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A Novel One-Step Synthesis of 2-Methoxycarbonyl-
thieno| 2,3-b]quinolines and 3-Hydroxy-2-methoxycar-
bonyl-2,3-dihydrothieno[ 2,3-b]-quinolines*

Balkrishen BHAT, Amiya Prasad BHADURI**

Division of Medicinal Chemistry, Central Drug Research Institute,
Lucknow 226001, India

Of the various methods for the synthesis of the thieno[2,3-
b]quinoline ring! ~*and 2,3-dihydro derivatives>®, only one
method? can be applied to the synthesis of 2-substituted
thieno[2,3-b]quinolines. This method is a four-step synthesis
starting with the ring cleavage of quinoline with thiocarbonyl
chloride. Besides the use of the latter reagent, the method has
the drawback that the starting quinolines required for the
synthesis of 56,7- or 6,78-trisubstituted 2-methoxycar-
bonylthieno[2,3-b]quinolines are not readily available.
Similarly, the synthesis of 2,3-dihydrothieno[2,3-4]-
quinolines, reported earlier>, involves several steps and it
cannot be used to incorporate substituents at position 2 and
3. We now report a novel one-step synthesis of 2-methoxy-
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oxycarbonyl-2,3-dihydrothieno[2.3-h]quinolines (5); these
compounds may be substituted in the 3,5,6,7, and/or 8 po-
sitions. The synthesis of compounds 5 involves a new type of
intermolecular cyclocondensation. The present investigation
includes a new, convenient synthesis of 2-chloro-3-acyl-
quinolines (3).

2-Chloro-3-formylquinolines (1 a—g) are prepared according
to Ref.”8. The reaction of compounds 1a~g with methyl
mercaptoacetate in dimethylformamide in the presence of
anhydrous potassium carbonate affords 2-methoxycar-
bonylthieno[2.3-b]quinolines (4a—g) in 70-80% vyields
along with 3-hydroxy-2-methoxycarbonyl-2,3-dihydro-
thieno[2,3-b]quinolines (5a—g) which can be isolated in
10--15% yields by column chromatography. On the other
hand, when the reaction of compounds 1a~g with methyl
mercaptoacetate is performed in dimethylformamide/water
(9/1) in the presence of potassium carbonate, compounds
Sa-gare obtained in 60-80 % yields along with compounds
4a-gin 10 -12% yields.

The I.R. carbonyl absorption band of 3-hydroxy-2-meth-

carbonylthieno[2,3-b]quinolines (4) and 3-hydroxy-2-meth- oxycarbonyl-2,3-dihydrothieno[2,3-b]quinolines  (Sa-g)
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appears between 1735 and 1745 cm™ !, which indicates that
the hydroxy group is notinvolved in hydrogen bonding. Fur-
ther, the coupling constant of the methine protons (J3.3)
ranged between 8.5 and 9.0 Hz. Based on these observations,
the stereochemistry of compounds Sa-g may be assigned as
trans. Reaction of compounds Sa-g with acetic an-
hydride/pyridine affords the dehydration products 4a—g in
almost quantitative yield.

The reaction of aldehydes 1a and tc¢ with methyl- and
phenylmagnesium halides affords the secondary alcohols
2h~k. Oxidation of these alcohols with pyridinium chloro-
chromate gives the corresponding 2-chloro-3-acylquinolines
(3h-k) in nearly quantitative yields. Of these, only quin-
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Table 1. 2-Chloro-3-(1-hydroxyalkyl)-quinolines (2) and 2-Chloro-3-acylquinolines (3) prepared

Prod- Me-

uct  thod
2h A
2i A
2j A
2k A
3h B
3i B
3j B
3k B

Communications

Yield m.p.

(%] [C]

%  72-73°
9  172-173¢
90 89-90°
91 152-153°
97 75-76°
9% 172°

92 §2-83°
97 142-144°

* The microanalyses showed the following maximum deviations from the calculated values: C 4:0.39; H + 0.36; N £ 0.36.

