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Syn the sis and Antimicrobial Ac tiv ity of Novel Furothienoquinoxalines,
Pyranothienoquinoxalines and Pyrimidopyranothienoquinoxalines

Osama S. Moustafa* and Y asser A. El-Ossaily
Chem is try Department, Fac ulty of Sci ence, Assiut Univer sity, Assiut 71516, Egypt

Thereactionof ethyl-3-mercaptoquinoxaline-2-carboxylatewith phenacyl bro mide, ethyl chloroacetate,
chloroacetonitrile or chloroacetone furnished the corresponding 3-hydroxy thieno[2,3-b]quinoxaline.
2-Cyano-3-hydroxythieno[ 2,3- b]quin oxalineand 2-acetyl-3-hydroxythieno[ 2,3-b] quin oxalinewereem-
ployed as precursors in the synthesis of some novel furo[2¢3¢4,5]thieno[2,3-b]quinoxaline, pyranc
[2¢3¢4,5]thieno[2,3-b]quin oxalineand other heterocyclic systemsfused with thieno[ 2,3-b] quinoxalines.
Theanti bacterial andantifungal activi tiesof somethesynthesisedcompoundswerestudi ed.

INTRODUCTION

Ear lier wehavereported thesynthesisand reactionsof
somenew quinoxalinederiv ativesinview of thesignif i cant
bi ologi cal activitesof thecom poundshavingquinoxalinenu
cleus.™? For ex am ple, the 1,2,3,4-tetrahydroquinoxalinering
systemisanim por tant structural unitinmany bioactivecom
pounds:® 1,4-dihydro-6,7-dimethylquinoxaline-2,3-diones
asFlavinmetabolitesand AMBA antagonists,* N-aryl-5-
aminomethylquinoxaline-2,3-dionesasboth NMDA/glycin
and AM DA receptor antagonists,” for anticancer ef forts, and
cytotoxics.® 1H-imidazo-[4,5-g]quinoxaline-4,9-dionesand
other somequinoxalinederiv ativeswere used asantivirus
(Hepatits B),” also, somequinoxalinederiv ativesareused as
antibiotics,® antiherpes,®'® and antituberculotics.** Some
quinoxaline derivatives with retinoic acid receptors and
agonisticactivity havebeensimilarly eval uated.*? In thisre-
spectandalsofor continuationof our ear lier work for thesyn-
the sisof many fused heterocyclic systemscontaining quin-
oxalinemoi ety,**” we were con cerned with the use of ethyl-
3-mercapto-quinoxaline-2-carboxylate™ for the syn thesisof
many fused quin oxaline heterocycles of anew type and it
thereforewastested against bac teriaandfungi.

RE SULTS AND DIS CUS SION

Thethiation of ethyl(quinoxalin-2(1H)-one)-3-car box
ylate 1using P.Ssindry pyridineresultedinthefor mation of
thioxoderivative2; thelat ter com pound wasre ported by an-
other method™ which wasused asapotential starting mate-
rial for the synthesisof thetar get heterocycles. Thus, there-

