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2-Carbamoyl imino-  and 2-thioca rbamoyl imino-4-oxo-3 ,4 -d ihydro-2  H-benzo [ el -1,3- thiaz ine 
der iva t ives  were  obtained by condensation of thiosal icyl ic  acid with 3-alkyl (aryl)-substi tuted 
cyanoureas  and cyanothioureas .  2 -Hydroxy-3-mercap toqu ino l ine -4-ca rboxy l ic  acid reac t s  
s imi la r ly .  

2-Substituted 4-oxodihydrobenzo (naphtho)-l ,3-thiazine der iva t ives  were  obtained by react ion of o -  
mercaptocarboxyl ic  acids with cyanamide and its der iva t ives  [ 1-3] .  Compounds of this type a re  of definite 
in te res t  since they have fungicidal action and a r e  also effective antioxidants for cured  rubbers  [4, 5]. 

In the present  r e s e a r c h ,  we have studied the react ion of thiosal icyl ic  acid (I) and 2 - h y d r o x y - 3 - m e r -  
captoquinol ine-4-carboxyl ic  acid (1I) with var ious cyano der iva t ives .  Acid I r eac t s  with 3-alkyl (aryl) -sub-  
sti tuted cyanoureas  and cyanothioureas  to give 2-subst i tuted 4-oxo-3 ,4-d ihydro-2H-benzo[  e l -1 ,3- th iaz ine  
(III-VII) : 

O 

+ N~C--NH--C--NHR ~--~'~'~s'~NCNH R $H 
II 
X 

I Eli-VIE 

+ H20 

lIE x=O, R=C6H5; IV x=O, R=o.-CInHT; v x=O, R=CH3; VI x -S ,  P,=CH2--CH=CIt~; 

VIE •=S, R=C6H 5 

Condensation of acid I with 1,6-bis (cyanocarbamoylimino)hexane gave 1,6-bis (4-oxo-2 ,3 ,4-dihydro-2H- 
benzo [ el -1 ,3- th iaz iny l -2-carbamoyl imino)hexane  (VIII). 

When III-VIII a re  heated with dilute hydrochlor ic  acid,  the group inthe 2 position is replaced by oxygen. 
The resul t ing 2 ,4-dioxo-2 ,3 ,4-dihydro-2H-benzo[  el -1 ,3- th iaz ine  (IX) is then hydrolyzed to acid I. The th i -  
azine ring is cleaved during alkaline hydrolys is  to give the sal t  of acid I. 

3 -Substituted 1 -oxo-5-hydroxy-2 ,3 -d ihydro-1  H-1,3 -thiaz ino [ 6,5-c] quinolines (X-XV) a re  obtained in 
the condensation of  acid II with cyanamide,  cyanourea ,  and 3-alkyl (aryl)-subst i tuted cyanoureas .  

H ~ 
s x R=H; xl r~cONlt2; 

~ O  Xll R=CONItC61tS; XIII R=CONHCIoH?'ff.; 
tl XIV R=CSNHCH3; XV R=CSNHC6H 5 

X-XY 

When X-XV a re  heated with dilute hydrochlor ic  acid o r  alkali ,  the thiazine r ing is cleaved to give the 
s tar t ing acid (11). 

* See [ 1] for  communicat ion II. 
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T A B L E  1. 2 - S u b s t i t u t e d  4 - O x o - 3 , 4 - d i h y d r o - 2 H - b e n z o [  e] - 1 , 3 -  
t h i a z i n e s  0II - IX)  and 3 - S u b s t i t u t e d  1 - O x o - 5 - h y d r o x y - 2 , 3 - d i h y d r o -  
1 H - 1 , 3 - t h i a z i n o [  6 ,5-c]  qu ino l i ne s  (X-XV) 

Decomposi- 
Compound tion temp.. 

