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Abstract — This review represents the methods developed for the synthesis of
benzimidazoles, quinoxalines and benzo[1,5]diazepines from the condensation of

o-phenylenediamines with a variety of electrophilic reagents.
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1. INTRODUCTION

Heterocycles make up an exceedingly important class of compounds due to their expansive range of
applications. They are predominant among all types of pharmaceuticals, agrochemicals and veterinary
products.* This comes as no surprise, since the most potent natural compounds and alkaloids are
heterocyles. Nitrogen heterocycles in particular exhibit diverse biological and pharmacological
activities>2? due in part to the similarities with many natural and synthetic molecules with known
biological significance.Xt o-Phenylenediamines are good starting materials for the synthesis of a variety of
heterocyclic rings especially benzimidazoles, quinoxalines and 1,5-benzodiazepines. The present review
concerted on the utilities of o-phenylenediamines in the synthesis of benzimidazoles, quinoxalines and

1,5-benzodiazepines via chemical reactions with bifunctional electrophiles.
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2. SYNTHETIC APPROACHES FOR BENZIMIDAZOLE DERIVATIVES

Benzimidazole nucleus is a constituent of several natural and non-natural products such as Vitamin B12,12
marine alkaloid kealiiquinone,®® benzimidazole nucleosides.X* Some of their derivatives are marketed as
anti-fungal agents such as Carbendazim®® and anti-helmintic agents such as Mebendazole and
Thiabendazole.® Benzimidazole has been an important pharmacophore and privileged structure in

medicinal chemistry, encompassing a plethora of useful biological activities such as antimicrobial X~

anticancer®®? and anti HIV.22 Benzimidazoles are fundamental structural units not only in the
pharmaceutical industry but also in several other fields such as agricultural, electronic, and polymer
chemistry. 2%

Condensation reactions of o-phenylenediamines with mono electrophilic reagents represent one of the
most important routes for the synthesis of benzimidazole derivatives. Carboxylic acids are the most
important, thus, 1H-benzimidazole derivatives 2 were synthesized via condensation reactions of o-
phenylenediamine 1 with carboxylic acid derivatives in the presence of 4.5N HCI or polyphosphoric acid

(PPA). Methylation of compound 2 (R=Ph) gave the corresponding N-methylbenzimidazole 3.3

NH, N
oS RICO,H @[ Vs Mel, NaH ©[ e
|
ZNH, 45N HCl or PPA R =Ph N

Me
1 2 3

R® = Et, CH,Ph, CH,OPh, 6-Cl-pyridy

Also, fusion of 4-(1-adamantyl)-1,2-diaminobenzene dihydrochloride 4 with a variety carboxylic acids

yielded the corresponding 5-(1-adamantyl)benzimidazoles 5.3

NH»
.2HCI
c RCOZH
NH,
91 99%
4

R = 1'a.da.manty|, 0-C|C6H4, p-C|C6H4, CHzoPh

Condensation of 1 with anthranilic acid in PPA at 250 °C gave 2-(0-aminophenyl)benzimidazole 6.3
Ten new 2-o-arylideneaminophenylbenzimidazoles 7 were prepared via the condensation of 6 with
various aryl aldehydes. 6-Arylbenzimidazo[1,2-c]quinazolines 8 as antimicrobial agents were obtained
through oxidative cyclization of compounds 7.3
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HOZC N
N\
250°C, 82% N

6
ArCHO | 75-81%
N
\ KMnO4, acetone N\
N 40-80 °C \
)t N 71-82% N
A N
8 7

Ar

Condensation of o-phenylenediamine 1 with cinnamic acid derivatives 9 in boiling ethylene glycol gave

2-styrylbenzimidazole 10 in 91-99% yields.*

: ethylene glycol >/R'):>
HO2

91 99%

1 R=H, Me, Ph

R! = H, 4-Me, 2-Cl, 4-Cl, 3-NO,, 4-NO,
RZ=H, Me, Ph

Likewise, condensation of 1 with «a-hydroxycinnamic acids 11 in boiling water afforded

1-(1H-benzimidazol-2-yl)-2-(hydroxyphenyl)ethane derivatives 12.%

0  OH
H 0,2h % NN
R —
(:[ + HOLC T 12.06% N HN\G
12

! " R = H, 3-OH, 4-OH

Heating o-phenylenediamines 1 with 1-bromo-2-naphthoic acid 13 in PPA gave 2-(1-bromo-2-naphthyl)-
1H-benzimidazoles 14 which underwent N-allylation using allyl bromide in sodium hydride/THF to give
1-allyl-2-(1-bromo-2-naphthyl)benzimidazoles 15. BusSnH mediated cyclization of 15 in refluxing
toluene afforded compounds 16.4
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HO,C
“150°C

50-64%

Iz__=z

Br
14

NaH, THF| =
reflux l—\_Br

R

68-70%
N
N O Bu3SnH
N
R toluene reflux
M 63-67%
16 €

15

R=H, OMe

Condensation of o-phenylenediamine 1 with o-acylbenzoic acids 17 in refluxing toluene using catalytic
amount of p-toluenesulfonic acid (p-TsOH) led to the formation of isoindolobenzimidazoles 18 in
reasonable yields. Similar, condensation of 1 with aroylcyclohexane-2-carboxylic acids 19 gave

hexahydroisoindolobenzimidazoles 20.%24

{ 'Cl
OR
19

RHN p-TsOH, toluene p-TsOH, toluene

20 18

R=H, Me, Ph, 4-MeCgH,4 Ar=Ph, 4-MeCgzH,

Substituted 5H-benzimidazo[l,2-blisoquinolin-11-ones 22 were synthesized in good yields (53-83%) by
refluxing the appropriate o-phenylenediamines 1 with a-(0-carboxyphenyl)acetonitriles 21 in n-amyl

I 44
R o)
]ij[ n- amyl alcohol
R N
53-83%

~

N

H

alcohol.
R= H, Me, CI

Reaction of 1 with lactic acid gave 2-(a-hydroxyethyl)benzimidazole 23. Compound 23 on oxidation with
acid dichromate yielded 2-acetylbenzimidazole 24 which underwent N-methylation with dimethylsulfate
in acetonitrile/potassium carbonate/triethylbenzyl ammonium chloride (as a phase-transfer catalyst),
yielding the corresponding N-methylated compound 25. Bromination of 25 in acetic acid gave
monobromoacetyl derivative 26 and its dibromo derivative 27.4
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O 2= 00— 0K
l
G G =

27

2,1,3-Benzothiadiazole-4,5-diamine 28 was condensed with various substituted coumarin-8-
carboxaldehyde 29 and chromone-3-carboxaldehyde 30 in the presence of mercaptoacetic acid,
in benzene under reflux, to give the corresponding coumarinylbenzothiadiazoles 31 and

chromenylbenzothiadiazoles 32, respectively.*®

S—N
[\
NQ NH,
+
NH2 CHO
R4 o 28 HO o _0
CsHes or MW
/ 1
R3 CHO R
0 50-55% 45-60% R*
30 ” 29
R: R
1
0 xR
5 7 HO o "o
S—N s—N
il N~ s 7\ NS
N N
/> />—“
N N
32 31
=H, Cl, Br R'=H, Cl, Br
= H, OH R? =Me, Ph, Cl, Br

On the other hand, aliphatic and aromatic aldehydes were good precursors for the formation of
benzimidazole heterocycles. Thus, condensation of o-phenylenediamines 1 with aromatic aldehydes, in
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the presence of potassium ferrocyanide (acted as an oxidant in different solvents) or strongly acidic

conditions gave 2-aryl-1H-benzimidazoles 2 in good yields.*"*

R R
NH, N
+ RlCHO W) \>_Rl
NH, NH,Br/MeOH N
1 56-81% H
R =H, CO,H 2

R1= 2-pyridyl, 3-pyridyl, 4-pyridyl, 4-HO-CgH,

Also, it was reported that condensation of o-phenylenediamine 1 with some aromatic aldehydes in
aqueous ethanol gave 2-aryl-1-arylmethyl-1H-benzimidazoles 33 in 37-95% yields not the other expected

products 2.492

N
37-95% \>_ Ar
N

NH; EtOH/H,0(2:1) \\Ar
+ 2ArCHO ——8M8M8M8
NH,

33
1 @[N\>— Ar
7 N
2

Ar= Ph, 4-MeCgH;, 4-MeOCgH,, 3,4-(MeO)CgHs, 3-CICgH,, 4-CICqHy, 4-HOCgH,

The catalytic effect of trans-3,5-dihydroperoxy-3,5-dimethyl-1,2-dioxolane in the presence of HCI has
been explored in one-pot condensation reaction of 1 with a variety of aldehydes into their corresponding
2-aryl-1-arylmethylimidazoles 2. The reactions were conducted under mild conditions in MeCN at room

temperature to afford the products in excellent yield.2

R N

R NH _

2 Me?&;(OZH MeCN \Oi \>—Ar

+ Ar-CHO + HCI, rt N
NH, HO, Me k

A
1 2 '

R=H, Me

Compound 1 reacted with an equimolar amount of anthracene-9-carbaldehyde 34 to give N-(9-
anthrylmethyl)benzene-1,2-diamine 35. Reactions of 35 with a series of substituted salicylaldehydes
afforded N-(9-anthrylmethyl)-N'-arylmethylidenebenzene-1,2-diamines 36 which underwent oxidation

with atmospheric oxygen to the corresponding benzimidazole derivatives 37.%
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CHO .
NH, MH
©: . Oee (2) NaBH, , EtOH-DMF O N
H
NH, 82% O NH,
1 34
35
72-86%\ ArCHO
N
H

SOy O
O N/QN [0] O /Q
41-64% N
O o
Ar

37 36

Reaction of 1 with bis-(3-benzoylquinoxaline) derivatives 38 in acetic acid under reflux gave

bis-(benzimdizaolyl) derivatives 39.%

;/ ‘IN
X N
+ — N
o o A

N 7
NH,

~N
69-80%
X: N N
Ph /\v %\n/\

Z
1 o h P o N N
38
X =0, CH, 39
n=12

Condensation of 1 and phthaloyldicarboxaldehyde 40 in the presence of potassium cyanide and sodium
hydrogen sulfite gave 2-(2-aminoaryl)-1-cyanoisoindoles 41. Diazotization of the latter compound gave

isoindolo[2,1-c]benzo[1,2,4]triazines 42.2

1
Q R CN R3
H,N R2
H KCN =
H + —_— N RZ
H,N rs NaHSOs = NaNO,/AcOH
0,
o 40-95% N R 84-98%
1
41 3
40 cN R
R1=H, Me, Cl, CF5 SN R2
R?=H, Me, OMe, Cl, CF5 =
R®=H, Me, CI, CF4 N=N R!
42

Direct and efficient syntheses of the benzimidazo[2,1-a]isoquinolines 43 have been achieved with 2-

bromoarylaldehydes, terminal alkynes and o-phenylenediamines 1 in the presence of palladium acetate as
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a catalyst under microwave irradiation process.>

B H,N R® PdOAc), R
R]_: + = RZ + —_—
= PhgP/Cul
CHO H,N R® EtN,MW R
1 26-68%

43
Rl=H, 4-Me, 5-F

R?=H, Bu, Ph, 4-MeCgH,
R3=H, Me

Condensation of 1 with 2-(2-phenylethynyl)benzaldehyde 44 in refluxing nitrobenzene resulted in an

oxidative cyclization to give 6-phenylbenzimidazo[2,1-a]isoquinoline 47 via intermediates 45 and 46.%