actionof 2 with halocompounds like w-bromoacetophenone
and/or ethyl chloroacetateinthe presenceof fused sodium ac-
etategavethethienoquinoxalinederiv atives3 and 4, respec
tively. Com pound 4 was refluxed in an ethanolic so lu tion of
sodiumhy drox idewhichresultedinhy droly sisfol lowed by
spon taneous decarboxylation to give 3-hydroxy-thieno[ 2,3-
b] quinoxaline6. Thecycloadditionreaction of 6 with ben
zylidenemal ononitrileaf forded 2-amino-3-cyano-4- phenyl-
4H-pyrano[2¢3¢4,5]thieno[2,3- b]quinoxaline7 in good yield.
Thecondensation of o-aminonitrile 7 with triethyl ortho-
formate yielded methanimidate8, whilethe heat ing of 7 with
aceticanhy drideatreflux temper atureledtothefor mationof
monoacetyl derivative9 (Schemel).
Thepresentinvistigationwasex tendedtothesynthesis
of novel furo[2¢3¢4,5]thieno[2,3- b]quinoxalines. Thereac-
tion of 2 with chloroacetonitrilein refluxing eth anol contain
ing fused so dium ac e tate gave 2-cyano-3- hydroxythieno-
[2,3-b]quinoxaline10 which was re acted with ethyl chloro-
acetatein DMF at 100 °Cfor 3 hrinthepresenceof K.COz to
give ethyl-(2-cyano-thieno[ 2,3-b]quinoxalin-3-yloxy)ace
tate 11. Upon treat ment with so dium ethoxide in refluxing
ethanol .11 under went Thorpe-Ziegler cyclyizationtofur nish
ethyl-(3-aminofuro[2¢3¢4,5] thieno[ 2,3-b] quinoxaline)-
2-carboxylate12. Heating of 12 withformamideresultedin
thefor mation of the pyrimidofurothienoquinoxalinederiv a
tive 13. Reaction of o-hydroxycyano compound 10 with
chloroacetonitrile under the same condi tionsaf forded 3-
amino-2-cyanofuro[ 2¢3¢4,5]thieno[ 2,3-b]quinoxaline 14,
which was cyclized to 4-amino-pyrimidofurothieno quin &
xaline 15 (Schemell).
2-Acetyl-3-hydroxythieno[2,3-b]quinoxalinel 6 was
pro duced fromthere action of 2 with chloroacetone. This
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proved also to be aver satile synthon for the preperation of
other new thienoquinoxalines; thus, itscon den sationwith
hydroxylaminegavethecorrespondingoxime17. An at tempt
to cyclize 17 to theisoxazol othienoquinoxaline 18 by heat ing
with acetican hy dridefailed, and the biacetyl deriv ative19
wasisolatedinstead. Ring closureof16 throughreactionwith
di ethyl ox alategaveethyl-(3-H-pyrano[2¢3¢4,5]thieno[2,3-

b]quinoxalin-4-one)-2-carboxylate 20 (Schemell11).

Screening for Antimicrobial Activities
Mostsynthesizedcompounds(2, 3a, 6, 8,10, 11,12, 14
and 20) weretested for their antimicrobial activ i tiesinvi tro
againgt threestrains of bac teria: Gram postive Bacil lus subtillus
Micrococcus luteus and Gram neg ative Serrationrhodenil
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and three spe cies of fungi: Aspergillus fumigatus, Penicllum
chrysogen, and Fusarium equisetiusingthefil ter paper tech
nique’®*® by measur ing thezoneof inhi bi tioninmmat 25ny
concentration. Thescreeningresultsgivenin Tablelindi-
cated that among the tested com pounds, 3a, 6, 8, 10, 12, 14
and 20 showed good growth in hi bi tion agai nst Gram postive
bacteria, but only two com pounds, 6 and 14, showed good
growthinhi bi tionagainst Gramnegativebacteria. How ever,
concerningtheantifungal activi ties, only compound 6 was
activeagainst al typesof fungi that were used but com pound
11wasactiveagainst Fusarium equisetionly (Tablel).

EXPERIMENTAL

Melting points were determined on a Gallen-Kamp
melting point ap paratusandareuncor rected. IR spectrawere
re corded on a Pye-Unicam SP*-100 spectrophotometer using
KBrwafer technique.*H NMR spec trawere measured on a
Varian 390-90 MHz NMR spectrometerinasuit abledeutreated
sol vent, using TM Sastheinter nal standard. El emental anal y-
seswere per formed on a Perkin-Elmer 240 C microanalyzer.
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El emental anal y sisgaveaccept ableresultsunlessotherwise
stated. Melting Points, Yields and Spec tro scopic data are
listedinTables2and 3.

Ethyl(3-mercaptoquinoxaline)-2-carboxylate (2)
Compound 2 waspreparedaccordingtotheliterature,®
m.p. 210 °C.

