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Reaction of 3-cyano-quinolin-2(1H)-thione (/I) with w-bromoacetophenones gave 3-amino-2-aroyl-thie-
no[2,3-b]quinolines (/IVa — IVd). Whereas, interaction of I/ with chloroacetanilides yielded the
corresponding thioethers Va — Vc which cyclized into 3-amino-2-arylcarbamoylthiene[2,3-b]quinolines (VIz ~ Vic)
on treatment with ethoxide. Compounds VIa — Vic were reacted with nitrous acid, triethyl orthoformate and
carbon disulfide to afford the fused polycyclic compounds Vila — Vlic, Villa ~ Vilic, and IXa — IXc,
respectively. Also, treatment of LXa — IXc with ethyl iodide gave 3-ethylthio derivatives Xa — Xc. Moreo-
ver, refluxing of VIa — VIc with acetic anhydride resulted in the formation of oxazinone X7 which recycli-
zed into pyrimidinones X/lla — XIlic upon reaction with aromatic amines.

In continuation of our previous work on thieno[2,3-b]quinolines! ~ 3, we describe in this
paper the synthesis of some new thieno[2,3-b]quinolines and their reactions with diffe-
" rent reagents.

The starting compound I was obtained in 95% yield by reaction of 2-chloro-quino-
line-3-carbonitrile (/) with thiourea in refluxing methanol. Reaction of /T with phenacy!l
bromide and its derivatives in refluxing ethanol containing triethyl amine gave
3-amino-2-aroyl-thieno[2,3-b]quinolines ({Va — IVc). Similarly, compound Il was
reacted with 3-nitro-4-tolylthio-phenacyl bromide (ZII) to afford the corresponding thie-
noquinoline derivative IVd in high yield.

Whereas, reaction of Il with chloroacetanilide and its derivatives by refluxing in
ethanol containing sodium acetate gave 2-arylcarbamoylmethylthioquinoline-3-carbo-
nitriles (Va — Vc). On treatment of Va — Ve with sodium ethoxide in ethanol, the cor-
responding thienoquinoline derivatives Via — VIc were obtained in nearly quantitative
yields. The latter compounds (VIa — Vic) were also synthesized by one step reaction
from /I and chloroacetanilides in the presence of sodium ethoxide.

Diazotization of Via — Vic with sodium nitrite — hydrochloric acid in acetic acid
furnished  3-aryl-3,4-dihydro-4-oxo0-1,2,3-triazino[4’,5':4,5]thieno[2,3-b]quinolines
(ViIa - VIIc). In contrast, the pyrimidine analogues VIila - VIiiic were obtained
smoothly by condensation of Via - VIc with triethy]l orthoformate in refluxing acetic
anhydride. Also, interaction of Vla — VIc with carbon disulfide in pyridine led to the
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formation of 3-aryl-4-oxo-1,2,3,4-tetrahydro-2-thioxopyrimido[4',5":4,5]thieno{2,3-b]quino-
lines (IXa — IXc). Compounds IXa — IXc were S-ethylated by ethyl iodide in ethanolic
sodium hydroxide solution to give 2-ethylthiopyrimidinone derivatives Xa — Xc in good
yields. Moreover, heating of VIa — VIc with acetic anhydride at refluxing temperature
does not give the expected pyrimidinones XIlla — XIlIc and instead of, a mixture of
oxazinone XI and the corresponding acetanilides X// was obtained. oxazinone X7
underwent ring transformation into 3-aryl-2-methyl-3,4-dihydro-4-oxopyrimido-
[4',5":4,5]thieno[2,3-b]quinolines (X/Ila — XIlIc) upon treatment with the appropriate
aromatic amine.
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The structures of all newly synthesized compounds were confirmed on the basis of
their elemental analyses (Table I), IR and 'H NMR spectra.
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In formulae VII—X, XII, and XIII : a, R = H; b, R = OCHy ¢, R = CI
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EXPERIMENTAL

All melting points are uncorrected. The IR spectra were measured on a Pye~Unicam SP 3-100 spectropho-
tometer using KBr disc technique (wavenumbers in cm™). The 'H NMR spectra were recorded on a
Varian EM-390 90 MHz 'H NMR spectrometer using TMS as internal standard; chemical shifts are given
in ppm (8-scale). Yields, melting points and analytical data of all reported compounds are given in Table I.

