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2 - M e r c a p t o - 3 - u r e i d o - 6 - c h l o r o p y r i d i n e  r e a c t s  with the ortho, meta ,  and p a r a  de r iva t ives  
of phenacyl  hal ides  to give 2 -phenacy l th io -3 -u re ido -6 -ch lo ropyr id ines ,  which a r e  read i ly  
cycl ized  to 6-arylpyr ido[2 ,3-b][1 ,4] th iaz ines  r e g a r d l e s s  of the p r e s e n c e  o r  absence  of a 
subst i tuent  in the m e t a  and p a r a  posi t ions  of the benzene r ing .  

In o rde r  to syn thes ize  6-ary lpyr ido[2 ,3-b]  [1,4]thiazines f rom 2 - m e r c a p t o - 3 - u r e i d o - 6 - c h l o r o p y r i d i n e  
(I}, we invest igated the reac t ion  of I with the ortho, meta ,  and p a r a  de r iva t ives  of phenacyl  ha l ides .  Com-  
pound I r eac t s  with o - eh lo ro - ,  o - b o r o m o - ,  o - iodo- ,  o - m e t h y l - ,  o- ,  m - ,  and p- f luoro ,  and o ,p -d imethoxy-  
phenacyl  hal ides  and bromophenyl  i sopropyl  ketone to give 2 -phenacy l th io -3 -u re ido -6 -ch lo ropyr id ines  (III-  
XI, Table  1). In the p r epa ra t i on  of IV and V, we a l so  i so la ted  6-arylpyr ido[2 ,3-b][1 ,4] th iaz ines  (XII and 
XIII}. Compounds HI and VI-X, which have a subst i tuent  in the ortho posi t ion of the benzene r ing  of the 
carbonyl  f r agmen t  of the molecule ,  do not change on standing in a i r  and in solution and during r e c r y s t a l -  
l izat ion f r o m  polar  solvents  and f o r m  hydrazones  XV and XVI. On the o ther  hand, r e g a r d l e s s  of  the p r e s -  
ence or  absence  of a subst i tuent  in the m e t a  and p a r a  posi t ions,  IV, V and XI a r e  unstable,  and a r e  cycl ized 
to 6 -a ry lpyr ido th iaz ines  (XII-XIV} on standing in alcoholic  a lkal i  solutions or  on heat ing with d imethy l -  
f o r m a m i d e  (DMF). This p r o c e s s  is accompanied  by faci le  spli t t ing out of a u r e a  res idue .  Compounds III  
and VI-X, in which the or tho subst i tuent  s t e r i ca l ly  hinders  the fo rmat ion  of an N s - C  6 bond, a r e  not cyc l ized  
to 6 -a ry lpyr ido th iaz ines .  A u r e a  res idue  is not spli t  out in this ca se  even under  m o r e  s e v e r e  condit ions.  

~ N  HCON H2_...~ ~ N  HCON H2 ~ ~ f ' N H C O N H 2  

CI / ~':N I ~SH CI / ~<N/ ~'S--C(R)2COCsH4R' CI / "~N / ~'S--C(R)2--~--CsH4R, 
N--N HC~ H3(NO:~) 2 

I A III-XI 

KOH 

R 

11 B XII-XIV 

XV-XVI 

iII R=H, RI=o-F; IV R=H, R~=m-F; V R=H, R~=P=F; VI R=H, R1=o-Br; VII R=H, 
RL=o-C1; VIII R=H, RI=o-CH3; IX R=H, R~=op-(CH30)2; X R=H, R~=o-I; XI R=CHa, 
R~=H; XII R=H, Rl=rn-F; XIII R=H, R~=p-F; XIV R=CH3, R~=H; XV R=H, R~=o-F; 

XVI R=H, Rl=o-Br 

6-Arylpyr ido th iaz ines  XIII and XIV w e r e  a lso  synthes ized  by reac t ion  of 2 - m e r c a p t o - 3 - a m i n o - 6 -  
chloropyr id ine  (II) with p- f luorophenacyl  halide and bromophenyl  i sopropyl  ketone, r e spec t ive ly .  

*See [1] fo r  communicat ion  XXIX. 
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T A B L E  1. C h a r a c t e r i s t i c s  of the Compounds  Obta ined 

Corn- mp, ~ a 
pound 

Ill 195--197 
IV Z17--219 
V 205--207 

VI 205--207 
VII 184--185 

VIII 190--192 
IX 175--177 
X 187--189 

XI 170--172 
XII 152--154 

XIII 142--144 
XIV 95--96 
XV 225--227 

XVI 188--190 

Empirical I 
formula 

[ 

C~4HnCIFNsO~S 49,6 3,0 
CI4HnCII~NaOzS 49,8 13,1 
C,4HnCI~N30~S 49,8 2,9 
C,4HnBrCINsOeS 42,0 3,0 
C,4H uCI~NaO2S 47,2 3,3 
C,sH,4CIN~O~S 53,8 4,2 
C,GH,sCINaO4S, 50,2 4,4 

