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2-Amino-3-hydraz inopyr id ine  re acts with carbon disulfide to give 1 ,2 ,3 ,4- te t rahydropyr tdo [2,3-e l- 
a sym- t r i az ine -3 - th ione .  The methylthio derivat ive obtained f rom it is oxidized to the sulfone, 
which undergoes exchange of the methylsulfonyl group for  an amine residue in the cold. The 
methylthio derffcative undergoes this sor t  of react ion only on heating, whereas  in the cold it r e -  
acts with amines to give adducts that are unstable in solution and on heating. 

The in teres t  in the chemis t ry  of py r ido -a sym- t r i az ines  has recent ly  grown in connection with the detec-  
tion of the biological activity of these compounds [1, 2]. However,  insufficient study has been devoted to the 
chemis t ry  of these  compounds because of the inaccess ibi l i ty  of py r ido -a sym- t r i a z ine s .  

Compounds with a pyr idot r iaz ine  sys tem are obtained by cyclizat ion of o-ni troguanidinopyridines in 
alkaline media [3] and of  o-aminohydrazinopyr id ines  with ethyl or thoformate  in acidic media, and also by 
cyclodehydrat ion of o-aminoacylhydrazinopyr id ines  [4]. 

We have obtained the previously  unknown 1 ,2 ,3 ,4 - te t rahydropyr ido[2 ,3-e ] -asym- t r iaz ine-3- th ione  (IIa) 
and 1 -me thy l - l , 2 ,3 ,4 - t e t r ahydropyr ido  [2,3-e ] - a sym- t r i az ine -3 - th ione  (Hb) by cycliz ation of 2- amino-3-hydra-  
zinopyridine (Ia) and 2 -amino-3-~-methy lhydraz inopyr id ine  (Ib). 
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I,IIa R=H; b R=CH3; Va Y=morpholinyl b Y=NzH3; c Y=butylamiao;VIIa Y=morpholinyl; 
b Y= pyrrolidinyl 

The thione s t ruc tu re  of these  compounds follows f r o m t h e  absence of the cha rac te r i s t i c  absorption band 
of the SH group in the IR spec t ra .  

Compounds IIa, b are crys ta l l ine  substances that are quite soluble in alkalis and concentrated acids and 
only slightly soluble in most organic solvents .  

The methylthio der ivat ives  were obtained by methylation of IIa, b with methyl iodide in alkaline media.  
Thus 3-methyl th iopyr ido[2 ,3-e ] -asym-t r iaz ine  (IV) is obtained as yellow needles f rom IIa, and co lor less  1- 
me thy l -3 -methy l th io - l ,2 -d ihydropyr ido[2 ,3 -e ] -asym- t r i az ine  (IHb) is obtained f rom lib. It is in teres t ing that 
methylation of t r iazinethione IIa gives d i rec t ly  methylthio compound IV, i .e. ,  oxidative aromatizat ion of dihydro 
derivative of IIIa occurs  under  the methylat ion conditions. Compound IV reac t s  with sodium hydrosulfi te  in an 
aqueous suspension to give again co lor less  1 ,2 -d ihydro-3-methyl th iopyr ido[2 ,3-e ] -asym-t r iaz ine  (IIIa); r e -  
convers ion is accomplished by the action of a solution of K3Fe (CN)~ and also by s torage in air  of an alcohol 
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T A B L E  1. P y r i d o [ 2 , 3 - e ] - a s y m - t r i a z i n e s  

Com - 
pound 

i 
lIa ! 
l i b  Ilia 

iIIb 
IV VI ; 
VI 

~,:IIa 
Vllb 

mp. ~ 

225--227 
205--206 
215--217 
195--196 
160--161 
105--110 

(dec.) 
175--176 
137--138 
105--106 

Empirical 
formula 

C6H6N4S 
CzHsN4S 
CzHsN4S 
CsHioN4S 
CvH6N4S 
CTHsN4SO2 - 
-2HCI 
CzH6N4SO2 
CIoHuNsO 
C~oHnNs 

