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ABSTRACT

A simple and efficient procedure has been developed for the synthesis of
quinolines containing thiotetronic ring and selenotetronic ring
system. The methodology is based on cyclization reaction of 2-chloro,
2seleno-4-methyl quinoline with thioglycolic acid and chloroacetic acid
by microwave irradiation in presence of anhydrous potassium carbonate
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catalyst under solvent free condition. The new compounds were charac-
terized by elemental analysis, IR, *H NMR and mass spectral data.
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INTRODUCTION

Inrecent yearssevera synthetic methodsgaining
prominencefor accessing sulfur and selenium contain-
ing compounds, especialy fiveand six membered het-
erocyclesfusedto quinolineringinlinear fashionare
foundin natura productsaswdl asinthe synthetic com-
poundsof biologica importance®¢.. In addition, theba
scthiolactonering(Figurel) systemis integrd part of
anumber of naturally occurring thiotetronicacidswhich
exhibit awiderangeof biologicd activities, suchasan-
tibacterial”d, antidlergenic®, antifunga™, hypochole
steromic, hypolemicd® and antiviral™ activities.

Further, itiswell known that number of heterocy-
cliccompoundscontaining Sand Seexhibit awideva

riety of biologica activities™>*, Even though sulfur and
selenium are considered to beisosteric as defined by
Langmuir(*® and Erlenmeyert*”), thereports about se-
lenium-contai ning heterocyclicsarefent®2), However,
themedicnd application of isosterism hasbeenreviewed
by Klayman and Gunther?, The antioxidant and anti-
cancer activity of salenium containing compoundshave
been reported?24 recently. Selenium playsanimpor-
tant rolein decreasing oxidative stressin HIV-effected
cellsand possibly suppressingtherateof HIV replica
tion(?528, Recent research proposesthat HIV may be
capableof incorporating host seleniumintovira seleno
proteinsthat have gl utathione-peroxideactivity. Though
thesignificanceof thesefindingsrequirefurther clarifi-
cation, they suggest that both humanimmune system
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Figure 1: Thiotetronicring system

and the activity of thevirusareaffected by selenium
nutritional status??4. In recent years, the number of
publications devoted to various aspects of fused het-
erocydescontaining sulfur and sdenium hassharply in-
creased. More publications have appeared during | ast
two decades, 35-40% of them being patents.

Thus, theheterocyd escontai ning sulfur(thiotetronic
ring) and sel enium(sel enotetroni c ring) represent excel-
lent target for anumber of research groups, and severa
procedures for the synthesis of these types of com-
pounds have beenfoundintheliterature. Thefirst syn-
thetic approach for the synthesis of 3-substituted
thi otetronic acidswas reported by Benary® in 1913
inwhichthiolacticacid chlorideswereused asacylating
agents of active methylene compounds. Inlater years
similar methods has been applied for the synthesis of
variousthiotetronic acidg***Y. Ontheother hand, some
of thequinolinederivatives, such asthienoquinolinesand
benzothienoquinolineared so exhibit antitumor, antimi-
crobid, hypocholesterolemic, hypolemic, antifungd and
antivird activitied®®], Theextensivebiologica prop-
ertiesand pharmaceutical applications have attracted
interestsin devel opment of such sulfur and selenium
containing and ogues.

Moreover, the microwaveirradiation techniques
have been adopted for the synthesis of different het-
erocyclic analogues mainly becauseto increase reac-
tion rate, yield and reduce reaction time. Devel opment
of microwaveirradiation techniqueshave helped im-
mensely in devel oping newer, synthetic protocol sto-
wardsan eco-friendly mode. So anumber of research
papershavebeen appeared proving the synthetic utility
of microwave-induced organic reaction enhancement
(MORE) chemistry inroutine organic synthesi §%9,

Hence, inview of biological importance of sulfur
and saenium containing condensed heterocyclesandin
continuation of our quest on microwave assisted or-
ganic synthesis of condensed heterocycles, hitherto
undescribed quinolinederivatives“*3, wehave deve -
oped asimpleeco-friendly solvent free synthesis of 4-
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methylthieno[ 2,3-b] quinolin-3(2H)-one(3a-h) and 4-
methylsdleno[ 2,3-b] quinolin-3(2H)-one(6a-h) deriva:
tives

EXPERIMENTAL

The purity of the reactions was checked by thin
layer chromatography(TLC) onsilicagd platesusing
petroleum ether:ethyl acetate solvent. Melting points
weredetermined in open capillary tubesand were un-
corrected. IR spectrawererecorded in KBr pelletson
Perkin-Elmer 157 IR spectrophotometer. *H NMR
spectra were recorded in DMSO-d, on EM-390
(300MHZz) NMR spectrometer and mass spectrawere
recorded on MASPEC |ow resol ution instrument op-
erating at 70eV.

