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Chemistry of 2,3-Dichloroquinoxalines

Y. A. Ammar,! A. G. Al-Sehemi,! A. M. Sh. El-Sharief,?
and M. S. A. El-Gaby?

!Chemistry Department, Teachers College at Abah, King Khalid
University, Saudi Arabia

2Chemistry Department, Faculty of Science, Taibah University,
Al-Madinah, Saudi Arabia

3Chemistry Department, Faculty of Science, Al-Azhar University in
Assiut, Assiut, Egypt

This review describes the synthesis, reactivity, and the utility of 2,3-
dichloroquinoxalines as synthetic intermediates for the synthesis of condensed het-
erocycles with pharmacological interest.

Keywords 2,3-Dichloroquinoxalines condensed quinoxalines; quinoxalines

INTRODUCTION

Quinoxalines are in general comparatively easy to prepare. Numerous
derivatives have been synthesized in order to produce biologically ac-
tive materials. A number of polypeptide antibiotics, such as levomycin,!
actinoleukin,? echinomyecin,? quinomyecin,* etc., containing the quinox-
aline moiety have been reported. The structure of echinomycin, which
was found to be identical to quinomycin A% (1), is composed of two
quinoxaline rings linked by peptide chains.
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In addition, many biologically active quinoxaline derivatives have
been reported in the journal and patent literature. For example,
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quinoxaline-1,4-dioxide (2)® has antibacterial activity, while
quinoxaline-2,3-dione cyclic dithiocarbamate (3)” possesses fungi-
cidal and insecticidal effects. The quinoxalinylphosphorothioates (4)%
have been evaluated as insecticidal and anthelmintic agents. Also,
2,3,7-trichloro-6-methyl-sulfamoylquinoxaline (5)° has been patented
as an anticancer agent. 2-Phenyl-3-piperidino-quinoxaline (6)!° is
a selective herbicide, while the quinoxalinones (7)!~!® have been
shown to possess anti-inflammatory, tranquilizing, and antidepressant
properties. 6-Chloro-2,3-bis(chloromethyl)quino-xaline (8)!* has been
patented as a foliar fungicide.
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There have been several reviews!® 19 dealing with the methods of
preparation and chemical reactions for the quinoxaline derivatives,
but this review handles the synthesis, reactivity, and the utility of 2,3-
dichloroquinoxaline as building blocks for the synthesis of condensed
heterocyclic compounds.

SYNTHESIS OF 2,3-DICHLOROQUINOXALINES

Condensation of ortho-phenylenediamines with oxalic acid in 2 N-
hydrochloric acid produced the 1,2,3,4-tetrahydroquinoxaline-2,3-
diones (9), which were subjected to chlorination with phosphoryl chlo-
ride or phosphorus pentachloride affording 2,3-dichloroquinoxalines
(10) (Scheme 1).20-24
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NH N_ _Cl
R@ 2 COOH _HC @I _POC; _ @[I
or PC
N, CooH 5 NP
(9) (10)
SCHEME 1

16

A general mechanism for this type of conversion'® is as follows.

L L L AT
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,J\ + POCI, + HCI
SN e :

The conversion of CH3-N-C=0 — R-CCI=NR may also be effected
in the same way with elimination of methyl chloride. Thus, treatment
of 1-methylquinoxalin-2,3-diones with phosphorus pentachloride gives
2,3-dichloroquinoxalne (10a) (Scheme 2).2°

H
N
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—_—
2
ITJ @] N C
CH,

(10a)
SCHEME 2

2,3-Dichloroquinoxaline and its 6-substituted derivative (10; R in
position 6 = H, Cl, COPh, NOy) were also prepared in high yields from
2,3-dihydroxyquinoxalines by using thionyl chloride in dioxane and
dimethylformamide.?8

Fluoro-2,3-dichloroquinoxalines were prepared from the correspond-
ing amino derivatives. Thus, amino-2,3-dichloro-quinoxaline was pre-
pared by reduction of its nitro derivative with iron powder in acetic
acid followed by diazotization of the amino compound in the presence
of HBF,4, a reaction that yielded the corresponding fluoro derivative
(10) (Scheme 3).27
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7-Trifluoromethyl-2,3,6-trichloroimidazo([4,5-glquinoxaline (12) was
prepared through chlorination of the corresponding dihydroxy deriva-
tive (11) with phosphorus pentachloride (Scheme 4).27

N OH
S, )\ﬁ X,

(1) C' (12)

SCHEME 3

SCHEME 4

2,3-Dihydroxyquinoxaline was nitrated with potassium nitrate to
give 6,7-dinitro-2,3-dihydroxyquinoxaline (13), which underwent chlo-
rination with phosphoryl chloride and N, N-dimethylaniline to give 2,3-
dichloro-6,7-dinitroquinoxaline (14) (Scheme 5).22
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Also, 2,3,6,7-tetrachloroquinoxaline 15was prepared via the interac-
tion of 2,3-dihydroxy-6,7-dichloroquinoxaline with phosphoryl chloride
and N, N-dimethylaniline (Scheme 6).22

Cl N\ OH POCI, - Cl | N\ Cl
l ~ Dimethylaniline' Z
Cl N” "OH Cl N I

(15)

