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THIENO[2,3-b]QUINOXALINES AND THEIR
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S. A. MAHGOUB
Chemistry Department, Faculty of Science, Assiut University, Assiut, Egypt
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Reaction of 2-chloroquinoxaline-3-carbonitril (I) with different types of nucleo-
philes such as thiourea, sodium methoxide, aniline, a-mercaptoacetic acid, ethyl-
a-mercaptoacetate and anthranilic acid have been studied. Hydrolysis of 3-car-
bonitril-2(1H)-quinoxalinthione (II) with HCI gave 2(1H)-quinoxalinone-3-carbox-
amide (VIII). Compound II was reacted with bromoacetone, phenacylbromide and
chloroacetonitrile in sodium ethoxide solution to yield thieno[2,3-b]quinoxaline
derivatives IX, X, XII respectively. Compound X was reacted with ethylacetoace-
tate to give pyrido[5’,4':4,5]thieno[2,3-b]quinoxaline-2-one (XI). Compound XII
was reacted with ethylcyanoacetate to give 4-amino-3-cyano pyrido[4’,4':4,5]
thieno[2,3-b]quinoxaline-2-one (XVII). Acylation of XII with Ac,O and benzoyl-
chloride gave the monoacyl derivatives XIIT and XIV respectively. Hydrolysis of
XII gave the corresponding carboxamide XIX. A number of pyrimido[5',4":
4 5]thieno[2,3-b]quinoxalines have been prepared by three other independent routes.
Method 1 involves the cyclization of 3-amino-2-carbonitril thieno[2,3-b]quinoxaline
(XII) with reagents such as formamide, formic acid and urea to give XV, XVI,
XVII. Method 2 involves the cyclization of 3-aminothieno[2,3-b]quinoxaline-3-car-
boxamide (XIX) with formamide and phenyl-isocyanate to give XVI, XXI respec-
tively. Method 3 involves the cyclization of ethyl-3-aminothieno(2,3-b]quinoxaline-
3-carboxylate V with formamide to give XVI.

Quinoxalines and several compounds containing the thieno, thieno[2,3-b]pyrimidine
and thieno[2,3-b]pyridine moiety show biological activity.!~5 In continuation of our
interest in the synthesis of different heterocycles® of expected biological potential,
the aim of this study was to synthesize new quinoxalines, their pyridino thieno and
pyrimido thieno derivatives.