43.2 
46,5 
46,5 
50,1 
47,2 
30,6 

40,0 
54,9 
59,4 

Found, % 

H N 

3.4 33,4 
4,4 30,8 
4,4 30,8 
5,4 28,4 
3,5 31,5 
3,2 20,1 

3,1 26,5 
5,2 31,9 
6,O 34,2 

Calculated 

c H 

43,4 3,6 
46,7 4,5 
46,7 4,5 
49,5 5,2 
47,2 3,4 
30,1 2,8 

4O,O 2,9 
55,3 5,1 
59,7 5.5 

33.7 
31,1 
31,l 
28,9 
31,5 
19,8 

26,7 
32,2 
34,8 

Yield, 
~o 

55 
45 
80 
70 
50 
80 

60 
50 
30 
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Fig .  1. UV s p e c t r u m :  1) 3 - m e t h y l t h i o p y r i d o -  
[ 2 , 3 - e ] - a s y m - t r i a z i n e  (IV) in a l coho l ;  2) 3 -  
m e t h y l t h i o p y r i d o  [2 ,3-e  ]-  a s y m - t  r i a z i n e  (IV) 
in 20% so lu t i on  of  m o r p h o l i n e  in a l coho l .  

so lu t i on  o f  I I Ia  (this c o n v e r s i o n  can  be fo l lowed  s p e c t r o m e t r i c a l l y ) .  The s t r u c t u r e s  of  I Ia ,  b and IV w e r e  con -  
f i r m e d  by t h e i r  IB s p e c t r a  - s t r e t c h i n g  v i b r a t i o n s  of  the  NH g roup  a r e  o b s e r v e d  in the  s p e c t r a  of  I I Ia ,  b at 
3150-3250 c m  -1, w h e r e a s  the  v i b r a t i o n s  of  an NH g roup  a r e  absen t  in the  s p e c t r u m  of  IV. 

Ox ida t i on  o f  an aqueous  s u s p e n s i o n  of  m e t h y l t h i o  d e r i v a t i v e  IV with c h l o r i n e  gave  3 - m e t h y l s u l f o n y l -  
p y r i d o [ 2 , 3 - e ] - a s y m - t r i a z i n e  (VI), wh ich  was  i s o l a t e d  in the  d i h y d r o c h l o r i d e  f o r m ,  Th i s  c o n f i r m s  tha t  m e t h y l -  
a t ion of  th ione  I Ia  o c c u r s  at the  th ione  g roup  r a t h e r  than  at the  n i t r o g e n  a tom.  The m o i s t  d i h y d r o c h l o r i d e  of  
VI is  e x t r e m e l y  u n s t a b l e  in a i r ,  but it can  be s t o r e d  fo r  s e v e r a l  days  unchanged  o v e r  P205. The i s o l a t i o n  of  
su l fone  VI in f r e e  f o r m  is d i f f icu l t  b e c a u s e  of  i ts  e x c e p t i o n a l l y  h igh  r e a c t i v i t y .  Thus  it r e a c t s  wi th  a 1 . 5 - 2 -  
fold  e x c e s s  of  amine  at r o o m  t e m p e r a t u r e  in a few m i n u t e s  to  g ive  n u c l e o p h i l i c  s u b s t i t u t i o n  p r o d u c t s  VII .  The 
p r o p o s e d  m e t h o d  fo r  the  p r e p a r a t i o n  of  3 - s u b s t i t u t e d  p y r i d o [ 2 , 3 - e ] - a s y m - t r i a z i n e  d e r i v a t i v e s  is  s i m p l e r  than  
the  m u l t i s t e p  m e t h o d  d e s c r i b e d  in [3]. 