General procedurefor the synthesis of 4-methyl
thieno[2,3-b]quinolin-3(2H)-one’s(3a-h)

A mixtureof 2-chloro-4-methyl quinoline(1.77g
0.01moal), thioglycolic acid(1.06g, 0.018mol) and an-
hydrous potassium carbonate(0.69g, 0.005mol) was
takenin beaker andirradiated inamicrowave ovenfor
about 2-3mininaninterva of 10sec a 160 Watt. The
progress of the reaction wasmonitored by TLC; fur-
ther thereaction mixturewasirradiated for 1-2min by
adding 3-4ml of PPA, the obtained product was poured
into ice-cold water, stirred well, basified with sodium
hydrogen carbonate. The solid separated out wasfil-
tered, washed with water and dried and recrystalized
frommethanal.

Prepar ation of sodium selenide

Selenium powder(1g, 0.013mol) was taken in
500ml besker contai ning water(25ml). Beaker waskept
intheicewater bath to control the heat; sodium boro-
hydride(0.026) wasadded in small portion, with stir-
ring. Cong derablefoaming(liberation of hydrogen), oc-
curred immediately. After addition of sodium borohy-
dridewater wasadded(25ml) dongthesideof thebea
ker and stirred for 15min, colourlessor degp reddish
NaHSe resulted and was readily used without further
purification.

Preparation of 2-seleno-4-methyl-quinoline(4a-h)

Toasolution of hydrogen selenide(0.013mol) and
sodium borohydride(0.026moal) in water(5ml) was
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added to 2-chloro-4-methyl quinolineg(0.01) in ethanol
(20ml). The reaction mixture was taken in a beaker
and irradiated in MW at 160W for 5-6min, cooled
poured into ice(10g) and acidified with dil.(4N)HCI.
Theresultant solid waswashed with 30ml of water and
recrystalized from excess of acohal.

General procedurefor the synthesis of 4-methyl
saleno[2,3-b]quinolin-3(2H)-one’s(6a-h)

A mixtureof 2-seleno-4-methyl quinoling(1.77g,
0.01moal), chloro acetic acid(1.22g, 0.013mol) and
anhydrous potass um carbonate(0.69g, 0.005mol) was
takeninabeaker and irradiated in amicrowave oven
for about 2-3mininaninterval of 10sec at 160 Waitt.
The progress of the reaction was monitored by TLC;
further thereaction mixturewasirradiated for 1-2min
by adding 3-4ml of PPA, the obtained product was
poured intoice-cold water, stirred well, basified with
sodium hydrogen carbonate. The solid separated out
was filtered, washed with water and dried and
recrystdized frommethanal.

4-methylthieno[2,3-b]quinolin-3(2H)-one(3a)

Pale yellow solid, 143-146°C; Yield 85%(MW);
IR(KBr)(cm?): 1695(C=0), 3109(C-H). *H NMR
(300Hz, DMSO-d,) 8(ppm) 7.09-8.1(m, 4H, Ar-H),
1.38(t, 3H,j=7.01,-CH,), 4.09(s, 2H, CH,). MS, m/
z 315[M"]. Calcd.(%) for C H,NOS: C; 66.95, H;
4.21, N; 6.51. Found: C; 66.89, H; 4.24, N; 6.48.

4,7-dimethylthieno[2,3-b]quinolin-3(2H)-one(3b).

Yellow solid, mp.151-154°C; Yield 82%(MW);
IR(KBr)(cm?): 1702(C=0), 3091(C-H). *H NMR
(300Hz, DMSO-d,) 8(ppm) 7.29-8.1(m, 3H, Ar-H),
1.48(m, 6H, j=7.34, -2CH,), 4.26(s, 2H, CH,). MS,
m/z 229 [M*]. Calcd.(%) for C H,,NOS: C; 68.09,
H; 4.84, N; 6.11. Found: C; 68.12, H; 4.81, N; 6.07.

