation to give a mixture of quinoxaline

and benzimidazole derivatives.102

Path o. Quinoxalines can be prepared using not only

o-nitroanilines but also aniline derivatives with a terminal

nitro group in the substituent. Thus a new regioselective

method for the synthesis of 3-chloro-2-methylthioquinoxa-

lines 25 by heteroannulation of a number of N,S-ketene

acetals 26 was developed.104

R1 R2 R3 Yield (%)

MeO H H 70

MeO MeO H 75

MeO H MeO 71

H H H 50

The use of N,S-acetal under the Vilsmeier reaction

conditions gave quinoxaline in 60% yield rather than the

expected quinoline. It was found that the reaction with

POCl3 occurs smoothly also in acetonitrile in the absence of

DMF; the yield then increases to 70%.

Under the same conditions, other substituted N,S-ace-

tals were investigated. Compounds with activating para-

substituents relative to the position involved in cyclization

produce the corresponding quinoxalines in high yields. In

the case of 3-fluoro derivative, two isomers are formed upon

cyclization in the ortho- and para-positions to the substitu-

ent.

A supposed 104 mechanism of the transformation of N,S-

acetals to quinoxalines includes the initial formation of

quinoxaline N-oxide upon cyclization of the acetal followed

by chlorination in position 3 and oxygen extrusion.

Path p. One more widely accepted method is based on

aniline derivatives containing good leaving groups; the

pyrazine ring is completed in this case as a result of both

intra- and intermolecular reactions.

Thus heating of aminoacetanilides 27 induces their

cyclization to tetrahydroquinoxalin-2-one derivatives.105

This intramolecular aromatic nucleophilic substitution

requires the presence of halogen-activating electron-with-

drawing substituents.

The intramolecular nucleophilic substitution in isomeric

chloroacetanilides 28 also results either in 3-oxoquinoxali-

nium salts or directly in tetrahydroquinoxalin-2-ones

depending on substituents and experimental conditions.

On refluxing in nitromethane, quinoxalinium salts, like

acetanilides, are converted to the corresponding quinoxa-

lines in high yields (77%± 98%). 3,4-Dihydroquinoxali-

R is 3-(4-methylpiperazin-1-yl)propyl, 2-2(chlorophenyl)ethyl;

(a) RNH2, HC(OEt)3, Na(CN)BH3; (b) 1,5-F2-2,4-(NO2)2C6H2, Et3N;

(c) H2NCH2CO2Me; (d ) SnCl2 . 2H2O, N-methylmorpholine;

(g) 4M HCl, dioxane ±MeOH (2 : 1), 50 8C.
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nones tend to be oxidized in air and can be converted to

aromatic derivatives.

The reaction of esters 29 with primary aromatic

and aliphatic amines affords benzoquinoxalines in high

yields.106

Substituted tetrahydroquinoxalines are also formed

upon cyclization of aniline derivatives containing a leaving

group (halogen atom) not only in the ortho- but also in the

meta-position.107 The reaction of 3-amino-3-phenylpro-

pionic acid derivative 30 immobilized on a solid substrate

with the stoichiometric amount of primary diamine yields

monosubstituted product. The subsequent dehydrofluorina-

tion induced by a strong base leads to the quinoxaline

system via dehydrobenzene.107

Alloc=AllOC(O).

Apart from halogen atoms, morpholine can also func-

tion as the leaving group in the reactions of ortho-substi-

tuted tetrahydroanilines with amines. Thus the nucleophilic

attack of the dinitrile 31 by hydrazines or hydrazides at

room temperature in ethyl acetate provides the correspond-

ing hydrogenated quinoxalines in high yields.108

Path q. As regards regiochemistry, intramolecular cycli-

zation of a-aryliminophenylhydrazones or oximes of

a-dicarbonyl compounds with substituted anilines instead

of o-diaminobenzenes or o-halonitrobenzenes is a promising

method.

The refluxing of aryliminooximes in acetic anhydride

yields a mixture of isomeric quinoxalines,109 which allowed

the authors to suggest that the reaction proceeds through

the aryliminoiminyl radical resulting from homolytic cleav-

age of the N7O bond in the intermediate ester.110, 111

The one-pot process where oximes are employed instead

of their esters (which are formed in situ) results in quinoxa-

lines in comparable or higher yields under mild conditions.

R1 R2 R3 Total yield (%)

Ph Ph H 57

Ph Ph MeO 65

Ph Ph Me 63

Ph Ph Cl 53

Me Ph H 66

Me Me H 16

When the benzene ring contains only a para-substituent,

6-substituted quinoxalines are obtained. In the case of meta-

substituent, two isomers are formed as a result of attack to

the ortho- and para-positions to the substituent, the former

slightly predominating, which implies that the process

occurs as aromatic substitution of the iminyl radical.

If the starting diketone is also unsymmetrical, the

corresponding a-arylaminooxime, even when substituted

only in the para-position, leads to a mixture of isomeric

quinoxalines.

Although the researchers cited 109 assumed a radical

mechanism for this reaction, a concerted process cannot be

ruled out.