t ~  __ 

Ill 234 
1V 185 
V t75 

VI 277 
VII 203 

VllI 212 
1X 296 
x 3OO 

XI 256 
XII 236 

XIII 312 
XIV 260 

]Found, % 
Empiricalformula i -  N- i S 

Calc., % 
N S Yield, 

C,sH,INsO~S 
C,oHgN~OS2 
CI2HIINsOS2 
C,9HnNsOS2 
C~sHIINsOS2 
C24H2~N604S2 
C I, HTNa02S 
C~2HsN~OsS 
CItHI2N4OsS 
C~2HI~N4OsS 
CIaHIoN40~S2 
C18HI2N40=S2 

138 1 
16:5 t 
15,o I 
11,8 
13.2 
16,2 
t 7,5 
19,5 
16,6 
13,7 
17,8 
14,8 

10,8 14,2 
12,5 16,7 
23,4 15,2 
9,2 12,1 

20,5 13,4 
12,2 16,0 
13,5 17,I 
11,3 19,4 
8,9 16,5 
7,5 13,5 

19,9 17,6 
16,3 14,8 

10,8 
12,8 
23,1 
9,2 

20,3 
12,2 
13,1 
11,1 
9,1 
7,7 

19,1 
16,1 

36 
44 
45 
40 
40 
64 
5t 
76 
65 
45 
40 
3S 

% 

Dicyanamide could not be  introduced into the condensat ion with II because  of the low act ivi ty  of the 
n i t r i le  group. 

EXPERIMENTAL 

The IR spectra of potassium bromide pellets of the investigated compounds (3% concentrations) were 
obtained with a UR-10 spectrometer ~ith KBr, NaCI, and Li F prisms. 

2-Phenylcarbamoylimino-4-oxo-3,4-dthydro-2H-benzo [ el -I ,3-thiazine (Ill). A 3.8-g (0.025 mole) 
sample of acid I, 4.6 g {0.025 mole) of the sodium salt of phenylcyanourea, I0 ml of water, and 3 mi of acetic 
acid were introduced into 25 ml of dimethylformamide (DMF), and the resulting solution was refluxed for 
2 h. The DMF was removed by steam distillation, the solution was cooled, and the precipitated Ill was re- 
moved by filtration. The filtrate was acidified with hydrochloric acid, and another certain amount of the 
same compound was isolated. Crystallization from acetic acid gave colorless needles. 

Compounds IV, V, and V]I[ (see Table i) were similarly obtained. 

The synthesized compounds are weakly colored substances that are soluble in acetic acid, pyridine, 
and D M F ,  and  i n s o l u b l e  in a l c o h o l s  and w a t e r .  

2 - A l l y l t h i o e a r b a m o y l i m i n 0 - 4 - o x o b e n z o - 3 , 4 - d i h y d r o - 2 H - b e n z o  [e] - 1 , 3 - t h i a z i n e  (V1). An 8.2-g (0.05 
mole )  s a m p l e  of  the  s o d i u m  s a l t  of  3 - a l l y l c y a n o t h i o u r e a  d i s s o l v e d  in 25 m l  of  w a t e r  and  3 ml  of  a c e t i c  a c i d  
was  added  to a so lu t ion  of  6.7 g (0.05 mole )  of  a c i d  I in  50 m l  of  a l c o h o l ,  and the  m i x t u r e  was  h e a t e d  on a 
b o i l i n g - w a t e r  ba th  for  1 h. It was  then  c o o l e d ,  and the  p r e c i p i t a t e d  VI was  s e p a r a t e d .  

Compound VII was  s i m i l a r l y  ob t a ined .  

