
INVESTIGATION OF NITROGEN- AND SULFUR- 

CONTAINING HETEROCYCLES 

XXIII.* SYNTHESIS OF 6-AMINO DERIVATIVES OF PYRIMIDO[4,5-b]-, 

PYRAZINO[2,3-b]-, AND PYRIDO[2,3-b]-I,4-THIAZINES 

T. S. Safonova, M. P. Nemeryuk,  UDC 547.853.7'854.1'861.6'822.7'825'869: 
L. A. Myshkina, and N. I. T raven '  543.422.25.4.6 

The reac t ion  of o -aminomercap to  der ivat ives  of pyrimidine,  pyrazine ,  and pyridine,  with a -  
halo acid n i t r f les  was invest igated.  The corresponding cyanoalkylthio he te rocyc les ,  which 
were  conver ted  to 6-amino der iva t ives  of pyr imido[4,5-b]- ,  pyrazino[2,3-b]- ,  and pyr ido-  
[2 ,3-b]- l ,4- th iaz ines ,  were  obtained. The s t ruc tu res  of the substances obtained were  con-  
f i rmed  by IR, UV, and PMR spec t roscopy.  

In connection with a s ea rch  for  anti tumorigenic substances [1], we undertook the synthesis  of p rev ious -  
ly unknown 6-amino der iva t ives  of pyr imido-  and pyraz ino- l ,4 - th iaz ines  [2], as well as the l i t t le-s tudied 
6-aminopyr ido- l ,4 - th iaz ine  [3]. With this end in mind, we studied the react ion of o -aminomercap to  de r iva -  
t ives of pyr imidine (Ia-f), pyraz ine  (Ha-c), and pyridine (IHa-b) with a -ha lo  acid n i t r i l e s .  

R! RI 
I 

R/L"~N ~'~ S H ; R/}~N '''K'$ H " R~N ~'~'" $" ,/"SCH R~CN 

l a - f  11 a-(~ I I I  a'b VI-XV! XVII-XXV|I 

5-Amino-6-cyanoalkyl thiopyr imidines  (VI-X, Table 1) were  isolated f rom the react ion of 4-methoxy- ,  
2 -amino-4 -me thy l - ,  4 - ch lo ro - ,  2 -amino-4-hydroxy- ,  4-methyl th io- ,  and 4 -benzy l th io -5 -amino-6 -mercap to -  
pyr imidines  (Ia-f) with an equimolecular  amount of alkali at 40-60~ The action of excess  alkali on VI- 
VIII and X gave 6-aminopyrimidothiazines  (XVII, XVIII, and XXI, Table 2). In the case  of 2 ,5-diamino-4-  
hydroxy-6-cyanomethyl th iopyr imidine  (IX) under s imi l a r  conditions, we isolated 2 -amino-4 -hydroxy-  
pyr imido[4 ,5 -b] - l ,4 - th iaz in -6-one  (XXVIII), which is apparent ly formed as the r e su l t  of hydrolysis  of the 
corresponding 6-aminopyrimidothiazine.  The s t ruc tu re  of XXVIH was conf i rmed by al ternat ive synthesis  
f rom 2 ,5 -d iamino-4-hydroxy-6-mercap topyr imid ine  (Id) and chloroacet ic  acid.  

When 4-ch loro-5-amino-6-cyanomethyl th iopyr imid ine  (VHI) is heated with alcoholic KOH, r ep l ace -  
ment  of the chlor ine atom by a OCH 3 group occurs  s imultaneously with cycl izat ion to give 4-methoxy-6-  
aminopyrimidothiazine (XVII). 