As a part of our study on the reactivity of the chloro compound’ (I) towards
different nucleophilic reagents I was submitted to reaction with thiourea in boiling
ethanol to give 3-carbonitrile-2(1H)quinoxalinthione (II) which exists as thiol-thione
tautomers II,, IL,. (IT) was used as starting material for preparing the thieno[2,3-
b]quinoxaline derivatives. The structure of II was confirmed by elemental analysis
and IR spectrum (c.f. Scheme I, Table I), I was hydrolyzed by hydrochloric acid
to give 3-carbamoyl-1,2-dihydroquinoxaline-2-one VII, whose structure was con-
firmed by elemental analysis and spectral means and by comparison with a reference
sample.® The reaction of compound I with sodium methoxide in methanol gave
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the corresponding 2,3-dimethoxy derivative (IIT) via an ipso substitution® as es-
tablished by analysis (c.f. Scheme I, Table I) and by comparison with a reference
sample.!® Fusion of compound I with aniline resulted in the formation of 2-anilino
quinoxaline-2-phenylcarboxamide (IV,) and 2-anilinoquinoxaline-3-carboxylic acid
(IV,,) (c.f. Scheme I, Table I). The IR spectrum of (IV,) showed low acid caronyl
stretching frequency at 1670 cm ™! as a result of intramolecular hydrogen bonding
with the ortho substituted amino group.’! The most direct and versatile route into
the thieno ring system which would also provide the necessary functionality for
fusion of the desired pyrimidine ring, was found to be via ethyl-3-aminothieno(2,3-
b]quinoxaline-2-carboxylate (V). Compound V was prepared by utilizing the K,CO,
mediated reaction of a-mercaptoacetic acid and/or ethyl-a-mercaptoacetate instead
of the sodium carbonate method!? with 2-chloroquinoxaline-3-carbonitrile (I) in
absolute ethanol as shown in Scheme I. It has been observed in the present study
that ethyl esterification occurs when compound I reacts with a-mercaptoacetic acid
to give the same ethylthieno ester compound (V), whose 'H NMR spectrum de-
termined in CDCl; showed a triplet at 61.34-1.5 (3H, CH,), a quartet at §4.25~
4.5 (2H, CH,), a singlet at 86.3 (2H, NH,), (which disappear upon adding D,0)
and a multiplet at 67.55-8.15 (4H, Ar) and the structure of V was also supported
by its mass spectrum at m/e 273 (c.f. Scheme I; Table I). Attempts to prepare V
by reaction of a-mercaptoacetic acid with 2-chloroquinoxaline-3-carbonitrile I in
absolute ethanol in the absence of anhydrous K,CO; were unsuccessful. When
ethyl-3-aminothieno(2,3-b] quinoxaline-2-carboxylate (V) was hydrolyzed by ethan-
olic KOH the corresponding acid (VI) was produced (c.f. Scheme I, Table I).
The 2-chloroquinoxaline (I) proved to be a useful precursor for the synthesis of
fused nitrogen bridged benzopyrimidinoquinoxaline (VII} in good yield (c.f. Scheme
I, Table I}). Compound II reacted with bromoacetone, phenacylbromide and chlo-
roacetonitrile in ethanol containing anhydrous sodium acetate or in ethanolic so-
dium ethoxide solution leading to the formation of quinoxaline derivatives (IX,
X@_os XII) without the isolation of the intermediate S-substituted methyl deriva-
tives. An examination of IR spectra of these thieno compounds showed the absence
of a band in the C=N stretching region. Also 'H NMR spectra of these compounds
showed absence of signal for S—CH,-group (c.f. Scheme II, Table IT). Compound
X was reacted with ethylacetoacetate to give 3-acetoacetamidio-2-substituted ben-
zoylthieno[2,3-b]-quinoxaline which under intramolecular cyclocondensation gave
the corresponding 3-aceto-4-arylpyrido[5’,4':4,5]thieno[2,3-b]quinoxalin-2-one
(XI,,,). The heterocyclization was supported by the elemental analysis, 'H NMR
(absence of ethyl group) and IR spectral data (c.f. Scheme II, Table IT). Another
derivative of pyridothieno-quinoxalinone (XVIII) was also formed when compound
XII was allowed to react with ethylcyanoacetate (c.f. Scheme II). Compound XII
was easily acylated using acetic anhydride or benzoyl chloride to give N-acyl de-
rivatives XIII and XIV, respectively. When benzoyl chloride was used as the acy-
lating agent hydrolysis of the C==N group also occurred. Compound XII was hy-
drolyzed with alkali to give the corresponding 3-amino-2-carboxamide (XIX) its
IR spectrum lacked »(C=N), but exhibited »(C=0) at 1660 cm~' and multiple
bands at 3490-3170 cm ™! (NH,). Three new independent synthetic routes which
allow the preparation of many pyrimidine derivatives have been developed. Route
1 involves the cyclization of 3-amino-2-cyanothieno[2,3-b]quinoxaline (XII) with
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reagents such as formamide, formic acid and urea to give a variety of pyrimido-
[5',4":4,5]thieno[2,3-b]quinoxaline XV, XVI, XVII respectively. Route 2 involves
cyclization with 2-aminothieno[2,3-b]quinoxaline-3-carboxamide (XIX). The cycli-
zation of an o-aminoamide with suitable one-carbon intermediates has been widely
used for the preparation of numerous heterocyclic systems containing a fused py-