3-Cyano-quinolin-2(1H)-thione (I/)

A mixture of I (ref.4, 1.5 g, 8 mmol) and thiourea (0.76 g, 10 mmol), in dry methanol (25 ml) was heated
under reflux for 3 h. The separated yellow crystalline solid was collected, washed with ethanol and heated
with aqueous sodium hydroxide 10% (15 ml) at 80 °C for 15 min. On cooling and acidification, the quino-
linethione (/) was obtained as a yellow powder and was crystallized from N,N-dimethylformamide-water
as yellow needles. 'H NMR spectrum (CD;SOCD;): 14.10 (s, 1H, NH); 8.64 (s, 1H, CH-quinoline at C-4);
7.20 - 8.00 (m, 4H, aromatic). IR spectrum: 3 100 (NH), 2 230 (CsN), 1 230 (C=S).

3.Amino-2-aroyl-thieno{2,3-b]quinolines /Va - IVc

A mixture of // (1.86 g, 10 mmol) and the appropriate w-bromoacetophenone (10 mmol) in ethanol (30
ml), triethylamine (2 ml) was added. The mixture was refluxed for 2 h. The red precipitate thus formed
was collected and recrystallized from ethanol—chloroform mixture as fine red plates. IR spectra of [Va — IVc
showed characteristic absorption bands at 3 340, 3 240 for (NH,) and at 1 620 for (C=0).

3-Amino-2-[3-nitro-4-(p-tolylthio)benzoyl|thieno[2,3-b]quinoline /Vd

This compound was synthesized in analogy to the method described above by reaction of I/ and 3-nitro-4-
(p-tolylthio)phenacyl bromide> (/I7). The product was recrystallized from ethanol as orange crystals. 'y
NMR spectrum (CD3SOCD;): 9.30 (s, 1H, CH-quinoline); 7.30 - 8.80 (m, 11H, aromatic); 6.80 (s, 2H,
NH,); 2.30 (s, 3H, CH,). IR spectrum: 3 340, 3 240 (NH,); 1 620 (C=0).

2-Arylcarbamoylmethylthioquinoline-3-carbonitriles Va — Ve

To a suspension of /7 (1.86 g, 10 mmol) and anhydrous sodium acetate (1.25 g, 15 mmol) in ethanol (30 ml),
the appropriate chloroacetanilide (10 mmol) was added. The reaction mixture was refluxed for 2 h. On
cooling, the precipitate was collected and recrystallized from ethanol in the form of white needles.

Compound Va. 'H NMR spectrum (CDCl,): 9.90 (s, 1H, CONH and exchangeable with D,0); 8.90 (s,
1H, CH at C-4); 7.20 - 8.20 (m, 9H, aromatic); 4.40 (s, 2H, SCH,). The IR spectra of compounds Va — V¢
showed characteristic absorption hands at 3 300 — 3 250 for (NH), at 2 210 for (C=N) and at 1 680 — 1 670
for (C=0).

3-Amino-2-arylcarbamoyl-thieno[2,3-b]quinolines VIa - VIc

A) Compounds Va — Vc (10 mmol) in ethanol (40 ml) containing dissolved sodium (10 mg) were reflu-
xed for 10 min. The solids obtained after cooling were recrystallized from ethanol—chloroform mixture as
golden yellow prisms of VIa — VIc. The IR spectra of VIa — VIc exihibt characteristic bands at 3 400, 3 300
for (NH,); at 3 190 (NH) and at 1 620 for (C=0).

B) A mixture of II (1.86 g, 10 mmol) and the respective chloroacetanilide (10 mmol) in sodium etho-
xide solution (500 mg sodium in 50 ml ethanol) was refluxed for 1 h. The solids obtained upon recrystalli-
zed were identical to those described in method A).
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3-Aryl-3,4-dihydro-4-0x0-1,2,3-triazino[4',5":4,5]thieno[2,3-b]quinolines VIIa ~ VIlc

To a solution of VIa — VIc (9 mmol) in concentrated hydrochloric acid (5 ml) and glacial acetic acid (5 ml)
was added 10% sodium nitrite solution (7 ml, 10 mmol) at 0 °C during 5 min with stirring. The white
product thus formed was collected and crystallized from chloroform as fine white needles. The IR spectra
of Vila — Viic showed absorption band at 1 690 characteristic for (C=0, triazinone).