SCHEME 6

2,3-Dichloroquinoxaline-6-carbonyl chloride (16) was synthesized
through interaction of 2,3-dihydroxy-6-carboxylic acid with thionyl
chloride.2®29 Treatment of the acid chloride (16) with HoNCH(CH;)CF5
in acetonitrile at 80°C gave the amide derivative (17), which has been
used as a growth enhancer for animals (Scheme 7).2°

N.__OH N._ _Cl
S SOCl, N
~ Cl ~
HOOC N~ OH N~ cl

0 (16)
CH,

lCH3CN/80°C
F2C”7 “NH,

SCHEME 7

The 6-chlorosufonyl derivative (18) was prepared from chlorosul-
fonation of 2,3-dihydroxyquinoxaline, followed by chlorination with
phosphoryl chloride in pyridine.?° Condensation of chlorosulfonyl
derivative (18) with amino acids furnished 2,3-dichloroquinoxaline-6-
sulfonylamino acids (19) (Scheme 8).3°

Chlorination of 2,3-dichloro-6-methylquinoxaline with chlorine in
the presence of potassium or cesium chloride and chlorobenzene at
135-200°C afforded the 2,3-dichloro-6-trichloromethylquinoxaline (20)
(Scheme 9).3!
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SCHEME 8
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(20)
SCHEME 9

Methyl 2,3-dichloro-6-methyl-7-nitroquinoxaline-5-carboxylate (22)
was prepared by dropwise addition of phosgene solution in toluene to
a stirred solution of 5-methoxycarbonyl-6-methyl-7-nitroquinoxaline-
2,3-dione (21) in dimethylformamide at room temperature with 90%
yield, (Scheme 10 and Table I).32

HsCO.__0O H;CO.__0O
H,C H,C N._ _Cl
COCl _ N
O,N O,N N~ ~Cl
(21) (22)
SCHEME 10

REACTIVITY OF 2,3-DICHLOROQUINOXALINES

The two chlorine atoms in 2,3-dichloroquinoxalines are very reactive
towards nucleophilic reagents. The reactivity of two chlorine atoms in
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TABLE I Melting Points of Dichloroquinoxalines

Compd. No. R mp[°C] References
10a H 146 [26]
10b 6-Cl 143 [26]
10c 6-COPh 160 [26]
10d 6-NOg 147 [26]
10e 5-NHy 123 [27]
10f 6-NH, 200 [27]
10g 5-F 130 [27]
10h 6-F 145 [27]
14 6,7-(NOg)2- 218 [22]
15 6,7-(Cl)e- 173 [22]
16 6-COCl 114 [28,29]

2- and 3-positions of quinoxaline depends on the nature of the group at
position 6. Haworth and Robinson®? have studied the reactivity of two
chlorine atoms in the 2- and 3-positions. They found that the electron-
withdrawing group at the 6-position activates the chlorine atom in the
2-position. Alternatively, the electron donating group in the 6-position
activates the chlorine atom in the 3-position.

Reactions with Nucleophilic Reagents

Reactions with Oxygen Nucleophiles
Ethyl 2-[4-(3-fluoro-2-quinoxalinoxy)phenoxylpropanoate (23) was
prepared from 2,3-dichloroquinoxaline (10a) according to Sch-

eme 11.3435
cr3
N Cl
@ \j: __CsF/1e-Crewn6 C[ I CCCEt
~
NG KoCCy/N eCN

(10a)

ROSy
ccca I CHa CsF/1€-Crewn-6
K;CC3/NeCN CCCEt
'_
N (o]
T UL

CsF/1&-Crewn-6 n THF Z
s rcwn-6 n N F o)\cccEt

(23)

SCHEME 11
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2,3-Bis(4’-aminophenyloxy)quinoxaline (24)was prepared from 2,3-
dichloroquinoxaline (10a) and p-aminophenol. This type of compound
could be used to prepare dyes or pigments (Scheme 12).36

NeCl I Ny N
UL ey
N H,N o © NH,

(10a) (24)
SCHEME 12

CH

The 2,3-dichloroquinoxaline derivative (22) was converted into the
2,3-dimethoxyquinoxaline (25) by reaction with sodium methoxide in
methanol (Scheme 13).32

H;CO.__O H,CO.__O
HsC N.__OCH
HaC NICI NaOCH, '3 N 3
~ ~
O,N N~ ~ClI CH3OH O,N N~ ~OCH,
(22) (25)
SCHEME 13

Reactions with Sulfur Nucleophiles
2,3-Dimercaptoquinoxaline (26) was obtained by the reaction of 2,3-

dichloroquinoxaline (10a) with sodium hydrogen sulfide in ethanol
(Scheme 14).37

N_ _ClI
X, 2 QUL
~
N~ ~Cl C2HsOH NZ sH
(10a) (26)
SCHEME 14

Treatment of 2,3-dichloroquinoxaline (10f) with thiourea in ethanol
furnished dimercapto derivative (27), which has been used as
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a neoplasm inhibitor, virucide, and agent for the control of SH

metabolism disturbances(Scheme 15).38

~ ~
H,N N~ ~Cl C2H5OH H,N N~ “SH

SCHEME 15

Interaction of 2,3-dichloroquinoxaline (10a) with sodium mercap-
tides gave the thioquinoxalines (28), which were condensed with
thiourea to furnish the thione derivatives (29) (Scheme 16).%°