C14HnCIINsO2S ~ 37,3 2,2 
CIsHI6CIN,~O2S 54,7 4,4 
C~3HsCIFN~S 56,4 3,0 
C~aHsCIFN2S 55,8 3,1 
CIsHIaCIN2S 62,3 4,6 
C2oHIsCIFNTOs.S~ 46,3 3,2 

C2oH~sBrCIN~OsS L 4t,3 2,4i 

Found, % 

I c i  N 

10,5 12,2 
10,2 12,2 
10,4 12,4 
28,7' 10,5 
19,6 12,1 
10,4 12,3 
9,1 11,2 

9,3 
1~ 11,8 

- -  10,3 
- -  10,4 

12,5 I0,0 
6,7 18,8 

.~0,2 -- 

f 
S '/ C 

9,6 49,5 
9,2 49,5 
9,7 49,5 
8,3 41,9 
9,4 47,3 
9,6 53,6 
8,5 50,3 4,2 
7,1 37,5 2,4 
9,4 54,9 4,6 

11,9 56,0 2,9 
11,5 56,0 2,9 
11,3 62,4 4,5 
6,8 46,2 2,9 
5,9 41,3 2,6 

talc., qo 

H I C1 N 

3,2 10,4 12,41 
3,2 10,4 12,4 
3.2 110,4 12,4 i 
2,7 '28,8* 10,~ 
3,1 '19,7 11,8 
4,2 10,6 12,5 

9,3 11,0 
- -  9,4 

I0,I 12,0 
- -  10,C 
- -  ]10,0 

12,3 I 9,7 
6,8 [8,9 
19,9 -- 

9,4 99 
9,4 53 
9,4 59 
8,0 88 
9,0 75 
9,5 85 
8,4 77 
7.1 84 
9,1 57 

1 1 , 5  34 
I 1 , 5  75 
I1,1 66 
6,2 88 
5,5 82 

aCompounds  III, X-XIII ,  and XVI w e r e  c r y s t a l l i z e d  f r o m  ethanol,  
IV- IX and XV w e r e  c r y s t a l l i z e d  f r o m  d i m e t h y l f o r m a m i d e - w a t e r  
(1 : 2), and XIV was  c r y s t a l l i z e d  f r o m  benzene ,  bFound:  I 28.9%. 
Calcula ted:  I 28 .4%.  CFound: B r + C 1 1 6 . 6 % .  Calcula ted:  B r + C 1  
16.9%. 

The s t r u c t u r e s  of  2 - p h e n a c y l t h i o - 3 - u r e i d o p y r i d i n e s  I I I -XI  and 6 - a r y l p y r i d o t h i a z i n e s  XI I -XIV  w e r e  
c o n f i r m e d  by means  of  IR and PMR s p e c t r o s c o p y .  The  IR s p e c t r a  of  I I I -XI  contain  the abso rp t i on  bands  
of ketone and amide  CO g roups  (1650-1690 cm -~) and NH and NH 2 g roups  (3450-3480,  3340-3360,  and 3250-  
3290 cm-1),  which a r e  absent  in the s p e c t r a  of XI I -XIV.  A s ingle t  f r o m  the  p ro tons  of  the CI] 2 group is ob -  
s e r v e d  in the PMR s p e c t r a  of  XII and XIII; th is  is  in a g r e e m e n t  with t h e i r  7H s t r u c t u r e .  

EXPERIMENTAL 

The IR s p e c t r a  of m i n e r a l  oil  suspens ions  of the compounds  w e r e  r e c o r d e d  with a P e r k i n - E l m e r  
s p e c t r o m e t e r .  The UV s p e c t r a  of a lcohol  so lu t ions  w e r e  r e c o r d e d  with an EPS-3  s p e c t r o p h o t o m e t e r .  The 
PMR s p e c t r a  were  r e c o r d e d  with a JNM 4H s p e c t r o m e t e r  (100 MHz) with t e t r a m e t h y l s i l a n e  as  the in te rna l  
s t andard .  The compounds  w e r e  c h r o m a t o g r a p h e d  on Silufol UV-254 in b e n z e n e - n - h e p t a n e - e t h y l  a c e t a t e -  
e thanol  ( 1 9 : 1 : 2 : 2 ) .  The  c h r o m a t o g r a m s  w e r e  deve loped  with c o n c e n t r a t e d  H2SO 4 and examined  in UVl ight .  
D a t a  on I I I -XIV a r e  p r e s e n t e d  in Tab le  1. 

2 - F l u o r o p h e n a c y l t h i o - 3 - u r e i d o - 6 - c h l o r o p y r i d i n e  (III). A solut ion of 0.8 g (4.8 mmole)  of a o - f l u o r o -  
phenacy l  ch lor ide  in 5 ml  of  e thanol  was  added a t  18-20  ~ to a so lu t ion  of 1.0 g (4.8 mmole )  of  I in 15 ml  of 
e thanol  conta in ing  0.3 g (4.9 mmole )  of KOH, and the  m i x t u r e  was  s t i r r e d  fo r  3 h. The r e su l t i ng  p r e c i p i t a t e  
was  r e m o v e d  by f i l t ra t ion ,  washed  s u c c e s s i v e l y  with w a t e r  and p e t r o l e u m  e ther ,  and dr ied  to give 1.44 g 
of  c o l o r l e s s  c r y s t a l s .  PMR s p e c t r u m  in CsDsN: 4.71 ppm (2H, CH2). 