3-Aryl-3,4-dihydro-4-oxopyrimido[4',5':4,5]thieno[2,3-b]quinolines VIila - VIlic

A mixture of VIa — VIc (10 mmol) and triethyl orthoformate (2 ml, 12 mmol) in acetic anhydride (20 ml)
was refluxed for 4 h. The crystalline solid thus formed was collected and recrystallized from ethanol as
white needles.

Compound V1lc. 'H NMR spectrum (CDCl5): 9.80 (s, 1H, CH-pyrimidinone); 8.70 (s, 1H, CH-quino-
line at C-11); multiplet at 7.20 -~ 8.60 (8H, aromatic). The IR spectra of compounds VIl/a — Villc showed
absorption band at 1 670 characteristic for (C=0O, pyrimidinone).

3-Aryl-4-0x0-1,2,3,4-tetrahydro-2-thioxopyrimido[4’,5":4,5]thieno[2,3-b]quinolines IXa — IXc

A mixture of Vla -~ VIc (5 mmol) and carbon disulfide (4 ml, 66.5 mmol) in dry pyridine (30 ml) was
heated on a water bath for 8 h; during the reaction time hydrogen sulfide was evolved. The solvent was
distilled off in vacuum and the residue was crystallized from pyridine as fine yellow needles of LXa - IXc.
The IR spectra of these compounds exhibit characteristic absorption bands at 3 100 for (NH) and at 1 680
for (C=0).

3-Aryl-2-ethylthio-3,4-dihydro-4-oxopyrimido{4',5":4,5]thieno[2,3-b]quinolines Xa — Xc

Compound [Xa - IXc (4 mmol) was dissolved in ethanolic sodium hydroxide solution 4% (20 m!). To this
solution ethyl iodide (0.4 ml, 5 mmol) was added and the resulting mixture was refluxed for 1 h. On
cooling and dilution with water, the solid formed was collected and crystallized from ethanol as pale
yellow needles.

Compound Xb. '"H NMR spectrum (CDCl;): 9.40 (s, 1H-quinoline at C-11); 7.80 — 8.40 (s, 4H, aroma-
tic protons of quinoline nucleus); 6.90 — 7.30 (dd, 4H, aromatic); 3.80 (s, 3H, OCH;); 3.20 - 3.40 (q, 2H,
CHy); 1.30 - 1.50 (t, 3H, CH3;). The IR spectra of compounds Xa — Xc revealed the presence of absorption
band at 1 670 characteristic for (C=O, pyrimidinone).

Reaction of 3-Amino-2-arylcarbamoylthieno[2,3-b]quinolines VIa — VIc with Acetic Anhydride

A mixture of VIa — VIc (10 mmol) and acetic anhydride (50 m!) was refluxed for 4 h. The reaction mixture
was concentrated and allowed to cool. The product precipitated was filtered off and recrystallized from
ethanol as white needles. This product was identified as 2-methyl-4-oxo-oxazino[4',5':4,5]thieno[2,3-b]quino-
line (XT). 'H NMR spectrum (CDCl,): 8.30 (s, 1H, CH-quinoline at C-11); 7.30 - 7.90 (m, 4H, aromatic);
2.10 (s, 3H, CH3). IR spectrum showed absorption band at 1 740 characteristic for (C=0, lactone).

The filtrate from the above crude product was diluted with water whereby a white solid was precipitated
which upon purification assigned as the corresponding acetanilide Xila — Xllc.

3-Aryl-2-methyl-3,4-dihydro-4-oxopyrimido[4',5":4,5]thieno[2,3-b]quinolines XTila - Xillc

A mixture of oxazinone X7 (1.43 g, 5 mmol) and the respective aromatic amine (5 mmol) in glacial acetic
acid (20 ml) was refluxed for 4 h. The reaction mixture was cooled and diluted with water whereby a
white solid precipitated. It was filtered off and crystallized from ethanol as white needles.
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Compound X11ib. 'H NMR (CDCl5): 8.90 (s, 1H, CH-quinoline); 6.90 ~ 8.20 (m, 8H aromatic); 3.80 (s,
3H, OCH;); 2.30 (s, 3H, CHj). The IR spectra of compounds X/lla — XilIc exhibited characteristic
absorption band at 1 680 for (C=0O, pyrimidinone).

