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Abstract - New tetracyclic compound, pyrido [3', 2' : 
5,6]thiopyrano [4,3,2-delquinoline (1) was synthesized 

from 6-amino-5H-[l]benzothiopyrano[2,3-blpyridin-5-one 

(2) \,in a ten step sequence. 

One of the most important classes of antitumor drugs, the DNA intercalat- 

ing agents, usually possess a planar aromatic or heteroaromatic polycyclic 

system with one or two flexible cationic side chains in the appropriate 

position. Among them acridines represent one of the groups early and most 

thoroughly in~esti9ated.l.~ 

The search of new heterocyclic ring was stimulated by the recent reports 

that the polyheterocyclic compounds from marine products showed antitumor 

activity. 6-13 

Tetracyclic compounds, 2-dimethylamino[ll benzopyran0[4,3,2-de]~uinoline,~~ 

10-chloro-N,N-dimethyl [ll benzothiopyrano [4,3,2-del cinnoline-1-ethanamine,15 

and 1-amino-6-methyl [ll benzothiopyrano [4,3,2-del quinolin-2 ( 3 ~ )  -one,16 de- 

rived from 1-amino-9H-xanthen-9-one and 1-amino-9H-thioxanthen-9-one were 

already synthesized and reported to have analgesic and psychopharmacologi- 

cal activities. 

In this paper, we report the synthesis of new tetracyclic compound, 
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pyrido[3,, 2' :5,6] thiopyrano [4,3,2-delquioine (1) from 6-amino-5H- [ll- 

benzothiopyrano[2,3-blpyridin-5-one ( 2 ) .  

RESULTS AND DISCUSSION 

The Ullmann reaction of 2-mercaptonicotinic acid with m-bromochlorobenzene 

in dimethylformamide (DMF) under reflux gave 2-[(3-chloropheny1)thiol- 

nicotinic acid (3) in 84% yield. Compound (3) was treated with polyphos- 

phoric acid (PPA) to give a mixture (1:l) of 6-chloro-5H-[ l lbenzoth iopyra-  

no [2, 3-blpyridin-5-one (4) and 8-chloro-5~- [I] benzothiopyrano i2, 3-bIpyri- 

din-5-one (5) in 90% yield. These compounds were not separated with 

column chromatography. The reaction of the mixture with p-toluenesulfona- 

mide (TsNH,)in DMF gave a mixture of 6:(p-toluenesulfonamid0)-5H-[llbenzo- 

thiopyrano[2,3-blpyridin-5-one (6) and 5 .  The mixture was treated succes- 

sively with 47% HBr in the presence of phenol to give 2 in 36% yield (from 

the mixture of 4 and 5) and 5. The ir spectrum of 2 showed the absoption 

due to the amino group at 3430 cm-I and its nmr spectrum gave the signal of 

the amino group at 6 7.00. The product was sufficiently pure for use in 

the next reaction. This method is effective to obtain a large amount of 

2. By refluxing crude 2 with diethyl malonate, 6-carbethoxyacetamido-5H- 

[l]benzothiopyrano[2,3-blpyridin-5-one (7) was obtained in 85% yield. The 

ir spectrum of 7 showed the absorptions due to the ester carbonyl group at 

1730 cm-I and the amido carbonyl group at 1680 cm-l, and its nmr spectrum 

showed signals due to the hydrogens of the ethyl group at 6 1.34 and 4.32 

and methylene group at 6 3.60. Compound ( 7 )  was refluxed with sodium 

ethoxide in ethanol to give ethyl 2-hydroxypyrido[3',2':5,6lthiopyrano- 

[4,3,2-delquinoline-1-carboxylate (8) in 80% yield. The nmr spectrum of 8 

gave no signal due to hydrogens of methylene group and its mass spectrum 

showed a molecular ion peak at m / z  324. Hydrolysis of the ester (8) with 

an aqueous sodium hydroxide solution gave the corresponding carboxylic 

acid (9) in 92% yield. The carboxylic acid (9) was decarboxylated by 
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heating at 300'C to give 2-hydroxypyrido[3',2':5.61thiopyrano[4.3,2-de]- 

quinoline (10) in 90% yield. The nmr spectrum of 10 showed the signal 

(lH, s) due to a C1-H at 6 7.12. A mixture of 10 and phosphorus pentabro- 

mide was heated at 130'C to give 2-bromopyrido [3,, 2, :5,6]thiopyrano- 

[4,3,2-delquinoline (11) in 88% yield. The Beilstein test of compound 

(11) showed positive, and its mass spectrum showed molecular ion peaks of 

the same intensities at m/z 314 and 316. These data supported the\ 

presence of a bromine atom. The compound (11) was reduced with hydrogen 

and 5% Pd-C at 60'C in acetic acid under one atmospheric pressure to 

afford pyrido[3', 2' :5,61thiopyrano [4,3,2-delquinoline (1) in 85% yield. 