2-Cyanoalkyl th io-3-aminopyrazines  (XI-XIII, Table 1) were  obtained by the reac t ion  of 5 ,6-dimethyl-  
and 5 ,6 -d iphenyl -2 -mercap to-3-aminopyraz ines  (IIb-c) with a -h a lo  acid n i t r i l es  under  the conditions of 
the synthesis  of VI-X. Compounds XI-XIH are  more  stable than the analogous pyr imidine  der ivat ives ,  
which is  due to the a orientation of the NH 2 group with respec t  to the cycl ic  ni t rogen a tom.  Thus XI and 
XIH are  conver ted  to 6-aminopyrazinothiazines  (XXIH and XXV, Table 2) on refluxing with alcoholic alkali.  
When a phenyl group is p resen t  in the cyanomethyl  grouping (XII), cycl izat ion is accomplished by the action 

*See [10] for  communicat ion XXII. 
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TABLE 1 

Comp. / r~ 

VI H 
VII j NH2 

VIII I H 
IX I NH2 
X H 

XI ] CHa 
XII I CHa 

XlII Calls 
XlV I CI 
XV CI 

XVI OCH 

RI 

N//'~TN H2 

R/~-N~J" SCH R2CN 

RI ~N NH 2 

R -'~,N--~\ S Ctl R~C N 

RI 

Vl-lX X I - X I I I  XIV-XV| 

,mp, ~ * Empirical 
R~ formula 

Found, % Cale., % 

 i:i-I C H N S N 

OCH H 102--104 
CHa I129--13,1 
CI H 152--153' 

145--14G 
CH~ 176~ 1,77 ' 
CHa C6H5 15~5~157 
CGHs H 179--I@9 
H H 94--95 H C6H5 97--98 
H 64--~5 

CTHsN40S 
CvHgNsS 
C6HsCIN4S 
C6HTN~OS 
C,aHI~N4OS 
CaHmN4S 
CI4tII4N~S 
C18HlaJN4S 
C71-16C INaS 
ClaHmCINaS 
CsHgNaOS 

143,21 4,2 28,3 
i 4k2,9 4,8 36,1 
35 7 2,7[ 28,9 

135,8 3,8!35,7 
57,1 4,3 20,2 
49,5:5,41 '28,9 
52,0j 4 9 20,6 
581}4g1173 
42:2 3:01 ~1:1 
57,0, 3,6 15,0 
49,2]4,6 21,5 

~teld, 

s |% 
' t  10,7 42,8:4.1 28,5 16,3 

43,114,6/35,91 -- i 
16,0 3,5,912,5! 27,9 , 10,01 
15,8 35,5] 3.6 i 35,5 16,2 
1t,9 57,314,4120,51 11,8[ 
16,8 4~3,5 5,2/28,91 15,5 I 
11,8 62,2 5,2 20,7 11,9 
9,9 0,8,9 4,4~j 17,6 10,0 

16,0 42,6} 2,8 i 21,1 i 16,3] 
11,4 5~,6 3,0 15,2[ 11,6 I 
16,4 48,9 4,6 21,3 16,3 

78 
85 
87 
70 
87 
65 
75 
82 
75 
56 
88 

* Compound VI was  r e c r y s t a l l i z e d  f r o m  benzene ,  while  the o ther  
compounds  w e r e  r e c r y s t a l l i z e d  f r o m  wa te r  (VII-IX), a lcohol  (X), 
methanol  {XI-XIII), aqueous a lcohol  {XIV), cyc lohexane  (XV), and 
e t h e r - p e t r o l e u m  e the r  (XVD. 

of sod ium alkoxide and g ives  6 - a m i n o - 7 - p h e n y l p y r a z i n o t h i a z i n e  (XXIV). 

The ex tens ion  of the inves t iga ted  r eac t ion  to 2 - m e r e a p t o - 3 - a m i n o p y r i d i n e s  (Ilia,b) made  it poss ib le  
to uncove r  pecu l i a r i t i e s  in the c o u r s e  of  it that  a r e  caused  by the na tu r e  of the pyr id ine  r ing .  As  a c o n s e -  
quence of the high nucleophi l ic  s t r e n g t h  of the NH 2 group  in I I Ia ,b  as c o m p a r e d  with s i m i l a r  py r imid ine  
de r i va t i ve s ,  the p r i m a r y  r eac t i on  p roduc t s  (XIV,XVI, Table  1) can be i so la ted  only when the p r o c e s s  is 
c a r r i e d  out under  mi ld  condi t ions  (0-5~ 6 -Aminopyr ido th i az ines  (XXVI and XXVII, Table  2) a re  obtained 
when the S - c y a n o m e t h y l  de r iva t ives  (XIV, XVI) a re  t r e a t e d  with a lcohol ic  alkal i  at 18-20 ~ . 