LT, o= O - @EI

(10a) (28) (29)
SCHEME 16

The reaction of 2,3-dichloroquinoxaline (10a) with salts of aliphatic
and aromatic thiosulfonic acids in aprotic solvent (acetone, dioxane) at
a temperature of 20—25°C furnished S-(3-chloroquinoxaline-2-yl) esters
(30) of aliphatic and aromatic thiosulfonic acids with yields of 20-52%
(Scheme 17).40

9
@ENIC' RSO,SM @[ IS § R
g M= Na, K
(10a) (30)
SCHEME 17

Treatment of compound (10d) with aromatic thiols in acetone in
the presence of potassium carbonate led to a mixture in which the
major component was the bis-thioether (32) along with the thioether
substituted at C-2 (31) (Scheme 18).4!

Condensation of (10a) with p-aminothiophenol produced 2,3-bis(4’'-
aminophenylthio)quinoxaline (33) (Scheme 19).36
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OzN\O:NICI ArCH,SH - O2N\<INIC|
N/ ol acetone/K,CO3 N/ S/\Ar
(10d) (31)
+
ozN\@NISVAr
N s Sar

(32; major product)

SCHEME 18

SH

@[N\ cl T Ny N
—_— >

X a

N"cl HzN‘Q_S S@NHz

(10a) (33)
SCHEME 19

Reactions with Nitrogen Nucleophiles

Monoamination of 2,3-dichloroquinoxaline (10a) with ammonia
gas at 0°C yielded 2-amino-3-chloroquinoxaline (34),264! which
upon treatment with parachloroaniline at 190°C gave 2-amino-3-(4-
chloroanilino)quinoxaline (35) (Scheme 20).33

Under drastic conditions, ammonia was reacted with 2,3-
dichloroquinoxaline (10a) to yield 2,3-diaminoquinoxaline (36) (Scheme
21).43

2,3-Dichloroquinoxaline (10a) was reacted with an excess of aniline
under reflux conditions and yielded 2,3-dianilino-quinoxaline (38),33
and 2-anilino-3-chloroquinoxaline (37) could not be prepared. On the
other hand, condensation of compound (10a) with parachloroaniline in
the presence of aqueous HCI under reflux produced 2-(4-chloroanilino)-
3-chloroquinoxaline (39) (Scheme 22).33

2,3-Bis(4’-aminophenylamino)quinoxaline (40) was prepared from
compound (10a) and para-phenylenediamine (Scheme 23).36
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N_ _Cl
QX —=== X
Z
“ N" NH,
(10a) (34)

O
<:E:::[:H\J(D\m

(35)
SCHEME 20
Z High pressure/T =
NT g NP N” NH,
(10a) (36)
SCHEME 21

2-Chloro-3-(2-acetylanilino)quinoxaline =~ (41) was  obtained
through the reaction of 2,3-dichloroquinoxaline (10a) with ortho-
aminoacetophenone (Scheme 24).44

The reaction of 2,3,6-trichloroquinoxaline (10b) with 2-aminophenol
in aqueous N, N-dimethylformamide and in the presence of nearly sto-
ichiometric amounts of potassium hydroxide furnished compound (44).
No product other than triazobenzo-phenoxazine (42) was obtained by
reacting 2-aminophenol with 2,3-dichloroquinoxaline (10b) under simi-
lar conditions, showing that the (+R)-effect of the 6-chlorine atom in the
structure (10b) is the responsible factor for the formation of a second
product (44), and not (43) because the C-Cl bond C-2 is strengthened
by the (+R)-effect of the 6-chlorine atom (Scheme 25).4

Under reflux conditions, N, N-dimethylformamide was hydrolyzed
in an aqueous alkaline solution releasing dimethylamine. Thus
the dimethylamine that was produced then attacks the more
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SCHEME 23
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SCHEME 24
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Cl N N
~N
/
N o

" “2)
cl N._Cl @[ cl N._Cl
T X e LT
N DMF N7 N(CHa),
(10b) (43)
CI\@N\ N(CH),
— X
N Cl
(44)

SCHEME 25

nucleophilic center C-3, leading to the formation of 2,6-dichloro-3-[N, N-
dimethylamine]quinoxaline (44) (Scheme 26).4

o o
— 1 1 _ .o
HO + H—C—N(CHs), — H—-C-Q  + (CH3)2NN

CI\@N\I\C»
NZ> el
NZ>cl

(44)
SCHEME 26

An alternative mechanism involving a nucleophilic attack at the 3-
carbon center by the carbonyl oxygen of the NV,N-dimethylformamide
was also proposed (Scheme 27).4°

Condensation of (10¢) with primary and secondary amines in N, N-
dimethylformamide under reflux conditions produces in each case
a sole product that is identified as 2-substituted amino-3-chloro-6-
benzoylquinoxaline (45).46 The 2-carbon atom will be more susceptible
to nucleophilic attack from the consideration of the (-R)-effect of the
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— + H_C_N(CHs]Z _— P
NT

N Cl
l s ©
CHy—N r\
N(CH3I2 [P
o OO O

(44)
SCHEME 27

benzoyl group, which is the factor responsible for the formation of (45)
(Scheme 28).28