TaBLE |
Yields, melting points and analytical data of the synthesized compounds

Calculated / Found

Com- M.p,°C  Yield, % Formula
pound M. w)
%C %H %N %S %Cl
I >300° 95 Ci0HeN2S 6450 325 1504 1722 -
(186.2) 6463 310 1500 1730 -
IVa 250 - 251 79 CisH12N208 71.03 397 920 1053 -
(304.4) 7088 394 927 1083 -
v 275 - 277 80 CisH14N208 7168 4.43 880 1007 -
(318.4) 7150 449 892 1000 -
Ve 340 - 342 86 Ci1gH11BrN;OS 5641 280 731 837 -°
(383.3) 5675 291 730 850 -°
vd 195 - 198 73 C2sH17N303S2 63.68 363 891 1360 -
(471.5) 6353 370 0916 1336 -
Va 225 - 226 87 C1sH13N308 67.69 410 1316 1004 -
(319.4) 67.64 428 1313 1000 -
Vb >300 90 CioH1sN3038 6531 433 1203 918 -
(349.4) 6549 458 1198 925 -
Ve 233 - 234 84 Ci1sH12CIN;OS 6110 342 1188 906 -
(353.8) 6135 341 1172 900 -
Via 266 — 268 95° C1sH13N308 6769 410 1316 1004 -
79¢ (319.4) 67.45 415 1297 1030 -
Vib 245 - 246 97° CioH1sN3028 6531 433 1203 918 -
78¢ (349.4) 65.01 446 1179 906 -
VIc 288 - 290 94° CisH12CIN;OS 61.10 342 1188 9.06 10.02
80° (353.8) 6119 340 1207 9.00 9.70
Vila 290 - 291 81 C1sH10N4OS 6544 305 1696 970 -
(330.4) 6562 303 1682 950 -
VIIb 295 - 297 78 C1oH12N4028 6332 336 1555 890 -
(360.4) 63.00 327 1538 900 -
Vile >300 76 C1sHoCIN4OS 59.26 249 1536 879 9.72
(364.8) 5929 246 1515 870 10.00
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TaBLE [
(Continued)
Com- Formula Calculated / Found
M.p., °C Yield, %
pound M. w.)
%C %H %N %S %Cl
Villa 290 - 292 82 C19H12N308 69.29 337 1276 9.73 -
(329.4) 69.51 330 1273 9.60 -
Vb >300 89 C20H13N3028 66.84 3.65 11.69 892 -
(359.4) 67.03 3.65 1182 890 -
Viiic >300 85 C19H10CIN30S 6273 277 1155 881 9.74
(363.8) 6255 2.69 1163 9.00 10.00
1Xa >300 76 C1oH11N3082 63.14 3.07 1163 17.74 -
(361.4) 63.28 3.05 11.70 17.62 -
IXb >300 73 C20H13N30282 61.37 335 1073 16.38 -
(391.5) 61.45 331 1089 16.20 -
Xc >300 77 C19H10CIN30S2 5§7.65 255 1061 1620 8.96
(395.9) 57.50 256 10.50 16.10 9.06
Xa 238 - 239 80 C21HisN3OS2 64.76 3.88 10.79 16.46 -
(389.5) 64.82 3.84 10.63 1650 -
Xb 266 - 267 82 CxH;7N302S2 62.99 4.08 10.02 1528 -
(419.5) 62.87 4.06 1031 1535 -
Xc >300 80 C21H15CIN3OS2 59.50 333 991 1513 8.36
(423.9) 60.00 339 985 1500 8.50
xi 277 - 280 80 - 85° C14HgN2028 62.68 3.01 1044 1195 -
(268.3) 6291 3.00 1035 12.07 -
Xllla 284 - 286 81 C20H13N30S 69.95 382 1224 934 -
(343.9) 69.76 3.81 1240 930 -
Xlilb 267 — 268 80 C21HisN3028 67.55 4.05 1125 8.59 -
(373.9) 67.83 4.09 1121 9.00 -
Xillc 282 - 284 83 C20H12CIN30S 63.58 320 11.12 849 9.38
(377.8) 6341 3.15 11.00 824- 950

? Literature® gives m.p. 290 °C. b Calculated: 20.85% Br; found: 21.00% Br.

? Yields of method B). * Yield ranged from 80% to 85%.
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