The reduction did not proceed at room temperature. 

EXPERIMENTAL 

Melting points were determined on a Yanagimoto melting point apparatus 

and are uncorrected. Ir spectra were measured with a Hitachi 260-10 

spectrophotometer. l ~ ~ m r  spectra were obtained on JEOL FX-200 (200 M H ~ )  

and JEOL JNM-A400 (400 MHz) spectrometers in chloroform-d unless otherwise 

noted, with tetramethylsilane as an internal standard. Ms and high reso- 

lution ms (HRms) were recorded on a Hitachi RMU-7MG mass spectrometer with 

a direct inlet system and M+. are indicated as m/z. Column chromatography 

was performed on Wakogel C-200 (silica gel). Thin layer chromatography 

(tlc) performed on precoated Kieselgel 60 PF254 (Merck). 

6-Chloro- ( 4 )  and 8-Chloro-SH- [l] benzothiopyrano [2,3-blpyridin-5-ones ( 5 )  

A mixture of 2-mercaptonicotinic acid (15.5 g, 100 mmol), m-bromochloro- 

benzene (21.0 g, 110 mmol), anhydrous potassium carbonate (30.0 g, 220 

mmol), copper powder (1.4 g, 20 mmol), and copper iodide (1.4 g, 7 mmol), 

in DMF (240 ml) was stirred under reflux for 12 h. The cooled mixture was 

filtered, and the filtrate was concentrated under reduced pressure. The 

residue was treated with hot water and then acidified with 5% HC1. The 

precipitate was collected and dried to give 3 (22.3 9, 84 % ) .  
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A mixture of the above acid 3 (11.6 g, 40 mmol) and PPA(5OO g) was heated 

at 120'C with stirring for 3 h, then cooled, poured into water, and fil- 

tered. The filtered cake was washed with water, 10% sodium hydrogen 

carbonate solution, and again with water. The mixture (1:l) of 4 and 5 

weighed 8.9 g (90 % ) .  The mixture of 4 and 5 was separated by preparative 

tlc (silica gel, CHC13). 

4: colorless needles (from MeOH). mp 189-19O0C. Anal. Calcd for 

C12H,C1NOS: C, 58.30; H, 2.45; N, 5.67. Found: C, 58.51; H, 2.32; N, 5.47. 

Ir (KBr): 1730(CO), 1670, 1600, 1595 cm-l. l ~ ~ m r  6 :7.42 (lH, dd, J=5, 8 

Hz, 3-H), 7.50-7.60 (3H. m, 7-H, 8-H, 9-H), 8.70 (lH, d, J=8 Hz, 4-H), 

8.74 (lH, d, J=5 Hz, 2-H) . HRms m/z: Calcd for C1,H,CINOS: 246.9858. 

Found: 246.9868 (M+') . 
5: colorless needles (from MeOH). mp 209-210'C. Anal. Calcd for 

C12H6C1NOS: C, 58.30; H, 2.44; N, 5.67. Found: C, 58.27; H, 2.55; n.5.34. 

Ir (KBr): 1730(CO), 1665, 1600, 1595 cm-'. l~~rnr 6: 7.44 (lH, dd, J=5, 8 

Hz, 3-H), 7.46 (lH, d, J=8 Hz, 7-H), 7.64 (lH, s, 9-H), 8.50 (lH, d, J=8 

Hz, 6-H), 8.78 (lH, d, J-8 Hz, 4-H), 8.80 (lH, d, J=5 Hz, 2-H). HRms m/z: 

Calcd for C12HsC1NOS: 246.9858. Found: 246.9845 (M+.) . 
As it is difficult to separate 4 and 5 by column chromatography, a mixture 

of 4 and 5 was used in next reaction without separation. 