N (C'@
\’I + NHR{R; —— /\-"]ﬁNHmR;
Ph P
% N7l

(10c) Og
HCI
Y@ X
(45)

SCHEME 28

When compound (10c) was condensed with sulfanilamide in N,N-
dimethylformamide, 1 mol of sulfanilamide was consumed to give 2-
sulfanilamido-6-benzoyl-3-chloroquinoxaline (46).45 Alternatively, the
treatment of (10¢) with sulfanilamide in the presence of potassium
carbonate caused 2 mol of sulfanilamide to be consumed to fur-
nish 6-benzoyl-2,3-bis-(4-aminosulfanilamido)quinoxaline (47).46 The
enhanced nucleophilicity of the potassium salt KHNSO2:CsH,NHs-p,
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which is used as the reagent, is responsible for the reaction even with
the less-reactive chlorine in the 3-position (Scheme 29).46

N\]:C' SO;NH; (46)
Ph ~
N Cl
g N so2 NH,
| DVF
(10c) K oC.
N S0, NH,

(47)

SCHEME 29

Condensation of compound (10d) with aromatic amines at room
temperature yielded 2-aminoquinoxaline derivatives (48), which upon
treatment with aromatic thiols in N,N-dimethyl-formamide, afforded
thioethers (49) (Scheme 30).47-48

Rhese-Nes ol
—
N Cl

(10d) (48)
A~ sH
DMF
OZN\©:N\ S\/Ar
DX
N~ “NR,R
(49)
SCHEME 30

Reduction of compound (10d) to 6-amino-2,3-dichloro-quinoxaline
(10f) was readily accomplished by use of tin(II) chloride dihydrate in
ethyl acetate at reflux temperature. Addition of amines to (10f) followed
by treatment with aromatic thiols furnished thioether derivatives (51)
(Scheme 31).41

The reductive amination of 6-amino-2,3-dichloro-quinoxaline
(10f) with 2,4-dimethoxybenzaldehyde gave 2,3-dichloro-6-(2,4-
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O,N |N\ Cl SnCly 24,0 H,N |N\ Cl
Z EtOH, 90°C Z
NT el N

(10d) (10f)
lNHR1 R,
H2N\©IN\]:NR1R2 /\SH INRW R,
7 = NaH/DMF [ I
NN
(51) (50)

SCHEME 31

dimethoxybenzylamino)quinoxaline (52) with 75% yield. The reaction
of (52) with excess piperidine in N,N-dimethylformamide at room tem-
perature gave the 3-piperidino derivative (53) as a single regioisomer
with 96% yield, and subsequent methoxylation of (563) with sodium
methoxide proceeded successfully to form (54) (Scheme 32).4°

OCH3
H,CO OCH,
H2N \@/ Cl

o
N C| NaBH(OAc),/DCE N cl
(10f)
l O/DMF

H,CO OCH, H,CO OCH,
H H
S NaOCH, X
N~ >OCH, N7 el

(54) (53)
SCHEME 32

Piperazinylquinoxalines (55) were prepared from 2,3-di-
chloroquinoxaline (10a), and their 5-HT3 receptor antagonist activity
was evaluated (Scheme 33).5°
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HN/\ N Cl
N C LUNR N

NR

(10a) (55)
SCHEME 33

3-Chloro-2-hydrazinoquinoxaline (56) was obtained through interac-
tion of (10a) with hydrazine hydrate (Scheme 34).44

NeCl NH,NH, Ng - NHNH,
(L - LK
Nl N” cl

(10a) (56)
SCHEME 34

2,3-Dichloroquinoxaline (10a) was allowed to react with excess hy-
drazine hydrate to give (57),°! which was reacted with several reagents
to give many condensed heterocyclic products (Scheme 35).

NeCl NH,NH, Ng - NHNH,
N7 >Cl N~ NHNH,
(10a) (57)
SCHEME 35

Treatment of 2,2',3,3'-tetrachloro-6,6'-biquinoxaline (58) with
hydrazine hydrate produced the tetrahydrazino derivative (59)
(Scheme 36).52

(58) (59)
SCHEME 36
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SYNTHESIS OF POLYCONDENSED SYSTEMS

In this part, the synthesis and biological activity of the compounds were
arranged systematically according to the complexity of the heterocyclic
ring directly fused to the quinoxaline nucleus, starting with those hav-
ing one heteroatom in a five-membered ring in the order O, S, N and
proceeding to the more complex ones.

Furo[2,3-b]lquinoxalines

This class was prepared through interaction of 2,3-di-chloroquinoxaline
(10a) with ortho-cresol as an oxygen nucleophile, and caused cyclization
to furnish 1-methyl-benzofuro[2,3-b]-quinoxaline (60) (Scheme 37).53

CHa
NoCl  HO NaO,  CHa
L. * “2HCI P,
NZ > el H N
(10a) (60)
SCHEME 37

Treatment of 2,3-dichloroquinoxaline (10a) with terminal alkynes
in the presence of Pd(II) or Cu(Il) gave the corresponding 2-
alkynyl-3-chloroquinoxaline (61), which underwent cyclization with
potassium hydroxide in dioxane to give furo[2,3-blquino-xalines (62)
(Scheme 38).54