Compounds  X and XI w e r e  s i m i l a r l y  obta ined.  PMR s p e c t r u m  of  XI in C D C 1 3 : 1 . 5 8  ppm (6H, two CH 3 
groups) .  

4 - F l u o r o p h e n a c y l t h i o - 3 - u r e i d o - 6 - c h l o r o p y r i d i n e  (V) and 2 - C h l o r o - 6 - ( 4 - f l u o r o p h e n y l ) - 7 H - p y r i d o - [ 2 , 3 -  
b][1 ,4] thiazine  (XIID. The method  used  to p r e p a r e  compound  III  was  used  to  obtain  these  compounds  f r o m  
1.5 g (7.3 mmole )  of  I and 1.2 g (6.8 mmole )  of 4 - f l u o r o p h e n a c y l  ch lo r ide .  The r e a c t i o n  was  c a r r i e d  out at 
- 5  to  - 1 0  ~ and the  y ie ld  of  c o l o r l e s s  c r y s t a l s  of V with Rf  0.09 was  1.47 g (59%). The f i l t r a t e  r e m a i n i n g  
a f t e r  s epa ra t i on  of V was  p o u r e d  into wate r ,  and the  r e s u k m g  p r e c i p i t a t e  was  r e m o v e d  by  f i l t ra t ion ,  washed  
s u c c e s s i v e l y  with wa te r  and p e t r o l e u m  e the r ,  and d r i e d  to  give 0.51 g of  l igh t -ye l low needles  of  XIII  (25%). 
PMR s p e c t r u m  in C D C 1 3 : 4 . 0 2  ppm (2H, 7-CH2). 

The method used  to p r e p a r e  V was  u s e d  to  syn thes i ze  IV and VI-IX.  In the p r e p a r a t i o n  of  IV, p y r i d o -  
th i az ine  XII  was addi t ional ly  i so l a t ed  f r o m  t he  f i l t r a t e .  PMR s p e c t r a :  3.18 ppm (2H, CI-I 2) f o r  VI in CDC13, 
2.43 ppm (3H, CH3) fo r  VIII in CsDsN , and 4.65 ppm (2H, CIt2). 

2 7 C h l o r o - 6 - ( 4 - f l u o r o p h e n y l ) - 7 H - p y r i d o [ 2 , 3 - b ]  [1,4]thiazine (xnI ) ,  A) A m i x t u r e  of  0.3 g (0.88 mmole )  
of V in 6 ml  of  d i m e t h y l f o r m a m i d e  and 1.5 ml  of  w a t e r  was  re f luxed  fo r  3 -5  h, a f t e r  which 10-15 ml  of w a t e r  
was  added,  and the  r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by  f i l t ra t ion ,  washed  with water ,  and d r i ed  to give 
0.18 g (75%) of l ight-yel low needles  of XIII  with mp 142-144 ~ 
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B) A solutiDn of 1.0 g (5.9 mmole) of 4-f luorophenacyl  chloride in 10 ml of methanol was added to a 
solution of 1.0 g (6 mmole) of 1I in 15 ml of methanol containing 0.36 g (6 mmole) of KOH, and the mixture 
was s t i r red  at 18-20 ~ for  3-5 h and then allowed to stand for  12 h. The resul t ing precipi ta te  was removed 
by filtration, washed success ive ly  with water  and petroleum ether,  and dried to give 1.1 g (63%) of XIII with 
mp 142-144 ~ and Rf 0.55 (yellow spot). The IR spec t ra  and chromatograms  of the substances obtained by 
methods A and B were  identical.  

2-Chloro-6-phenyl-7 ,7-dimcthylpyr ido[2,3-b][1 ,4] thiazine (XIV). A) The method used to p repa re  XIII 
(method A) was used to obtain 0.47 g of light-yellow c rys ta l s  of this compound. 

B) A solution of 0.5 g (3 mmole) of II containing 0.18 g (3 mmole) of KOH was added to a solution of 
0.6 g (2.6 mmole) of bromophenyl isopropyl ketone in 10 ml of methanol, and the solution was then s t i r red  
at 60 ~ for  3 h, cooled, and f i l tered.  The f i l t rate  was vacuum evaporated to one third  of its original volume, 
and 15-20 ml of water  was added. The resul t ing precipi ta te  was removed  by f i l t rat ion and worked up as in- 
dicated for XIII (method B) to give 0.59 g (66%) of a product  with Rf 0.88. PMR spect rum in CDC13:1.52 
ppm (6H, two CH 3 groups).  

2,4-Dinitrophenylhydrazones XV and XVI. These compounds were obtained as yellow c rys t a l s .  IR 
spect rum of XV: 3500, 3240-3340 cm -1 (NH, NI-I2) , 1650 cm -I  (amide CO). IR spect rum of XVI: 3460, 3280- 
3350 cm -1 (NH, NH2), 1680 cm -1 (amide CO); UV spectrum, Xmax, nm (log e) :  260 (4:18), 361 (4.16). 
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