Ph
N Ph
P A
Lo OO, = oy —or
-H0 - /
NH, CHO N
1 44 45 46

|
D

Cyclic anhydrides on treatment with o-phenylenediamines under different reaction conditions also
afforded benzimidazole derivatives. Thus, 11H-isoindolo[2,1-a]benzimidazol-11-one derivatives 48 were
mostly prepared from the condensation reaction of 1 and aromatic anhydrides on the surface of silica gel

impregnated with ZnCl, under solvent free microwave irradiation conditions or at 140-150 °C.2%%8

Rl

R4
0
¢ V2 MW Lo N\ 3
R—— + 800W R—j
| —
= O N
NH, o ,
1 R
o) 0 i
48

R4

Benzimidazolo[1,2-a]pyrrolidin-2-one derivative 50 was prepared from the reaction of 1 with E-fulgide
49 in boiling toluene.
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Me
Me
R NH
’ Me S toluene Ph
+ O NN 4 / Ph —m8M—
R NH, 29%
] O Me
R =Me 49 50

Similarly, isoindolobenzimidazolone 52 was prepared from heating phthalic anhydride with the

pyridylphenylenediamine derivative 51 in boiling acetic anhydride.®

0
NH,
+
NH,
MeO,C Co,Me o)

Refluxing isochroman-1,3-dione 53 with o-phenylenediamine 1 in glacial acetic acid gave 11H-
benzimidazo[1,2-a]isoquinolin-11-one 54.2% Also, treatment of 1 with 1,8-naphthoic anhydride

derivatives 55 gave the pentacyclic fused system; 7H-benzimidazo[2,1-a]benzo[d,e]isoquinolin-7-ones

56,5263

0]
53
CO 5 Yy

AcOH =
N
H

R
56

Likewise, 2-N-ethylamino-5-methylbenzimidazo[1,2-aJquinoline 58 was formed in 18% yield when 7-

diethylamino-4-methylcoumarin 57 reacted with compound 1 in the presence of PPA at 240 °C.%

NH, OO NEt,
@i PPA
+
N —_— N
NH, 18% N—(/
Me
1

Me
58

NEt,

57
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The hydroxyisoindolobenzimidazole derivatives 61 and 62 were synthesized from condensation of 1 and

1,2-di(triflouroacetyl)benzene 59 and 3- benzylldenephthallde 60, respectively.®>

o
CF, o
F,c_HN CFs N\_-Ph
Ho HN
\ 0o

60 59 N
1

F,C OH \
Ph

Reaction of 1 with benzoxazinone 63 in boiling dioxane gave benzimidazole derivative 64, while, in the

absence of solvents at 160 °C in an oil bath benzimidazo[1,2-c]quinazoline derivative 65 was obtained.®”

(0]
H,N
N/ NHCOPh + :@
H,N
H Ar 1
63
50%]| fusion, oil-bath 37% | dioxane/heat
160°C, 2 h 10h
N :
H
©\)\ NHCOPhH ©5,\; H
Z
H™ TAr o Ar
65 NHCOPh
64

Ar = CgHo(OMe)3:3,4,5

Reaction of 1 with 3,4-diamino-2,5-dicarbethoxythieno[2.3-b]thiophene 66 in PPA gave 3,4-diamino-2,5-
dihetarylthieno[2,3-b]thiophenes 67.%

L Bes G @*\::::/*@

2 EtOZC COzE

Reaction of 1 with methyl cyanocarbamate 68 in acidic medium gave methyl 2-benzimidazolylcarbamate
69.%
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NHZ . N\ NHCOZMe
H,0O, H
+ NCN HCOzMe NH
NH, i -NH;,99%

1 69

Reaction of 1 with (3,5-dichloro-4H-1,2,6-thiadiazin-4-ylidene)propanedinitrile 70 in ethanol at 20 °C
gave 4-chloro-5-cyano-1,2,6-thiadiazino[3’,4°:5,4]pyrrolo[1,2-a]benzimidazole 71 via loss of HCI and

NH; molecules.”

N
NC CN AN CN NH
NH2 EtOH NH H) NH\Z, CN
@ + CI Cl N cl C}'N |
NH, | HCl | —
N _N N Cl
S S N /
AN /N
S
1 70 B i}
l-NH3
N<
N ~ §
AN AN 2N
N
cN Cl
71

Reaction of 1 with 2,5-bis(bromomethyl)benzene-1,4-dinitrile 72 in boiling DMF led to the formation of
polycyclic skeleton 73.

NH NC N
’ . Br  DMF @[ N\
Br N N
NH, CN Q
72 73 N

1

Cyclocondensation of 1 with hexachloroacetone 74 in ethylene glycol at 40-50 °C led to substituted bis-

benzimidazoles 75.22
NH,

H
R—/ | /& 50-70% @[ \ le\/j
+ _— < —R
N R \
NH, CCl3 CCl; AN H N —
7 75

4
X=3-Me, 4-Me, 4-Cl, 4-MeO, 3-OH

Reaction of o-phenylenediamine 1 with acid chloride 76 gave a mixture of monosubstituted derivative 77
and N,N’-disubstituted derivative 78. Treatment of both 77 and 78 with POCI; yielded the same
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benzimidazole derivative 79.2

o A —C, o

N—COR
1 77 (35%) 78 (60%)
POCl, POCI,
MeO -H,O -H,0
R=
MeO — N
hydr0|y3|s |
H RCO,H + )\ )\
R (92%) YR
COR

Chlorocyclohepta[b]pyrroles 80 reacted with o-phenylenediamine 1 to give 2-(2-aminoanilino)-
cyclohepta[b]pyrroles 81 in good yields. Treatment of 81 with PPA or p-TsOH in n-butanol afforded

cycloheptapyrrolobenzimidazoles 82 in good yields.™

R R i
N
-
= . - H n-BuOH/p-TsOH 4
1+ N/ N/ or PPA N
39-81%

H,N
80 2

R = H, CO,Et 81 82

1H-Benzimidazole-2-thiols 83 were prepared by refluxing ethanol-water solution of sodium hydroxide,
carbon disulfide and 4-(un)substituted-1,2-diaminobenzenes. The reaction between chloroacetic acid and
83 (R=H) in the presence of sodium hydroxide led to (benzimidazol-2-ylthio)acetic acids 84. 1,3-
Thiazolo[3,2-a]benzimidazol-3(2H)-ones 85 were obtained by heating 84 and acetic anhydride in
pyridine medium at 100 °C.2

0O

NH;  EioH/CS \©[ CICH,CO,H R\©[N
2 2 2
- e
SH — S OH

K@i NaOH NaOH N
NH, H

1 84

R=H, Me, NO,, Cl lACZO/ Pyr

R N\>_S
e

85 O
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In a similar manner for the synthesis of benzimidazoles, reaction of o-phenylenediamine 1 with
phosphonyl dichloride in dry toluene in the presence of triethylamine gave the corresponding
2-(2-chloroethyl/allyl/benzyl)-2,3-dihydro-5-benzoyl-1H-1,3,2-benzodiazaphosphole-2-oxide 86.° Also,
treatment of 1 with 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane-2,4-disulfide (Lawesson’s
reagent) afforded 1,3-dihydro-1,3,2-benzodiazaphosphole-2-sulfide-2-p-alkoxy(phenoxy)phenyl 87.7

o)
I
R ¢l

H O
NH; cl N 77
P
/ Rl
R toluene R

NH, EtsN, 50-55 °C
1 52-60% 86

R COPN

S\ = CH,CH,Cl, CH,CH=CH,
0,
8-72% | R20 R R /\@ CH,Ph
H
S
Ny 77 OR?
N/P
R H

R =H, Me, Cl
R? = Me, Ph

3. SYNTHETIC APPROACHES FOR QUINOXALINE DERIVATIVES

Quinoxaline derivatives are the subject of considerable interest from both academic and industrial
perspective.”2# Quinoxalines possessing broad spectrum of biological activities including antiviral,
antibacterial, anti-inflammatory, askinase inhibitors, anticancer, antitumor, antidepressant,
antimycobacterial, cadiotonic and anthelmintic agents.®* Also, quinoxalines have been reported for their
applications in dyes, pharmaceuticals®® and have also been used as building blocks for the synthesis of
organic semiconductors.2*®® Moreover, quinoxaline ring is a part of various antibiotics such as

99100 that are known to inhibit growth of gram positive

Echinomycin, Levomycin and Actinoleutin®
bacteria and are active aganist various transplantable tumors 2%t

A variety of synthetic strategies have been developed for the preparation of quinoxaline derivatives. One
of the most common methods is the double condensation between aryl-1,2-diamines with 1,2-dicarbonyl
compounds in refluxing ethanol or acetic acid for 2-12 h, to produce quinoxalines in 34-85% yields.2%?
From the synthesis standpoint, this traditional process generally requires high reaction temperature, strong

acidic media, and mostly long reaction time.
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A number of methods have been developed to improve the reaction conditions and yields. Thus, clay-

catalyzed condensation of o-phenylenediamine 1 with 1,2-diketones 88 gave 2,3-disubstituted

|103 104

quinoxaline 89. In the presence of catalytic amounts NH4CI== or cerium trichloride™ the yield was
improved in a very short time. Moreover, under microwave irradiation, quinoxaline derivatives 89 were
obtained in 71-98% vyields.2%2% Also, reaction of 1 with 1,2-diketones 88 in DMSO in the presence of

iodine as a catalyst gave quinoxaline derivatives 89 in 85-95% yields.1%

NH o} R! N R!
2 s 71-98% YOS
R + — R
NH, o~ "Rl N" R
1 88 89

R =H, Me, Cl, NO
R! = Me, Ph, p-MeOCgH,4
p-MeCgHy, p-ClCgHg, furyl)

2,3-Disubstituted quinoxalines 89 (68-93% yields) were also prepared from reaction of 1 with benzil 88 at
room temperature in the presence of different catalysts such as oxalic acid, ZnCl,, Mn(OAc),, CoCly,
Ni(OAC), or silica bonded S-sulfonic acid (SBSSA).X% Similarly, dibenzo[a,c]phenazine derivatives
90 and acenaphtho[1,2-b]quinoxaline derivatives 91 were efficiently prepared from condensation of 1

with phenanthrene-9,10-dione and acenaphene-1,2-dione in the presence of SBSSA.2

k,m

92-94%

RY NH,
I;[ SBSSA
R? NH, rt, EtOH/H,O [70/30(v/v)

1
Rl R2 =H. Me D:
T oros%

Diaminopyrrolobenzimidazole 92 underwent condensation reaction with phenanthrene-9,10-dione in

AcOH at reflux to give hepta-fused-heterocyclic system 934
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92 93

Condensation of O,0O-dimethyl derivative of diaminoquinazirin 94 with glyoxal or diacetyl in THF gave

naphtha[2,3-g]quinoxaline-6,11-dione derivatives 95.12
o OMe O OMe
N.__R
NH; OxR  THF N
9@ + >
NH, o R N R
O OMe R=H, Me O OMe
94 95

Microwave-assisted reaction of o-phenylenediamine 1 with a-hydroxy ketones (acyloins such as benzoin)

113 114 115

96 in the presence of MnO,,=* acidic alumina,= or Clay,~ as a catalyst gave 2,3-disubstituted-

quinoxaline 89. The reaction was supposed to be carried out via a tandom oxidation process of acyloin to

the corresponding 1,2-dicarbonyl compounds.