Dur ing  a s tudy  of  the  n u c l e o p h i l i c  s u b s t i t u t i o n  of  the  me thy l th io  g roup  in IV we m a d e  an i n t e r e s t i n g  o b -  
s e r v a t i o n .  W h e r e a s  the  e x p e c t e d  r e p l a c e m e n t  of  the  m e t h y l t h i o  g roup  by a m o r p h o l i n e  r e s i d u e  o c c u r s  when 
it is  h e a t e d  with  e x c e s s  m o r p h o l i n e ,  a compound  wi th  a c o m p o s i t i o n  c o r r e s p o n d i n g  to the  p roduc t  of  add i t ion  
of  a m o l e c u l e  of  the  amine  to  me thy l t h io  compound  IV is f o r m e d  at r o o m  t e m p e r a t u r e .  We a l so  o b s e r v e d  the  
f o r m a t i o n  of  t h i s  s o r t  of  adduct  in the  r e a c t i o n  of  me thy l t h io  compound  IV wi th  m o r p h o l i n e ,  h y d r a z i n e ,  and 
b u t y l a m i n e .  In the  f i r s t  two c a s e s  the  adduc t s  w e r e  i s o l a t e d  in c r y s t a l l i n e  f o r m ;  and in the  l a s t  c a s e  the  a d -  
duct  was  d e t e c t e d  s p e c t r o p h o t o m e t r i e a l l y .  

Compounds  V a r e  e x t r e m e l y  u n s t a b l e  - t h e y  g r a d u a l l y  sp l i t  out a m i n e s  ( p a r t i c u l a r l y  r e a d i l y  when they  
a r e  hea ted)  in a i r  to g ive  s t a r t i n g  m e t h y l t h i o  compound  IV. Sp l i t t ing  out of  m o r p h o l i n e  at 95-100 ~ was  o b -  
s e r v e d  du r ing  a s tudy  o f  adduet  V a  (in which  the  a m i n e  is  m o r p h o l i n e )  by t h e r m o g r a v i m e t l T ,  and m e l t i n g  of  
s t a r t i n g  IV was  r e c o r d e d  at 155-160 ~ D e c o m p o s i t i o n  o f  adduc t s  V to the  s t a r t i n g  c o m p o n e n t s  a l so  o c c u r s  
when t h e y  a r e  d i s s o l v e d  in v a r i o u s  s o l v e n t s  (a lcohol ,  b e n z e n e ,  and e t h e r ) .  

Dur ing  a s tudy  of  the  r e a c t i o n  of  m e t h y l t h i o  compound  IV with a m i n e s  in so lu t ion  we o b s e r v e d  tha t  i t s  
e l e c t r o n i c  s p e c t r u m  c h a n g e s  when amine  is  added:  the  i n t e n s i t y  of  the  m a x i m u m  at 390 n m  d e c r e a s e s ,  and 
a new m a x i m u m  a p p e a r s  at 350 n m .  A g r a d u a l  d e c r e a s e  in the  m a x i m u m  at 390 n m  (until  it v a n i s h e s  c o m -  
ple te ly} is  o b s e r v e d  as  the  amine  c o n c e n t r a t i o n  i n c r e a s e s ,  and t h e r e  is  a c o r r e s p o n d i n g  i n c r e a s e  in the  m a x -  
i m u m  at 350 n m  (F ig .  1). The  p r e s e n c e  of  a h y p s o c h r o m i c  sh i f t  m a k e s  it p o s s i b l e  to  a s s u m e  tha t  V is  not a 

943 



cha rge - t r ans f e r  complex (CTC), especial ly  since the methylthio compound does not form an adduct with more 
basic  t e r t i a r y  amines (for example, with t r ie thylamine) .  When deuterohydrazine is added to the methylthio 
compound, one observes  a shift of the signal of the methyl  group in the PMR spec t rum f rom 5 2.55 ppm to 
s t ronger  field to 6 2.40 ppm, whereas  the protons of the pyridtne fragments  are not shifted. It can be con- 
eluded f rom these data that adduct formation occurs  at the carbon atom in the 3 position, where the e lectron 
density is reduced.  Considering all of the above, two possible s t ruc tures  A and B can be assumed for adducts 

V. 