Pyrrolo[2,3-b]quinoxalines

Arylation of benzimidazol-2-ylacetonitrile (63) by 2,3-dichloroquino-
xaline (10a) via the methylene group furnished 2-chloro-3[(«¢-cyano-a-
benzimidazol-2-yl)methylene]quinoxaline, which upon treatment with
primary amines led to 1-R-2-amino-3-(benzimidazol-2-yl)pyrrolo[2,3-
blquinoxalines (64) (Scheme 39).55

Cyclocondensation reaction of 1,8-diazabicyclic[5,4,0]lundec-8-ene
(DBU) (65) with 2,3-dichloroquinoxaline (10a) furnished a new pen-
tacyclic derivative (66), which exhibits strong fluorescence both in so-
lutions and in the solid state (Scheme 40).5¢
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lKOH
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N

(62)
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N -Cl N
L, - 0 — <I

N~ ~ClI NC

(10a) (63’
(I I{NH
(64)

SCHEME 39
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[1,3]Dithiolo[4,5-b]lquinoxalines

The salts of enedithiols (67) reacted readily as binucleophiles with 2,3-
dichloroquinoxaline (10a) in N, N-dimethylformamide to produce 2-
substituted methylidene-1,3-dithiolo[4,5-b]quinoxalines (68) (Scheme
41)'46,57

NeC NaS X NS, X
SO - = —— QO
N~ cl Nas Y NT S Y
(10a) (67) (68)
SCHEME 41

Thiazolo[4,5-b]lquinoxalines

Thioamides R—-CS—-NH, reacted with 2,3-dichloroquinoxaline (10a) in
aqueous N,N-dimethylformamide to produce substituted thiazolo-[4,5-
blquinoxalines (69) (Scheme 42).58

s A — I
= /
N R™ 'NH, NT S

(10a) (69)
SCHEME 42

Some of the prepared compounds have been applied as fluorescent
dyes on polyester fibers. These compounds appear to have fairly good
dying properties.?®

The refluxing of 1-N-thiocarboxamide-3-phenyl-2-pyrazolines (70)
with 2,3-dichloroquinoxaline (10a) in absolute ethanol gave the
corresponding fused 1-(thiazolo[4,5-b]quinoxaline-2-yl)-3-phenyl-2-
pyrazolines (71), which were screened in vitro for anti-amoebic activity
(Scheme 43).5?

N Cl N R
CLL e QL
N/ - ref LX S N= X

(10a) (70) (71)
SCHEME 43
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Thiazolo[4,5-b]lquinoxaline (73)%® was also prepared through cycliza-
tion of the dimercapto derivative (26) with ammonia to furnish 2-amino-
3-mercaptoquinoxaline (72), followed by treatment with acetic anhy-
dride (Scheme 44).

N\ SH NH; N\ NH,
| — s, | >
N SH N SH
(26) (72)

lACzO

N\ N
I Lo
N S

(73)
SCHEME 44

Cyclocondensation of dithiooxamide (rubeanic acid) with 1 mol of 2,3-
dichloroquinoxaline (10a) afforded 2,2’-bi-thiazolo[4,5-b]quinoxaline
(74)%® (Scheme 45).

SaUNH;,

UL P P
> - PR S
N" cl NN STy

(10a) (74)
SCHEME 45

Cyclization of 2,3-dichloroquinoxaline (10a) with benzoylthiosemi-
carbazide in the presence of fused sodium acetate afforded 2-
benzoylhydrazinothiazolo[4,5-b]quinoxaline (75), which upon treat-
ment with polyphosphoric acid (PPA) yielded 3-phenyltriazolo-
[3/,4':2,3]thiazolo[4,5-b]quinoxaline (76)%° (Scheme 46).

When 2,3-dichloroquinoxalines (10) were reacted with thiourea in
ethanol, a mixture of 2-imino-2,3-dihydrothiazolo[4,5-b]quinoxalines
(77) and dithiolo derivatives (78) was obtained® =53 (Scheme 47).

Condensation of (10) with acetonethiosemicarbazone in ethanol
yielded 3-amino-2-imino-2,3-dihydrothiazolo[4,5-b]quinoxaline hy-
drochlorides (79)%1-64 (Scheme 48).
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N._C s NS—n

N

X, A O — O+
[:::I:N/ c HQN’”\N’ N7 s’l\”’N

C C
(10a) (75)

lPPA
o

~ X N
N 87N
(76)
SCHEME 46
NN 5 EtOH NS—nNk
L A, ——= U
R N“Sc HNT N R N7 87 SNKH
(10) (77)
+
N SN
N ’d
SO X I
R N7 87N R
(78)
SCHEME 47
o - o
+ N _CH; —> _HCl
R NZ HNTNTN R N7 s’gNH
(10) (79)
SCHEME 48

The free amino derivative of (79; R = H) was used as starting ma-
terial in the synthesis of many heterocyclic compounds (80-85)%566
(Scheme 49).

Condensation of 5H-2,3-dihydro-1,2,4-triazino[5,6-b]indol-3-thiones
(86) with 2,3-dichloroquinoxaline (10a) gave linear thiazoloquinoxa-
lines (87)7 (Scheme 50).

