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Abstract - The new amino derivatives of 5H-[llbenzothio- 

pyrano[2,3-blpyridin-5-one were synthesized. The Skraup 

reaction oftheseamino-5H-[l]benzothiopyrano[2,3-b]pyridin- 

5-ones was conducted in the presence of glycerol, fuming 

sulfuric acid, nitrobenzene, iron (11) sulfate and boric acid. 

6-Amino-, 7-amino-, 8-amino- and 9-Amino-5H-[llbenzothio- 

pyrano[2,3-blpyridin-5-ones gave 12 H-pyrido [3', 2' : 5,61 thio- 

pyrano[2,3-h lquinolin-12-one, 12 H-pyrido[3', 2' :5,6lthio- 

pyrano [3,2- f I quinolin-12-one, 7 H-pyrido [3', 2' : 5.61 thiopyrano- 

[2,3- f Iquinolin-7-one and 7 H-pyridoF3' ,2' :5,61thiopyrano- 

[3,2-h I quinolin-7-one, respectively. 

In recent years, a number of heteroaromatic antitumor compounds have been prepared 

with thehope to increase their pharmacological properties or to findnew derivatives 

with lowered side effects.'-3 DNA intercalating agents, which are very important 

classes of antitumor drugs, usually possess planar aromatic and heteroaromatic 

polycyclic systems. Somethioxanthene derivatives are effective againsttumors.'-6 

AS an extensionof our synthetic studies ofthioxanthene derivatives, we haveplanned 

preparation of thioxanthene analogues consisting of tetracyclic system containing 

two pyridine ring. This paper describes the synthesis of some amino-5 H-[llbenzo- 

thiopyrano [2,3-blpyridin-5-ones, 6-amino- (1). 7-amino- (2). 8-amino- (3)  , and 9- 

amino-5 H- [l]benzothiopyrano [2,3-blpyridin-5-ones ( 4 ) .  and their Skraup  reaction^"^ 
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giving 12 H-pyrido [3', 2' : 5.61 thiopyrano [2, 3- h Iquinolin-12-one ( 6 ) .  12 H-pyrido- 

[3', 2, : 5,6] thiopyrano [3,2- f Iquinolin-12-one ( 7 ) ,  7 H-pyrido [3', 2' :5,61 thi0- 

pyrano[2,3- f Iquinolin-7-one(8), and 7 H-pyrido[3',2' :5,61 thiopyrano[3,2- h 1-  

quinolin-7-one (9)  . 

RESULTS AM) DISCUSSION 

Thesynthesisof 6-amino-5H-benzothiopyrano[2,3-blpyridin-5-ones(l) waspreviously 

described (Scheme 1) .' 

scheme 1 

H Br DMF PPA 

The synthetic rot 3-bl pyridin-5-ones (2) was 

summarized in Scheme 2. The Ullmann reaction of 2-mercaptonicotinic acid with 

4-bromoacetanilide in the presence with K2COz in dimethylformamide ( D m )  under reflux 

for 14 h gave 2-(4-acetaminopheny1thio)nicotinic acid . This was heated with 

polyphosphoric acid (PPA) at 120PC for 3 h and then hydrolyzed with hydrobromic acid 
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in the presence with phenol for 1 h to give 7-amino-5H-benzothiopyrano[2,3-bl- 

pyridin-5-ones (2). Ina similarway, the reaction of 2-mercaptonicotinic acidwith 

3-bromoacetanilide afforded 2-(3-acetaminopheny1thio)nicotinic acid, which was 

c y c l i z e d w i t h P P A a n d t h e n h y d r o l y z e d w i t h h y d r o h r o m i c a c i d t o  give 5- (1) and8-amino- 

5 H-benzothiopyrano[2, 3-blpyridin-5-ones (3) (Scheme 3) . 9-Amino-5 H-benzothio- 

pyrano[2,3-blpyridin-5-one (4) was synthesized by the Ullmann reaction of 2- 

mercaptonicotinic acid and 2-bromonitrobenzene in DMF, cyclization with PPA, and 

reduction. The reaction requirement from 2-mercaptonicotinic acid and 2-bromo- 

acetanilide gave pyridoI2.3-b] [1,5]benzothiazepin-5-one in good yield, 4 being not 

produced (Scheme 4). 