6-methoxy-4-methylthieno[2,3-b]quinolin-3(2H)-
one(3c)

Yellow solid, mp.135-138°C; Yield 80%(MW);
IR(KBr)(cm?): 1681(C=0), 3051(C-H). *H NMR
(300Hz, DMSO-d)) 5(ppm) 3.94(s, 3H, -O-CH,),
7.02-8.2(m, 3H, Ar-H), 1.48(m, 3H, j=7.08, -CH,),
4.17(s, 2H, CH,). MS, m/z 245[M"]. Calcd.(%) for
C,H,,NO,S: C; 63.65, H; 4.52, N; 5.71. Found: C;
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63.61, H; 4.54, N; 5.69.
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4-methyl-6-nitrothieno[2,3-b]quinolin-3(2H)-
one(3d)

Yellow solid, mp.140-143°C; Yield 88%(MW);
IR(KBr)(cmrt): 1710(C=0), 3013(C-H). '*H NMR
(300Hz, DM SO-d,) 5(ppm) 8.03(s, 2H, -CH,), 7.54
(s, 1H,Ar-H), 1.31(m, 3H, j=7.08, -CH,), 4.27(s, 2H,
CH,). MS, m/z 260[M"]. Calcd.(%) for C_H,NN.O.S:
C; 55.38, H; 3.10, N; 10.76. Found: C; 55.34, H;
3.13, N; 10.67.

4-methyl-7-nitrothieno[2,3-b]quinolin-3(2H)-
one(3e)

Yellow solid, mp.154-157°C; Yield 90%(MW);
IR(KBr)(cm?): 1691(C=0), 3102(C-H). H NMR
(300Hz, DMSO-d,) 5(ppm) 7.41(s, 1H, Ar-H), 8.1(s,
2H, -CH,), 1.38(m, 3H, j=7.08, -CH,), 4.13(s, 2H,
CH,). MS, m/z 260[M"]. Calcd.(%) for C_H,N.O.S:
C; 55.38, H; 3.10, N; 10.76. Found: C; 55.33, H;
3.15, N; 10.7.

7-methoxy-4-methylthieno[ 2,3-b]quinolin-3(2H)-
one(3f)

Pdeyelow solid, mp.144-147°C; Yield 81% (MW);
IR(KBr)(cm?): 1697(C=0), 3083(C-H). H
NMR(300Hz, DMSO-d,) 5(ppm) 3.79(s, 3H, -O-
CH,), 7.21-7.97(m, 3H, Ar-H), 1.41(m, 3H, j=7.08,
-CH,), 4.17(s, 2H, CH,). MS, m/z 245[M"]. Calcd.
(%) for C H, ,NO,S: C; 63.65, H; 4.52, N; 5.71.
Found: C; 63.67, H; 4.55, N; 5.73.

6-chlor o-4-methylthieno[2,3-b]quinolin-3(2H)-
one(3g)

Yellow solid, mp.133-136°C; Yield 80%(MW);
IR(KBr)(cmrt): 1703(C=0), 3112(C-H). 'H NMR
(300Hz, DM SO-d,) 8(ppm) 7.05(s, 2H, -CH,), 7.61
(s, 1H,Ar-H), 1.44(m, 3H, j=7.08, -CH,), 4.09(s, 2H,
CH,). MS, m/z 249[M"]. Cd cd.(%) for C H,CINOS:
C; 57.72,H; 3.23, N; 5.61. Found: C; 57.73, H; 3.20,
N; 5.78.

4,6-dimethylthieno[2,3-b]quinolin-3(2H)-one(3h)

Pdeyelow solid, mp.146-149°C; Yield 79% (MW);
IR(KBr)(cm?): 1678(C=0), 3028(C-H). H
NMR(300Hz, DM SO-d6) 5(ppm) 7.13-8.25(m, 3H,
Ar-H), 1.35(m, 6H,j=7.34,-2CH,), 4.37(s, 2H, CH,).
MS, m/z 229[M"]. Calcd.(%) for C_H. NOS: C;
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68.09, H; 4.84, N; 6.11. Found: C; 68.15, H; 4.78,
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N; 6.15.
4-methylseleno[ 2,3-b]quinolin-3(2H)-one(6a)

Pale brown solid, 181-183°C; Yield 69%(MW);
IR(KBr)(cm?): 1678(C=0), 3115(C-H). H
NMR(300Hz, DMSO-d,) &(ppm) 7.2-7.9(m, 4H, Ar-
H), 1.54(t, 3H, j=7.01, -CH,), 4.15(s, 2H, CH,). MS,
m/z 262 [M"]. Calcd.(%) for C H,NOSe: C; 78.67,
H; 4.95, N; 7.65. Found: C; 78.65, H; 4.93, N; 7.66.