Molecular

Formula®

C,,1H,,CINO

(207.7)

C,3H,,CINO,
(261.7)

C,6H,CINO
(269.7)
C,5H,,CINO,
(329.8)

C,,H,CINO
(205.6)
C5H;,CINO,
(265.7)

C16H,CINO
(267.7)
C,5H,,CINO,
(327.8)

M.S. (M*) LR.(KBr)

SYNTHESIS

'H-N.M.R. (CDCl,/TMS,,,)
o [ppm]

mje v[em ']

207 3350 (OH)

267 3500 (OH)

269 3400 (OH)

329 3300 (OH)

205 1705 (COCHS5)
265 1665 (COCH,;)
267 1685 (COCH )
327 1670 (COCH )

Table 2. 2-Methoxycarbonylthieno[2,3-b]quinolines (4) prepared

Prod- Me- Yield m.p.

uct
4q

4b
4c¢
4d
4¢

4f

g

4h
4i
4i

4k

2 The microanalyses showe

thod [%] [°C]

C
E
C

1
v

sl

O m O

mOmOQO T QST

85 1557

97

87 183-184°
95

80 192

98

85 177-178"°
96

18 199

96

79 195-196°

98.5

76 154--155°
98

85 159

92

90 241-242°
88

87 201-202°
95

84 204°

93

(s, 1H, 4-H)

1.40-1.50 (d, 3H, —CH,., J = 9.0 Hz); 3.30 (br.s,
{H, OH); 5.05-5.40 (q. { H, —CH—OH); 7.1-8.0
(m, 4H,,,,); 8.30 (s, 1 H., 4-H)

1.98-2.05 (d, 3H, CH—CHj,, J = 6.3 Hz); 2.60
(br.s, 1H, OH); 3.90, 3.95 (25, 6H, 20CH); 5.15-
5.35(q, 1 H. CH—OH); 6.88 (s, 1 H, 8-H); 7.28 (s,
tH, 5-H); 8.08 (s, 1H, 4-H)

3.32(br.s, 1 H, OH); 6.10 (s, 1 H, CH); 6.9-7.9 (m,
9H,,.); 8.30 (s, 1H, 4-H)

3.52 (br.s, 1 H. OH); 3.88 (s. 6 H, 20CH,); 6.18 (s,
1H, CH—OH); 6.88 (s. 1H, 8-H); 7.0-7.45 (m,
6H, 5-H and SH,,,); 8.11 (s, 1H, 4-H)

2.70 (s, 3H, CO—CH,); 7.00-8.05 (m, 4H,,o):
8.25 (s, 1H, 4-H)

272 (s, 3H, CO—CH,); 3.94, 3.99 (2s, 6H,
20CH,); 6.99 (s, 1 H, 8-H): 7.26 (s, 1 H, 5-H); 8.19
(s, 1H. 4-H)

6.9-8.0 (m, 9H,,,.,.); 8.12 (s, 1H, 4-H)

3.92, 3.98 (2s, 6H, 20CH,); 7.01 (s, 1H, 8-H);

7.28 (m,4H, 5-H, 3-H, 4-H, 5'-H); 7.72-7.84 (dd,
2H, 2-H, 6-H, J, = 8.10 Hz, J,, = 2.7 Hz); 7.99

Molecular

M.S.(M*) LR.(KBr)

formula® mfe v{em™]
Cy3HoNO,S 243 1715 (COOCH,;)
(243.4)

CH (NO;S 273 1720 (COOCH3)
(273.3)

Cy5H3NO,S 303 1720 (COOCH;)
(303.3)

C,6H,sNOsS 333 1715 (COOCH3)
(333.4)

C,-H,;NO,S 33 1720 (COOCH,)
(331.4)