PPA - 
DMF 

H Br NHCOCH3 

PPA 

NHCOCH3 

No2 4 

Scheme 4 

Skraup reactions of amino-5H-benzothiopyrano[2,3-blpyridin-5-ones with glycerol, 

fuming sulfuric acid, and nitrobenzene were conducted in the presence of iron (11) 

sulfate and boric acid, and all products obtained were found to have the molecular 
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formula ClsHeN20S based on eremental analytical data and mass spectrum (ms) [ m / z  264 

(M*.)]. The Skraup reaction products were summarized in Scheme 5. 

reaction condition: H 2SOqSO3, nitrobenzene, FeSOq7H20, H3B03,1300C, 5 h 

The Skraup reaction of 1 gave 12H-pyrido[3',2':5,6]thiopyrano[2,3-h lquinolin- 

12-one (6) in 54 % yield. The structure of 6 was determined by 'H-nmr spectroscopy. 

The 'H-nmr spectrum showed proton signals of the new pyridine ring at 6 7.54 

(dd, J=4.4, 8.3 Hz, 3-H), 6 8.20 (dd, J=1.9, 8.3 Hz, 4-H) and 6 9.23 (dd, J=1.9, 

4.4 Hz, 2-H) ppm, and proton signals of the 5 H-benzothiopyrano C2.3-blpyridin- 5-one 

skeleton at 6 7.67 (d, J=8.3 Hz, 6-H) and 6 7.98 (d, J=8.3 Hz, 5-H) ppm. The Skraup 

reaction of 2 afforded only 12 H-pyrido [3', 2' : 5,61 thiopyrano[3,2- f I quinolin-12- 

one (7) in 68% yield, another isomer, 12 H-pyrido[3',2' :5,6]thiopyrano[2, 3- ql- 

quinolin-12-one (10) being not noticed at all. The 'H-nmr spectrum of 7 demonstrated 

the new pyridine ring and two doublet proton signals of the 5H-benzothiopyrano- 

L2.3-blpyridin-5-one skeleton as in the case of 2. Similarly, the Skraup reaction 
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of 3 h a s  p o s s i b i l i t y  t o  g i v e  two p r o d u c t s ,  7 H-pyr ido  13'. 2' : 5 ,6 l  th iopyranoI2 ,3 -  

f ] quinol in-7-one ( 8 )  a n d  12 H-pyr idoI3 ' .  2' : 5.61 t h i o p y r a n o  13.2- g I quinolin-12-one 

(11). But t h a t  of 3 produced  o n l y  p r o d u c t  (8)  i n  51  % y i e l d ,  a n d  t h e  s t r u c t u r e  o f  

8 w a s  confirmed by the'^-mr s p e c t r u m a s  t h e  c a s e  of 7 .  Basedon  t h e p r e s e n t  r e s u l t s ,  

t h e  Skraup r e a c t i o n  o f  3 a f f o r d s  t h e  c o r r e s p o n d i n g  a n g u l a r - t y p e  p r o d u c t  ( 8 )  wi thou t  

t h e  l i n e a r - t y p e  p r o d u c t  (11) . Skraup r e a c t i o n  o f  4 gave 7 H-pyr ido[3 '  , 2 '  : 5 , 6 ] -  

t h i o p y r a n o  [3,Z- h Jquinol in-7-one (91 i n  34 % y i e l d .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  were  measured on a Yanagimoto mic ro -mel t ing  p o i n t  a p p a r a t u s  a n d  a r e  

u n c o r r e c t e d .  Ir s p e c t r a  were r e c o r d e d  w i t h  a H i t a c h i  260-10 spec t ropho tomete r .  

'~-Nmr s p e c t r a  were measured on a JEOL EX-400 i n s t r u m e n t  u s i n g  C D C ~ ~  a s  a s o l v e n t  

a n d  t e t r a m e t h y l s i l a n e  as a n  i n t e r n a l  s t a n d a r d .  M s  were  t a k e n  w i t h  a H i t a c h i  mu-7MG 

s p e c t r o m e t e r .  

