
S Y N T H E S I S  OF M E T H Y L - S U B S T I T U T E D  P Y R A N O -  

T H I A P Y R A N O - ,  A N D  S E L E N A P Y R A N O [ 2 , 3 - b ] P Y R I D I N E S  

P .  I .  A b r a m e n k o  a n d  V .  G .  Z h i r y a k o v  UDC 547.83' 812' 818.1.9.07 

2H-Pyr  ano-,  2H- th iapyrano- ,  and 2H-s e lenapyrano [2,3-b]pyridines containing a methyl  
group in the ~ posi t ion of the pyridine r ing were  synthesized by Cla isen  condensation of 
the ethyl e s t e r s  of, r e spec t ive ly ,  2-e thoxy- ,  2-e thyl thio- ,  and 2 - e thy l s e l eno -6 -me thy l -  
py r id ine -3 -ca rboxy l i c  acids with ethyl ace ta te ,  reduct ion of the resul t ing  ethyl e s t e r s  of 
2-e thoxy- ,  2-e thyl th io- ,  and 2-e thylse leno-6-methyln ico t inoylace t ic  acids with l i thium 
aluminum hydride,  and heating of the resul t ing 2-subst i tu ted 3- (a  ,~ -d ihydroxypropy l ) -6 -  
methylpyr id ines  with 48% hydrobromic  acid. 

Unsubsti tuted py rano-  and thiapyrano[2,3-b]pyr idines  were  descr ibed  in 1970 [1,2]. 

We have synthes ized pyrano- ,  th iapyrano- ,  and se lenapyrano[2 ,3-b]pyr id ines  (I) containing an act ive  
methyl  group in the a posit ion of the pyridine ring f rom ethyl 2 - ch lo ro -6 -me thy lpy r id ine -3 -ca rboxy la t e  (II): 

II I I I  a - c  IV a - c  v a - c  l a - c  

I, I I l - V  a x = o ; b  X=$;  c x = S e  

Bases  of this so r t  a re  the s ta r t ing  compounds for  the synthesis  of polymethine dyes .  

The ethyl e s t e r s  of, r e spec t ive ly ,  2 -e thoxy- ,  2-e thyl thio- ,  or 2 -e thy l se l eno -6 -me thy lpy r id ine -3 -  
carboxyl ic  acid (IIIa-c) were  obtained by  the reac t ion  of II with sodium ethoxide, sodium e thylmercapt ide  , 
or  sodium ethylselenide in anhydrous ethanol by heating under ni t rogen.  The Cla isen  condensat ion of III 
with ethyl aceta te  gave  the ethyl e s t e r s  of substi tuted nicotinoylacet ic  acid (IVa-c),  which were  conver ted  
to the cor responding  3 - ( a ,  y -d ihydroxypropy l ) -6 -me thy lpy r id ines  (Va-c) by reduct ion with l i thium alumi-  
num hydride  in anhydrous e ther .  Heating the la t ter  with 48% hydrobromic  acid gave 7 -me thy l -2H-pyrano - ,  
- th i apyrano- ,  and -se lenapyrano[2 ,3-b]pyr id ines  (Ia-c) .  

E X P  E R I M E  N T A  L 

Ethyl 2 -E thy l th io -6 -me thy lpyr id ine -3 -ca rboxy la t e  (IIIb), A 15.5-g (0.25 mole) s ample  of ethanethiol 
was added dropwise  under  ni t rogen to an ice wa te r -coo led  solution of 17 g (0.25 mole) of sodium ethoxide 
in 300 ml  of anhydrous ethanol, the mix tu re  was heated to 40 ~ and 39.8 g (0.2 mole) of H was added in p o r -  
tions in the cour se  of 30 min.  The mix tu re  was refluxed for 1.5 h, and the alcohol was r emoved  by vacuum 
dist i l lat ion.  The res idue  was t r ea t ed  with 100 ml of wa te r  and ext rac ted  with e ther .  The ext rac t  was 
washed with water  and dr ied with sodium sulfate .  The ether  was r emoved  by dist i l lat ion,  and the res idue  
was vacuum disti l led to give 32.5 g (72%) of a l ight-yel low oil with bp 103-104 ~ (0.05 mm) .  Found, ~ :  C 
58.5; H 6.6; S 14.1. CliHl~NO2S. Calculated,  %: C 58.6; H 6.7; S 14.2. 

Ethyl 2 -E thy l se l eno -6 -me thy lpy r id ine -3 -ca rboxy la t e  (HIc). This compound [58.1 g (71%)] was s i m i -  
l a r ly  obtained f rom 22.5 g (0.33 mole) of sodium ethoxide, 35.7 g (0.33 mole) of ethaneselenol ,  and 60 g 
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(0.30 mole) of II. The light-yellow oil had bp 105-108 ~ (0.05 ram). Found, ~c: C 48.4; H 5.4; N 5.0. 

C11HI5NO2Se. Calculated, %: C 48.5; H 5.5; N 5.1. 

Ethyl 2-Ethoxy-6-methylpyridine-3-carboxylate (IIIa). This compound [17.5 g (85%)] was obtained by 
refluxing a mixture of 17 g (0.25 mole) of sodium ethoxide, 39.8 g (0.2 mole) of II, and 150 ml of anhydrous 

ethanol for 2.5 h. The colorless liquid had bp 122-124 ~ (8 ram). Found, %: C 63.0; H 7.0; N 6.5. CIIHIsNO 3. 