C,H;N,O,S 348 1720 (COOCH,);
(348.3) 1520, 1340 (NO;)
C,-HN,0,8 376 1715 (COOCH,;);
(376.4) 1520, 1340 (NO,)
C,H{{NO,S 257 1720 (COOCH,)
(257.3) \
C,6HsNO,S 317 1725 (COOCH;3)
(317.4)

C1oH,3NO,S 319 1730 (COOCH3;)
(319.4) ;
C,;H,,NO,S 379 1730 (COOCHj;)
(379.4)

d the following maximum deviations
from the calculated values: C +0.37; H £0.33, N £0.38.

if not stated otherwise) 6 [ppm]

l[l'NMR (("D(:].?/TMSinl’

3.95 (s, 3H, COOCH,); 7.45-8.12 (m, SH,pop):
8.50 (s, 1H, 3-H)

(TFA/TMS,,): 3.60, 3.70 (2s, 6H, OCH,.
COOCH,); 7.10 (br.s, 1H, 5-H); 7.50-7.65 (d.
2H, 7-H, 8-H, J, = 9 Hz); 8.00 (s, 1 H, 4-H); 8.93
(s, 1H, 3-H)

(CDCl,/DMSO-ds/TMS,,): 3.70, 3.86, 4.00 (3s,
9H, 20CH,, COOCH,); 7.20 (s, 1 H, 8-H); 7.27
(s, TH, 5-H); 8.01 (s, 1H. 4-H); 8.54 (s, 1 H, 3-H)
3.92, 3.97. 400 (3s, 9H, 30CH,): 4.10 (s, 3H.
COOCH,); 7.20 (s, 1H, 8-H); 8.00 (s, 1H, 4-H):
8.76 (s, 1H, 3-H)

1.42-1.60 (¢, 6H, 20—CH,—CH,); 3.90 (s, 3H.
COOCH); 4.12-4.34 (g, 4H, 20—CH,—CH,);
7.05 (s, 1 H, 8-H); 7.30 (s, 1 H, S-H); 7.91 (5, 1H, 4-
H): 8.30 (s. 1H, 3-H)

b

1.45-1.63 (m, 6H,20—CH,—CH;); 3.90 (s, 3H,
COOCH,); 4.05-4.43 (m, 4H, 20—CH,—CH,):
7.46 (s, 1H, 5-H); 7.95 (s, 1 H, 4-H); 8.34 (s. 1 H, 3~
H)

2.72 (s, 3H, CH,); 3.88 (s, 3H, COOCH ); 7.32-
8.19 (m, 4H,.on); 8.39 (s, L H, 4-H)

274 (s, 3H, CH;): 3.96, 3.98, 4.00 (3s, 9H,
30CHS,); 7.02 (s, 1H, 8-H); 8.20 (s, 1H, 4-H)
3.78 (s, 3H, COOCH,); 7.30-8.15 (m, 9H ron):
8.23 (s, 1H, 4-H)

3.76 (s, 3H, COOCH,;): 3.90 4.00 (2s, 6H,
20CH,); 7.00 (s, 1H, 8-H); 7.38 -7.48 (m, 6H., 5-
Ij) + 4PIamm)

b The 'H-N.M.R. spectrum could not be recorded because the poor
solubility of compound 4f in the usual N.M.R. solvents.
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Table 3. 3-Hydroxy-2-methoxycarbonyl-2,3-dihydrothieno[2,3-b]quinolines (5) prepared

Prod- Me- Yield m.p. Molecular

MS.