6-Amino-5H-[l]benzothiopyrano[2,3-b]pyridin-5-one (2) 

The mixture (12.4 g, 50 mmol) of 4 and 5, TsNHz (17.1 g, 100 mmol), anhy- 

drous sodium acetate (8.2 g, 100 mmol), and copper (11) acetate monohy- 

drate (1.0 g, 5 mmol) were mixed in n-amyl alcohol (160 ml), and the whole 

was stirred under reflux for 8 h in an oil bath at 160-170'12. After coo- 

ling, the resulting solid was filtered, dried to give 13.4 g as a mixture 

of 5 and 6-(p-toluenesulfonamido)-5H-[l]benzothiopyrano[2,3-blpyridin-5- 

one (6). A mixture (13.4 g) of 5 and 6, phenol (14.1 g, 150 mmol) , and 

47% HBr (150 ml) were stirred and heated under reflux for 8 h. After 

cooling, the acidic solution was extracted with chloroform. The acidic 
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layer was poured into 30% sodium hydroxide solution. The precipitate was 

filtered to give 2 (3.3 g, 36 % )  as yellow needles (from MeOH). mp 181- 

182'C. Ir (KBr): 3430(NH2), 3300, 1600, 1560 cm-'. l ~ ~ m r 6  : 6.56 (lH, d, 

J=8 Hz, 9-H), 6.78 (lH, d, J=8 Hz,. 7-H), 7.00 (2H, br s, NH2), 7.22 (lH, t, 

J=8 Hz, 8-H), 7.32 (lH, dd, J=5, 8 Hz, 3-H), 8.66 (lH, d, J=8 Hz, 4-H), 

8.68 (lH, d, J=5 Hz, 2-H) . HFms m/z: Calcd for Cl2HsN2OS: 228.0356, Found: 

228.0355. 

6-Carbethoxyacetamido-58- [l] benzothiopyrano [2,3-blpyridin-5-one ( 7 )  

A solution of 2 (7.0 g, 30 mmol) in diethyl malonate (60 ml, 368 mol) was 

boiled for 20 min, then an excess of diethyl malonate was removed by 

evaporation. The residue was purified by column chromatography on silica 

gel (CHC13) to give 7  (8.9 g, 85 % )  as pale yellow needles. mp 146-147'C 

(MeOH) . Anal. Calcd for C1,H14N204S: C, 59.64: H, 4.12: N, 8.19. Found: C, 

59.62; H, 4.34; N, 8.15. Ir (KBr): 3450(CONH), 1730 (COOC2H5), 1680(CONH), 

1600, 1590 cm-'. ' ~ ~ m r  6: 1.34 (3H. t, J=8 Hz, CH,), 3.60 (2H. s, CH2), 

4.32 (2H, q, J=8 Hz, CH2CH3), 7.34 (lH, d, J=8 Hz, 9-H), 7.40-7.50 (2H, m, 

3-H, 7-H), 7.60 (lH, t, J=8 Hz, 8-H), 8.76 (lH, d, J=5 Hz, 2-H), 8.80 (lH, 

d, J=8 Hz, 4-H) . HFms m/z: Calcd for C17Hl,N20,S: 342.0673. Found: 342.0681 

(M+.) . 
Ethyl 2-Bydroxypyrido [3', 2,, :5,61thiopyrano [4,3,2-delquinoline-1- 

carboxylate ( 8 )  

A solution of sodium ethoxide in ethanol, prepared from sodium (1.0 g, 40 

mmol) and ethanol (30 ml), was added to a boiling suspension of 7  (3.4 g, 

10 mmol) in ethanol (90 ml) . The mixture was boiled for 15 min and then 

cooled. The solid product was stirred for several times with dilute HC1, 

then washed and dried, giving 8 (2.6 g, 80 % )  as yellow powder (from 

acetic acid). mp 256-257'C. Anal. Calcd for C17H12N203S: C, 62.95; H, 

3.73; N, 8.64. Found: C, 62.83; H, 3.81; N, 8.65. Ir (KBr): 3400 (CONH), 

1745 (COOC2H,), 1660 (CONH), 1640, 1610, 1590 cm-l. l ~ ~ m r s  : 1.36 (3H, t, 

J=8 Hz, CH3), 4.46 (2Ht q, J=8 Hz, CH2), 7.10-7.30 (3H, m, 4-H, 6-H, 10-H), 
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7.46 (lH, t, J=8 Hz, 5-H), 8.20 ( 1H. d, J=8 Hz, 1-H), 8.48 (1H. d, J=5 

Hz, 9-H) . HRmS m/z: Calcd for Cl7Hl2NZO3S: 324.0568. Found: 324.0586 (M+') . 
2-Hy&oxypyrido[3',2':5,6lthiopyrano[4,3,2-delquinoline-l-carboxylic acid 

(9) 

The ester (8)  (2.4 g, 7 mmol) was saponified by boiling for 6 h with 

excess 5% aqueous sodium hydroxide. The solution was then poured into 

excess hot dilute HCl and the product was crystallized from acetic acid, 

giving 9 (1.9 g, 92 %) as yellow powder. mp >3009C. Anal. Calcd for 

Cl5H8NZO3S: C, 60.81; H, 2.72; N, 9.46. Found: C, 60.64; H, 2.94; N, 9.51. 