In addition, condensation of 2,3-dichloroquinoxaline (10a) with
2-mercaptopyridines (88) afforded the corresponding salts of
azino[2',1:2,3]thiazolo[4,5-b]quinoxaline (89), which have been used
for the synthesis of cyanine dyes®® (Scheme 51).
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COCHy

N N
B COCH;
AN

N~ 87 SNCOCH;

N” 87N
N
(84) ©I TN—N (82)
|
N7 S)\\N)\NHPh
(83)
SCHEME 49
XL O —
| +
~ ~ R
N Cl S N N N
iR N N PN
(10a) (86) N _
| | =N
N S
(87)
SCHEME 50

Furthermore, condensation of 2,3-dichloroquinoxalines (10) with 3-
aryl-5-mercaptotriazoles (90), 2-mercaptopyrimidines (91), and 4,5-di-
phenylimidazolin-2-thione (92) caused cyclization to furnish tria-
zolo[3',2:2,3-]thiazolo[4,5-b]quinoxaline  (93),%°  pyrimido[2’,1:2,3]
thiazolo[4,5-b]quinoxaline (94),’° and imidazo[2', 1":2,3]thiazolo[4,5-
blquinoxalines (95),”! respectively (Scheme 52).
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R
NgC! N N WY
O - G — 0
~ 7 ~Z
N~ >l HS” N N~ S

(10) (88) (89)
SCHEME 51

Ar

HN—N
HS/Q\N»\Ar (90)

N
N\ N Ql/
- —N
-~ LLX
N S

(93)

SCHEME 52

Imidazo[1,2-alquinoxalines

The condensation of 2,3-dichloroquinoxaline (10a) with 1-amino-
propan-2-ol was followed by oxidation of the hydroxyl function of the
intermediate alcohol (96) using the sulfur trioxide trimethylamine com-
plex as the oxidizing agent to give the ketone derivative (97). The car-
bonyl compound (97) was then cyclized in trifluoroacetic anhydride and
trifluoroacetic acid to yield 4-chloro-1-methylimidazo[1,2-a]quinoxaline
(98)™ (Scheme 53).

Reaction of 2,3-dichloroquinoxaline (10a) with aziridine fur-
nished 2-(1-aziridinyl)-3-chloroquinoxaline (99), which upon
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OH H OH
| N\j:CI H2N\)\CH3 R | N\:[N\)\CH:J,
KJ:N/ C Dioxane - C:N/ cl

(10a) (96)
HaC l(CH3)3N/SO3
=\ T
NN N _N
@: I ~_ (CF4C0),0/CFCOCH ©I \:[ \)J\CH:;
e h -HQO ~
N~ cl N7 cl
(98) (97)
SCHEME 53

rearrangement gave 1,2-dihydro-4-chloroimidazo[1,2-a]Jquinoxaline
(100)73 (Scheme 54).

[\
N -Cl Na Nﬁ NN
CLX -y~ QX — Q0
— N — p
N~ cl H N7 >cl N~ cl
(10a) (99) (100)
SCHEME 54

Imidazo[4,5-b]lquinoxalines

2-Aminopyrimidine and 2-aminobenzimidazole were also used as bin-
ucleophiles. Fusion with 2,3-dichloro-quinoxaline (10a) in the pres-
ence of sodium acetate produced imidazo[4,5-b]quinoxalines (101) and
(102),7 respectively (Scheme 55). The fluorescent properties of these
compounds have been studied.

2-Amino-6-R-4,5,6,7-tetrahydrobenzothiazoles (103) underwent cy-
clocondensation with 2,3-dichloroquinoxalines (10) in hot ethanol to
yield quinoxalino([2,3:4’,5'limidazo[2’,1'-b]benzo-thiazoles (104).”> The
anthelimintic, antibacterial, and antifungal properties of these com-
pounds have been evaluated (Scheme 56).
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SCHEME 55
R

Ny C! N Ny N \s
SSPRIroEENE S pus

NTcl S R NN

(10) (103) (104)
SCHEME 56

Members of these ring systems also were synthesized by the
condensation of 2,3-dichloroquinoxalines (10) with 5-aminopyrazoles
(105) via the elimination of 2 mol of hydrogen chloride to give
pyrazolo[1’,5:1,2]imidazo[4,5-b]quinoxalines (106)"® (Scheme 57).

R, N
N\ Cl HZNW N\ N>;(
/©:/j: T HNe R2—>/<IIN Ry
R NT cl N R NN
(105) (106)
SCHEME 57
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Triazolo[4,3-b]lquinoxalines

2,3-Dichloroquinoxaline (10a) was treated with sodium methoxide

to give 3-methoxy derivative (107). The subsequent reaction of

(107) with hydrazine produced the hydrazino derivative (108), which

upon treatment with orthoesters gave 4-methoxy-[1,2,4]triazolo[4,3-a]-
quinoxalines (109)7” (Scheme 58).

- ~
N~ NOCH;

(10a) (107)
NH,NH,
~ RC(OEt) Ny NHNH:
- s
OCH3 N~ OCH,
(109) (108)
SCHEME 58

Treatment of tetrahydrazino derivative (59) with carboxylic
acids afforded the condensed [1,2,4]triazolo[4,3-alquinoxalines (110)52
(Scheme 59).