[.R.(KBr)

'H-N.M.R. (solvent/TMS,,,)
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uci  thod [%] [°C] Formula® (M*) v[em 'H) o [ppm]
mje
147° C,3H,,NO,S 261 3300 (OH); (CDCL;/DMSO-dy): 3.60 (br.s. 1H, CH—OH);
wobn k 613) 1735 (COOCH ) 3.76 (s, 3H, COOCH;); 4.38 448 (d, 1H,
‘ CH~OH, J=9Hz); 5.14-524 (d. 1H,
CH—COOCH,, J = 9 Hz); 7.3-8.0 (m, 5 Hm,,,))
7 189° C.H,NO,S 291 3350 (OH); (CDCl,/DMSO-dy): 3.60 (br.s, 1H, CH—OH);
»oPn 2913) 1740 (COOCH,) 370 (s. 3H, COOCH.); 3.78 (5, 3H, OCH): 4.32-
4.42 (d, 1H, CH—OH, J = 9 Hz); 5.26-5.36 (d,
1H, CH—COOCHj,, J = 9 Hz); 7.25 (br.s, 1 H. 5-
H); 7.46 (br.s, 1 H, 7-H); 7.56 (br.s. 1 H, 8-H): 8.04
(s, 1H, 4-1)
5c D 80  195° C,sH,NO.S 321 3300 (OH); b
(321.4) 1740 (COOCH,) _ )
54 D73 165-166°  C,H,,NOS 351 3400 (OH); (CDCLy): 3.72 (br.s, 4H, CH—OH, COOCH,);
(351.4) 1735 (COOCH,) 3.82, 3.90, 3.98 (3s, 9H, 30CH,); 4.39-4.48 (d,
IH, CH—OH, J=8.5Hz); 5.69-5.78 (d. {H,
CH—COOCH,, J = 8.5 Hz); 7.06 (s, 1H, 8-H):
8.15 (s, 1H, 4-H)
Se D65 120-121°  C,,H,NOSS 349 3350 (OH); (CDCly): 1.44-1.62 (1, 6H, 20—CH,—CH,);
(349.4) 1735 (COOCH;) 3.67 (br.s, 1 H, CH—OH); 3.75 (s, 3H, COOCH ,);
- 4.25-4.46 (m, 5H, 20—CH,—CH,, CH—OH);
5.51-5.61 (d. 1H, CH—COOCH,./ = 9 Hz); 7.18
(s, TH, 8-H); 7.35 (s, 1H, 5-H); 8.00 (s, 1 H, 4-H)
5 D 74 207-208°  CHN,0,S 366 3400 (OH); b
(366.35) 1740 (COOCH,);
1520, 1335 (NO,) v
52 D 76 178-179°  C;H,4N,0.8 394 3380 (OH); (CDCl/DMSO-d): 1216 (m,  6H,
(394.4) 1740 (COOCH,);  20—CH,—CH,); 3.65 (br.s, 1H. CH—OH);
1510,1340(NO,)  3.73 (s, 3H. COOCH,); 4.00-4.43 (m, SH,
20—CH,—CH,, CH—OH); 5.54-5.68 (d. lH,
CH—COOCH,, J = 8.5 Hz); 7.40 (s, 1H, 5-H);
7.95 (s, 1H, 4-H)
55, D 80  194° C,oHsNOLS 337 3250 (OH); (CDCLy): 3.69 (s, 3H, COOCH,); 3.83 (s, 1H,
(337.4) 1745 (COOCH,) OH); 4.60 (s, 1H, CH—COOCH,); 7.25-7.93 (m.
'0}{'—“'0“!)
5k D 81 181 C,,H,oNO,S 397 3300 (OH); (CDCIl;/DMSO-dg): 3.63 (s, 3H, COOCH,); 3.82
(397.45) 1740 (COOCH,) (br.s, 4H, OCH;, OH); 3.90 (s, 3H, OCH,): 4.70

* The microanalyses showed the following maximum deviations
from the calculated values: C +0.29; H +0.32; N +0.38.

olines 3j and 3k undergo intermolecular cyclocondensation
with methyl mercaptoacetate to give compounds 4 j» k and
5j, k whereas under the same conditions quinolines 3h and
3i undergo a substitution reaction to give the 2-methoxycar-
bonylmethylthio-3-acylquinolines 6h and 6i, respectively.
Addition of piperidine to the methanolic solution of com-
pounds 6h, i leads to intramolecular cyclocondensation to
give the 2-methoxycarbonylthieno[2,3-b]quinolines 4h, i.
Compounds 4h, i can also be obtained from quinolines 3h, i
in a one-pot reaction with methyl mercaptoacetate in the
presence of piperidine.

