
NITROGEN- AND SULFUR-CONTAINING HETEROCYCLES 

XVIII.* REACTION OF N-(2-MERCAPTO-6-CHLORO-3-PYRIDYL)UREAS 

WITH c~-HALOKETONES AND ESTERS OF HALOKETO ACIDS 

T~ S, Safonova and L. G. Levkovskaya UDC 547.86'83 

The reaction of N-(2-mercapto-6-chloro-3-pyridyl)ureas with phenacyl halide, its o-, m-, 
and p-substituted derivatives, chloroaee[one, c~-chloro- and T-ehloroacetoacetie esters, and 
with ehlorooxalacetie ester was studied~ In the process, a new method was developed for 
obtaining 2 -chloro-6-ary1-7H-pyrido[ 2,3-b ] [i ,4]thiazines, 2-chl or o-6 -carbethoxymethyl -, 
2-ehloro-7-carbethoxy-, and 6,7-dicarbethoxy-5H-pyrido[2,3-b][1,4]thiazines. 

In a continuation of our studies [1, 2] to find a more  accessible  method for the synthesis of 2 -ch lo ro -  
pyridothiazines we investigated the react ion of N- (2 -mercap to -6 -ch lo ro -3 -py r idy l )u rea s  (I) with a - h a l o -  
ketones and es te r s  of haloketo acids~ It was observed that N- (2 -acy lme thy lmercap to -6 -ch lo ro -3 -pyr idy l ) -  
ureas  (II-VII, Table 1) are  formed by the react ion of I with phenaeyl bromide,  its 4-bromo,  4-methoxy, 2,5- 
diehloro, and 4-ni t ro  derivatives,  and with chloroaeetone.  At the same time, 6 -a ry l -7H-pyr ido th iaz ines  
XIV and XV are isolated from the mother  l iquors af ter  separat ion of III and IV. Pyridothiazines XVI and 
XVIII are  obtained under s imi lar  conditions f rom I and 2-hydroxy-4-ethoxyphenaeyl  chloride and a - c h l o r o -  
acetoacet ic  es te r .  

m-Ni t rophenacylmercap to  derivative IX and N- (2 -ca rbe thoxymethy lmercap to -6 -ch lo ro -3 -pyr idy l ) -  
urea were isolated f rom the products of the react ion of I with m-ni t rophenacyl  bromide and chlorooxalacetic 
es ter ,  respect ively ,  in alcoholic alkali at -10~ Unstable substances,  

r ~ ' ~ / N "  ~" (o / d ' - ~ /  "-cZ-,a.t 

ct/~N/"~\SH C/\ff/\S_C.R2 
I l l - I X  

H 

X, XII 

CI / " l ~  ~ "S ~R2 
XIII-XVII ---.. 

X V I I I - X X  

which apparently have the hydroxyamino s t ruc tures  X and XII, were obtained by rapid and careful  t reatment  
of the alcoholic mother  l iquors remaining after  separat ion of IX and XI. If the alcoholic mother  l iquors are 
allowed to stand for several  hours,  only pyridothiazines XVII and XX can be isolated f rom them. 

*See [2] for communication XVII. 
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Fig. 2. IR spectrum of N-[2-(3'-nitrophenacylmercapto)-6-chloro- 
3-pyridyl]urea (IX). 

The s t ruc ture  of X was confirmed by the absence in its IR spect rum of a CO-group absorption and by 
the presence  of bands for OH and NH groups (Fig~ 1). F r o m  its proper t ies  and IR spectra ,  XII is s imi la r  to 
the compound previously obtained by the react ion of 2 -mercap to -3 -amino-6 -ch lo ropyr id ine  with ch loro-  
oxalaeetic es te r  [2]~ 

II and iV-VII have sharp melt ing points that do not change on rec rys ta l l i za t ion  f rom alcohols and 
storage in air ,  and they also form hydrazones .  Thus,the cor responding  dinitrophenylhydrazone is obtained 
by t rea tment  of V with dinitrophenylhydrazine in the presence  of hydrochlor ic  acid~ III is an exception in 
that it is converted to pyridothiazine XIV on standing in a i r  and during recrys taHiza t ion  f rom alcohol~ 

The s t ruc tures  of II-IX were confirmed by IR spect roscopy (Fig. 2), and their  puri ty was confirmed by 
f ixed- layer  chromatography.  