*{(0=2)0691°(0=2)
OTIZY “(HN)OBIE 22°6 H1°91 6%°€ 66°19 uowa}

«(CHN)00ZE-0TEE  61°6  60°9T Lv°c £0°29 sc0"nNSTw8TH <6 0se< AIX
c(cay'un‘w)  *(0=3)089T°(NZJ) SB8°TIT T6°02 T0°€ 12°8S ySTuaaly pIoe 973y
we'8-68°L ‘(SHO'HE‘S)E'Z 0222 ‘(HN)OWZE  €6°TT 68707 T0°€ T2°8S so”nut Ty oL §9Z IIIX
“(N22)0TZZ  90°4T S8°42 6€9°2 6€°8S umozg  Toueyl3
“(°HN)O9TE-08EE  HT°HT LL'WZ (9°C TH°SS sty "8 082 TIX
*(av'HN‘He ‘Wz g L “(*HD *(0=)) €€'8 $8°0T €6°€ 64°89 MOTTPA  Toueyl3
‘HE‘SIZhZ F(EHI0DHE'S)SE'Z  €89T “(0-D)OTLT  0€'s  T16°0T 26°€ 9599 sSofnSTwe%s <6 o€ 1%
*("IVHN L6°L 00T 862 ST1°29 MOTTI2A PIO® O7390y
B ugrwisrg-ses ‘(SHaHE‘s) 2 68'L se'0T 86'2 #1°29 150N TW1%) <9 ote *1x
S
S L0°0T 6T°€T 2I'% €979 umolg  Touey33
T €,€T .81 2
S 2001 9T e 1w or-z9  sofnETudTy €6 022 X
< 6€°6 ST $6°Z TT09 pay  Touey33
s w6 921 L6z 60°09 12s0EN0THtTH St 00¢ U
T(CayHe‘w) (0=J)0L9T 9%°01 €8°€T €2°¢€ 98°99 usmoig Toueyly
2'8-62°2 “(PN‘HZ‘s)9 T ‘(°HN)OTEe‘0TZe 8401 LL°€T €9°¢ 88°99  sofnTTuéTs 06 <L1 x
(0=0)0991 €2°€T 61°LT HL'€ TE 65 ysyumolg  Touey3y
“(°HN)OSHE‘09EE  ST'ET 82°LT €2°¢ 92°6s.  SOEN®HETD <8 012 X1
_w s N H 2
wddg T - eInwIoy Inojo) {3uaayos)
I's _ zaY) *3* punoy/pajernayed % punodwo)
L (£1900) kN1 (3g) "1 cyokteve Tervowsry | FETAOTON PIOTA 2e “d"W
b4 IXX—XI spunoduos jo ejep [edsuifeue pue |esIsiyd
-,

II31dVL

1102 Alenuer 62 €F:ST @IV Ppapeo |uwog



157

THIENOQUINOXALINES

*au013dy  IXX 0Sua £ 0SHA XIX £ OSHa TTIAX ¢ OSHG ::*
*(0=2)
0891 ‘(0=J)s2LT
[(HOZ) ‘HZ*S1ZL L-0S"L ‘(HN)OSOE‘(HN)O9TE  69°TT 95°0Z H2°2 +HE'€S MOTT2A  PJOR OT330Y
CCIVHEW)ZL-0%'9  ‘(HO)OOSEC(HO)OLSE 8 TT HL°02 #2°Z %E'€S so"™ul, SL Je0€E IXX
oA.&(a:ﬂaEv
6z 8-8°L ‘(°HN‘HZ*S) “(0=2)$99T GO'€T 88°22 T£°€ 90°#S umoag pPIo® OTIAVY
oL “(CHNOD‘HZ®s)0'L  ‘(PMN2)09TE-08WE  OT'€1 %6°22 O0€°€ O0T°%S so"n8u1TH 73 %0€ XIX
*(0=2)
ST 3y HNCHG ‘w) 0491 ‘(NSJ)ot22 SETT £8°%w2 T1S°Z 06°SS bueip proe o1I9DY
€2°9-8°L ‘CCUN‘HZ'S)en L (CHN'HN)OETE-O€E€ 6€°TT 06°h2 1S°2 25°SS soSNinETH 8L ote TIIAX
-(%HN)OSTE  88°TT 00°92 29°2 09°€S umolg  Touey33
‘082€ ‘(HO)OTEE  68°TT 20°92 29°2 €5°€S soSnfuTs s¢ 0Z€< TIAX
*(0=2) 29°21 10722 6€¢°¢ 69°9S MOTTOA fouryll
0691 ‘(HN)OBTE  §S°2T %0°2Z 8€°Z 0L'96 so”Wn?ly 09 09¢< IAX
09°21 %L°LZ 6L°Z L89S umolg  Touey33
(CHN)OYTE 092€  €9°2T 99°LZ 6L°Z T16°9S sSNEneTy <9 0s¢ AX

1102 Alenuer 62 € :ST

v pspeo jumog



15: 43 29 January 2011

Downl oaded At:

158 S. A. MAHGOUB

rimidine ring.!® Thus reaction of XIX with phenylisocyanate in pyridine solution
did not give 3-phenylpyrimido[5',4':4,5]thieno[2,3-b]quinoxaline-2,4(1H, 3H)-dione
(XXII) as expected but rather 2,4-dihydroxypyrimido[5’,4':4,5]thieno[2,3-
b]quinoxaline (XXI) (c.f. Table II). Evidently 3-(3-phenylureido)thieno-[2,3-
b]quinoxaline-2-carboxamide (XX) which was formed initially underwent subse-
quent ring closure with loss of aniline rather than ammonia. This mode of cyclization
was unexpected, since it has been shown that 2-amino-5,6-diphenylpyrazine-3-
carboxamide yields 3,6,7-triphenylpteridine-2,4-(1H, 3H)-dione upon treatment
with phenylisocyanate and pyridine under similar conditions.!*

on
N<__-S~__-CONH N 5
Ph NCO X 2 A X
XIx —RNCO | — S l BN
Z NHCNHPh n? N on
o 1 L 0
XX N S
~
z /L
N N 0
]

XX

XXI1
Treatment of V with formamide yielded the pyrimidione XVI (Route 3).

EXPERIMENTAL

Melting points are uncorrected IR (KBr) spectra were recorded on Cye-Unicam infrared spectropho-
tometer and ‘H NMR spectra in DMSO-d, or CDCl, on a varian EM-390 spectrometer using TMS as
internal standard, and chemical shifts are given as 8 values. The mass spectrum was recorded by kratos
MS-80 R.F.A. spectrometer at an ionizing potential 70 ev, at Calgary University, Canada. Analytical
data were obtained from the microanalytical data of Assiut University.

2-Chloroquinoxaline-3-carbonitrile (I). 'Was prepared and isolated as reported earlier.?

3-Carbonitrile-2(1H)-quinoxalinthione (II). A mixture of 2-chloroquinoxaline-3-carbonitrile (I) (18.9
g, 0.1 mol) and thiourea 7.6 g, 0.1 mol) in ethanol (200 ml) was heated under reflux for two hours.
The product obtained after concentration and cooling was treated with (200 ml 20%) sodium hydroxide
and then acidified with dilute HC. The solid that separated was collected by filtration and recrystallized
(Table 1).

2,3-Dimethoxy quinoxaline (III). A solution of (I) (0.01 mol) in dry CH,;OH and CH,ONa (0.01 mol)
was refluxed for three hours, poured into water (100 ml) and the solid obtained recrystallized (Table

D).

2-Anilinoquinoxaline-3-phenylcarboxamide (IV) and 2-anilinoquinoxaline-3-carboxylic acid (V). A mixture
of 2-chloroquinoxaline-3-carbonitrile (I) (3.8 g, 0.02 mol) and aniline (9.3 g, 0.1 mol) was kept at 160°
in an oil bath for five hours. The mixture was poured into water and the product was collected by
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filtration and recrystallized from acetic acid. A brown solid precipitated and after three years the solution
was filtered. Yielding 40% IV, and the compound IV, was isolated by concentration of the filtrate in
50% yield.

Ethyl-3-aminothieno|2,3-b]quinoxaline-2-carboxylate (V). To (1.9 g, 0.01 mol) of 2-chloroquinoxaline-
3-carbonitrile (I) in 20 mi absolute ¢thanol was added (0.01 mol) of a-mercapto acetic acid or/and ethyl-
a-mercapto acetic acid and (0.01 mol) of anhydrous potassium carbonate and the mixture was refluxed
for five hours. The residue was stirred with 50 ml of water, filtered and the insoluble material recrys-
tallized (Table I).

3-Aminothieno(2,3-blquinoxaline-2-carboxylic acid (VI). A mixture of V (1.35 g, 0.005 mol) and (2.5
g) of KOH in 50 mi absolute ethanol was refluxed for one hour. After cooling the precipitate was
filtered, dissolved in water then acidified by acetic acid. The solid obtained was recrystallized (Ta-
ble I).

2-Cyano-8H-quinozolo[4,3-alquinoxaline-8-one (VII). Anthranilic acid (1.3 g, 0.01 mol) was refluxed
for five hours with 2-chloroquinoxaline-3-carbonitrile (I) (1.9 g, 0.01 mol) in butanol (50 ml). After
evaporation, the residue was treated with hot water to remove unreacted substances. The residue was
separated and crystallized (Table I).

2-(1H)-Quinoxalinone-3-carboxamide (VIII). 3-carbonitrile-2-(1H)-quinoxalin thione (II) (1 g) was
heated under reflux for five hours with 15 ml of hydrochloric acid. The product obtained after cooling
was collected and washed with water, m.p. 308° (Lit® m.p. 308).