YN
R N_ N
INHNH2 O I
N\
O _RCOOH N7
NHNH, I O )= N
/ R N

Hy NHNI l
HoNHN

SCHEME 59

(59) R (110)

7-(Trifluoromethyl)-[1,2,4]triazolo[4,3-b]quinoxaline-1,4-[2H ,5 H]-di-
ones (112) were prepared from 6-(trifluoromethyl)-2,3-dichloro-
quinoxaline (111), subsequent to hydrazinolysis and phosgenation 78
(Scheme 60).
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N/ Cl (ii) COCl, N 0
H
(111) (112)

SCHEME 60

[1,2,3,4]Tetrazolo[1,5-alquinoxalines

Treatment of 2,3-dichloroquinoxaline (10a) with sodium azide in
ethanol gave [1,2,3,4]-tetrazolo-3-azidoquinoxaline(113)"® (Scheme 61).

] \N
N\ Cl NaN, - N~
= EtOH =
N Cl N Nj
(10a) (113)
SCHEME 61

Alternatively, 6-benzoyl-2,3-dichloroquinoxaline (10¢) was re-
acted with sodium azide to furnish 3-hydroxy[1,2,3,4]tetrazolo[1,5-
alquinoxaline (114)*¢ (Scheme 62).

=N
\

N
N_ N

Nj:m NaN,
_—
Ph Z EtOH Ph P
N~ cl N~ “OH
o) o}

(10¢) (114)
SCHEME 62

[1,4]Dioxino[2,3-b]quinoxalines

Treatment of 6-benzoyl-2,3-dichloroquinoxaline (10¢) with 6-benzoyl-
2,3-dihydroxyquinoxaline (115) as binucleophile in a basic environment
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caused cyclocondensation to form quinoxalino-[2’,3’:5,6]dioxino[2,3-
blquinoxaline (116)*¢ (Scheme 63).

N._OH

SO

N

Ph
OH
< Ph
Ph N/ al base N/ o \N FFr
o} (0] (0]

(10c) (116)
SCHEME 63

A resorcin[4]arene (117) was treated with 4-6 equiv. of 2,3-
dichloroquinoxaline (10a) under basic conditions in dimethylsulfox-
ide to afford the tetraquinoxaline-spanned cavitand (118)8° with yields
ranging from 60% to 93%, (Scheme 64).

(10a)
K,CO4/DMSO

SCHEME 64

[1,4]0xathino[2,3-b]lquinoxaline

Condensation of 2,3-dichloroquinoxaline (10a) with 2-mercapto-3-
pyridinol disodium salt (119) gave the pyridoxathinoquinoxaline
derivative (120)8! (Scheme 65).
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X ONz
N_ ClI (j: No _S_N
~
N~ ~Cl N oY
(10a) (120)
SCHEME 65

[1,4]Dithiino[2,3-b]quinoxalines

A series of 1,4-dithiino[2,3-b]quinoxaline-2,3-dicarbonitriles (122)52
was prepared by the reaction of 2,3-dichloroquinoxalines (10) with
disodium (Z)-2,3-dimercapto-2-butenedinitrile (121) in dimethylfor-
mamide (Scheme 66). These products were tested for in vitro fungicidal
activity by an MIC method.

R, N _Cl  NaS.__CN R, N.__S<__CN
N N
~ ~

R, N el Nas” eN R N7 s7 ew
(10) (121) (122)

SCHEME 66

Refluxing of 6-benzoyl-2,3-dichloroquinoxaline (10¢) with thiourea
in ethanol gave two products, which can be analyzed as two isomers of
dithiino derivatives (123) and (124)*¢ (Scheme 67).

N S N
N e
W L X
N S N
O (0]
N_ _Cl (123)
X (NH;);CS
—_— +
Ph I EtOH Q
N Cl N S N
(10c) Fh N s SN
© (124)

SCHEME 67

It has been reported that compound (78) was formed by the reaction
of 2,3-dichloroquinoxaline (10a) with 2,3-dimercaptoquinoxaline (26)33
(Scheme 68).
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YL - UL

(10a) (78)
SCHEME 68

[1,4]0xazino[2,3-b]quinoxalines

Substituted 2,3-dichloroquinoxaline (10) was reacted with 2-
hydroxymethylpiperidine (125) in the presence of triethylamine
and N, N-dimethylformamide as the solvent to give pyrido[1’,2:4,5]-
oxazino|[2,3-b]quinoxalines (126)%* (Scheme 69).

N._ _Cl N_ N
N N
R + — > R
@ /Jv\ Ho\/o @: I?
N7 ~Cl H N~ >0
(10) (125) (126)
SCHEME 69

Cyclocondensation of 2,3-dichloroquinoxalines (10) with 2-
aminophenol and 2-hydroxy-3-aminoanthraquinone in the presence
of alkaline N, N-dimethylformamide afforded the corresponding ben-
zoxazinoquinoxaline derivatives (127)*>85 and (128)%* respectively

(Scheme 70).
H
N_ _N
N
R
N (@)
LY — o

@I

(128)

SCHEME 70
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[1,4]Thiazino[2,3-b]lquinoxaline

Cyclization of 2,3-dichloroquinoxalines (10) with 2-amino-thiophenol
and 3-amino-2-mercaptopyridine in refluxing N, N-dimethylformamide
furnished [1,4]thiazino[2,3-b]lquinoxaline derivatives (129)%6-88 and
(130)%! (Scheme 71). These types of compounds have been used as pig-

ment dyes.
NH, H
SH N\ N
L0
DMF N s
N\ Cl (129)
LT
>
~ S
DMF N S N

(130)

SCHEME 71

Pyrazino[2,3-b]quinoxalines

5,12-Dihydroquinoxalino[2,3-b]quinoxaline derivatives (131)%
were synthesized by reacting the appropriate substituted 1,2-
phenylenediamines with 2,3-dichloroquinoxalines (10) under reflux
conditions in dimethylformamide/potassium carbonate (Scheme 72).

