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T h r e e - r i n g  s y s t e m s  with benzo [b]furan, benzo [b]s elenophene, and benzo [b]thiophene r ings  
condensed with the pyridine r ing and with a methyl  group in the (~ posit ion of the pyridine 
ring were  synthesized by the reac t ion  of 2 - ch lo ro -3 -n i t ro -6 -me thy lpy r id ine  with sodium 
phenoxide, sodium thiophenoxide, or  sodium selenophenoxide,  reduction of the resul t ing 2- 
phenoxy- ,  2-phenylthio- ,  and 2 -pheny l se l eno-3 -n i t ro -  6-methylpyr id ines  with stannous 
chlor ide  in concent ra ted  hydrochlor ic  acid, diazot izat ion of the subst i tuted 3 -aminopyr id -  
ines,  and heating of the diazonium compounds in 25% sulfuric acid. 

Heterocyclic systems with a benzo[b]furan or benzo[b]selenophene ring condensed with the pyridine 
ring and a methyl group in the ~ position relative to the nitrogen of the pyridine ring were previously un- 
known. We described monomethyl-substituted thionaphthenopyridines in 1965 [I]. In the present communica- 
tion, we describe a general method for the synthesis of systems of this type from 2-hydroxy-3-nitro-6- 
methylpyridine (I) : 

c,3-.<.n~.o, "c,3-<.n~/~c, c %-I~.n~.~-.x_c~ % c.3= %n/~\x_c6H~ 

I II Ill a--C ~N~, IV a - c  

5o~" ~ c . ~  CnC-~NS~c,--c.--~N~_~c, c.~--~N~c i 
VII a - c  Vl V 

a x = o :  b X=Se; C X=S 

Nitropyridine I was obtained by heating 2-hydroxy-6-methylpyridine [2] with nitric acid. The reac- 
tion of I with phosphorus pentachloride gave 2-chloro-3-nitro-6-methylpyridine (II) [3,4], the heating of 
which with sodium phenoxide, selenophenoxide, or thiophenoxide in anhydrous ethanol gave, respectively, 
2-phenoxy-, 2-phenylseleno-, and 2-phenylthio-3-nitro-6-methylpyridines (Ilia-e). The latter were re- 
duced with stannous chloride in concentrated hydrochloric acid to 2-phenoxy-, 2-phenylseleno-, and 2- 
phenylthio-3-amino-6-methylpyridines (IVa-c). Compounds IV were also obtained by reaction of 2-chloro- 
3-amino-6-methylpyridine (VI), synthesized from the azide of 2-chloro-6-methylpyridine-3-carboxylic 
acid (V), with sodium phenoxide, selenophenoxide, and thiophenoxide in heated anhydrous ethanol. 

Aminopyridines IVa-e were diazotized with sodium nitrite in dilute sulfuric acid, and the diazonium 
compounds were converted to 2-methylbenzofuro-, 2-methylbenzoselenopheno-, and 2-methylbenzothieno- 
[2,3-b]pyridines (VIIa-c) by cyclization by heating in 25% sulfuric acid (see [5]). 

A shift of the absorption maximum to longer wavelengths is observed in the UV spectra of the bases 
on passing from benzofuro- (VIIa) to thionaphtheno- (VIIe) and selenonaphtheno[2,3-b]pyridine (VIIb): ~ max 
(in ethanol), respectively, at 232, 244 (227), and 254 nm. The same phenomenon is also characteristic for 
the absorpt ion spec t r a  of the ni t ro (IIIa-c) and amino (IVa-c) der iva t ives  of pyridine.  
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E X P E R I M E N T A L  

Azide (V) of 2 -Chloro-6-methy lpyr id ine -3-ca rboxyl ic  Acid. A solution of 6.5 g (0.1 mole) of sodium 
azide in 50 ml of water  was added dropwise with s t i r r ing  at 0-5 ~ to a solution of 19 g (0.1 mole) of 2- 
ch lo ro-6-methy lpyr id ine -3-ca rboxyl ic  acid chloride in 50 ml of ether,  and the mixture was s t i r red  at room 
tempera tu re  for 1 h. The ether was removed  with a fine s t r eam of air,  and the residue was removed by 
filtration, washed with water ,  and dried in vacuo over phosphorus pentoxide to give 17 g (86%) of color less  
plates with mp 43-45 ~ (dec.). Found, %: C 42.7; H 2.5; N 28.5. C7H5C1N40. Calculated, %: C 42.7; H 2.5; 
N 28.5. 