IV. Synthesis of quinoxalines based on heterocyclic
systems devoid of the pyrazine fragment

A quinoxaline system can be constructed from various fused

nitrogen-containing heterocycles devoid of a pyrazine frag-

ment, for example, benzofuroxan (path r), benzimidazole

(path s), azabicyclo[4.1.0]heptane (path t) and benzodiaze-

pines (paths u and v).

R = (CH2)2OH (67%), (CH2)3OH (90%), Pri (70%), Bui (81%),

But (85%), Ph (88%), 2-MeOC6H4 (68%), 4-HOC6H4 (84%),

3,4-(MeO)2C6H3(CH2)2 (75%).
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Path r. A widely used method for the synthesis of

quinoxaline 1,4-dioxides is the so-called Beirut reaction

(also called Haddadin ± Issidorides reaction), viz., the reac-

tion of benzofurazan oxides with C-nucleophiles.112 ± 117

Silica gel can serve as the catalyst; however, the reaction

time is 1 ± 2 weeks. Molecular sieves, which reduced the

reaction time to 1 ± 3 days, proved to be more effective

catalysts of this process.118 The reaction efficiency also

depends on the types of molecular sieves used; the best

results were attained with the 3 A sieves (as a powder).

R1 R2 Yield (%)

Me Et 82

Me PhNH 88

Me 2-MeOC6H4NH 87

Me 4-MeOC6H4NH 80

Me 4-ClC6H4NH 84

Me 2-MeC6H4NH 85

MeO2CCH2 MeO 50

4-O2NC6H4 EtO 83

Ph PhNH 71

Path s. Benzimidazole containing, like benzofuroxan,

two N atoms in positions 1 and 3 of the five-membered

ring can also serve as the initial reagent in the quinoxaline

synthesis. Thermolysis of 2,2-dialkyldihydrobenzimidazoles

32 was accompanied by their rearrangement to isomeric

tetrahydroquinoxalines formed in low yields, which were

isolated by column chromatography.119

The authors proposed a plausible mechanism for this

reaction (shown using the dimethyl derivative as the exam-

ple); however, they did not discuss what happened to the

molecule that provides the benzyl cation in the first step.

Note that the formation of the final product can be

represented as a thermal isomerization of benzimidazole to

quinoxaline without participation of the benzyl cation.

Path t. A quinoxaline-related system can emerge upon

the expansion of not only five- but also a three-membered

heterocycle. New trans-perhydroquinoxalin-2(1H)-ones

were prepared by the reaction of aziridines with a-amino

acids as a result of aziridine ring cleavage and pyrazine ring

cleavage.120 Note that the reaction is non-stereoselective

and gives a mixture of products 33 and 34.

Compound Yield (%)

33a 27

33b 26

34a 25

34b 23

Path u. A quinoxaline ring can be obtained not only

upon small ring expansion but also upon large ring con-

traction.

The gas-phase pyrolysis of 1,5-benzodiazepine 35 at

800 ± 850 8C affords a mixture of heterocyclic products in

low yields (Scheme 4).121
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Only indole and quinoxaline derivatives could be iden-

tified in the mixture of pyrolysis products. The authors

believe 121 that the formation of products is caused by

homolytic cleavage of the benzodiazepine C(2)7C(3) bond

to give imidoyl ± azaallyl biradical pair. The b-cleavage of

the imidoyl affords acetonitrile and the phenyl ± azaallyl

radical pair, which cyclizes to indole. The formation of

dimethylquinoxaline is accompanied by loss of the C(1)

fragment, possibly, upon b-cleavage of the initially formed

biradical (Scheme 5).

Path v. 1,4-Benzodiazepine derivatives react with 1,3-

dipolar reagents also with a rearrangement giving rise to

quinoxalines in high yields. Thus N-oxide 36 undergoes 1,3-

dipolar cycloaddition to dimethyl acetylenedicarboxylate in

boiling ethanol for 12 h to be converted to quinoxaline

rather than isoxazolidinobenzodiazepine.122

The authors assumed that the adducts formed in the 1,3-

cycloaddition undergo the Beckmann rearrangement under

the reaction conditions to give quinoxalines. Under mild

conditions (stirring in EtOH or CH2Cl2 at room temper-

ature for 3 days) adducts 37 and the rearrangement product

with the same molecular formula are obtained in good

yields. The latter compound is also produced on short-

term heating of the adduct in ethanol. On long-term heating

in ethanol, both intermediates are converted to quinoxaline

with evolution of methyl and ethyl benzoylacetates, which

were detected by chromatography.

The information presented in the review demonstrates

the application of a broad range of modern synthetic

methods of organic chemistry for the preparation of diverse

quinoxaline derivatives. The subsequent studies in this area

will obviously be aimed at the synthesis and elucidation of

useful properties of more complex quinoxaline derivatives

and its fused analogues, which, in turn, will stimulate the

development of convenient methods for their synthesis. We

hope that this review will help synthetic chemists working in

this field to achieve results on targeted synthesis of quinoxa-

line derivatives with a specified structure and will also

attract attention of researchers working in other areas.
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