2-Acetyl-3-amino thieno[2,3-blquinoxaline (IX). 3-amino-2-substituted benzoyl thieno[2,3-b]quinoxaline
(X) and 3-amino-2-cyano thieno{2,3-b]quinoxaline (XH). General procedure: To a solution of (II) (3.64
g, 0.02 mol) and sodium ethoxide (from 0.70 g of sodium in ethanol (30 ml) or 3 g fused sodium acetate
in 30 m! ethanol, freshly prepared bromo acetone (0.02 mol) or phenacyl bromide (0.02 mol) or
chloroacetonitril (0.02 mol) was added. The reaction mixture was refluxed for one hour. A crystalline
matter was separated, washed with water and recrystallized (Table II).

3-Aceto-4-aryl-pyrido(5',4' :4,5thieno[2,3-b]quinoxalin-2-one (X1,,). General procedure: A mixture
of X, (0.01 mol) and ethyl aceto acetate (0.01 mol) was refluxed for three hours. On cooling, the
crystals of (XI,,) were filtered off and then recrystailized (Table II).

N-Acyl derivatives XIII, XIV respectively. General procedure: A mixture of XII (2.26 g, 0.01 mol)
and acetic anhydride benzoyl chloride (20 ml) was refluxed for three hours. The product obtained after
cooling was collected and recrystallized (Table II).

4-Aminopyrimido[5',4';4,5]thieno[2,3-b]quinoxaline (XV). A mixture of 0.5 g of 3-amino-2-cyano-
thieno[2,3-b]quinoxaline (XII) and 2 ml of formamide was heated under reflux for 30 minutes, cooled,
diluted with 40 mi of water and filtered. The solid which separated was collected by filtration, washed
well with water and crystallized (Table II).

Pyrimido[5’,4':4,5)thieno(2,3-blquinoxaiine-4(3H)-one (XVI). (a) A mixture of XII (1.13 g, 0.005 mol)
and 10 m! formic acid was heated under reflux for three hours. After cooling the solid which separated
was collected by filtration and crystallized (Table II).

(b) A mixture of 1.0 g of 2-aminothieno[2,3-b]quinoxaline-3-carboxamide (XIX) and 15 ml of form-
amide was heated for two hours in an oil-bath maintained at 160-170°. Cooling caused the separation
of solid material which was crystallized (Table II).

(c) A mixture of ethyl 3-aminothienof2,3-b]quinoxaline-2-carboxylate (V) (2.7 g, 0.01 mol) in (30
ml) of formamide was refluxed 3 hours. Cooling caused the separation of solid material which was
crystallized (Table II).

4-Amino-2-hydroxypyrimidol5',4':4,5thieno[2,3-blquinoxaline (XVII). An intimat mixture of 1 g of
XII and 2.5 g of urea was heated in an oil-bath at 300° for 30 minutes. The material first liquified and
then quickly set to a hard, reddish solid. After cooling, the solid was powdered, extracted with cold
water followed by boiling ethanol and the solid residue recrystallized (Table 1I).

4-Amino-3-cyanopyrido[5',5':4,5|thieno|2,3-blquinoxaline-2-one (XVHI). A solution of XH (1 g) in
ethylcyanoacetate (10 ml) was heated under reflux for four hours, the solvent was then concentrated
to half its original volume and left to cool, the solid product that separated on standing was collected
by filtration and washed with ethanol and recrystallized (Table II).
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2-Aminothieno|2,3-blquinoxaline-3-carboxamide XIX. 3-Amino-2-cyanothieno[2,3-b]quinoxaline (XII)
(3 g), was heated under reflux for two hours with 3 g NaOH in 30 ml ethanol. The separated crystalline
product was filtered and recrystallized (Table II).

3-Phenyl pyrimido(5’,4’:4,5]thieno[2,3-blquinoxaline-2(1H), 4(3H)-dione (XX). A mixture of 1.00 g
of 2-aminothieno [2,3-b]quinoxaline-3-carboxamide (XIX), 1.0 ml of phenylisocyanate and 20 ml of dry
pyridine was heated under reflux for one hour. During the reaction a precipitate formed. Cooling and
filtering was followed by recrystallization to give the product (Table II).

3-Phenyl pyrimido[5',4':4,5]thieno|2,3-blquinoxaline-2(1H)thione-4(3H)-one (XXI). A mixture of 1.00
g of XIX, 1.0 ml of phenylisothiocyanate and 30 ml of dry pyridine was heated under reflux for three
hours and then poured into an excess of ethyl alcohol. A solid was collected and recrystallized (Ta-
ble II).
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