2 , 4 - D i o x o - 3 , 4 - d i h y d r o - 2 H - b e n z o [  e ] - 1 , 3 - t h i a z i n e  (IX). A 3-g s a m p l e  of  VIII  was  a d d e d  to 30 ml  of  
a c e t i c  a c i d ,  10 m l  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was  a d d e d ,  and the  m i x t u r e  was  r e f l u x e d  fo r  10 ra in .  
W a t e r  (50 ml)  was  a d d e d  to the  coo l ed  r e a c t i o n  m a s s ,  and the  p r e c i p i t a t e  was  s e p a r a t e d ,  w a s h e d  wi th  s o d i u m  
b i c a r b o n a t e  so lu t i on ,  and  d i s s o l v e d  in 1 N of  a l k a l i  so lu t ion .  A c i d i f i c a t i o n  with  h y d r o c h l o r i c  a c i d  p r e c i p i t a t e d  
IX. C r y s t a l l i z a t i o n  f r o m  a l coho l  gave  0.7 g (67%) of  c o l o r l e s s  c r y s t a l s  wi th  mp  209-212 ~ The  compound  
w a s  i d e n t i f i e d  by  a m i x e d - m e l t i n g - p o i n t  d e t e r m i n a t i o n  [2]. 

Compounds  m - V I I I  w e r e  s i m i l a r l y  h y d r o l y z e d .  

1 - O x o - 3 - i m i n o - 5 - h y d r o x y - 2 , 3 - d i h y d r o - l H - 1 , 3 - t h i a z i n o  [6,5-c] qu ino l ine  (X). A 1.29-g (0.0 3 mole )  
s a m p l e  of  fu sed  c y a n a m i d e  w a s  a d d e d  d r o p w i s e  to a r e f l u x i n g  so lu t ion  o f  5.52 g 0 .025  mole)  of a c i d  II in 
25 m l  of d i o x a n e ,  a f t e r  which  the  m i x t u r e  was  hea t ed  fo r  2.5 h ,  At  the  end of  the  r e a c t i o n ,  the  d ioxa ne  was  
r e m o v e d  by  v a c u u m  d i s t i l l a t i o n  on  a w a t e r  ba th ,  t he  s o l u t i o n  was  c o o l e d ,  and  the  p r e c i p i t a t e d  X w a s  s e p a -  
r a t e d .  W a t e r  (100 ml)  was  a d d e d  to  t he  f i l t r a t e ,  and  a c e r t a i n  a m o u n t  of  the  s a m e  s u b s t a n c e  was  p r e c i p i t a t e d .  
The  p r o d u c t  was  p u r i f i e d  by  r e f l u x i n g  with  a c t i v a t e d  c h a r c o a l  in DMF.  

1 - O x o - 3 - m e t h y l t h i o c a  r b a m o y l i m i n o - 5 - h y d  r o x y - 2 , 3 - d i h y d r o - 1  H - 1 , 3 - t h i a z  ino [6,5-c]  qu ino l ine  (XIV). A 
6.9-g (0.06 mole )  s a m p l e  of  t he  s o d i u m  s a l t  o f  m e t h y l c y a n o t h i o u r e a  and 50 ml  of  g l a c i a l  a c e t i c  a c i d  w e r e  
added  to a so lu t i on  of  11.4 g 0 .05  mole )  of  a c i d  II in  40 rnl of  d i o x a n e ,  and the m i x t u r e  was  h e a t e d  at  105-  
110 ~ for  4 -4 .5  h and a l l o w e d  to s t and  fo r  24 h. The  p r e c i p i t a t e d  XIV was  s e p a r a t e d  and r e p r e c i p i t a t e d  f r o m  
DMF.  
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Compounds XI-XIII and XV (see Table 1) were  s imi la r ly  obtained. The compounds obtained were 
hydrolyzed as descr ibed above. 

Compounds X-XV were  l ight-brown and soluble in pyridine,  DMF, dioxane, and alcohols ,  and insoluble 
in benzene, ether ,  and water .  

The IR spec t ra  of XII and XV contained absorpt ion bands charac te r i s t i c  for the quinoline r ing at 1635, 
1600, 1505, and 1415 cm -1 and bands charac te r i s t i c  for the s tretching vibrations of the C = O group at 1715- 
1720 cm -l. The band at 3260 em -i  is ,  in all likelihood, due to the vibrat ion of the ring NH bond, while the 
absorpt ion band at 1330 cm -~ should per ta in  to the C = S s t re tching vibrations [6]. 

1.  

2, 

3. 
4. 
5. 
6. 
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