3-Hydroxy-2-benzoylthieno[2,3-b]quinoxaline (3a)
3-Hydroxy-2-p-chlorobenzoylthieno[2,3-b]quinoxaline
(3b)
Ethyl(3-hydroxythieno[2,3-b]quinoxaline)-2-carboxylate
O]

General Procedure

A mixtureof 2 (0.01 mol), fused so dium ac etate (0.02
mol), and halocompounds (0.01 mol) in abs. ethanol (20mL)
washeatedunder reflux for 3hr. Thereactionmix turewasdr
luted with (50 mL) H,O. Thesolid precipi tatewascol lected
and recrystallized from the proper sol vent.

3a was obtained by reaction of 2 with phenacyl bro-
mide.

Table 1. Antimicrobia Activities of the Select Compounds [zone of inhibiton in mm]

Antibacterid activity
Comp. No.

Antifunga activity

Bacillus ~ Micrococcus  Serration  Aspergillus ~ Penicllum Fusarium
subtillus luteus rhodenil fumigatus chrysogen equiseti

2 - - - - - -

3a 9 24 - - - -

6 14 14 9 18 17 11

8 8 - - - -

10 8 - - - - -

11 - - - 8 - -

12 8 20 - - - -

14 12 - 9 - - -

20 9 19
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Table 2. Physicd Dataof Compounds3-20

Comp. M.P.°C Yidd% Formula

No. Mol.Wt

3a 300 75 C]_7H10N202$
306

3b 285 71 C7HgN,0,SCl

3405

4 198-200 75 C13HioN-OsS
274

6 223 65 CyoHgN,0OS
202

7 288 70 CxoH12N,40S
356

8 256-57 77 CosHigN4OsS
440

9 >300 70 CxHuNLOS
398

11 112 80 CisH1iN3OsS
313

12 224 90 C15H11N3OsS
313

13 >360 80 C1HeNLOS
294

14 290 72 C13HgN40S
266

15 >360 75 C1H/Ns0OS
293

16 24546 90 C,HgN,O, S
244

17 280 77 Ci2HoN3O, S
259

19 240 73 C16H13N30,S
343

20 236-37 85 C16H10N-0O,S
326

3b wasobtained by reactionof 2 withp-chlorophenacy!|
bromide.

4 was obtained by reaction of 2 with ethyl chloro-
acetate.

3-Hydroxy-(2H)-thieno[2,3-b]quin oxaline (6)
A solutionof4 (0.01 mol) in (30 mL) ethanolic sod.hy-

drox ide 10% washeated un der reflux for 3 hr; andleft to cool.

Thereactionmix turewasdi lutedwith (40mL) H.O and acid-
i fiedwith di lute HCI. Thesolid ob tained wasfil tered off and
recrystallized from acetic acid asbrown crystals.

2-Amino-3-cyano-4-phenyl-(4H)-pyrano[2¢3¢4,5]thieno-
[2,3-b]quinoxaline (7)

Toamix tureof 6 (0.01 mol) and benzylidene malono-
nitrilein (20 mL) eth anol, afew drops of piperidine were
added. Thereactionmix turewasheated under reflux for 3hr.

Moustafaand El-Ossaily

Thesolidwhich precipi tated while hot wasfil tered off and
recrystallized fromethanol aspaleredcrystals.

3-Cyano-4-phenyl-(4H)-pyrano[2 ¢3¢4,5]thieno[2,3-b]-
quinoxaline-2-methaimidate (8)

A suspensionof7 (0.01 mol) in (15 mL) triethyl ortho-
formatewasheated un der reflux for 3hr; and al lowed to cool.
Theprecipi tated solid wasfil tered off and crystal lized from
ethanol asredcrystals.