A B 

Structure A is excluded on the basis of the fact that the I1R spec t rum of adduct Va (in which the amine is m o r -  
pholine) does not contain any absorption at 2300-2700 cm -I  charac te r i s t i c  for the NH group. At the same t ime 
the spec t rum contains two absorption bands at 3180 and 3100 cm -~, which can be assigned to the vibrations 
of the NH group of adduct V. These bands are absent in the spec t rum of s tar t ing methylthio compound IV. 

All of the data presented above make it possible to conclude that an adduct to which s t ructure  B can be 
assigned with a considerable degree of likelihood is formed in the cold in the react ion of amines with methyl-  
thio derivative IV. 

~ Ci l  3 

The unusual addition of an amine to a heterocyel ie  compound at the ring --N=C--N= grouping is of interest  

for the study of the mechanism of nucleophtlic substitution of a methylthio group by an amino group and is worthy 
of fur ther  study. 

EXPERIMENTAL 

The electronic spectra were obtained with a Specord UV-vis spectrophotometer. The IR spectra of KBr 
pellets of the compounds were measured wRh a UR-20 spectrometer. The PMR spectra were recorded with 
a Perkin-Elmer R 12B spectrometer with hexamethyldisiloxane as the internal standard. The decomposition 
temperatures of Va,b were determined wRh a Panlik-Paulik-Erdey derivatograph. The physical character- 

istics of If-VII are presented in Table I. 

2-Amino-3-hydrazinopyridine (Ia). This compound was obtained by reduction of 2-nRro-3-hydrazino- 
pyridine [5] wRh tin in hydrochloric acid and was isolated in 75%yield as the dihydrochloride with mp 202- 
203 ~ (dec., from 18%HCl). Found: C 30.3; H 5.2; N 28.4%. CsHIoCI2N 4. Calculated: C 30.5; H 5.1; iN 28.6%. 

2-Amino-3-~-methylhydrazinopyridine fib). This compound was obtained by reduction of 2-nitro-3-e~- 
methylhydrazinopyridine [5] by the method in [4]. The resulting solution was used for subsequent cyclization 

without isolation of lb. 

1,2,3,4-Tetrahydropyrido[2,3-e]-asym-triazine-3-thione (IIa). This compound was obtained by reflux- 
ing an alcohol solution of the dihydroehloride of la with a twofold molar excess of carbon disulfide at pH 7-8 
for 5 h. Product IIa was removed by fikration and reprecipitated from alkaline solution by the addRion of 

acid. 

1 -Methy l - l ,2 ,3 ,4 - t e t rahydropyr ido[2 ,3 -e ] -asym- t r i az ine -3 - th ione  (IIb). This compound was obtained 
f rom Ib by the method used to obtain IIa and was reprecipt ta ted f rom alkaline solution by the addition of acid. 

1 -Methy l -3 -methy l th io - l ,2 -d ihydropyr ido[2 ,3 -e ] -asym- t r i az ine  (IIIb). A 0.1-g (0.51 mmole) sample 
of IIb was dissolved in a mixture of 10 ml of 50% aqueous alcohol and 0.15 ml of 30%aqueous NaOH, af terwhieh 
0.3 g (2.10 mmole) of CH3I was added, and the mixture was s t i r r ed  for 5 min. The result ing shiny plates of 
IIIb were removed  by fi l tration and crys ta l l ized  f rom alcohol. 

3-Methyl th iopyr ido[2 ,3-e] -asym-t r iaz ine  (IV). A) A 0.2-g (1.12 mmole) sample of IIa was dissolved in 
10 ml of water  containing a 1.5-fold molar  excess  of alkali, after  which 0.3 g (2.10 mmole) of CH3I was added, 
and the mixture was allowed to stand at room tempera ture  for 12 h. The result ing yellow needles of IV were 
removed  by fi l trat ion and crys ta l l ized  f rom water .  
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B) A 0.1-g (0.55 mmole)  sample  of IIIa  was suspended in a solution of 0.1 ml  of concentra ted  ammonium 
hydroxide,  0.5 g of K3Fe(CN) 6 in 3 ml  of wa te r  was added, and the mixture  was s t i r r e d  for  5 min. The mixture  
was then f i l te red  to r emove  IV, which was washed with water .  