0

NH, MnO, or N. _R
+ RJKKR acidic alumina or Clay @ \:[
NH, OH 20-94% N/ R
1 96 89

R =m-CIC4zH,, p-CICzH,, p-MeOCgH,,
2-furyl, Ph, (CHy)g, n-Pr, Et

It was found that, in symmetrical diamines the product will be same irrespective of which amine
participates first in the reaction as reported above. In case of unsymmetrical diamines, the substituents
influence initial participation of a particular amino group in the reaction, resulting in region-specific
products. The electron withdrawing/donating nature of substituents in diamine influenced the
nucleophilicity of the amine group. Thus, reaction of 3-nitro-5-trifluoromethyl-1,2-phenylenediamine 97
with 1,2-diketones 88 gave quinoxaline derivatives 89 in 82-88% yields using MW and 66-75% vyields
under thermal conditions. It is presumed that the amino group meta to CF3; and NO, groups participates
initially in the Schiff base formation, while the other amino group could not participates initially because

it is ortho to nitro and para to CF; group which are considered to be powerful electron withdrawing
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groups and may reduce the nucleophilicity of amine. Hence the formation of other region isomer to

compound 98 was not seen 18

CF; NH, o) R
. I _MW, ACOH__
NH, 0] R 66-75%
NO,
97 88  R=H, Me, CFs, Ph

Condensation of 4-benzoyl-1,2-phenylenediamine 99 with pyruvic acid in acetic acid at room temperature
gave a mixture of 3-methylquinoxalinone 100 and the corresponding isomer 101. 6-Benzoyl-3-
substituted-styryl-2(1H)-quinoxalinones 102 were obtained via fusion of 101 with aromatic aldehydes in

the presence of piperidine at 160 °C.1’

0]

N__o
() Ph :/E
®) 30% N Me
100
Me
NHZ\/04
99 T60%

Ph

60-73%‘ ArCHO

Y@I/CH

Ph

Ar =4-CICgH,, 4-MeOCgH,,
3,4,5-(Me0);CgH,

1,2-Dihydro-3-substitutedquinoxalin-2-ones 104 were prepared by condensation of a-ketocarboxylic

acids or corresponding esters 103 with diamine 1.4

R NH, O _R!
' ﬁ I
R: : :NHZ 0” “OoR
1 103
R=H, Me, Cl RL=H, Me, Et, Ph, CH,CI,

CH,Br, CHBr,, CH,CO,Et,
CH,CH,CO,Et, CH(CH5)CO,Et

R2=H, alkyl
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Instead of o-ketocarboxylic acids or a-ketoesters, it is possible to use great variety of functional

derivatives (e.g. oxalomonoimidic acid diethylester) to react with o-phenylenediamine 1 to produce 3-

aminoquinoxalin-2-one 105 which on acetylation gave 3-acetylamino analogs 10613133

Also, treatment of 1 with coumarandione 107 yielded 3-(2-hydroxyphenyl)quinoxalin-2-ones 108.23

Rl
R2
0
Cl NH, RL cl N
~
+ o —>
c NH; R2 © cl N Yo O
H
1 107
R'=H, Me 108

RZ2=H, MeO

Haloesters are also very good starting compounds when reacted with o-phenylenediamine 1 to produce

tetrahydroquinoxalines 109 which on dehydrogenation by hydrogen peroxide gave compounds 110.2%

H
NH, X< _-R N R H0, Ny R
NH, 0™ ©OR H O H o)
1

109 110

3-(2-Acetylaminophenyl)-1,2-dihydroquinoxaline-2-ones 112 were prepared by the reaction of N-
acetylisatin 111 with 1,2-diamines 1 in acetic acid under reflux. The corresponding amino derivative 113
was then prepared by alkaline hydrolysis of 112. Boiling amino derivative 113 in acetic acid or
phosphorus oxychloride furnished the fused system; indolo[2,3-b]quinoxalines 114. The diazotization of
compound 114 afforded solution of the corresponding diazonium salts 115, which under thermal
decomposition yielded [1]benzofuro[2,3-b]quinoxalines 116. Compounds 116 were split in alkaline
medium into the 3-(2-hydroxyphenyl)-1,2-dihydroguinoxalin-2-ones 117. During decomposition of 115

with the presence of iodide ions, 3-(2-iodophenyl)-1,2-dihydroquinoxalines 118 were obtained.23¢%
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R N
L0
V7
N
R N H
114

O Me
89-96% |AcOH or POCl,

|T|/N
. 1. OH .
_ACOH _ NS 2.HO" N

Come 13"
R=H, Me, Cl,F,NO, 111 12
© 2 HN02/H3O
+
118 8092%
R=H
j@[ I :C 93-96% :@:

117

Coupling of diazonium salts 115 with 6,7-disubstituted-3-methyl-1,2-dihydroquinoxalin-2-ones, ethyl

cyanoacetate and malononitrile gave the corresponding hydrazones 119-121. Hydrazones 121 were

cyclized with hydrazine hydrate to the corresponding pyrazole derivatives 122 12

,/CN
CO,Et
HN\ _
R N
N+
R N Yo N (CN
H
115 CN R AN
L
R=H, Me, F, NO, 88-92% AN _ N
R N o N
CN

R N\ Me H
R N o)
104 H

74-85% | NH,NH,- H,0

HN Na NH
R N™ o ON= R N o SN—
H H =N
H,N

0 122
119 HN R
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Instead of a-keto-carboxylic acids or a-ketoesters, it is possible to use great variety of functional

derivatives including ureides and lactams (e.g. alloxane 123) to produce quinoxalines 124240141

I:[ jk ji:[ ﬁ /CONH,

123 124
R=H, Me

Condensation of 1 with polyfluoroacyl pyruvates 125 resulted in the formation of 3-(2-oxofluoro-

alkylidene)-1,2,3,4-tetrahydroquinoxalin-2-ones 126 in 50-85% isolated yields. The same products 126

were obtained from chelates 127 and diamine 1.14?

H/ X O]
NH:  Ho R
NH, oo o © 20 o P
50-85% Culy
126

1 125
R= CHFz, CF3, C4Fg, C6F5

127

Reaction of 1 with 2-thienoylpyruvate 128 gave 2-chloro-3-(2’-thienoylmethyl)quinoxaline 130 via

treatment of 2-hydroxy-3-(2’-thienoylmethyl)quinoxaline 129 with phosphorus oxychloride .22

JANHOL pp POCI,
Te 71%

Treatment of 2-(2-o0x0-2,3-dihydro-1H-indol-3-ylidene)acetic acid esters 131 with o-phenylenediamine 1

gave the corresponding 3-(2-0x0-2,3-dihydro-1H-indol-3-yl)-3,4-dihydroquinoxaline-2(1H)-ones 132 14

OAIk
NH,
©i EtOH
+ —_—
NH, 48-75%
1 131 132

Alk=Me,Et R=H,Br R! =H, COMe
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Condensation of 5-fluoro-4-moephilino- and 5-fluoro-4-(4-methylpiperazino)-1,2-phenylenediamines 133
with 4-hydroxy-3,5-diphenyl-2-phenyliminothiazolidine 134 gave a region-isomeric mixture of 8-fluoro-
3-phenyl-1-phenyliminothiazolo[3,4-a]quinoxalin-4(5H)-ones 135 and 7-fluoro-3-phenyl-1-phenylimino-
thiazolo[3,4-a]quinoxalin-(5H)-ones 136. Herein again, the use of unsymmetrically substituted 1,2-
phenylenediamines resulted in the formation of a mixture of two isomeric thiazoloquinoxalones 135 and

136 in a ratio 2:3.12

_— PhN
g o N 'S
F NH, Ph acOH  F N ph R N/ Ph
O T e O
+ /}\\ "
-2MeOH
NPh
R NH, Ph” s -9PhNAc R N~ Yo F N 0
-2H,0 H

135 136
26-40% 60-74%

133 134

0
Re T/ M e

N

Reaction of 1 with 1-(1-alkyl/aralkyl-1H-benzimidazol-2-yl)ethanone 137 in ethanol containing iodine
gave 2-(1-methyl-1H-benzimidazole-2-yl)quinoxaline 138 14

Me\ /Me

@NHz Me N:@ l,, EtOH OiN —N

+

>/—<\ />_(

NH, S N 89% N N /
1 137 138

Literature survey reveals that quinoxaline having coumarine constituent possesses antibacterial activity.**

0-Phenylenediamines 1 on reaction with various substituted 4-hydroxycoumarin 139 in ethanol under
reflux afforded 2,9,10-trisubstituted-6-oxo-7,12-dihydrochromeno[3,4-b]quinoxalines 140 in 70-80%

o)
H
N Rl
o. _0O 1 Q
HoN R EtOH |
+ 1
R Br HZN Rl
OH
! 140

yields 148

1
139

R =H, Me, MeO, F, ClI, Br, NO,
Rl=H, Me
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2,3-Dihydroxy-6,7-dichloroquinoxaline 141 was synthesized in good yield by condensation of
corresponding diamine 1 with oxalic acid in refluxing 4M hydrochloric acid.**® Chlorination of 141 gave
2,3,6,7-tetrachloroquinoxaline 142, which on subsequent reaction with sodium hydrogen sulfide gave of
2,3-dimercapto-6,7-dichloroquinoxaline 143 in quantitative yield.™® Partial ammonolysis of compound
143, using alcoholic ammonia, yielded 2-amino-3-mercapto-6,7-dichloroquinoxaline 144 in 70% yield.
Acetylation of 144 using acetic anhydride under reflux afforded 2-methyl-6,7-dichlorothiazolo[4,5-b]-
quinoxaline 145 in 71% yield. 2!

OH
POCI
:@[ oxalic acid__ :@: PO :@i I
NH, P PC%

1

EtOH l NaSH

Cl N N cl N_ _NH
AN
\: Me ACZO D 2 NH3 C| N\ SH
7~ s pZ EtOH
Cl N cl N~ sH al NS
145 144

SH

Ethyl quinoxalin-3(4H)-on-2-ylacetate 147 was synthesized by reaction of 1 with sodium salt of diethyl
oxalacetate 146 (prepared from diethyl oxalate and ethyl acetate in benzene in the presence of sodium) in
acetic acid. Condensation of 147 with dialkylaminobenzaldehydes afforded the styryl disperse dyes 148
in 70-80% yields.*?