7-Amino-5 8- [ l l b e n s o t h i o p y r a n o  [2,3- b lpyr id in -5 -one  (2)  : A m i x t u r e  o f  2- 

m e r c a p t o n i c o t i n i c  a c i d ,  4-bromoacetoani l ide ,  p o t a s s i u m  c a r b o n a t e ,  copper ,  cuprous  

i o d i d e ,  and DMF was s t i r r e d  a t  r e f l u x  f o r  14 h,  c o o l e d  and f i l t e r e d .  The f i l t r a t e  

was c o n c e n t r a t e d .  The r e s i d u e  was mixed w i t h  h o t  w a t e r ,  f i l t e r e d ,  and a c i d i f i e d  

w i t h  1 0 %  h y d r o c h l o r i c  a c i d .  The r e s u l t i n g p r e c i p i t a t e  w a s  c o l l e c t e d a n d  was h e a t e d  

w i t h P P A a t 1 3 O 0 C f o r 6 h .  Thehotsolutionwaspouredintoice-water. T h e r e s u l t i n g  

p r e c i p i t a t e  was c o l l e c t e d ,  a n d  h e a t e d  w i t h  47% hydrobromic  a c i d  and phenol  a t  r e f l u x  

f o r 2 h .  A f t e r c o o l i n g , t h e m i x t u r e w a s a l k a l i n i z e d w i t h 1 0 %  aqueous sod iumhydrox ide  

t o  g i v e  a ye l low s o l i d  which was r e c r y s t a l l i z e d  f rom methano l  t o  a f f o r d  2 ( y i e l d  54 % )  

a s  ye l low n e e d l e s  ( f rom MeOH), mp 256-257'C. A n a l .  Ca lcd  f o r  C12H$N20S: C, 63.14; 

H, 3 .53 ;  N, 1 2 . 2 7 .  Found: C, 63.15; H ,  3 .45 ;  N, 1 2 . 1 5 .  Ir (KBr) : 1600, 1620 cm-'. 

' ~ - N r n r  (CDC13)  8 : 7 .08  ( l H ,  dd, J =  2 .4 ,  8 . 3  Hz, 8-H), 7 .40  ( l H ,  dd, J = 4 . 4 ,  8 . 3  Hz, 

3-H), 7 .47 ( l H ,  d, J = 8 . 3  Hz, 9-H), 7 .86 ( l H ,  d ,  J = 2 . 4 ,  6-H), 8 . 7 7  ( l H ,  dd, J = 2 . 0 ,  

4.4 Hz, 2-H), 8 . 8 3  ( l H ,  dd, J = 2 . 0 ,  8 . 3  H Z ,  4-H) . M s :  m/z 228 (M"). 



124 HEIEROCVCLES, Vol. 45, No. I1997 

8-Amino-5 8-  [llbenzothiopyrano[2,3- b lpyridin-5-one (3) : A mixture of 1 and 3 

was preparedfrom2-mercaptonicotinicacidand3-bromoacetanil ideinamanner similar 

to that described for the preparation of 2. The obtained mixture was separated by 

silica gel column chromatography (CHC1,) to afford 1 and 3. Compound (3) : Yield 54 %. 

Yellow needles (from MeOH) ; mp 296-297'C. Anal  . Calcd for C,~H.N~OS: C, 63.14; H, 3.53; 
N, 12.27. Found: C, 63.03; H, 3.31; N, 12.11. Ir (KBr) : 1585, 1620 cm-'. '~-Nmr 

( C D C ~ ) ~  : 6.76 (lH, d, J =  2.0 Hz, 9-H), 6.78 (1H. dd, J=2.0, 8.3 Hz, 7-H), 7.39 

(lH, dd, J=4.4, 8.3 Hz, 9-H), 8.42 (lH, d, J=8.3 Hz, 6-HI, 8.72 (lH, dd, J=2.0, 

4.4 Hz, 2-H), 8.80 (lH, dd, J=2.0, 8.3 Hz, 4-H) . Ms: m/z 228 (M"). 

9-Amino-5 8- [llbenzothiopyrano [Z,3- b lpyridin-5-one (4) : A mixture of 2- 

mercaptonicotinic acid, 2-bromonitrobenzene, potasiwn carbonate, copper, cuprous 

iodide in DMF was stirred under reflux for 14 h. After removal of solvent under 

reduced pressure, the residue was dissolved in hot water and then filtered. The 

filtrate was acidified with 10% hydrochloric acid. The resulting precipitate was 

collected by filtration, dried. The solid was cyclized with PPA to give 9-nitro- 

5H-lllbenzothiopyran0[2,3-blpyridin-5-one. The nitro compound was dissolved in 

acetic acid and then added into stanic chloride in concentrate hydrochloric acid. 

the reaction mixture was heated on a steam bath for 1 h. After cooling, the reaction 

Solution was poured into 10% sodium hydroxide. The precipitate were collected and 

recrystallized from methanol to give 4 (yield 54 % )  as yellow needles, mp 285-286'~. 