Melting points were measured in a sulfuric acid bath and are uncor-
rected. Mass spectra were recorded on a JEOL-JMS-D 300 mass
spectrometer. 'H-N.M.R. spectra were recorded on a Perkin-Elmer
R-32 instrument except for compounds 2b, 2g, and 3g the spectra of
which were recorded on a Varian EM-360 L spectrometer. Typical
working procedures are given in the following.

2-Chloro-3~( 1-hydroxyethyl)-6,7-dimethoxyquinoline i)
Method A: A solution of methylmagnesium iodide is prepared
from magnesium turnings (0.9 g, 0.04 mol) and methyl iodide

(s, 1H, CH—COOCHS;); 6.90 (s, 1 H, §-H); 7.0~

7.6 (m, 7H, 5-H, 4-H, 5H,,,.,)

* The "H-N.M.R. spectrum could not be recorded because of the
poor solubility of the compound in the usual N.M.R. solvents.

(5.6 g, 0.04 mol) in ether (50 ml). To this solution is added, dropwise
and with stirring, a solution of 2-chloro-3-formyl-6,7-dimethoxy-
quinoline (1¢; 5.0 g, 0.02 mol) in tetrahydrofuran (50 ml) and the
mixture is stirred at 30°C for 10 min. Aqueous 10% ammonium
chloride (100 ml) is then added and the organic material is extracted
with ethyl acetate (2 x 100 ml). The extract is dried with sodium
sulphate and evaporated. Addition of petroleum ether to the residue
leads to formation of a solid. This product is isolated by suction and
recrystallized from chloroform/petroleum ether (30,70).

3-Acetyl-2-chloro-6,7-dimethoxyquinoline 3i):

Mcthod B: To a well stirred solution of compound 2i (5.3 g,
0.02mol) in dry dichloromethane (50 ml) is added pyridinium
chlorochromate (6.6 g, 0.03 mol) and the mixture is stirred at room
temperature (31°C) for 45 min. The suspension is extracted with
cther (3 x 100 ml), the extract dried with sodium sulphate and
evaporated. The residue is passed through a short band of Florisil®
using chloroform/ethyl acetate (9/1) as eluent. Removal of the sol-
vent gives a solid which is recrystallized from methanol.
2-Methoxycarbonylthieno[ 2,3-5]quinoline (4a):

Method C: A mixture of 2-chloro-3-formylquinoline (1a; 15 g,
0.07 mol), methyl mercaptoacetate (8 £,0.07 mol), anhydrous potas-
sium carbonate (11.5 g, 0.08 mol), and dry tetrahydrofuran (75 mi)
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is stirred at room temperature (30-35°C) for 3 h. Addition of water

250 ml) then leads to the formation of a solid which is isolated by
suction and washed with cold water (250 ml). The solid product is
purified by column chromatography on silica gel using chloroform
as cluent. The eluate is evaporated and the residual product 4a recry-
statlized from petroleum ether/chloroform (80/20).

3-Hydroxy-2-methoxycarbonyl-2,3-dihydrothieno[ 2,3-5Jquinoline
(5a):

Method D: A mixture of 2-chloro-3-formylquinoline (1a; 16 g,
0.08 mol), methyl mercaptoacetate (9.6 g, 0.09 mol), potassium car-
bonate (12.4 g, 0.09 mol), dimethylformamide (72 ml), and water
(8 ml) is stirred at room temperature (30--35°C) for 4-5 h. Dilution
of the mixture with water (300 ml) then leads to precipitation of a
solid which is isolated by suction, dried, and purified by column
chromatography on silica gel wusing chloroform and
chloroform/methanol (70/30) as eluents. Elution with chloroform
gives product 4a; product Sa is obtained by eclution with
chloroform/methanol. Compound 4a is recrystallized from pet-
roleum ether/chloroform (80/20) and compound 5a from methanol.
The similarly prepared compounds 5b, f, g are recrystallized from
dimethylformamide and compounds 5S¢, d, e, j, k from methanol.
2-Methoxycarbonylthieno[ 2,3-5]quinoline (42):