H
N _Cl H,N N _N
N N
L - o I — L
~ ~
N7 Cl H,N N" N
H
(10) (131)
SCHEME 72

[1,3,4]0xadiazino[5,6-b]lquinoxalines

The [1,3,4]-oxadiazino[5,6-b]quinoxalines (132) have generally been
synthesized from the reaction of 2,3-dichloroquinoxaline (10a) with
acylhydrazides (Scheme 73).%°
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— R N R = N
N ~Cl H N ITJ’
(10a) R
(132)

SCHEME 73

[1,3,4]Thiadiazino[5,6-blquinoxalines

[1,3,4]-Thiadiazino[5,6-blquinoxalines (134)% were obtained via cyclo-
condensation of 2,3-dichloroquinoxalines (10) with methyldithiocar-
bazate (133) (Scheme 74).

H
N O HeNsy NapNey
R@ /]: ' HSJ\SCH R@ /ji PN
N el C N~ s7 scH,

(10) (133) (134)
SCHEME 74

Treatment of 2,3-dichloroquinoxalines (10) with thiocarbohy-
drazides (135) yielded the corresponding [1,3,4]thiadizino[5,6-
blquinoxaline derivatives (136)% (Scheme 75).

H
Ne_Cl  F2Ns NN«
AN N N
L . — 0
N el HS™ "NHR N~ >S7 ONHR
(10) (135) (136)
SCHEME 75

Condensation of 3-substituted 4-amino-5-mercapto-S-triazoles (137)
with 2,3-dichloroquinoxaline (10a) in one step furnished the cyclic
products 5H-S-triazolo[3',4:1,2][1,3,4]thiadiazino[5,6-b]lquinoxalines
(138)0-93 (Scheme 76).

Also, cyclization of para-bis(5-mercapto-4-amino-S-triazolo-3-
yDbenzene with 2,3-dichloroquinoxaline (10a) afforded p-bis(S-tria-
zolo[3',4":2,3][1,3,4]thiadiazino[5,6-b]quinoxalin-2-yl)benzene (140)%*
(Scheme 77).
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OXIDATION OF 2,3-DICHLOROQUINOXALINES

Dihalogenated quinoxalines are notoriously difficult to oxidize by di-
rect oxidation, and the yields in the few successful cases are usu-
ally lower than 50%.% Oxidation of 2,3-dichloroquinoxaline (10a) with
potassium persulfate in the presence of sulfuric acid afforded 2,3-
dichloroquinoxaline mono-oxide (141)% with 80% yield (Scheme 78).
Treatment of 2,3-dichloroquinoxaline (10a) with HOF-CH3CN com-
plex furnished 2,3-dichloroquinoxaline N, N-dioxide (142) with 45%
yield.?” In addition, compound (142) was obtained with 65% yield by
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N~ cl N~ cl
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SCHEME 78

the oxidation of mono-oxide (141) with the HOF-CH3CN complex after
a short reaction time?’ (Scheme 79).

F + H,O + CH;CN —— > HOF-CH,CN

Complex
0 0
N._Cl oo ‘o
@[ \j: HOF-CH,CN @[ \j: HOF-CH,CN @: \I
— 5 -—
2 ~ ~
N el NT Cl N el
(10a) (g (141)
(142)
SCHEME 79

Oxidation of 2,3,6,7-tetrachloroquinoxaline (15) with a large ex-
cess of the HOF-CH3CN complex produced the two unknown deriva-
tives 2,3,6,7-tetrachloroquinoxaline N-oxide (143) with 55% yield and
2,3,6,7-tetrachloroquinoxaline N, N'-dioxide (144) with 40% yield®’
(Scheme 80).

; ;
C|:©:NIC| HOF-CHLCN CIIIN\ICI + CIIINICI
—_ =
Cl NS cl N“>cl Cl r;f cl
(15) 0

(143) (144)
55% 40%

SCHEME 80

CONCLUSIONS

This review article includes various methods for the preparation
of dichloroquinoxalines, which are formed by the condensation of
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orthophenylenediamines with oxalic acid, followed by the chlorina-
tion of dihydroxyquinoxalines with phosphorus oxychloride, phospho-
rus pentachloride, or thionyl chloride. It also includes the displacement
of the two chlorine substituents by oxygen, nitrogen, and sulfur nucle-
ophiles in the presence of electron-withdrawing and electron-donating
groups in the 6-position of the quinoxaline ring. Moreover, the article
highlights the use of dichloroquinoxalines in the synthesis of polycon-
densed heterocyclic compounds, which are of great biological benefit.
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