Calculated, ~: C 63.1; H 7.1; N 6.7. 

Ethyl 2-Ethylthio-6-methylnicotinoylacetate (IVb). A 4.6-g (0.2 g-atom) sample of sodium and 17.6 g 
(0.2 mole) of ethyl acetate were added to 74.5 g (0.33 mole) of IIIb at 85-90 ~ and the mixture was heated at 
90 ~ for 1.5 h, after which 2.3 g (0.I g-atom) of sodium and 8.8 g (0.I mole) of ethyl acetate were added at 
intervals of 30 rain [a total of 23 g (1 g-atom) of sodium and 88 g (I mole) of ethyl acetate were added]. The 
mixture was diluted with 200 ml of anhydrous benzene, heated at 90-93 ~ for 5-6 h, cooled, and treated with 
a mixture of 72 g of acetic acid and 200 ml of water while cooling. The pH of the mixture was brought to 
7.0 by the addition of potassium carbonate, and the reaction product was extracted with ether. The extract 
was washed with water and dried with sodium sulfate. The ether was removed by distillation~ and the 
residue was fractionally distilled in vacuo to give 17.6 g (20~) of IVb as a light-yellow oil with bp 146-149 ~ 

(I ram). Found, ~c: C 58.3; H 6.2; S 11.8. C13HITNO3S. Calculated, ~c: C 58.4; H 6.3; S 12.0. 

A similar method was used to obtain ethyl 2-ethoxy-6-methylnicotinoylacetate (IVa) [70~ yield, color- 
less oil with bp 127-130 ~ (3 ram). Found, ~: C 62.0; H 6.7; N 6.7. C13HITNO 4. Calculated, ~: C 62.14; 
H 6.8; N 6.8] and ethyl 2-ethylseleno-6-methylnicotinoylacetate (IVc) [18% yield, bp 153-156 ~ (I ram). 

Found, %: C 49.5;H4.9; N4.4. C13HITNQSe. Calculated, %: C 49.7;H 5.0; N4.5.] 

2-Ethylthio-6-methyl-3-(c~, 7-dihydroxypr~ (Vb). A solution of 26.7 g (0.I mole) of IVb 
in I00 ml of anhydrous ether was added dropwise to an ice water-cooled suspension of 6 g (0.16 mole) of 
lithium aluminum hydride in 300 ml of anhydrous ether, and the mixture was stirred at room temperature 
for 2 h, refluxed for 30 rain, cooled, and hydrolyzed by the addition of saturated ammonium chloride solu- 
tion. The reaction product ~as extracted with ether, and the ether extract was washed with water and dried 
with sodium sulfate. The ether was removed by distillation, and the residue was vacuum distilled to give 

9.9 g (44~c) of a light-yellow oil with bp 163-166 ~ (I ram). Found, ~c: C 58.1; H 7.4; S 14.0. CI~HI7NO2S. 

Calculated, %: C 58.1; H 7.5; S 14.1. 

A similar method was used to obtain 2-ethoxy-6-methyl-3-(~,y-dihydroxypropyl)pyridine (Va) [51% 
yield, light-yellow oil with bp 138-141 ~ (I ram). Found, %: C 62.4; H 8.0; N 6.5. CIIHI7NO 3. Calculated,~c: 
C 62.5; H 8.1; N 6.6] and 2-ethylseleno-6-methyl-3-(a,y-dihydroxypropyl)pyridine (Vc) [41~ yield, light- 
yellow oil with bp 168-170 ~ (I ram). Found, %: C 48.0; H 6.1; N 5.1. C11HITNO2Se. Calculated, ~: C 48.1; 

H 6.2; N5.1.] 

7-Methyl-2H-thiapyrano[2,3-b]pyridine (Ib). A solution of 4.59 g (0.02 mole) of Vb in 60 ml of 48~ 
hydrobromic acid was heated at 115-120 ~ for 30 rain and vacuum evaporated. A solution of the residue in 
50-60 ml of methanol was treated with hydrated silver oxide until it was neutralized, and the mixture was 
stirred at room temperature and filtered. The filtrate was vacuum evaporated, and the residue was dis- 
solved in ether. The ether solution was dried with sodium sulfate, and the ether was removed by distilla- 
tion. The residue was vacuum distilled to give 1.7 g (52%) of a light-yellow oil with bp 94-96 ~ (I ram). 
Found, %: C 66,1; H 5.4; S 19.5. C9HgNS. Calculated, %: C 66.2; H 5.5; S 19.6. 

A similar procedure was used to obtain 7-methyl-2H-pyrano[2,3-b]pyridine (Ia) [63% yield, colorless 
oil withbp 78-79 ~ (I ram). Found, Z: C 73.3; H 6.1; N9.4. C9H9NO. Calculated, ~c: C 73.5; H G.I; N9.5. 
The hydrobromide was obtained as light-yellow prisms with mp 152 ~ (from ethanol). Found, ~: Br 35.0. 
C gH9NO �9 HBr. Calculated, %: Br 35.1],and 7-methyl-2H-selenapyrano[2,3-b]pyridine (Ic) [54~c yield, 
light-yellow oil with bp 99-101 ~ (I ram). Found,Z: C 51.3; H 4.3; N 6.6. CgH9NSe. Calculated, ~: C 51.4; 
H4.3; N6.6.] 
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