NH,  EtO,C
- E
+
NH EO C/CH Na 80% co Et
2 2
1 146
o} R
/
ACOH/AcONa \\_QN
70-80% i
H
N o}
C[ — CO,Et
"

148

R = Me, Et N
R = Me, Et, Ph R1
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Commercially available 2,3-diaminonaphthalene 149 was reacted with diethyl oxalate to give annulated
quinoxalinedione 150 which under treatment with phosphorus oxychloride under reflux afforded dichloro
derivative 151. Compound 151 was then reacted with propargylamine to give amino-chloro derivative
152, which was cyclized under acidic conditions to provide 1-methyl-4-chlorobenzimidazoquinaxoline
153. Compound 153 then served as a key intermediate to generate 4-amino-substituted analogues 154.2

NH
2 diethyl oxalate I POC|3 I
85%
NH, reflux 14 h 0
82% 151

149
propargylamine, Et;N

dioxane, reflux,

conc. H SO4
RNH2 THF
80 °C 1h, 30%
26 94%

Reaction of 1 with 3-benzoyl-2,3-dibromopropionic acid 155, in ethanol containing triethylamine,

afforded 3-phenyl-2-carboxymethylene-1,2-dihydroquinoxalines 156.2*

NH, O  CO,H
_— y _TEAEIOH I
R NH, P Br “4064%
Br
1

155
R =H, Me, CI, Br,CN 156

Condensation of 1 with 3,6,6-trichloro-2-hydroxy-2-cyclohexen-1-one 158, prepared by electrochemical
reduction of 3,3,6,6-tetrachloro-1,2-cyclohexanedione 157, gave the corresponding intermediates 159 in
high yields. Compounds 159 were converted into the corresponding 1-chlorophenazines 160 by simple
treatment with 2,6-lutidine. Also, condensation of 1 with 157 gave the corresponding tetrachloro

derivatives 161.2%°



HETEROCYCLES, Vol. 83, No. 12, 2011 271

H2

cl
o)
5% OH
al 41-90%
158

HoN R 89-96%]| 2 B
-2H,0
H,N R cl
Cl cl N R
IN R = + 2B°HCI
| Z
= N R
N R
Cl Cl 160

R =H, Me, Cl, COPh
B = 2,6-lutidine

N

Treatment of diaminocarbazole derivative 162 with ethyl bromopyruvate in N-methylpyrrolidine (NMP)
containing triethylamine gave the fused system 163 in 29% yield.*®

" O Nz BrCH,COCO,Et HO
TEA/NMP

29%

CO Et

162 163

The reaction of o-phenylenediamine 1 with 4-bromo-3-sulfolanone 164, in the presence of dichloro-
dicyanobenzoquinone (DDQ), yielded 1,3-dihydrothieno[3,4-b]quinoxaline-2,2-dioxide 165. Compound
165 was also prepared from the reaction of 3,4-dibromosulfolane 166 with o-phenylenediamine 1,
followed by the dehydrogenation of tetrahydroquinoxaline intermediate 167.25%:1%8

Br.
NH, N
DDQ AN
+ 202 —=— SO
NH, MeOH _ 2
1 164 165
T MnO,/benzene
Br
NH,
+ 02 MeOH
SO,
NH, Br
167

166
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Diethyl dihydrothieno[3,4-b]quinoxaline-1,3-dicarboxylate 169 was obtained in 15% yield by the reaction

of diester 168 and o-phenylenediamine 1 in acetic acid.*®

CO,Et

N
(ACOH_ _—
%0,
T
° N

169

Moreover, 2-benzoyl-3-phenylthieno[2,3-b]quinoxaline 171 was prepared via the condensation of

thiophene-2,3-dione derivative 170 with o-phenylenediamine 1.1

NH, ) Ph N\ Ph
+ \ -
S N S
Ph Ph
170

Similarly,  condensation of 1 with cyclic diketosulfone  derivative 172  vyielded

1,3-diphenyl-1,3-dihydrothieno[3,4-b]quinoxaline derivative 1731

Ph
Ph
NH, O
©i . so, EIOHIACOH. .
2
NH, o Cww
Ph

Ph

Condensation of benzothiophene-2,3-diones 174 with compound 1 has been reported to give the

corresponding benzothiopheno[2,3-b]quinoxalines 175.262

RY NH,
S 0] R N S
X AN X
2 =
R NH, . - \

1
RY, R?2=H, Me ,OMe, NO,, halo
R3=H, Me, Br

Reaction of 1,4-dibromo-2,3-butanedione 176 with o-phenylenediamine 1 gave 2,3-di(bromomethyl)-
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quinoxalines 177. Compounds 177 were converted into the corresponding dihydrothienoguinoxalines 178
by treatment with anhydrous sodium sulfide. Oxidation of 178 afforded compound 179 which on

dehydrogenation gave thieno[3,4-b]quinoxalines 180.2231%

R NH, o R N - N
PR S5 e

R NH, o Br R N Br _oNaBr . 7

178

1 176 177
R =H, Me R =H, Me

l [O]
R N
N -H,0 R N\
S - SO
NS = 7
R N R N
180 179

Reaction of 1 with 1,2-dibromophenylethane derivatives 181 and 182 gave tetrahydroguinoxaline

derivatives 183 and 184, respectively.2®

Br
O Ph H
Ph N
Br

R o}
N
0 | H

181 R
79-89% 0

Reaction of pyruvic acids 185 and 186 with o-phenylenediamine 1 gave dihydroquinoxaline derivatives

187 and 188, respectively.X®
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185

82-86%

Reaction of o-phenylenediamine 1 with epoxides 189 and chlorocyanohydrins 190 gave 2-

alkoxycarbonyl-3-aryl-3,4-dihydrogouinoxalines 191 and 192, respectively.t®

Ar CN  _ -

NH, M o “cor N A N
189 ); -HCN Ar
—_—— e
NH, 70-85% NH, CO.R NH,
2 CO,R
1 N HO L o 2
Ar, L - - -
CN
77-88% -H,0
IH & cor 2
130 H
Ar
N Ar @NI
A
=
©i ;[ N~ Co,R
N~ co,R Ar = Ph, p-MeCgH,, p-CICgH,
R = Me, Et 191
192

Reactions of o-phenylenediamine 1 with ethyl ethoxymethylidene-2,4-dioxo-4-pentafluoro
phenylbutanoate 193 gave 3-[2-(2-aminophenylamino)-1-pentafluorobenzoylethenyl]-1,2-dihydro
quinoxalin-2-one 194. The reaction was accompanied by condensation at the a-oxoester to form
quinoxaline moiety and the second molecule of o-phenylenediamine 1 underwent replacement to the
ethoxy group leading to product 194.2" Reaction of 1 with dialkylacetylene dicarboxylate 195 gave 3,4-
dihydro-3-(alkoxycarbonylmethylene)quinoxalin-2(1H)-one 196.2
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\’H;‘/CC)zEt
CE Gy J@
o H
85-90% NH2 66%

CO,R

194
R = Me, Et

4. SYNTHETIC APPROACHES FOR BENZO[1,5]DIAZEPINE DERIVATIVES

Benzodiazepines and its derivatives constitute an important class of heterocyclic compounds which
possess a wide range of therapeutic and pharmacological properties. Derivatives of benzodiazepines are
widely used as anticonvulsant, antianxiety, analgesic, sedative, antidepressive, and hypnotic agents.*®® In
the last decade, the area of biological interest of 1,5-benzodiazepines has been extended to several
diseases such as cancer, viral infection and cardiovascular disorders.X"

The most common route to benzodiazepines is the condensation reactions between o-phenylenediamines
and 1,3-bifunctional electrophiles. Thus, 1,5-benzodiazepines 197 were prepared via treatment of o-

phenylenediamine 1 with ethyl acetoacetate and ethyl benzoylacetate. 22

o A —old

R! = Me, Ph
R=H, Me

Similarly, heating 1 with acetyl/benzoyl acetone gave 1,5-benzodiazepines 198 in 69-92% yields

O I =

R= Me, Ph

Also, treatment of 1 with 3-(I-adamantyl)-3-oxoethyl propionate 199, in boiling xylene, led to 4-
adamantyl-1,5-benzodiazepin-2-one 200. Thionation the latter compound using phosphorus pentasulfide

in boiling pyridine gave the corresponding thione derivative 201.12
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NH,
t 0
NH, reflux, 1 h pyridine

56% e 0
N 45% N
1 EtO o H N

199 200 201
2,4,6-Trichloro-1,3,5-triazine (TCT) efficiently catalyzed the condensation reactions between o-
phenylenediamine 1 and various enolizable ketones to afford 1,5-benzodiazepines 202 in good to
excellent yields. This method achieves cheap catalyst and easy workup.*™

H R
NH, o N Rt
TCT (4eq.)MeOH 1
+ )k/Rl R
NH, R 52-99% -
R
202
R = Me, Et, Ph, 4-MeCgH,, 4-CIC;H,, 4-NO,C4H,, 2-thienyl

R1=H, Me

Likewise, bis-benzodiazepine 204 was prepared in moderate yield from the reaction of bis-diamine 203

with acetone in the presence of TCT 1%

NH, N
O acetone (2 eq.) O
O NH,  TCT 8 eq) O N=
_—
H,N N

/

NH, NH

203 204

Also, 2,3-dihydro-1H-1,5-benzodiazepines 202 were synthesized in excellent yields (79-94%) via

condensation of 1 with ketones having a hydrogen at a-position, using RuCls-xH,0, ytterbium trichloride,

sulfamic acid or p-nitrobenzoic acid as a catalyst. 1>

R NH
2 Q RuCI3 xH,0
+ )j\/Rl
R rt
NH, 79-94%
1 R = H, Me, Cl 202

R!=H, Me, Et, Ph, 4-CIC4H,, 4-MeOC¢H,
R2=H, Me, CHMe,
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o-Phenylenediamine 1 on reaction with 2-benzylidene-3-oxoalkanoates 205 yielded benzodiazepines 206
together with benzimidazole 2.2

Ph

N)\NH

NH, Ph benzene Y\(
O = L =

1 205

RF: CFq, CHF2 50-59% 22%

A convenient, solvent free and green approach for novel 1,5-benzodiazepines was achieved from the
irradiation of ethyl acetoacetate and aromatic aldehydes for a sufficient interval of time followed by
addition of o-phenylinediamine 1, which condenses with the intermediate and afforded the desired
product 207 in 86-97% yields.*2

— - NH2
@] 0] ©i H Ar
O 0] N
M ArCHO " 7 NH;
e
Me OEt — > Bl — CO,Et
MW

—

A 86-97% N Ne

Ar=aryl, 2-furyl 207

Treatment of 1 with 3-[2-ox0-2-aryl(hetaryl)ethylidene]-1H-indol-2-ones 208 gave 1,3-dihydrospiro[1,5-
benzodiazepine-2,3'-indole]-2'(1'H)-one 209 together with 3-[2-(2-aminophenylimino)-2-arylethylidene]-
2,3-dihydro-1H-indol-2-ones 210.18

? R
Ar N
NH, ) N
+ R R HN H,N
NH, 0 o . —
N HN =N
H

N

1 H
2

08 209 210

R =H, Me, MeO, halo

Reaction of o-phenylenediamine 1 with chalcones 211, in ethanol under strongly acidic conditions or
DMSO containing fused sodium acetate, gave 2-(2-phenyl-2,3-dihydro-1H-1,5-benzodiazepin-4-yl)-
phenols 212 18
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@[ ‘/k/\‘\ AcONa
DMSO
79-95%

211

R=H, NO,, Cl, OH, Mg, MeO

1,5-Benzodiazepines 214 were synthesized in excellent yields by treating 1 with 1H-2-ox0-4-hydroxy-

quinolin-3-yl-3-aryl-2-propenones 213 using catalytic amount of mesoporous zeolite MCM-41.28

A H H O '/\/le
H N
HN
©: MCM-4L/MW I\
N
" oo G

213 Ar = aryl 214

Reaction of 1 with enaminone 215 gave 4-(3-O-benzyl-1,2-O-isopropylidene-a-d-xylotetrafuranos-
4-yl)-1H-benzo[b][1,5]diazepine-3-carbonitrile 216.2%

(@)
NH2 o
@ + Me,N” X wrQ EtOH, reflux
_—
NH, CN 44%
BnO O
215

Condensation of 1 with ethyl 3-(5-chloro-1,3-diphenylpyrazole-4-methylidene)-2-cyanoacrylate 217 in

boiling ethanol containing catalytic amount of piperidine afforded pyrazolo[3,4-b][1,5]benzodiazepine

derivative 220 via the non isolable intermediates 218 and 219.2°
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CO,Et
2 COzEt
CN H\
NH, >/_§\ piperidine/EtOH N
+ N\N C| —_—
| reflux, 75%
Ph
1 217 218
COzEt
Ph —N
N/ \ D -NCCH,CO,Et
\N N
| H
Ph
220
219

The reaction of 3-(isobutoxymethylene)-pentane-2,4-dione  derivatives 221  with  various
benzene-1,2-diamines gave 2,5-dihydro-2-trifluoroacetyl-2-trifluoromethyl-1H-benzo[b][1,5]diazepines