Anal . Calcd for CnHsN20S: C, 63.14; H, 3.53; N, 12.27. Found: C, 63.23; H, 3.43; 

N, 12.21. Ir (KBr) : 1580, 1650 cm-'. 'H-N~~(cDC~?)~ : 7.08 (lH, dd, J= 1.5, 8.3 

HZ, 8-H), 7.38 (lH, t, J4.3 Hz, 7-HI, 7.45 (lH,dd, J=4.9, 7.8 Hz, 3-H), 8.11 (lH, 

dd, JZ1.5, 7.8 HZ, 6-H), 8.80 (lH, dd, JS2.0, 4.4 Hz, 2-H), 8.84 (lH, dd, J=2.0, 

7.8 HZ, 4-H). MS: m/z 228 (M*'). 

Pyrido[Z,3-bl[l,5lbenzothiazepin-5-one(5) : This compound was prepered from 

2-mercaptonicotinicacidand2-bromoacetanil ideinamanner similartothat described 

for the preparation of 2. Compound (5) :Yield 76%. Pale yellow needles, mp 262-263°C. 
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Anal. Calcd for CDH~N~OS: C, 63.14; H, 3.53; N, 12.27. Ir (KBr) : 1580, 1670 cm-'. 

'H-~mr (CHC1>)6 : 6.74 (lH, dd, J=4.9, 7.8 Hz, 3-H), 6.78 (lH, t, J=7.8 Hz, 9-H), 

7.23 (lH, t, P7.8 Hz, 8-H), 7.37 (lH, dd, J=1.5, 7.8 Hz, 10-H), 8.23 (18, dd, J=2.0, 

7.8 Hz, 4-H) , 8.31 (IH, dd, J=2 .O, 4.9 Hz, 2-H) , 8.42 (lH, dd, J=1.5, J=8.3 Hz, 7-H) , 

10.72 (1H. s, 6-HI. Ms: m/z 228 (M*'). 

General procedure for the Skraup reaction of amino-58-benzothiopyrano[2,3-b]- 

pyridin- 5-ones (1-4) 

A mixture of HzS04 SO3 (6.0 g, 50 mmol) , nitrobenzene (1.23 g, 10 mmol) , FeS04 7H20 

(0.28 g, 1.0 mmol), and H3B03 (0.31 g, 5.0 mol) was chilled to 0-5'~, and glycerol 

(1.84 g, 20 mmol) , amino-5 if-benzothiopyrano[2,3-blpyridin-5-one (1.06 g, 5 mmol) 

and water (2.5 ml) were successively added. The mixture was heated at 130°C for 

5 h. The reaction mixture was neutralized with 28 % NHaOH and the resulting 

precipitate was collected by filtration, and the precipitate extracted with CHC1,. 

The extract was dried over NazS04, the solvent was evaporated and the residue was 

recrystallized from MeOH to give the corresponding pyrido[3',2':5,6lthiopyrano- 

quinoline derivative. 

12 8-Pyrido [3', 2' :5,6]thiopyrano [2,3-h lquinolin-12-one (6) : Pale yellow 

needles, mp 166-167*C. Yield 54 %. Anal . Calcd for ClsHsNzOS: C, 68.17; H, 3.05; 
N, 10.60. Found: C, 67.68; H, 3.13; N, 10.45. rr (KBr) : 1580, 1600, 1640 cm-'. 

' H - N ~ ~ ( c D C ~ ~ ) ~  : 7.50 (lH, dd, J=4.4, 8.1 Hz, 10-H), 7.54 (lH, dd, J=4.4, 8.3 Hz, 

3-H), 7.67 (lH, d, J=8.6 Hz, 6-H), 7.98 (lH, d, 5 4 . 6  Hz, 5-H), 8.20 (lH, dd, 

J=1.9, 8.3 Hz, 4-H), 8.79 (lH, dd, J=1.9, 4.4 Hz, 9-H), 8.85 (lH, dd, J=1.9, 8.1 

Hz, 11-H). 9.23 (lH, dd, Jz1.9, 4.4 HZ, 2-H) . MS: m/z 264 (M*') . 