3-Cyano-2-acetylamino-4-phenyl-(4 H)-pyrano[2¢3 ¢4,5]-
thieno[2,3-b]quinoxaline (9)

A solutionof7 (0.02mol) inaceticanhy dride(35mL)
was refluxed for 3 hr; the re ac tion mix ture was cooled, then
di luted withwater (10 mL). The solid formed wasfil tered of f
andrecrystallizedfromethanol asyel low crystals.

2-Cyano-3-hydroxythieno[2,3-b]quinoxaline (10)

A mix ture of 2 (0.01 mol) and chloroacetonitrile (0.01
mol) sodiumac etate (0.025mol) inabs.ethanol (40 mL) was
refluxedfor 2 hr. Thesolid ob tained upondi lutionwithwater
wasfil tered off and recrystallized from eth anol asred crys
tals.

Ethyl(2-cyano-thieno[2,3-b]quinoxalin-3-yloxy)acetate
an

A mix ture of 10 (0.01 mol) and ethyl chloroacetate
(0.01 mol) sodiumacetate (0.02mol) inabs.ethanol (35mL)
was refluxed for 2 hr; then poured onto cold water. The solid
ob tained wasfil tered off and recrystallized from eth anol as
browncrystals.

Ethyl(3-aminofuro[2¢3¢4,5]thieno[2,3-b]|quinoxaline)-2-
carboxylate (12)

A suspensionof11 (0.015 moal) in so dium ethoxide so-
lution(1.0gsodiumin 100 mL abs.ethanol) washeated under
reflux for 30 min. Thesolid prod uct sep arat ing on cool ing
was col lected and recrystallized from eth anol as deep red
crystals.

2,3-Dihydropyrimido[4?,52:4¢5¢furo[2¢3 ¢4,5]thieno[2,3-
b]quinoxalin-4-one (13)

A solutionof 12 (0.5 g) in formamide (15 mL) was
heated underrefluxfor4hr. Theprecipi tateseparating af ter
cool ingwascol lected andrecrystallized from aceticacid.

3-Amino-2-cyanofuro[2 ¢3¢4,5]thieno[2,3-b]quinoxaline
14)
Theti tlecompoundwaspreparedby reactionof10 with
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Comp. IR (ncm™) / *H NMR d (ppm)

3a 3450 (OH), 1710 (CO), 1610 (C=N); (DM SO-d): d7.3-7.8 (m, 9H, Ar-H), d 12.7 (s 1H, OH).

3b 3500 (OH), 1700 (CO), (DM SO-d¢). d 7.3-7.8 (m, 9H, Ar-H, OH).

4 3530 (OH), 2900 (CH aliph.), 1720 (CO), 1620 (C=N); (CDCls): d 1.1-14 (t, 3H, CH3), d 3.2-3.6 (q,
2H, CH,), d 7.3-8.0 (M, 4H, Ar-H). d 11.1 (s, 1H, OH).

6 3550-3320 (br. OH), (CDCls): d 7.5-8.0 (m, 4H, Ar-H), d9.1 (s 1H, CH).

7 3450 (NH,), 2220 (CN), 1620 (C=N); (DM SO-de): d6.1 (s, 2H, NH.), d 7.5-8.3 (m, 9H, Ar-H).

8 2970 (CH aliph.), 2220 (CN), 1695 (CO), 1610 (C=N); (DMSO-de): d 1.2-15 (t, 3H, CHy), d 3.2-3.6
(9, 2H, CH,), d 5.4 (s, 1H, CH pyran), d 7.5-7.8 (m, 9H, Ar-H), d 6.7 (s, 1H, N=CH).

9 3180 (NH), 2220 (CN), 1660 (C=0); (DM SO-d¢): d2.4 (s, 3H, CHs), d 5.7 (s, 1H, CH pyran), d 7.3-7.8
(m, 9H, Ar-H), 9.8 (s, 1H, NH).

11 2220 (CN), 1720 (C=0); (DM SO-d¢): d 1.15-1.40 (t, 3H, CHs), d 3.2-3.5 (q, 2H, CH,), d 4.2 (s, 2H,
CH,), d 7.4-8.1 (M, 4H, Ar-H).