222 in moderate to high yields under very mild conditions 2%

1

R o Y R H OH

R3 NH RA N Y
2 ;, MeCN,rt,1h
+ = —_— / coz

3 RS N
R NH, -BUO o) N

1 221
R1=H, Me 22

Y = CF, CF,Cl, CF,CF
R?=H, Me, Cl, NO,, 2 N

CO,H, COPh, CO,Me  Z = CCl;, CF3, CF,Cl, CF,CF,4
R3=H, Me, Cl

Methyl crotonic acid did not undergo any reaction with diamine 1 using 1:1 molar ratios of the reactants
in 4N HCI under reflux. However, when the amount of methyl crotonic acid was doubled in the same
experiment, the reaction occurred after thirteen hours of reflux and gave two pure crystalline products
which were identified as 5-chloro-2-(1-isobutenyl)benzimidazole 223 and 7-chloro-4,4-dimethyl-
1,3,4,5-tetrahydro-2H-1,5-benzodiazepin-2-one 224 1

H 0O
NH,  Me N N\
/@ + >:CHC02H anHel + N>‘C\H
cl NH, Mé cl —<Me H Me>"\"e
H Me
1 223 224

26% 8%
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Reaction of 1 and methacrylic acid gave 2-(2'-propenyl)benzimidazole 225 and 3-methyl-1,2,4,5-

tetrahydro-2H-1,5-benzodiazepin-2-one 2261

H O
NH, CO,H N N CH,
4N HCI
con e S (O
NH, Me N ” Me
H

1 225 226

Reaction of 1 with 3-cyanochromone 227 gave (2-amino-1H-benzo[b][1,5]diazepin-3-yl)-

(2-hydroxyphenyl)methanone 229 via the non isolable intermediate 2-[(2-aminophenylimino)-

methyl]-3-hydroxy-3-(2-hydroxyphenyl) acrylonitrile 228 15

OH

o o ON OH O HyN

CN  H,N 81% \ ~ "NH
OH °N .
* N
NH,

o H,N N

227 1 228 229

2,4,4-Trimethyl-3H-5-hydro-1,5-benzodiazepine 230 was obtained in 86% yield from the reaction of o-

phenylenediamine 1 with acrylic acid at room temperature in the presence of acetonedicarboxylic acid (or

acetone) as a catalyst.*®®

H Me
N
NH, CH,CO,H 86% Me
+  CH,CHCO,H + o:< —
NH, CH,CO,H N=—
Me
1 230

Reaction of 1 with methyl isothiocyanate gave N-(2-aminophenyl)-N’-methyl thiourea 231 which reacted
with aromatic aldehydes in acetic acid to give 3-N-methyl-4-(substituted phenyl)-1,3,5-benzotriazepine-
2-thiols 232 with 62-85% yield.2%
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NH,
Me-N=C=S s ArCHO
)J\ _Me 62 -85%
N N

H H
231
Ar Ar B HH A
N<< N=— H,
N—Me N—Me ~ N—Me
N§< N
N — H
o 5N :

Ar = Ph, 4-MeCg4H,, 4-MeOCH,, 2-CIC¢H,,
4-CIC4H,, 3-NO,C¢H,, 4-NO,CgH,

Reaction of 2-acetyl-2-oxopropylidene S,S-acetal 233 with o-phenylenediamine 1, in 1:1 or 1:2 molar

ratios in refluxing acetonitrile gave benzdiazepene 234, as well as benzodiazepino[5,6-e]benzodiazepine

©( }COMG
3%

derivatives 235, respectively 1%

Me Me H  SCH;
NH2
NH, MeS SMe
1 233 Z
12 N
68%
235

Reaction of 1 with tetronic acid 236 or pyrone 177 led to binucleophilic enaminone intermediates 238 and
2309, respectively. Under diazotization reaction, these two enaminones cyclized rapidly with good yields
to generate benzotriazoles 240. On the other hand, when enaminones 238 and 239 were allowed to react
with carbon disulfide in dimethylsulfoxide in the presence of a catalytic amount of pyridine gave novel

condensed benzobenzodiazepin-2-thiones 241 fused to dihydropyrone or tetronic acid moieties.*?
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\_R
7R
R NH, X OH X N —
n | | 3 R X N\ //N
+ 0 —_— _ - . n ' N
NH, 60-90% o
1 ° O 240
176 (n=0) 238 (n=0)
177 (n=1) 239 (n=1)
X=-Me
150-68%
H —\_R
N /
R AW
o NH
O S
241

. REFERENCES

A. E. Rashad, A. H. Shamroukh, M. I. Hegab, and H. M. Awad, Acta Chim. Slov., 2005, 52, 429.
A.R. B. A. El-Gazzar and H. N. Hafez, Acta Chim. Slov., 2008, 55, 359.

M. A. H. G. Awas, Acta Chim. Slov., 2008, 55, 492.

A. Almasirad, N. Vousooghi, S. A. Tabatabai, A. Kebriaeezadeh, and A. Shafiee, Acta Chim. Slov.,
2007, 54, 317.

M. S. A. EI-Gaby, N. M. Taha, J. A. Micky, and M. A. M. S. EI- Sharief, Acta. Chim. Slov., 2002,
49, 159.

L. B. Townsend, R. V. Devivar, S. R. Turk, M. R. Nassiri, and J. C. Drach, J. Med. Chem., 1995, 38,
4098.

B. Roth, C. Cheng, in: G. P. Ellis, G. B. West: Progress in Medicinal chemistry, Elsevier.
Biomedical Press, New York 1982, 19, 267.

C. R. Petrie, H. B. Cottam, P. A. Mckernan, R. K. Robins, and G. R. Revankar, J. Med. Chem.,
1985, 28, 1010.

E. Georgescu, F. Georgescu, C. Roibu, P. C. luhas, C. Draghici, and P. I. Filip, ARKIVOC, 2008, xii,
60.

G. A. M. El-Hag Alli, A. Khalil, A. H. A. Ahmed, and M. S. A. EI-Gaby, Acta Chim. Slov., 2002, 49,
365.

R. Gitto, M. L. Barreca, E. Francica, R. Caruso, L. D. Luca, E. Russo, G. D. Sarro, and A. Chimirri,
ARKIVOC, 2004, v, 170.



http://dx.doi.org/10.1021/jm00146a007
http://dx.doi.org/10.1021/jm00146a007

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.
30.
31.

HETEROCYCLES, Vol. 83, No. 12, 2011 2723

R. W. DeSimone, K. S. Currie, S. A. Mitchell, J. W. Darrow, and D. A. Pippin, Comb. Chem. High
Throughput Screening, 2004, 7, 473.

D. C. Hodgkin, J. Pickworth, J. H. Robertson, K. N. Trueblood, R. J. Prosen, and J. G. White,
Nature, 1955, 176, 325.

S. Nakamura, N. Tsuno, M. Yamashita, I. Kawasaki, S. Ohta, and Y. Ohishi, J. Chem. Soc., Perkin
Trans. 1, 2001, 429.

M. T. Migawa, J. L. Gardet, J. A. Walker-Il, G. W. Koszalka, S. D. Chamberlain, J. C. Drach, and
L. B. Townsend, J. Med. Chem., 1998, 41, 1242.

J. C. Hazelton, B. Iddon, H. Suschitzky, and L. H. Woolley, Tetrahedron, 1995, 51, 10771.

P. Ayarivan, N. Govindasamy, and D. Mukesh, Chem. Pharm. Bull., 2008, 56, 273.

B. V. S. Kumar, S. D. Vaidya, R. V. Kumar, S. B. Bhirud, and R. B. Mane, Eur. J. Med. Chem.,
2006, 41, 599.

A. Zeynep, A. Mehmet, K. Canan, Y. Sulhiye, B. Erdem, and G. Hakan, Arch. Pharm., 2006, 339,
74.

D. Michael, O. Denis, K. Andrew, M. Malachy, W. Maureen, E. Denise, D. Carol, and M. Helge, J.
Inorg. Biochem., 2007, 101, 881.

L. D. Via, O. Gia, S. M. Magno, A. D. Settimo, A. M. Marini, G. Primofiore, F. D. Settimo, and S.
Salerno, Il Farmaco, 2001, 56, 159.

M. F. Brana, J. M. Castellano, G. Keilhauer, A. Machuca, Y. Martin, C. Redondo, E. Schlick, and N.
Walker, Anticancer Drug Des., 1994, 9, 527.

A. Monforte, A. Rao, P. Logoteta, S. Ferro, L. De Luca, M. Barreca, N. Iraci, and A. Chimirri,
Bioorg. Med. Chem., 2008, 16, 7429.

S. M. Rida, S. A. M. El-Hawash, H. T. Y. Fahmy, A. A. Hazzaa, and M. M. M. EI-Meligy, Arch.
Pharmacal Res., 2006, 29, 826.

A. Rao, A. Chimirri, E. De Clercq, A. M. Monforte, P. Monforte, C. Pannecouque, and M. Zappala,
Il Farmaco, 2002, 57, 819.

J. Higgins and C. S. Marvel, J. Polym. Sci., Part A: Polym. Chem., 1970, 8, 71.

R. J. Perry and B. D. Wilson, J. Org. Chem., 1993, 58, 7016.

D. J. Skalitzky, J. T. Marakovits, K. A. Maegley, A. Ekker, X.-H. Yu, Z. Hostomsky, S. E. Webber,
B. W. Eastman, R. Almassy, J. Li, N. J. Curtin, D. R. Newell, A. H. Calvert, R. J. Griffin, and B. T.
Golding, J. Med. Chem., 2003, 46, 210.

Z. Moldovan and L. Alexandrescu, Acta Chim. Slov., 2002, 49, 909.

O. Algl, B. Ozc, U. Abbasoglu, and F. Giimis, Turk. J. Chem., 2005, 29, 607.

M. A. Phillips, J. Chem. Soc., 1928, 2393.



http://dx.doi.org/10.1038/176325a0
http://dx.doi.org/10.1039/b007560o
http://dx.doi.org/10.1039/b007560o
http://dx.doi.org/10.1021/jm970545c
http://dx.doi.org/10.1016/0040-4020(95)00642-L
http://dx.doi.org/10.1248/cpb.56.273
http://dx.doi.org/10.1016/j.ejmech.2006.01.006
http://dx.doi.org/10.1016/j.ejmech.2006.01.006
http://dx.doi.org/10.1002/ardp.200500168
http://dx.doi.org/10.1002/ardp.200500168
http://dx.doi.org/10.1016/j.jinorgbio.2007.02.002
http://dx.doi.org/10.1016/j.jinorgbio.2007.02.002
http://dx.doi.org/10.1016/S0014-827X(01)01079-5
http://dx.doi.org/10.1016/j.bmc.2008.06.012
http://dx.doi.org/10.1007/BF02973901
http://dx.doi.org/10.1007/BF02973901
http://dx.doi.org/10.1016/S0014-827X(02)01300-9
http://dx.doi.org/10.1021/jo00077a019
http://dx.doi.org/10.1021/jm0255769
http://dx.doi.org/10.1039/jr9280002393

2724

32.
33.
34.
35.

36.
37.

38.
39.
40.

41.
42.
43.
44,
45.

46.

47.

48.

49.

50.

ol.
52.

53.

54.

55.

HETEROCYCLES, Vol. 83, No. 12, 2011

D. W. Hein, R. J. Alheim, and J. J. Leavitt, J. Am. Chem, Soc., 1957, 79, 427.

D. J. Rabiger and M. M. Joullie, J. Org. Chem., 1964, 29, 476.

Y. Kanaoka, O. Yonemitsu, K. Tanizawa, and Y. Ban, Chem. Pharm. Bull., 1964, 12, 773.

S. A. Gamal, A. S. Abdelsamie, M. L. Rodriguez, S. M. Kerwin, and H. I. El Diwani, Eur. J. Chem.
2010, 1, 67.

C. N. Raut, R. B. Mane, S. M. Bagul, R. A. Janrao, and P. P. Mahulikar, ARKIVOC, 2009, xi, 105.
D. S. Zurabishvili, M. O. Lomidze, S. A. Samsoniya, A. Wesquet, and U. Kazmaier, Chem.
Heterocycl. Compd., 2008, 44, 941.