12 a-Pyrido[3', 2' :5,6] thiopyrano t3.2- f Iquinolin-12-one ( 7 )  : Pale yellow 

needles, mp 226-227°C. Yield 69 %. Anal . Calcd for CmHaNzOS: C, 68.17; H, 3.05; 
N, 10.60. Found: C, 68.24; H, 2.88; N, 10.55. Ir (KBr) : 1580, 1600, 1620 cm-'. 

'H-N~~(cDC~~)S : 7.55 (lH, dd, J=4.4, 8.3 Hz, 10-H), 7.66 (lH, dd, J=4.4, 8.8 Hz, 
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2-H), 7 .86  ( l H ,  d, J 4 . 8  Hz, 6-H), 8 .37  ( l H ,  d, J = 8 . 8  Hz, 5-H), 8 .84 ( l H ,  dd, 

J = 2 . 0 ,  4.4 Hz, 9-H), 8 .89 ( l H ,  dd, J -2 .0 ,  8 . 3  Hz, 1 1 - H ) ,  9 .00  ( l H ,  d ,  J = 1 . 0 ,  4 . 4  

Hz, 3-H), 10 .27  ( l H ,  d ,  J = 1 . 0 ,  8 . 8  Hz, 1-H). M s :  m/z 264 ( M + ' ) .  

7  a -Pyr ido[3 ' , 2 '  : 5 , 6 l t h i o p y r a n o I Z , 3 -  f lquinolin-7-0118 (8) : P a l e  y e l l o w  

n e e d l e s ,  mp 260-261°C. Y i e l d  51  %. Anal . C a l c d  f o r  c ~ ~ H ~ N ~ o S :  C,  68.17; H, 3.05; 

N, 10 .60.  Found: C, 68.45;  H, 3.14; N, 10 .53 .  I r  (KBr) : 1580, 1600, 1640 cm-I. 

' ~ - N m r ( c ~ ~ l d S  : 7.54 ( l H ,  dd,  J z 4 . 4 ,  7 . 8  Hz, 9-H), 7 .64 ( l H ,  dd, J = 4 . 4 ,  8 . 8  Hz, 

2-HI, 8 .15  ( l H ,  d, J 4 . 8  Hz, 5-H), 8 . 7 8  ( l H ,  d, J 4 . 8  Hz, 6-H), 8 .82  ( l H ,  dd, 

J = 2 . 0 ,  8 .8  Hz, 1 - H ) ,  8 . 8 8  ( l H ,  dd, J = 2 . 0 ,  4 . 4  Hz, 10-H), 8 .90 ( 1 H .  dd, J = 2 . 0 ,  7 . 8  

Hz, 8-H), 9 . 1 3  ( l H ,  dd ,  J = 2 . 0 ,  4.4 Hz, 3-H). M s :  m/z 264 ( M i ' ) .  

7  8 -Pyr ido[3 '  ,2 '  : 5 ,6 ] th iopyrano[3 ,2 -  h lquinolin-7-0118 (9) : P a l e  y e l l o w  

n e e d l e s ,  mp 245-246V. Y i e l d  34 %. A n a l .  C a l c d  f o r  C15HeN20S: C, 68.17; H, 3.05; 

N, 10.60.  Found: C, 67.79;  H, 2 .77;  N, 1 0 . 5 7 .  Ir (KBr):  1580,  1600, 1630 cm-'. 

' ~ - N m r  (acetone-ds)  8 : 7.68 ( l H ,  d ,  J 4 . 8  Hz, 5-H) , 7 .85  ( l H ,  dd ,  J=4.2,  8 . 3  Hz, 3-H) , 

8.07 ( l H ,  d, J=8 .8  Hz, 5-H), 8 .56  ( l H ,  dd, J = 1 . 7 ,  8 . 3  Hz, 4-H), 8 .58 ( l H ,  d ,  

J = 8 . 8  Hz, 6-H), 8 .86  ( l H ,  dd ,  J = 2 . 0 ,  8 . 1  Hz, 8-H), 8 . 9 5  ( l H ,  dd,  J = 2 . 0 ,  4 . 4  Hz, 

10-H), 9 . 1 1  ( l H ,  dd, J = 1 . 7 ,  4 .2  Hz, 2-H). M s :  m/z 264 ( M * ' ) .  
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