4,7-dimethylseleno[2,3-b]quinolin-3(2H)-one(6b).

Brown solid, mp.198-201°C; Yield 73%(MW); IR
(KBr)(cm?): 1690(C=0), 3048(C-H). *H NMR
(300Hz, DMSO-d,) 8(ppm) 7.4-7.9(m, 3H, Ar-H),
1.41(m, 6H, j=7.34, -2CH,), 4.19(s, 2H, CH,). MS,
m/z 276 [M*]. Calcd.(%) for C ,H,,NOSe: C; 79.16,
H; 5.62, N; 7.10. Found: C; 79.12, H; 5.69, N; 7.15.

6-methoxy-4-methylseleno[2,3-b]quinolin-3(2H)-
one(6e)

Brown solid, mp.179-180°C; Yield 65%(MW); IR
(KBr)(cm?): 1663(C=0), 3024(C-H). *H NMR
(300Hz, DMSO-d)) 5(ppm) 3.89(s, 3H, -O-CH,),
7.5-7.9(m, 3H, Ar-H), 1.41(m, 3H, j=7.08, -CH,),
4.22(s, 2H, CH,). MS, m/z 292 [M"]. Calcd.(%) for
C,H,,NO,Se: C; 73.22, H; 5.20, N; 6.57. Found: C;
73.25, H; 5.18, N; 6.55.

4-methyl-6-nitroseleno[2,3-b]quinolin-3(2H)-
one(6d)

Brown solid, mp.205-207°C; Yield 75%(MW); IR
(KBr)(cm?): 1662(C=0), 3083(C-H). *H NMR
(300Hz, DM SO-d,) 3(ppm) 8.24(s, 2H, -CH.,), 7.61
(s, 1H,Ar-H), 1.42(m, 3H, j=7.08, -CH,), 4.37(s, 2H,
CH,). MS, m/z 307[M*]. Calcd.(%0)for C ,H,N,O,Se:
C; 63.16, H; 3.53, N; 12.28. Found: C; 63.11, H;
3.49, N; 12.26.

4-methyl-7-nitroseleno[2,3-b]quinolin-3(2H)-
one(6e)

Brown solid, mp.192-194°C; Yield 78%(MW); IR
(KBr)(cm?): 1705(C=0), 3115(C-H). 'H NMR
(300Hz, DM SO-d,) 5(ppm) 7.64(s, 1H, Ar-H), 8.3(s,
2H, -CH,), 1.46(m, 3H, j=7.08, -CH,), 4.24(s, 2H,
CH,). MS, m/z 307[M*]. Cdlcd.(%) for C_H,N,
0,Se: CC;63.16,H; 3.53,N; 12.28. Found: C; 63.18,
H; 3.56, N; 12.30.

== Pyl Paper

7-methoxy-4-methylseleno[2,3-b]quinolin-3(2H)-
one(6f)

Palebrown solid, mp.185-188°C; Yield 64% (MW);
IR(KBr)(cm?): 1684(C=0), 3107(C-H). H
NMR(300Hz, DMSO-d,) 5(ppm) 3.82(s, 3H, -O-
CH,), 7.41-7.8(m, 3H, Ar-H), 1.38(m, 3H, j=7.08, -
CH,), 4.23(s, 2H, CH,). MS, m/z 292 [M*]. Calcd.
(%) for CH, ,NO,Se: C; 73.22, H; 5.20, N; 6.57.
Found: C; 73.21, H; 5.25, N; 6.60.

6-chlor o-4-methylseleno[ 2,3-b]quinolin-3(2H)-
one(69)

Brown solid, mp.153-155°C; Yield 57%(MW);
IR(KBr)(cmt): 1673(C=0), 2098(C-H). '*H NMR
(300Hz, DMSO-d,) 8(ppm) 7.18(s, 2H, -CH.,), 7.56
(s, 1H,Ar-H), 1.38(m, 3H, j=7.08, -CH,), 4.15(s, 2H,
CH,). MS, m/z 296 [M*]. Calcd.(%) for C_H,
CINOSe: C; 66.22, H; 3.70, N; 6.44. Found: C;
66.20, H; 3.68, N; 6.41.