R. Rohini, P. M. Reddy, K. Shanker, and V. Ravinder, Acta Chim. Slov., 2009, 56, 900.

R. Rohini, K. Shanker, P. M. Reddy, and V. Ravinder, J. Braz. Chem. Soc., 2010, 21, 49.

P. K. Dubey, R. Kumar, C. R. Kumar, J. S. Grossert, and D. L. Hooper, Synth. Commun., 2001, 31,
3439.

E. Moriarty and F. Aldabbagh, Tetrahedron Lett., 2009, 50, 5251.

G. Stajer, F. Csende, G. Bernath, and P. Sohar, Heterocycles, 1994, 37, 883.

R. Sillanpaeae, F. Csende, and G. Stayer, Acta Crystallogr., 1995, C51, 2169.

R. L. Weinkauf, A. Y. Chen, C. Yu, L. Liu, and E. J. LaVoiel, Bioorg. Med. Chem., 1994, 2, 781.

E. V. V. Reddy, P. B. Prakash, S. Khobare, J. Ramanatham, and N. Devanna, Synth. Commun.,
2010, 40, 414.

G. V. P. Rao, B. Rajitha, Y. T. Reddy, P. N. Reddy, and V. N. Kumar, Phosphorus, Sulfur and
Silicon, 2005, 180, 2119.

J. Cheng, N. Xiu, X. Li, and X. Luo, Synth. Commun., 2005, 35, 2395.

B. Ch. Raju, N. D. Theja, and J. A. Kumar, Synth. Commun., 2009, 39, 175.

S. D. Sharma and D. Konwar, Synth. Commun., 2009, 39, 980.

Ch. Mukhopadhyay, A. Datta, R. J. Butcher, B. K. Paul, N. Guchhait, and R. Singha, ARKIVOC,
20009, xiii, 1.

D. Azarifar, K. Khosravi, Z. Najminejad, and K. Soleimani, Heterocycles, 2010, 81, 2855.

I. E. Tolpygin, V. P. Rybalkin, E. N. Shepelenko, L. L. Popova, Yu. V. Revinskii, A. V. Tsukanov,
O. |. Dmitrieva, A. D. Dubonsov, V. A. Bren, and V. I. Minkin, Russ. J. Org. Chem., 2008, 44, 557.
V. A. Mamedov, A. A. Kalinin, A. T. Gubaidullin, E. A. Gorbunova, and I. A. Litvinov, Russ. J.
Org. Chem., 2006, 42, 1532.

P. Diana, A. Martorana, P. Barraja, A. Lauria, A. Montalbano, A. M. Almerico, G. Dattolo, and G.
Cirrincione, Bioorg. Med. Chem., 2007, 15, 343.

N. Okamoto, K. Sakurai, M. Ishikura, K. Takeda, and R. Yanada, Tetrahedron Lett., 2009, 50,
4167.



http://dx.doi.org/10.1021/ja01559a053
http://dx.doi.org/10.1021/jo01025a502
http://dx.doi.org/10.5155/eurjchem.1.2.67-72.1
http://dx.doi.org/10.5155/eurjchem.1.2.67-72.1
http://dx.doi.org/10.1007/s10593-008-0136-z
http://dx.doi.org/10.1007/s10593-008-0136-z
http://dx.doi.org/10.1590/S0103-50532010000100009
http://dx.doi.org/10.1081/SCC-100106202
http://dx.doi.org/10.1081/SCC-100106202
http://dx.doi.org/10.1016/j.tetlet.2009.07.023
http://dx.doi.org/10.3987/COM-93-S80
http://dx.doi.org/10.1016/S0968-0896(00)82177-X
http://dx.doi.org/10.1080/00397910902985465
http://dx.doi.org/10.1080/00397910902985465
http://dx.doi.org/10.1080/104265090917556
http://dx.doi.org/10.1080/104265090917556
http://dx.doi.org/10.1080/00397910500188942
http://dx.doi.org/10.1080/00397910802372525
http://dx.doi.org/10.1080/00397910802448440
http://dx.doi.org/10.3987/COM-10-12068
http://dx.doi.org/10.1134/S1070428008040155
http://dx.doi.org/10.1134/S1070428006100241
http://dx.doi.org/10.1134/S1070428006100241
http://dx.doi.org/10.1016/j.bmc.2006.09.054
http://dx.doi.org/10.1016/j.tetlet.2009.04.126
http://dx.doi.org/10.1016/j.tetlet.2009.04.126

56.
S7.
58.
59.
60.

61.

62.
63.

64.
65.

66.
67.
68.
69.

70.
71.
72.
73.
74.
75.
76.
77.
78.

79.
80.

81.
82.

HETEROCYCLES, Vol. 83, No. 12, 2011 2725

G. Dyker, W. Stimer, and G. Henkel, Eur. J. Org. Chem., 2000, 8, 1433.

K. M. Patel, V. H. Patel, M. P. Patel, and R. G. Patel, Dyes Pigm., 2002, 55, 53.

H. Al-Khathlan and H. Zimmer, J. Heterocycl. Chem., 1988, 25, 1047.

M. Kose and E. Orhan, Turk. J. Chem., 2009, 33, 579.

A. Mukherjee, M. S. Akhar, V. L. Sharma, M. Seth, A. P. Bhaduri, A. Agnihotri, P. K. Medrota,
and V. P. Kamboj, J. Med. Chem., 1989, 32, 2297.

K. Q. Ling, X. Y. Chen, H. K. Fun, X. Y. Hang, and J. H. Xu, J. Chem. Soc., Perkin Trans. 1, 1998,
24, 4147.

W. Jiang, J. Tang, Q. Qi, Y. Sun, H. Ye, and D. Fu, Dyes Pigm., 2009, 80, 279.

R. Hekmatshoar, S. Y. S. Beheshtiha, A. Nazari, and F. Faridbod, Phosphorus, Sulfur and Silicon,
2006, 181, 1521.

I. I. Tkach and E. A. Lukyanets, Chem. Heterocycl. Compd., 1992, 8, 881.

A. H. Bedair, R. Q. Lamphon, and S. A. Ghazal, J. Chem. Pak., 1988, 10, 404 (Chem. Abstr., 1990,
112, 20869).

C. Tamborski, U. D. G. Prabhu, and K. C. Eapen, J. Fluorine Chem., 1985, 28, 139.

M. R. Mahmoud and H. A. Y. Derbala, Synth. Commun., 2010, 40, 1516.

A. Khodairy and H. Abdel-ghany, Phosphorus, Sulfur and Silicon, 2000, 162, 259.

V. S. Pilyugin, Yu. E. Sapozhnikov, and N. A. Sapozhnikova, Russ. J. General Chem., 2004, 74,
738.

P. A. Koutentis and C. W. Rees, J. Chem. Soc., Perkin Trans. 1, 2000, 2601.

P. E. Cassidy, R. J. Wallace, and T. M. Aminabhavi, Polymer, 1986, 27, 1131.

M. C. Rezende, E. L. Dall’Oglio, and C. Zucco, Synth. Commun., 2001, 31, 607.

A. K. El-Ziaty and S. A. Shiba, Synth. Commun., 2007, 37, 4043.

N. Abe, N. Ishikawa, T. Hayashi, and Y. Miura, Bull. Chem. Soc. Jpn., 1990, 63, 1617.

M. K. Micheva, Bioorg. Med. Chem., 2005, 13, 5550.

P. V. G. Reddy, Y. B. R. Kiran, C. S. Reddy, and C. D. Reddy, Chem. Pharm. Bull., 2004, 52, 307.
R. Shabana and S. S. Atrees, Phosphorus, Sulfur and Silicon, 1995, 105, 51.

S. Y Hassan, S. N. Khattab, A. A. Bekhit, and A. Amerm, Bioorg. Med. Chem. Lett., 2006, 16,
1753.

R. V. Perumal and R. Mahesh, Bioorg. Med. Chem. Lett., 2006, 16, 27609.

G. Arthur, K. B. Elor, G. S. Robert, Z. Z. Guo, J. P. Richard, D. Stanley, R. K. John, and T. Sean, J.
Med. Chem., 2005, 48, 744.

J. Andres, Z. Belen, A. Ibnacio, and M. Antonio, J. Med. Chem., 2005, 48, 2019.

E. S. Lainne, J. S. William, and C. R. Robert, J. Med. Chem., 2002, 45, 5604.



http://dx.doi.org/10.1002/(SICI)1099-0690(200004)2000:8%3c1433::AID-EJOC1433%3e3.0.CO;2-7
http://dx.doi.org/10.1016/S0143-7208(02)00041-4
http://dx.doi.org/10.1002/jhet.5570250367
http://dx.doi.org/10.1021/jm00130a012
http://dx.doi.org/10.1039/a805865b
http://dx.doi.org/10.1039/a805865b
http://dx.doi.org/10.1016/j.dyepig.2008.07.009
http://dx.doi.org/10.1080/10426500500269497
http://dx.doi.org/10.1080/10426500500269497
http://dx.doi.org/10.1007/BF00531318
http://dx.doi.org/10.1016/S0022-1139(00)81137-9
http://dx.doi.org/10.1080/00397910903098722
http://dx.doi.org/10.1080/10426500008045225
http://dx.doi.org/10.1023/B:RUGC.0000039088.87053.eb
http://dx.doi.org/10.1023/B:RUGC.0000039088.87053.eb
http://dx.doi.org/10.1039/b004113k
http://dx.doi.org/10.1016/0032-3861(86)90085-6
http://dx.doi.org/10.1081/SCC-100000589
http://dx.doi.org/10.1080/00397910701575491
http://dx.doi.org/10.1246/bcsj.63.1617
http://dx.doi.org/10.1016/j.bmc.2005.06.046
http://dx.doi.org/10.1248/cpb.52.307
http://dx.doi.org/10.1016/j.bmcl.2005.11.088
http://dx.doi.org/10.1016/j.bmcl.2005.11.088
http://dx.doi.org/10.1016/j.bmcl.2006.02.006
http://dx.doi.org/10.1021/jm0492958
http://dx.doi.org/10.1021/jm0492958
http://dx.doi.org/10.1021/jm049952w
http://dx.doi.org/10.1021/jm020310n

2726

83.

84.
85.
86.
87.
88.
89.
90.
91.
92.
93.

94,

95.

96.

97.

98.
99.

100.
101.
102.

103.

104.
105.
106.
107.

HETEROCYCLES, Vol. 83, No. 12, 2011

M. M. Ali, M. M. F. Ismail, M. S. A. EIGabby, M. A. Zahran, and T. A. Ammar, Molecules, 2000,
5, 864.

D.-M. Cui, D.-W. Zhuang, Y. Chen, and C. Zhang, Beilstein J. Org. Chem., 2011, 11, 860.