Method E: A mixture of compound 5a (12 g, 0.04 mol), acetic an-
hydride (10 ml), and pyridine (0.5 ml) is stirred at 50°C for 30 min.
Addition of water (100 ml) then leads to precipitation of a solid
which is isolated by suction, washed with water (500 ml), dried, and
cyrstallized from petroleum ether/chloroform (80/20) to afford 4a in
quantitative yield.
3-Acetyl-2-(methoxycarbonylmethylthio)-quinoline (6h):

Method F: A mixture of 3-acetyl-2-chloroquinoline (3h; 2.05 g,
0.01 mol), methyl mercaptoacetate (1.06 g, 0.01 mol), potassium car-
bonate (1.38 g, 0.01 mol), and dry dimethylformamide (20 ml) is
stirred at room temperature (30°C) for 2.5 h. Water (75 ml) is then
added, the resultant solid product isolated by suction, and recry-
stallized from chloroform/methanol (20/80); yield of 6h: 2.5g
(91%); m.p. 140-141°C.

C H{3NO,S cale. C61.09 H472 N 5.09

(275.3) found 61.05 5.06 5.00

M.S.. mfe = 275 (M™).

I.LR. (KBr): v = 1740 (COOCH ); 1680 cm ~! (CO—CH,).
'H-N.M.R. (CDCl4/TMS,,): 6 = 2.62 (s, 3H, CO—CH,): 3.65 (s,
3H, COOCH,); 3.88 (s, 2H, S—CH,—COOCH,); 7.30--7.77 (m,
4H,,m): 8.43 ppm (s, 1 H, 4—H).

3-Acetyl-6,7-dimethoxy-2-(methox ycarbonylmethylthio)-quinoline
(6i):
Method F is used as above; yield of 6i: 95%; m.p. 170°C.

C,HsNOS cale. C 5731 H5.07 N4.17
(335.2) found 57.27 496 441

M.S.: mje = 335(M™).

L.R. (KBr): v = 1745 (COOCH;); 1675cm "' (CO—CH,).
'H-N.M.R. (CDCl;/TMS;,): § = 2.61 (s, 3H, CO—CHj;); 3.70 (s,
3H, S—CH,—COOCH,); 3.92 (s, 2H, S—CH,—COOCH,); 3.97,
4.00(2s,6H,20CH,); 7.00 (s, 1 H,8-H): 7.10 (s, 1 H. 5-H): 8.30 ppm
(s, 1H, 4-H).

2-Methoxycarbonyl-3-methylthieno[ 2,3-hJquinoline (4h):

Method G: A solution of compound 6h (2.75 g, 0.01 mol) and pipe-
ridine (0.85 g, 0.01 mol) in methancel (25 ml) is stirred at room tem-
perature (30-33°C) for 3.5 h. Removal of methanol under reduced
pressure followed by addition of water (75 ml) to the residuc affords
product 4h which is recrystallized from petroleum ether/chloroform
(80/20); yield: 2.36 g (92 %).

2-Methoxycarbonyl-3-methylthicno[ 2,3-b]quinoline (4h):

Method H: A mixture of 2-chloro-3-acetylquinoline (3h; 4.1 g,
0.02 mol), piperidine (1.6 g, 0.02mol), methyl mercaploacetate
(2.1 g, 0.02 mol), and dry dimethylformamide (30 ml) is stirred at
room temperature (30— 32°C) for 2.5 h. Water (75 ml) is then added

SYNTHESIS

and the resultant solid product isolated by suction, dried, and recry-
stallized from petroleum ether/chloroform (80/20); yield of 4h:
2.18 g (85%).
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