Ir (KBr): 3430(CONH), 1720 (COOH), 1630, 1570 cm-l. l ~ ~ m r 6  (DMSO-d6): 7.17 

(lH, d, J=8 Hz, 6-H), 7.25 (1H. d. J=8 Hz, 4-H), 7.43 (lH, dd, J=5, 8 Hz, 

10-H), 7.52 (1H. t, J=8 Hz, 5-H), 8.36 (1H. d, J=8 Hz, 1 - H ,  8.57 (lH, d, 

J=5 Hz, 9-H). HRms m/z: Calcd for CI5H8N2O3S: 296.0255. Found: 296.0239 

(M+.) . 
2-Hydroxypyrido [3*, 2, :5, Glthiopyrano [4,3,2-delquinoline (10) 

The acid (9) (1.5 g, 5 mmol) left a residue of nearly pure decarboxylation 

product 10 (1.2 g, 90 %) when it was heated at 300'12. Sublimation (300'C) 

gave yellow needles. mp >300eC. Ir (KBr) : 3450 (CONH), 1640 (CONH) , 1560 

cmW1. '~~rnr (DMSO-d6) : 7.11 (lH, d, J=8 Hz, 6-H), 7.12 (lH, s, 1-H), 7.13 

(lH, d, J=8 Hz, 4-H), 7.38 (1H. dd, J=5, 8 Hz, 10-H), 7.45 (lH, t, J=8 Hz, 

5-H), 8.63 (lH, d, J=5 Hz, 9-HI, 8.65 (lH, d, J=8 Hz, 11-H). HRms m/z: 

Calcd for C1,H8N20S: 252.0357. Found: 252 .O382. 

2-Bromopyrido[3,, 2, :5,6lthiopyrano[4,3,2-de] quinoline (11) 

A mixture of 10 (1.3 g, 5 mmol) and phosphorus pentabromide (2.55 g, 6 

mmol) was heated in an oil bath at 130'C for 1 h, then cooled and poured 

on ice. The resulting product was filtered, then washed with 5% aqueous 

sodium hydrogen carbonate and water, and dried, giving 11 (1.4 g, 88 % )  as 

yellow crystals. mp 213-214'C. Anal. Calcd for Cl4H7BrN,S: C, 53.51: H, 

2.25; N, 8.92. Found: C, 52.49; H, 2.37; N, 8.54. Ir (KBr): 1630, 1595 

cm-l. l ~ ~ m r  6 : 7.20 (lH, dd, J=5, 8 Hz, 10-H), 7.30 (lH, d, J=8 Hz, 6-H), 
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7.54 (lH, t, J=8 Hz, 5-H), 7.64 (lH, s, 1 -  7.68 (lH, d, J=8 Hz, 4-H), 

8.16 (lH, d, J=8 Hz, 11-H), 8.46 (lH, d, J=5 Hz, 9-H). HRms m/z: Calcd 

for C14H7BrN2S: 313.9514. Found: 313.9519 (M+.) . 
Pyrido13' ,2'  :5,6lthiopyrano[4,3,2-delquinoline (1) 

A solution of 11 (1.6 g, 5 mmol) and anhydrous sodium acetate (0.5 g, 6 

mmol) in acetic acid (50 ml) was stirred with 5% Pd-C (0.05 g) and hydro- 

gen under one atmospheric presure at 60'C for 1 h. The mixture was fil- 

terd and then evaporated. The residue was purified by column chromatogra- 

phy on silica gel (CHC13:MeOH =50:1) to give 1 (1.0 g, 85 %) as yellow 

needles (from MeOH) . mp 186-187'C. Anal. Calcd for C14H8N2S: C, 71.17; H, 

3.42; N, 11.86. Found: C, 71.03; H, 3.13; N, 11.57. Ir (KBr) : 1630, 1600, 

1580 cm-'. l ~ ~ m r  6: 7.16 (lH, dd, J=5, 8 Hz, 10-H), 7.28 (lH, d, J=8 Hz, 

6-H), 7.52 (lH, t, J=8 Hz, 5-H), 7.54 (lH, d, J=8 Hz, 1 ,  7.74 (lH, d, 

J=8 Hz, 4-H), 8.18 (lH, d, J=8 Hz, I - ) ,  8:42 (lH, d, J=5 Hz, 9-H), 8.74 

(lH, d, J=8 Hz, 2-H). HRms m/z: Calcd for CI4H8N2S: 236.0407. Found: 

236.0401 (M+.). 
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