2 -Hydroxy-3-n i t ro -6 -methy lpyr id ine  (I). A solution of 21.8 g (0.2 mole) of 2 -hydroxy-6-methy l -  
pyridine [2] in a mixture of 600 ml of 70~c nitric acid and 130 ml of water was heated to 70 ~ 200 ml of 70~ 
nitric acid was added, and the t empera tu re  of the mixture was ra i sed  to 80 ~ in the course  of 15-20 min. 
The mixture was cooled, diluted with 1 l i ter  of ice water ,  and vacuum evaporated.  The residue was t reated 
with 50 ml of ice water ,  and the solid reac t ion  product was removed by filtration, washed with water,  and 
dried to give 18.7 g (60%) of a product with mp 207-209 ~ Recrys ta l l iza t ion from water gave light-yellow 
pr i sms  with mp 225-226 ~ (dec.) (mp 226-227 ~ [3]). Found, ~ :  N 18.0. C6H~N203. Calculated, ~ :  N 18.2. 

2 -Chlo ro -3 -amino-6-methy lpyr id ine  (VI). A. A mixture of 1.96 g (0.01 mole) of V and 6 ml of dilute 
(1 : 1) acetic acid was refluxed for 30 rain in a s t r eam of nitrogen (until carbon dioxide evolution ceased) 
and was then vacuum evaporated.  The res idue  was cooled and neutral ized with dilute sodium hydroxide 
solution, and the solid product was removed  by filtration, washed with water  and ether, and dried to give 
0.92 g (61%) of co lor less  p r i sms  of N ,N ' -b i s (2 -ch lo ro -6 -methy l -3 -pyr idy l )u rea  with mp 286-287 ~ (dec., 
f rom ethanol). Found, %: C 50.0; H 3.8; C1 22.6; N 17.9. Ci3H12C12N40. Calculated, ~c: C 50.2; H 3.8; 
C1 22.8; N 18.0. 

The f i l t rate  was extracted with ether,  and the ether solutions were  combined, washed with water ,  and 
dried.  The ether was removed  by distil lation to give 0.2 g (15%) of co lor less  plates of VI with mp 82-83 ~ 
(from benzene). Found, %: C1 24.9. C6HTC1N 2. Calculated, %: C1 24.9. 

B. A mixture  of 3.9 g (0.02 mole) of V and 30 ml of anhydrous ethanol was refluxed for 3 h in a 
s t r eam of nitrogen, after which the alcohol was removed by vacuum distillation. The residue was t reated 
with 10 ml of 40% potassium hydroxide solution, and the mixture was refluxed for a few minutes to 
hydrolyze the urethane,  cooled, and extracted with ether to give 2.1 g (75%) of VI. 

2 -Phenoxy-3-n i t ro -6 -methy lpyr id ine  (IIIa). An 18.8-g (0.2 mole) sample of phenol and 34.4 g (0.2 
mole) of 2 -ch lo ro -3 -n i t ro -6 -me thy lpyr id ine  was added in portions with s t i r r ing  to a solution of sodium 
ethoxide [from 4.6 g (0.2 g-atom) of sodium] in 100 ml of anhydrous ethanol under nitrogen. The mixture 
was refluxed for  10 h, after which it was vacuum evaporated, and the residue was t rea ted  with water .  The 
aqueous mixture was made alkaline with 5% sodium hydroxide solution and extracted with ether.  The ex- 
t r ac t  was washed with 10% sodium hydroxide solution and water  and dried with magnesium sulfate. The 
ether was removed  by distil lation, and the residue was dissolved in a small  amount of anhydrous ether.  
The solution was cooled, and an ether solution of hydrogen chloride was added to it until precipitation of 
the hydrochlor ide was complete .  The precipi ta te  was removed by filtration, washed with anhydrous ether, 
and vacuum dried over phosphorus pentoxide to give 23.4 g (44~) of l ight-yellow pr ims (from anhydrous 
e thano l -anhydrous  ether) of the hydrochlor ide  of IIIa with mp 109-110 ~ (dec.). UV spect rum:  )~max" 304 
nm, e 1.1 �9 104 (in ethanol). Found, %: C 53.9; H 4.0; C1 13.2. Ci2Ht0N203 �9 HC1. Calculated, ~ :  C 54.0; 
H 4.1; C1 13.3. 

A s imi lar  procedure  was used to obtain the hydrochlor ide of 2 -phenylse leno-3-n i t ro -6-methy lpyr id -  
ine (IIIb) [40% yield, l ight-yellow pr i sms  with mp 151-152 ~ (dec.). UV spect rum:  ~max  344 nm, e 1.21 �9 104 
(in ethanol). Found, %: C 43.6; H 3.2; C1 10.6. C12H10N202Se �9 HCI. Calculated, ~ :  C 43.7; H 3.3; C1 10.7] 
and the hydrochlor ide  of 2-phenyl th io-3-n i t ro-6-methylpyr id ine  (IIIc) [40% yield, l ight - rose  p r i sms  with 
mp 148-150 ~ (dec.). UV spec t rum:  ~max  335 nm, e 1.06 �9 104 (in ethanol). Found, ~c: C 50.9; H 3.8; C1 
12.4. Ct2Ht0N202 s �9 HC1. Calculated, ~c: C 51.0; H 3.9; C1 12.5.] 