1 ,2 -Dihydro -3 -me thy l th iopy r ido [2 ,3 -e ] - a sym- t r i az ine  (IIIa). A 0.2-g (1.12 mmole)  sample  of IV was 
s t i r r e d  in a solution of 0.3 g of sodium hydrosulf i te  in 5 ml  of water .  The mixture  was f i l te red  to r emove  IIIa,  
which was washed with water .  

3 -Methy l th io -3 -morpho l iny l -3 ,4 -d ihydropyr ido [2 ,3 -e ] - a sym- t r i az ine  (Va). A 0.2-g (1.12 mmole)  sample  
of V was s t i r r e d  in 5 ml  of alcohol with 0.5 g (5.8 mmole)  of morphol ine for  5 rain. The resul t ing precipi ta te  
was r emoved  by f i l t ra t ion and washed with e the r  to give Va in 60%yield. Found: C 49.9; H 5.8; N 26.8%. 
CllHisNsOsS. Calculated: C 49.9; H 5.7; N 26.4%. Compound Va underwent decomposi t ion to give s ta r t ing  
methylthio compound IV during r ec rys t a l l i za t ion  f r o m  water  and also when it was heated to 100 ~ 

3 -Methy l th io -3 -hydraz ino -3 ,4 -d ihydropyr ido [2 ,3 -e ] - a sym- t r i az ine  (IVb). This  compound was obtained 
in 60%yield by the method u s e d t o  p r e p a r e  Va. Found: C 40.1; tt 4.6; N 40.4%. C?H10N~S. Compound Vb 
underwent decomposi t ion to give s ta r t ing  IV during r ee rys t a l l i za t ion  f r o m  water .  

3 -Methy l su l fony lpyr ido[2 ,3 -e ] -a sym- t r i az ine  (VD. A 0.3 -g  (1.46 mmole) sample  of IV was suspended 
in 10 ml  of water ,  a f te r  which the suspension was cooled to 0 ~ and chlorine was bubbled through it with s t i r -  
r ing for 20 rain. The dihydroehloride was r emoved  by f i l t ra t ion and washed with 2 ml  of  e ther .  The f ree  base 
was isola ted by adding the calculated amount of an amine (hydrazine) to a suspension of the dihyroehloride in 
alcohol.  The prec ip i ta te  was r emoved  by f i l t ra t ion and washed with water .  

3 -Morpho l inopyr ido [2 ,3 -e ] - a sym- t r i az ine  (VIIa). A) A 0.1-g (0.35 mmole) sample  of the dihydroehloride 
of VI was suspended in alcohol, and 0.5 g (5.8 mmole)  of morphol ine was added. The resul t ing solution was 
vacuum evapora ted  to dryness ,  and the solid res idue  of t r i az ine  VII was c rys t a l l i zed  f rom water .  

B) A 0.01-g sample  of IV was ref luxed for  1 h in alcohol with a smal l  excess  of morphol ine .  C h r o m a -  
tographic  study of the reac t ion  mixture  a t tes ted  to the p resence  of VII along with s ta r t ing  methylthio com-  
pound IV. 

3 - P y r r o l i d i n y l p y r i d o [ 2 , 3 - e ] - a s y m - t r i a z i n e  (VIIb). A 0.1-g (0.35 mmole)  sample  of the hydroehlor ide 
of VI was suspended in alcohol, and 0.08 g (1.1 mmole)  of pyrro l id ine  was added. The solvent was vacuum 
evapora ted ,  and the res idue was dissolved in water .  The aqueous solution was made alkaline to pH 7-8 and 
ex t rac ted  with ch loroform.  Evapora t ion  of the ch lo ro fo rm gave VIIb, which was c rys ta l l i zed  f r o m  pe t ro leum 
e ther -d ieh lo roe thane .  

1, 
2. 
3. 
4. 
5. 
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