4,6-dimethylsdeno[ 2,3-b]quinolin-3(2H)-one(6h)

Brown solid, mp.196-198°C; Yield 71%(MW); IR
(KBr)(cm?): 1691(C=0), 3015(C-H). *H NMR
(300Hz, DM SO-d6) &(ppm) 7.25-7.81(m, 3H, Ar-
H), 1.41(m, 6H, j=7.34, -2CH,), 4.35(s, 2H, CH,).
MS, m/z 276[M*]. Calcd.(%) for C H, ,NOSe: C;

79.16, H; 5.62, N; 7.10. Found: C; 79.15, H; 5.61,
N; 7.07.

RESULTSAND DISCUSSION

In present study, the quinoline derivativescontain-
ing thiotetronic ring(3a-h) and sel enotetronic ring(6a-
h) were accessed with excellent yield in one pot reac-
tion between 2-chloro-4-methyl quinolines(1a-h), 2-
seleno-4-methyl quinolines(6a-h) withthioglycolicacid
and chloroacetic acid. The product afforded through
cyclization using polyphosphoricacid(PPA) in presence
of anhydrous potassium carbonate as catalyst, over
crossi ng through intermediate] (4-methylquinolin-2-
yhsulfanyl] acetic acid(2a-h), by microwaveirradiation
technique under solvent free condition(SCHEME 1).
Thestructuresof new compoundswere confirmed on
the basisof elemental analysisand other spectral evi-
dences.

Asan example, theintermediate (2a) showsasharp
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SCHEME 1: Reactionscarried out to obtain tar geted thieno(3a-h), seleno(6a-h) quinolines

IR absorption band at 1254cn of OH(COOH group)
and gppearanceof singlet beongsto 1H proton(COOH
group) at 10.2in IR and *H NMR spectra confirms
thechlorineof quinolinering replaced by thioglycolic
acid. Further, whenintermediate(2a) trested with PPA,
thedisappearance and shift of IR absorption frequency
from 1254cmrt of OH(COOH group) to1695cm* and
absenceof singlet belongsto 1H proton(COOH group)
at 6 10.2in(3a) confirmsthecyclization of intermediate
(2a), whichleadsto theformation of (3a). Finaly, the
structure was confirmed by its mass spectrum through
the appearance of molecular ion peak at m/z 315[M*].
Similarly other synthesized derivetives(3b-h), weredso
exhibited such spectrd characteristics.

Similarly other intermediate(5a) dso showsasharp
IR absorption band at 1263 cm* of OH(COOH group)
and gppearanceof singlet beongsto 1H proton(COOH
group) at 10.5in IR and *H NMR spectra confirms
theof chloroacetic acid coupled to (4a). Further, when
intermediate S5atreated the with PPA, the disappear-
ance and shift of IR absorption frequency from 1263
cm* OH(COOH group) to 1678cm* and absence of
singlet belongsto 1H proton(COOH group) at 610.5
in (6a) confirmsthe cyclization of intermediate (5a),
whichleadsto theformation of (3a). Finally, thestruc-
turewas confirmed by its mass spectrum through the
gppearanceof molecular ion pesk & m/z 262[M*]. Simi-
larly other synthes zed derivatives(6b-h), werea so ex-
hibited such spectra characterigtics.

All thereactionsafforded good yie dsof target prod-
uctsin shorter reaction timewith high purity ason ex-
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amplethe IR(KBr) spectraof 4-methylthieno[2,3-b]
quinolin-3(2H)-one(3a-h), 4-methylseleno[2,3-b]
quinolin-3(2H)-one(6a-h) exhibited an absorption band
inregion 1665-1700cn?, 1220-1230cm ™ and 1226-
1234cm* due to C=0, C-S-C and C-Se-C groups
respectively.

When the same reactions carried out in conven-
tiond method it took 8-10hrsfor completion. And aso,
it has been found that thereactionsyield 55-60% with
incompl ete consumption of the starting materialseven
took alonger time. From thesesresultswe found that
themicrowave-assi sted synthetic method ismore con-
venient and beneficia for the synthesisof titled com-
pounds.

CONCLUSION

In conclusion, we devel oped aversatileand useful
new accessto different scaffold of biologically impor-
tance4-methylthieno[ 2,3-b]quinolin-3(2H)-one(3a-h),
4-methyl sdleno[ 2,3-b] quinolin-3(2H)-one(6a-h) using
an efficient and s mplemethodol ogy based on micro-
waveirradiationtechnique. Theefficiency of employed
methodol ogy can explained by thefact that microwave
energy isprobably much higher thantheactivation en-
ergy necessary for each reaction, so that reaction rate
isincreased and yieldshigher.
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