12 3300 (NH,), 1670 (CO); (CDCly): d 1.2-1.5 (t, 3H, CH3), d 3.1-3.6 (q, 2H, CH,), d 5.8 (s, 2H, NH,), d
7.5-8.0 (M, 4H, Ar-H).

13 3220 (NH), 1680 (CO); (CF,COOD): d 7.5-8.2 (m, 4H, Ar-H), d 9.3 (s, H, CH).

14 3320 (NH,), 2220 (CN),1620 (C=N); (DMSO-dy): d6.1 (s, 2H, NH,), d 7.6-8.1 (m, 4H, Ar-H).

15 3320 (NH,), 1615 (C=N); (CF,COOD): d 7.5-8.15 (m, 4H, Ar-H), d 9.5 (s, 1H, CH).

16 3550 (OH), 1700 (C=0), 1620 (C=N); (CDCls): d2.4 (s 3H, CHy), d 72-7.8 (m, 5H, Ar-H and OH).

17 3580-3200 (br-OH), 1620 (C=N).

19 1760, 1700 (2C=0), 2990 (CH, aiph.); (CFsCOOD): d 1.5 (s, 3H, CH3), d 2.5, 3.1 (2, 6H, 2CHs), d
7.5-8.10 (m, 4H, Ar-H).

20 2950 (CH, aliph.), 1720, 1680 (2C=0); (CDCl,): d1.25-1.6 (¢, 3H, CHs), d 3.1-3.4 (q, 2H, CHy), d

7.5-7.9(m, 4H, Ar-H), d 9.2 (s, 1H, CH).

chloroacetonitrile (0.01 mol) in (20 mL) DMF, pot.car bon ate
(0.02 mal), there ac tion mix ture was heated on awater bath
for 2 hr, cooled, and di luted withwater (20mL). Theprecipi-
tatewascol lected and recrystallized from acetic acid.

4-Amino-(2H)-pyrimido[4¢5¢4,5]furo[2 ¢3¢4,5]thieno[2,3-
b]quinoxaline (15)

A solutionof 14 (0.5 g) in formamide (15 mL) was
heatedunderrefluxfor5hr. Theprecipitateseparatingon
heat ing was col lected and recrystallized from eth anol asyel-
lowishcrystals.

2-Acetyl-3-hydroxythieno[2,3-b]quinoxaline (16)

Theti tlecompoundwasprepared by reaction of 2 with
chloroacetone (0.01 mol) in (20 mL) DMF, pot.car bon ate
(0.03 mal), there ac tion mix ture was heated on awater bath
for 2 hr; cooled, and di luted withwater (20 mL). Theprecipi-
tate was collected and recrystallized from acetic acid as
brownishcrystals.

3-Acetyloxime-3-hydroxythieno[2,3-b]quinoxaline (17)

A mixtureof 16 (0.005 moal), (0.005 mol) hyroxylamine
hyrochloride and (0.005 mol) sod.ac etate trihydratein (30
mL) eth anol was heated un der re flux for 5 hr. The solid

formed af ter cool ing was col lected and recrystallized from
ethanol ascolourlesscrystals.

Synthesis of diacetyl derivative (19)

A solutionof17(0.01mol)inaceticanhy dride(25mL)
was refluxed for 3 hr; then cooled and poured onto ice/water.
Theprecipi tatethusformedwascol lected and recrystallized
fromethanol aspaleyel low crystals.

Ethyl(pyrano [2¢3¢4,5]thieno[2,3-b]quinoxalin-(3H)-4-one)-
2-carboxylate (20)

A mix tureof o-acetyl com pound16 (0.01 mol) and di-
ethyl ox alate(0.01mol) inethanol (20 mL) wasrefluxedfor 3
hr; the solid prod uct sep arated from the hot mix turewasfil-
tered off and recrystallized from eth anol asgoldishyel low
crystals.
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