I t  is m o r e  convenient  to obtain 6 - a m i n o p y r i m i d o -  and py raz ino th i az ines  (XVII-XXI, XXII-XXV) wi th-  
out i so la t ion  of  the i n t e rm e d i a t e  S - c ya noa l ky l - subs t i t u t ed  compounds .  In this  ca se ,  the r eac t ion  of o - a m i n o -  
m e r c a p t o p y r i m i d i n e s  and p y r a z i n e s  is c a r r i e d  out in the p r e s e n c e  of e x c e s s  alkal i .  The  s t r u c t u r e s  of the 
i n t e rmed ia t e  subs t ances  (VI-X-VI, Table  1) and 6 - amino  de r iva t i ve s  of the t w o - r i n g  1 ,4 - th iaz ine  s y s t e m s  
(XVII-XXV, Table  2) w e r e  c o n f i r m e d  by  m e a n s  of IR, PMR,  and UV s p e c t r o s c o p y .  The IR s p e c t r a  of VI -  
XVI conta in  an absorp t ion  band  of a C ~ N g roup  (2000-2300 c m - l ) ,  which van i shes  dur ing  cyc l iza t ion  of 
these  subs t ances  to 6 -amino  de r iva t ives  XVII-XXVII .  It follows f r o m  the data  of the PMR s p e c t r a  of XVII, 
XXII, and XXVI that  the double bond in the th iaz ine  r ing  is in the  5,6 pos i t ion  (from the p r e s e n c e  of  a s i ng -  
let  of the 7-CH 2 g roup  at 6 3 .73-4 .53 ppm).  The IR s p e c t r a  of the inves t iga ted  amines  conta in  absorp t ion  
bands  at i590-1620 ,  3300-3330,  and 3380-3450 c m  -1, which  a re  c h a r a c t e r i s t i c  fo r  a p r i m a r y  NH 2 group,  
and a C -----N absorp t ion  band at 1630-1670 c m  -1 . I t  was  a lso  d e m o n s t r a t e d  that  the in tens ty  of bands  r e -  
la ted  to the  de fo rmat ion  v ib ra t ions  of the  NH 2 g roup  (1590-1620 c m  - l)  d e c r e a s e s  when the compounds  a re  
deu t e r a t ed  by m e a n s  of C2HsOD. The  UV s p e c t r a  of the 6 - amino  de r iva t i ve s  (XVII-XXVII) do not  change  
on pass ing  f r o m  nonpo la r  so lvents  (dioxane, c h l o r o f o r m )  to a lcohol  and a l c o h o l - w a t e r  m i x t u r e s ,  which  is 
ev idence  tha t  the inves t iga ted  compounds  ex i s t  in the  amino f o r m .  

The  p r e v i o u s l y  unde sc r i be d  2 , 5 - d i a m i n o - 4 - h y d r o x y - 6 - m e r c a p t o p y r i m i d i n e  (Id) was  obta ined by t r e a t -  
men t  of 2 - a m i n o - 4 - h y d r o x y - 5 - n i t r o - 6 - c h l o r o p y r i m i d i n e  with a lcohol ic  NaSH solut ion with subsequent  r e -  
duction of the r e su l t i ng  n i t r o m e r c a p t o  de r iva t i ve s  by sod ium hydrosu l f i t e  in a lkal i  med ia .  4 - M e t h y l t h i n - 5 -  
a m i n o - 6 - m e r c a p t o p y r i m i d i n e  fie) was  obtained by r eac t ion  of 4 - m e t h y l t h i o - 5 - a m i n o - 6 - c h l o r o p y r i m i d i n e  
(IV) with P2S5. A s i m i l a r  me thod  was  u s e d  to obtain 4 - b e n z y l t h i o - 5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e  ~ ) .  4 -  