G. Sakata, K. Makino, and Y. Kurasama, Heterocycles, 1988, 27, 2481.

L. E. Seitz, W. J. Suling, and R. C. Reynolds, J. Med. Chem., 2002, 45, 5604.

G. Sakata, K. Makino, and Y. Kuraswa, Heterocycles, 1988, 27, 2481.

Y. B. Kim, Y. H. Kim, J. Y. Park, and S. K. Kim, Bioorg. Med. Chem. Lett., 2004, 14, 541.

G. Sakata and K. Makino, Heterocycles, 1988, 27, 2481.

T. S. Osdene, US Patent 3, 185, 688, 1965 (Chem. Abstr., 1965, 46, 3191).

K. Waisser, Z. Odlerova, R. Beckert, and R. Mayer, Pharmazie, 1989, 44, 234.

L. E. Seitz, W. J. Suling, and R. C. Reynolds, J. Med. Chem., 2002, 45, 5604.

M. M. Badran, S. Botros, A. A. EI-Gendy, N. A. Abdou, H. El-Assi, and A. Salem, Bull. Pharm.
Sci., 2001, 24, 135.

S. T. Hazeldine, L. Polin, J. Kushner, K. White, N. M. Bouregeois, B. Crantz, E. Palomino, T. H.
Corbett, and J. P. Horwitz, J. Med. Chem., 2002, 45, 3130.

A. Gazit, H. App, G. McMahon, J. Chen, A. Levitzki, and F. D. Bohmer, J. Med. Chem., 1996, 39,
2170.

U. Sehlstedt, P. Aich, J. Bergman, H. Vallberg, B. Norden, and A. Graslund, J. Mol. Biol., 1998,
278, 31.

S. Dailey, J. W. Feast, R. J. Peace, I. C. Till, S. Sage, and E. L. Wood, J. Mater. Chem., 2001, 11,
2238.

D. O’Brien, M. S. Weaver, D. G. Lidzey, and D. D. C. Bradley, Appl. Phys. Lett., 1996, 68, 881.

A. Dell, D. H. William, H. R. Morris, G. A. Smith, J. Feeney, and G. C. J. Roberts, J. Am. Chem.
Soc., 1975, 97, 2497.

C. Bailly, S. Echepare, F. Gago, and M. Waring, Anti-Cancer Drug Des., 1999, 15, 291.

S. Sato, O. Shiratori, and K. Katagiri, J. Antibiot., 1967, 20, 270.

D. J. Brown, ‘Quinoxalines: Supplement II. In the Chemistry of Heterocyclic Compounds’, ed. E. C.
Taylor and P. Wipf, John Wiley & Sons: Hoboken, NJ, USA, 2004.

H. R. Darabi, F. Tahoori, K. Aghapoor, F. Taala, and F. Mohsenzadeh, J. Braz. Chem. Soc., 2008,
19, 1646.

L. Ravishanker, S. A. Patwe, N. Gosarani, and A. Roy, Synth. Commun., 2010, 40, 3177.

J. F. Zhou, G. X. Gong, S. J. Zhi, and X. L. Duan, Synth. Commun., 2009, 39, 3743.

H. Xu, W. M. Liao, and H. F. Li, Ultrason. Sonochem, 2007, 14, 779.

W.-X. Guo, H.-L. Jin, J.-X. Chen, F. Chen, J.-C. Ding, and H.-Y. Wu, J. Braz. Chem. Soc., 2009,



http://dx.doi.org/10.3390/50600864
http://dx.doi.org/10.3390/50600864
http://dx.doi.org/10.3762/bjoc.7.98
http://dx.doi.org/10.3987/REV-88-397
http://dx.doi.org/10.1021/jm020310n
http://dx.doi.org/10.3987/REV-88-397
http://dx.doi.org/10.1016/j.bmcl.2003.09.086
http://dx.doi.org/10.3987/REV-88-397
http://dx.doi.org/10.1021/jm020310n
http://dx.doi.org/10.1248/bpb.24.135
http://dx.doi.org/10.1248/bpb.24.135
http://dx.doi.org/10.1021/jm0200097
http://dx.doi.org/10.1021/jm950727b
http://dx.doi.org/10.1021/jm950727b
http://dx.doi.org/10.1006/jmbi.1998.1670
http://dx.doi.org/10.1006/jmbi.1998.1670
http://dx.doi.org/10.1039/b104674h
http://dx.doi.org/10.1039/b104674h
http://dx.doi.org/10.1063/1.117975
http://dx.doi.org/10.1021/ja00842a029
http://dx.doi.org/10.1021/ja00842a029
http://dx.doi.org/10.1590/S0103-50532008000800028
http://dx.doi.org/10.1590/S0103-50532008000800028
http://dx.doi.org/10.1080/00397910903370725
http://dx.doi.org/10.1080/00397910902838862
http://dx.doi.org/10.1016/j.ultsonch.2007.01.002
http://dx.doi.org/10.1590/S0103-50532009000900016

108.

109.
110.
111.
112.

113.
114.
115.
116.

117.

118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.

132.
133.

134.

HETEROCYCLES, Vol. 83, No. 12, 2011 2727

20, 1674.

R. S. Bhosale, S. R. Sarda, S. S. Ardhapure, W. N. Jadhav, S. R. Bhusare, and R. P. Pawar,
Tetrahedron Lett., 2005, 46, 7183.

A. Hasaninejad, A. Zare, M. D. R. Mohammadizadeh, and M. Shekouhy, ARKIVOC, 2008, xiii, 28.
K. Niknam, D. Saberi, and M. Mohagheghnejad, Molecules, 2009, 14, 1915.

C. L. Groves, J. T. Ralph, and A. F. Temple, J. Heterocycl. Chem., 1987, 24, 27.

A. E. Shchekotikhin, Yu. N. Lusikov, N. V. Buyanov, and M. N. Preobrazhonskaya, Chem.
Heterocycl. Compd., 2007, 43, 82.

R. S. Robinson and R. J. K. Taylor, Synlett, 2005, 1003.

F. Mohsenzadeh, K. Aghapoor, and H. R. Darabi, J. Braz. Chem. Soc., 2007, 18, 297.

F. Juncai, L. Yang, M. Qinghua, and L. Bin, Synth. Commun., 1998, 28, 193.

G. V. Reddy, V. V. V. N. S. R. Rao, D. Maitraie, S. Ravikanth, R. Yadla, S. N. Reddy, B. Narsaiah,
and P. S. Rao, J. Fluorine Chem., 2003, 124, 203.

M. M. Ali, M. M. F. Ismail, M. S. A. EI-Gaby, M. A. Zahran, and Y. A. Ammar, Molecules, 2000,
5, 864.

O. Hinsberg, Liebigs Ann. Chem., 1896, 292, 245.

C. A.R. Kon, D. R. Stevenson, and J. F. Thorpe, J. Chem. Soc., 1922, 121, 650.

J. H. Boyer and D. Straw, J. Chem. Soc., 1937, 546.

A. Welliman and I. Tishler, J. Am. Chem. Soc., 1947, 69, 714.

W. Dawson, G. T. Newbold, and F. J. Spring, J. Chem. Soc., 1949, 2579.

R. Kuhn and K. Dury, Liebigs Ann. Chem., 1951, 571, 44.

Y. J. L’Ttalien and C. K. Banks, J. Am. Chem. Soc., 1951, 73, 3246.

J. H. Boyer and D. Straw, J. Am. Chem. Soc., 1953, 75, 1642.

C. L. Leese and H. N. Rydon, J. Chem. Soc., 1955, 303.

J. Michalsky, J. Prakt. Chem., 1959, 8, 186.

Z. Kazimierczuk and W. Pfleiderer, Liebigs Ann. Chem., 1982, 754.

T. Nashio, J. Chem. Soc., Perkin Trans. 1, 1990, 565.

D. S. Lawrence, J. E. Copper, and C. D. Smith, J. Med. Chem., 2001, 44, 594.

E. Csikos, C. Goenczi, B. Podanyi, G. Toth, and I. Hermecz, J. Chem. Soc., Perkin Trans. 1, 1999,
13, 1789.

A. McKillop, S. K. Chatopadhy, A. Henderson, and C. Avendano, Synthesis, 1997, 3, 301.

A. McKillop, A. Henderson, P. S. Ray, C. Avendano, and E. Molinero, Tetrahedron Lett., 1982, 23,
3357.

K. D. Banerji, K. K. Sen, and A. K. D. Mazumdar, J. Indian Chem. Soc., 1973, 50, 280.



http://dx.doi.org/10.1016/j.tetlet.2005.08.080
http://dx.doi.org/10.3390/molecules14051915
http://dx.doi.org/10.1002/jhet.5570240106
http://dx.doi.org/10.1007/s10593-007-0012-2
http://dx.doi.org/10.1007/s10593-007-0012-2
http://dx.doi.org/10.1055/s-2005-864830
http://dx.doi.org/10.1590/S0103-50532007000200009
http://dx.doi.org/10.1080/00397919808005709
http://dx.doi.org/10.1016/j.jfluchem.2003.08.006
http://dx.doi.org/10.3390/50600864
http://dx.doi.org/10.3390/50600864
http://dx.doi.org/10.1002/jlac.18962920302
http://dx.doi.org/%2010.1039/CT9222100650
http://dx.doi.org/10.1021/ja01195a516
http://dx.doi.org/10.1039/jr9490002579
http://dx.doi.org/10.1002/jlac.19515710107
http://dx.doi.org/10.1021/ja01151a073
http://dx.doi.org/10.1021/ja01103a036
http://dx.doi.org/10.1039/jr9550000303
http://dx.doi.org/10.1002/prac.19590080310
http://dx.doi.org/10.1002/jlac.198219820417
http://dx.doi.org/10.1039/p19900000565
http://dx.doi.org/10.1021/jm000282d
http://dx.doi.org/10.1039/a902978h
http://dx.doi.org/10.1039/a902978h
http://dx.doi.org/10.1055/s-1997-1190
http://dx.doi.org/10.1016/S0040-4039(00)87614-5
http://dx.doi.org/10.1016/S0040-4039(00)87614-5

2728

135.
136.
137.

138

139.
140.
141.
142.

143.
144,

145.

146.

147.

148.

149.

150.

151.
152.

153.

154.

155.
156.

157.
158.

159

HETEROCYCLES, Vol. 83, No. 12, 2011

K. Lanquist, J. Chem. Soc., 1953, 2816.

I. Wiedermannova, D. Jirovsky, J. Hlavag, and J. Slouka, CHEMICA, 2000, 40, 79.

I. Wiedermannova, J. Slouka, and J. Hlava¢c, CHEMICA, 1999, 39, 69.

O. Hinsberg, Liebigs Ann. Chem., 1887, 237, 1228.

I. Frysova, J. Slouka, and T. Gucky, ARKIVOC, 2005, xv 30.

E. E. Haley and J. P. Lambooy, J. Am. Chem. Soc., 1954, 76, 2926.

F. B. King and J. W. Clark-Lewis, J. Chem. Soc., 1951, 3379.

V. I. Saloutin, Z. E. Skryabina, P. N. Kondrat’ev, and S. G. Perevalov, Russ. J. Org. Chem., 1995,
31, 236.

I. M. El-Deen and F. F. Mahmoud, Phosphorus, Sulfur and Silicon, 2000, 165, 205.

V. O. Koz’Minykh, V. I. Goncharov, K. Sh. Lomidze, and E. N. Koz’Minykha, Russ. J. Org. Chem.,

2007, 43, 64.

V. A. Mamedov, N. A. Zhukova, T. N. Beschastnova, A. A. Balandina, A. T. Gubaidullin, S. K.
Kotovskaya, Sh. K. Latypov, Ya. A. Levin, and V. N. Charushin, Russ. Chem. Bull., 2009, 58, 203.
P. K. Dubey, J. Ramanatham, J. S. Grosset, and D. L. Hopper, Indian J. Chem., 2000, 39B, 867.