2 -Phenoxy-3-amino-6-methy lpyr id ine  (IVa). A. A 9.4-g (0.1 mole) sample of phenol and 14.2 g (0.1 
mole) of VI were  added in smal l  portions with s t i r r ing  to a solution of sodium ethoxide [from 2.3 g (0.12 g- 
atom) of sodium] in 50 ml of anhydrous ethanol under nitrogen, and the mixture was refluxed for 10 h under 
nitrogen and vacuum evaporated.  The res idue  was t rea ted  with water ,  and the mixture was made alkaline 
with 5% sodium hydroxide solution and extracted with chloroform.  The extract  was washed with 10~c sodium 
hydroxide solution and water  and dried with potassium carbonate.  The chloroform was removed by dist i l la-  
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tion to give 7.8 g (39%) of color less  needles with mp 105-106 ~ UV spect rum:  ~max 243 nm, e 1.45 �9 104 
(in ethanol). Found, %: C 71.9; H 5.9; N 13.9. Ct2HiaN20, Calculated, %: C 72.0; H 6.0; N 14.0. 

B. A 27.0-g sample of stannous chloride was added with vigorous s t i r r ing at 45-47 ~ to a solution of 
53.2 g (0.2 mole) of the hydrochloride of IIIa in 80 ml of concentrated hydrochloric  acid, and the mixture 
was s t i r red  at 48-50 ~ for 2 h and at 70-75 ~ for 30 min. It was then cooled with ice water ,  neutralized with 
sodium carbonate solution, made alkaline with 5% sodium hydroxide solution, and extracted with chloroform.  
The extract  was washed with 5% sodium hydroxide solution and water and dried with potassium carbonate.  
The chloroform was removed by distillation to give 37.2 g (93%) of IVa. 

A s imilar  procedure  was used to obtain 2-phenylse leno-3-amino-6-methylpyr id ine  (IVb) [41 and 94% 
yields via methods A and B, respect ively ,  l ight-yellow needles with mp 93-94 ~ UV spect rum:  Amax 263 
nm, e 1.3 �9 104 (in ethanol). Found, %: C 51.6; H 4.2; N 10.0. CI2HI2N2Se. Calculated, %: C 51.6; H 4.3; 
N 10.0] and 2-phenyl th io-3-amino-6-methylpyr idine  (IVc) [43 and 86% yields via methods A and B, r e s p e c -  
tively, l ight - rose  needles with mp 84-85 ~ UV spect rum:  Ama x 262 nm, ~ 1.85 . 104 (in ethanol). Found,%: 
C 66.5; H 4.3; N 12.8. Ci2H12N2 s. Calculated, %: C 66.6; H 4.4; N 12.9.] 

2-Methylbenzofuro[2,3-b]pyridine (VIIa). A solution of 4.6 g (0.066 mole) of sodium nitrite in 20 ml 
of water  was added dropwise with vigorous s t i r r ing  at 0-5 ~ in the course  of 10 min to a solution of 6.0 g 
(0.03 mole) of IVa in 120 ml of 25% sulfuric acid, and the mixture was held at 0-5 ~ for 1 h. It was then 
filtered, and 1.8 g of u rea  and 6 g of copper powder were added with vigorous s t i r r ing under nitrogen in the 
course  of 3-5 min. The mixture was s t i r red  at room tempera ture  for 4 h, heated to the boiling point, 
cooled, and made slightly alkaline with dilute sodium hydroxide solution while cooling with ice water .  The 
product was extracted with ether, and the extract  was washed with 5% sodium hydroxide solution and water 
and dried with potassium carbonate.  The ether was removed by distillation, and the residue was vacuum 
distilled to give 1.7 g (31%) of VIIa as a l ight-yellow oil with bp 135-138 ~ (2 mm). UV spec t rum:~  max 232 
nm, e 2.46 �9 104 (in ethanol). Found, %: C 78.5; H 4.8; N 7.5. C12H9NO. Calculated, %: C 78.7; H 4.9; N 
7.6. 

A s imi lar  procedure  was used to obtain 2-methylbenzoselenopheno[2,3-b]pyridine (VIIb) [30% yield, 
color less  needles with mp 79-80 ~ (from petroleum ether). UV spect rum:  A max 254 nm, e 2.34 �9 104 (in 
ethanol). Found: C 58.4; H 3.5; N 4.6. Ci2HgNSe. Calculated,%: C 58.5; H 3.6; N 5.7] and 2-methylbenzo-  
thieno[2,3-b]pyridine (VIIc) [18% yield, l ight-yellow oil with bp 155-158 ~ (4 mm) [1]. UV spect rum:  A m a  x 
224 (244) nm, ~ 2.80 (2.40) �9 104 (in ethanol). Found,%: N 6.9. CI2H9IN-S. Calculated,~c: N 7.02.] 
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