C h l o r o - 5 - a m i n o - 6 - m e t h y l t h i o -  and 4 - c h l o r o - 5 - a m i n o - 6 - b e n z y l t h i o p y r i m i d i n e s  (IV, V) w e r e  syn thes i zed  by 
alkylat ion of  4 - c h l o r o - 5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e  (If) with me thy l  iodide and benzy l  ch lo r ide ,  r e s p e c -  
t ive ly .  
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E X P E R I M E N T A L  

The IR spec t ra  of mineral-oi l  suspensions of the substances were recorded with a UR-10 spec t ro -  
photometer .  

The star t ing 4 -methoxy-5-amino-6-mercap topyr imid ine  (Ia), 2 ,5 -d iamino-4 -me thy l -6 -mercap to -  
pyrimidine (ib), and 4 -ch lo ro -5 -amino-6-mercap topyr imid ine  (Ic) were obtained by the methods in [6,7]. 
2 -Mercapto-3-aminopyraz ine  (IIa) and 2 -mercap to -3 -amino-5 ,6 -d ime thy l -  and 2 -merc  ap to-3-amino-5 ,6-  
diphenylpyrazines (IIb,c) were synthesized by the methods in [8]. 2 -Mercap to -3 -amino -6 -ch lo ro -  and 2- 
mercap to-3-amino-6-methoxypyr id ines  (IIIa,b) were obtained via the method in [9]. 

2 ,5 -Diamino-4-hydroxy-6-mercaptopyr imid ine  (Id). A 13.5-g (0107 mole) sample of 2 -amino-4-  
hydroxy-5-n i t ro -6-ch lo ropyr imid ine  [4] was added to a solution of NaSH obtained by saturation of a solution 
of 4.2 g (0.105 mole) of NaOH in 140 ml of methanol with H2S. The mixture was s t i r red  at 20 ~ for 4 h, and 
the solvent was removed by vacuum distillation. The res idue was dissolved in 10% aqueous NaOH, about 
37 g (0.2 mole) of Na2S204 was added in smal l  portions to the solution, and the mixture was s t i r red  at 50 ~ 
for 30 rain. The reaction mixture was tested for the presence  of Na2S204 (with respec t  to methylene blue), 
and when the reaction was positive the solution was f i l tered and acidified with acetic acid to give 7.2 g 
(59%) of Id with m p >  300 ~ The substance was purified for analysis by reprecipitat ion f rom alkaline solu-  

tion by the addition of acetic acid. Found: C 30.1; H 4.0; N 35.5%. C4HoN4OS. Calculated: C 30.4; H 3.8; 
N 35.4%. 

4-Chloro-5-amino-6-methyl th iopyr imid ine  (IV), A 3-ml  (68 mmole) sample of CH3I was added at 20 ~ 
to a solution of 1 g (6.2 mmole) of Ic in 30 ml of methanol containing 0.4 g (7.1 mmole) of KOH, and the mix-  
ture was s t i r red  for 20 h. The solvent was removed by distillation, and the residue was extracted with 
e ther .  The ether extracts  were  passed through a column filled with A1203. Evaporation of the e ther  eluates 
gave 0.8 g (73%) of IV with mp 93-95 ~ Found: C 34.1; H 3.4%. C~H6C1N3S. Calculated: C 34.2; H 3.4%. 

4-Chloro-5-amino-6-benzyl th iopyr imidine  (V). This compound was obtained in 88% yield by a method 
s imi la r  to that used to p repare  IV by reaction of equimolecular  amounts of Ic and benzyl chloride.  The 
product had mp 75-77 ~ Found: C 52.4; H 4.1%. CIIH10C1N3S. Calculated: C 52.5; H 4.0%. 