I. M. EI-Deen and M. E. Abd El-Fattah, Serb. Chem. Soc., 2000, 65, 95.

S. A. Kotharkar and D. B. Shinde, Bioorg. Med. Chem. Lett., 2006, 16, 6181.

L. G. S. Brooker and E. J. V. Lare, U. S. Patent 3,431,111 (1969) (Chem. Abstr., 1969, 72, 68222).
G. Buettner, K. Sasse, I. Hammann, and H. Kaspers, Ger. Offen. DE 2322434 (1974) (Chem. Abstr.,
1974, 82, 57737).

N. D. Sonawane and D. W. Rangnekar, J. Heterocycl. Chem., 2002, 39, 303.

D. W. Rangnekar, V. R. Kanetkar, G. S. Shankarling, J. V. Malanker, and C. R. Shankbhag, J.
Heterocycl. Chem., 1999, 36, 1213.

F. Beaulieu, C. Ouellet, E. H. Ruediger, M. Belema, Y. Qiu, X. Yang, J. Banville, J. R. Burke, K.
R. Gregor, J. F. MacMaster, A. Martel, K. W. Mclintyre, M. A. Pattoli, F. C. Zusi, and D. Vyas,
Bioorg. Med. Chem. Lett., 2007, 17, 1233.

N. N. Kolos, T. V. Berezkina, V. D. Orlov, Y. N. Surov, and I. V. Ivanova, Chem. Heterocycl.
Compd., 2002, 38, 1491.

A. Guirado, A. Cerezo, and R. Andreu, Tetrahedron Lett., 2000, 41, 6579.

C. Guillonneau, A. Naulta, E. Raimbaud, S. Léoncec, L. Kraus-Berthierc, A. Pierréc, and S.
Goldstein, Bioorg. Med. Chem., 2005, 13, 175.

T.S. Chou and C. Y. Tsai, Tetrahedron Lett., 1992, 33, 4201.

K. Ando, N. Akadegawa, and H. Takayama, J. Chem. Soc., Perkin Trans. 1, 1993, 2263.

J. Toman, J. Klicnar, and S. Kalabova, Khim. Geterosikl. Soedin., 1987, 3, 352 (Chem. Abstr., 1988,



http://dx.doi.org/10.1039/jr9530002816
http://dx.doi.org/10.1021/ja01640a021
http://dx.doi.org/10.1039/jr9510003379
http://dx.doi.org/10.1080/10426500008076339
http://dx.doi.org/10.1134/S1070428007010071
http://dx.doi.org/10.1134/S1070428007010071
http://dx.doi.org/10.1007/s11172-009-0030-6
http://dx.doi.org/10.1016/j.bmcl.2006.09.040
http://dx.doi.org/10.1002/jhet.5570390210
http://dx.doi.org/10.1002/jhet.5570360516
http://dx.doi.org/10.1002/jhet.5570360516
http://dx.doi.org/10.1016/j.bmcl.2006.12.017
http://dx.doi.org/10.1023/A:1022697628823
http://dx.doi.org/10.1023/A:1022697628823
http://dx.doi.org/10.1016/S0040-4039(00)01097-2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF8-4DPGW1K-1&_user=10&_coverDate=01%2F03%2F2005&_alid=1660615244&_rdoc=16&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5220&_st=13&_docanchor=&view=c&_ct=18&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=87364e150c556d07abcf7f092400aa01&searchtype=a#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF8-4DPGW1K-1&_user=10&_coverDate=01%2F03%2F2005&_alid=1660615244&_rdoc=16&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5220&_st=13&_docanchor=&view=c&_ct=18&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=87364e150c556d07abcf7f092400aa01&searchtype=a#aff3#aff3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF8-4DPGW1K-1&_user=10&_coverDate=01%2F03%2F2005&_alid=1660615244&_rdoc=16&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5220&_st=13&_docanchor=&view=c&_ct=18&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=87364e150c556d07abcf7f092400aa01&searchtype=a#aff3#aff3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF8-4DPGW1K-1&_user=10&_coverDate=01%2F03%2F2005&_alid=1660615244&_rdoc=16&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5220&_st=13&_docanchor=&view=c&_ct=18&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=87364e150c556d07abcf7f092400aa01&searchtype=a#aff3#aff3
http://dx.doi.org/10.1016/j.bmc.2004.09.047
http://dx.doi.org/10.1016/S0040-4039(00)74689-2
http://dx.doi.org/10.1039/p19930002263

160.
161.
162.
163.
164.
165.
166.
167.

168.

169.
170.

171.
172.
173.
174.
175.
176.
177.
178.
179.

180.
181.

182.

183.
184.
185.
186.

HETEROCYCLES, Vol. 83, No. 12, 2011 2729

108, 37782f).

J. M. Bolster and R. M. Kellogg, J. Org. Chem., 1982, 47, 4429.

E. J. Moriconi, R. E. Misner, and T. E. Brady, J. Org. Chem., 1969, 34, 1651.

K. D. Banerji, A. K. D. Mazumdar, and K. K. Sen, J. Indian Chem. Soc., 1973, 50, 268.

J. Pohmer, M. V. Lakshmikantam, and M. P. Cava, J. Org. Chem., 1995, 60, 8283.

E. J. Moricona and A. J. Fritsch, J. Org. Chem., 1965, 30, 1542.

S. S. Ibrahim, H. M. El-Shaaer, and A. Hassan, Phosphorus, Sulfur and Silicon, 2002, 177, 151.

A. O. Yakhlef, S. Boukhris, A. Souizi, and A. Robert, Bull. Soc. Chem. Fr., 1997, 134, 111.

A. S. Fokin, Ya. V. Burgart, V. I. Saloutin, and O. N. Chupakhin, Russ. J. Org. Chem., 2005, 41,
1354.

M. M. Heravi, N. Nami, H. A. Oskooie, and R. Hekmatshoar, Phosphorus, Sulfur and Silicon, 2005,
180, 1873.

H. Schutz, Benzodiazepines; Springer: Heidelberg, Germany, 1982.

M. D. Braccio, G. Grossi, G. Romoa, L. Vargiu, M. Mura, and M. E. Marongiu, Eur. J. Med. Chem.,
2001, 36, 935.

M. Edin and S. Grivas, ARKIVOC, 2001, i, 144.

P. Goswami and B. Das, Synth. Commun., 2010, 40, 1685.

R. Achour, M. Z. Cherkaoui, E. M. Essassi, and R. Zniber, Synth. Commun., 1994, 24, 2899.

C.-W. Kuo, C.-C. Wang, V. Kavala, and C.-F. Yao, Molecules, 2008, 13, 2313.

S. A. Saini, J. Saini, and J. S. Sandhu, Synth. Commun., 2008, 38, 3193.

J. Wu, F. Xu, Z. Zhou, and Q. Shen, Synth. Commun., 2006, 36, 457.

Z.Li, Y. Sun, X. Ren, W. Li, Y. Shi, and P. Ouyang, Synth. Commun., 2007, 37, 1609.

R.Varala, R. Enugala, and S. R. Adapa, J. Braz. Chem. Soc., 2007, 18, 291.

M. V. Pryadeina, Ya. V. Burgart, M. I. Kodess, V. I. Saloutin, and O. N. Chupakhin, Russ. Chem.
Bull., 2004, 53, 1261.

M. Kidwai and P. Mothsra, Synth. Commun., 2006, 36, 817.

V. O. Koz’minykh, V. I. Goncharov, K. Sh. Lomidze, and E. N. Koz’minykh, Russ. J. Org. Chem.,
2007, 43, 64.

G. K. Nagaraja, V. P. Vaidya, K. Sh. Rai, and K. M. Mahadevan, Phosphorus, Sulfur and Silicon,
2006, 181, 2797.

K. Sucheta and B. V. Rao, Indian J. Chem., 2005, 44B, 2152.

I. A. Hashmi, F. I. Ali, H. Fiest, and K. Peseke, Synth. Commun., 2010, 40, 1243.

F. M. Abd El Latif, J. Heterocycl. Chem., 2000, 37, 1659.

N. Ota, T. Tomoda, N. Terai, Y. Kamitori, D. Shibata, M. Medebielle, and E. Okada, Heterocycles,



http://dx.doi.org/10.1021/jo00144a008
http://dx.doi.org/10.1021/jo01258a026
http://dx.doi.org/10.1021/jo00130a032
http://dx.doi.org/10.1021/jo01016a050
http://dx.doi.org/10.1080/10426500210228
http://dx.doi.org/10.1007/s11178-005-0346-0
http://dx.doi.org/10.1007/s11178-005-0346-0
http://dx.doi.org/10.1080/104265090889585
http://dx.doi.org/10.1080/104265090889585
http://dx.doi.org/10.1016/S0223-5234(01)01283-1
http://dx.doi.org/10.1016/S0223-5234(01)01283-1
http://dx.doi.org/10.1080/00397910903161686
http://dx.doi.org/10.1080/00397919408010611
http://dx.doi.org/10.3390/molecules13092313
http://dx.doi.org/10.1080/00397910802109273
http://dx.doi.org/10.1080/00397910500383527
http://dx.doi.org/10.1080/00397910701263627
http://dx.doi.org/10.1590/S0103-50532007000200008
http://dx.doi.org/10.1023/B:RUCB.0000042284.03940.41
http://dx.doi.org/10.1023/B:RUCB.0000042284.03940.41
http://dx.doi.org/10.1080/00397910500451571
http://dx.doi.org/10.1134/S1070428007010071
http://dx.doi.org/10.1134/S1070428007010071
http://dx.doi.org/10.1080/10426500600864775
http://dx.doi.org/10.1080/10426500600864775
http://dx.doi.org/10.1080/00397910903064849
http://dx.doi.org/10.1002/jhet.5570370643
http://dx.doi.org/10.3987/COM-08-S(N)82

2730 HETEROCYCLES, Vol. 83, No. 12, 2011

2008, 76, 1205.

187. M. Hasan, Sh. Munawar, and N. Khan, Turk. J. Chem., 1998, 22, 367.

188. F. Risitano, G. Grassil, and F. Foti, J. Heterocycl. Chem., 2001, 38, 1083.

189. J. Dai-Il, C. Tae-wonchoi, K. Yun-Young, K. In-Shik, P. You-Mi, L. Yong-Gyun, and J. Doo-Hee,
Synth. Commun., 1999, 29, 1941.

190. A. N. Babu, V. N. S. R. Babu, and P. Hanumanthu, Synth. Commun., 2001, 31, 375.

191. H. Abdel-Ghany, A. M. M. El-Saghier, and A. M. El-Sayed, Synth. Commun., 1996, 26, 4289.

192. L. Hammal and S. Bouzroura, Synth. Commun., 2007, 37, 501.

Magdy Ahmed Mohamed Ibrahim was born in Cairo, Egypt, in 1977. He received his
B.Sc. degree in physics and chemistry (1999) and his M.Sc. degree in organic chemistry
(2004). Also, he received his Ph.D. degree (2007) from the organic division,
Department of Chemistry, Faculty of Education, Ain Shams University. His research is
focused on the synthesis of new heterocyclic compounds containing chromone,
pyridine, quinolin-2(1H)-one and 1,2,4-triazine with expected biological activity. In
addition, he published several review articles in the chemistry of chromone, 1,2,4-
triazine and quinolin-2(1H)-one.



http://dx.doi.org/10.1002/jhet.5570380511
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Dai%5C-Il%2C+Jung%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Tae%5C-wonchoi%2C+Choi%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Yun%5C-Young%2C+Kim%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28In%5C-Shik%2C+Kim%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28You%5C-Mi%2C+Park%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Yong%5C-Gyun%2C+Lee%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Doo%5C-Hee%2C+Jung%29
http://dx.doi.org/10.1080/00397919908086183
http://dx.doi.org/10.1081/SCC-100000526
http://dx.doi.org/10.1080/00397919608004667
http://dx.doi.org/10.1080/00397910601039259