4-Methyl th io-5-amino-6-mercaptopyr imidine  (Ie). A mixture of 2 g (0.011 mole) of IV and 7 g (0.031 
mole) of P2S~ in 50 ml of pyridine was heated at 95-98 ~ for 2 h. The solvent was removed by vacuum dist i l -  
lation, 100 ml of water  was added to the residue,  and the mixture was refluxed for 2 h. It was then made 
alkaline with NaOH solution, f i l tered,  and acidified with acetic acid to give 1.5 g (76%) of Ie with mp 241- 
243 ~ (alcohol). Found: C 34.8; H 4.2; N 24.0; S 36.8%. C5HTN3S 2. Calculated: C 34.7; H 4.1; N 24.2; S 37.0%. 

4-Benzyl th io-5-amino-6-mercaptopyr imid ine  (If) [5]. This compound was obtained in 63% yield via a 
method s imi la r  to that used to prepare  Ie by reaction of V with P2S5. The product had mp 178-179 ~ (alco- 
hol). Found: C 52.7; H 4.2; N 16.8; S 25.3%. CllHllN3S 2. Calculated: C 53.0; H 4.4; N 16.8; S 25.'~c. 

5-Amino-6-cyanoalkyl thio Derivat ives of Pyrimidine,  Pyraz ine ,  and Pyridine (VI-XVI). A 0.01-mole 
sample of the appropriate o -aminomercap to  derivative in 40 ml  of methanol containing 0.012 mole of KOH 
was added in the course  of 4 h at 60 ~ to a solution of 0.013 mole of C1CH2CN or C6HsCHBrCN in 20 ml of 
methanol.  The reaction mixture was held at 60 ~ for another hour,  the solvent was removed by distillation. 
The res idue was t r i tura ted with water ,  and the solid was removed by filtration and rec rys ta l l i zed .  In the 
preparat ion of XIV-XVI, the react ion was ca r r i ed  out at -10 to -5  ~ (Table 1). 

6-Amino Derivatives of Pyr imido[4 ,5-b] - l ,4 - th iaz ine  {XVII-XXI). A total of 20 ml of a 4% solution 
of KOH in methanol was added to the react ion mass  obtained under the conditions of the synthesis  of VI-  
XIII, and the mixture was allowed to stand at 18-20 ~ for 24 h. The solvent was removed  by distillation, and 
the residue was t r i tura ted  with water  and recrys ta l l i zed .  

6-Amino Derivatives of Py raz ino -  and Pyr ido [2,3-b]- l ,4- thiazine (XXIII, XXV-XXVII). These c o m -  
pounds were obtained by a method s imi la r  to that used to prepare  pyrimidothiazines,  with the difference 
that the react ion mixture was heated at 60 ~ for  1 h after addition of the alkali solution. Compound XXII was 
obtained under the conditions of the synthesis of VI-XIII by the reaction of equimolecular  amounts of IIa 
and C1CH2CN. Compound XXIV was obtained by refluxing XII in 2% sodium methoxide solution in methanol 
for 30 rain (Table 2). 

2 -Amino-4-hydroxypyr imido[4 ,5-b] - l ,4 - th iaz in-6-one  (XXVIII). A) A solution of 0.4 g of IX in 20 ml 
of 4% aqueous KOH was held at 20 ~ for 96 h. It was then acidified with acetic acid, and the precipitate was 
removed by filtration to give 0.2 g (50%) of XXVIII with m p >  300 ~ (from water) .  
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B) A solution of 3 g (1.9 mmole) of Id and 1.8 g (1.9 mmole) of chloroacet ic  acid in 35 ml of 2 N KOH 
was heated at 95-98 ~ for  2 h, cooled to 20 ~ and acidified to pH 3-2 with HC1. The mix tu re  was heated for 
another 30 min at 95-98 ~ f i l tered,  and neut ra l ized  with aqueous sodium acetate  to give 3 g (79%) of XXVIII 
with mp > 300 ~ (from water) .  Found: C 36.0; H 3.2; N 28.2; S 15.7~c. C6H6N402S. Calculated: C 36.4; H 
3.0; N 28.3; S 16.2%. The IR spec t ra  of substances obtained by methods A and B were  identical.  
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