It was found that II and VIII are  converted to pyridothiazines XIII and XIX by heating in aqueous di-  
methyl formamide .  Cleavage of the amide residue and cycl izat ion do not occur  in the absence of water,  a lka-  
lis,  and alcohol.  Thus,the s tar t ing mater ia l  is r ecovered  when VIII is refluxed in anhydrous benzene~ The 
resu l t s  indicated that facile cleavage of the urea  residue takes place exclusively during the construct ion of 
1,4-thiazine r ings on the basis  of N- (2 -acy lme thy lmercap to -6 -ch lo ro -3 -pyr idy l )u reaso  It is in terest ing to 
note that in I hydrolysis  of the urea residue is accomplished completely only when it is heated with 20% 
aqueous alkali at 120-130 ~ for 15-20 h. This d[f ferenceis  apparently explained by the fact that the presence  
of an electrophil ic  carbon atom in the ketone portion of molecules  of II-IX sets up the conditions for the 
formation of anew C - N  bond~ The la t ter  c i rcumstance  weakens the amide bond, and, under the influence 
of a basic reagent,  it is cleaved under quite mild conditions~ 

The optimum conditions for the convers ion of I to pyridothiazines were found during an investigation 
of the react ion of I with halocarbonyl compounds [3]. Thus it was shown that when phenacyl bromide and 
its 4-methoxy- ,  2 -hydroxy-4-e thoxy- ,  and 4-bromo-subs t i tu ted  derivat ives and a -ch lo roace toace t i c  es te r  
are used, this convers ion proceeds smoothly in alcohol at 18-20 ~ in the presence  of one equivalent of alkali. 
Under these conditions, the format ion of S-acylmethylmercapto  derivat ives,  their  cyelization, and hydroly-  
sis of the amide bond are  accomplished in one operational step. If, however, more  stable S-acy lmercapto  
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der ivat ives  or mixtures  of them with pyridothiazines are  obtained as, for  example, in the case of 7 - c h l o r o -  
acetoacet ic  es ter ,  they are converted, without isolation in the pure state, to pyridothiazines by heating in 
aqueous d imethylformamide.  

The identity of the pyridothiazines obtained f rom I and the analogous compounds [2, 3] previously syn-  
thesized f rom 2 -mercap to -3 -amino-6 -ch lo ropyr id ine  (XXI) was confirmed by compar ison of their chromat -  
ographic charac te r i s t i c s  and their  IR and PMR spectra .  

The examined method for  the preparat ion of 2-chloropyridothiazines  is more  convenient in a p r epa ra -  
tive respec t  than the method in which XXI is used as the s tar t ing mate r ia l .  It ensures  the preparat ion of 
pyridothiazines in high yields f rom the more  accessible  I. I and XXI are  obtained by hydrolysis  of 2 -amino-  
5-ehlorothiazolo[5,4-b]pyridine [4], but 1 to lo5 h are  required to obtain I (90% yield), compared with 15-20 
h at 120-130 ~ to obtain XXI (60-70% yield) [1]. 

E X P E B I M E N T A L  

N-[2- (4 ' -Methoxyphenacy lmercap to ) -6 -ch lo ro -3-pyr idy l ]u rea  (III) and 2-Chloro-6- (4 ' -methoxyphenyl ) -  
7H-pyride[2,3-b][1,4]thiazine (XIV)o A solution of 0.45 g (2.4 mmole) of 4-methoxyphenacyl chloride in 10 
ml of methanol  was added at -10 ~ to a solution of 0.5 g (2.4 mmole) of I in 10 ml of methanol containing 
0o14 g (2.5 mmole) of K .H,  and the resul t ing mixture  was s t i r red  at this tempera ture  for 2 h. The p re -  
cipitate was fi l tered,  washed with water,  and dried to give 0.6 g (70%) of III with mp 218-220 ~ The fi l trate 
af ter  removal  of III was s t i r r ed  at 18-20 ~ for 2-3 h, evaporated to dryness  in vacuo, and the residue was 
t r i tu ra ted  with water .  The solid product was fi l tered,  washed with water,  and dried to give 0.2 g (28%) of 
XIV with mp 203-205 ~ The compound obtained was chromatographica l ly  identical to an authentic sample 
of XIV obtained f rom XXI [1] (Rf 0.58, ye l low:green  spot, system 1).* 

N- [2 - (4 ' -Bromophenacy lmercap to ) -6 -ch lo ro -3 -py r idy l ]u rea  (IV) and 2 -Chle ro -6 - (4 ' -b romopheny l ) -  
7H-pyrido[2,3-b][1,4]thiazine (XV). IV was obtained from I and 4-bromophenacyl  bromide under conditions 
s imi la r  to those used for  IIIo The f i l t rate  after  separat ion of IV was t rea ted  as descr ibed for  the p repa ra -  
tion of XIV to give 36% of XV with mp 182-184 ~ The IR spect rum of XV was identical to that of the pyr ido-  
thiazine obtained f rom XXI [1]. 

II, VI, VII, and V were s imi la r ly  obtained. V gave a yellow spot (Rf 0.47) with sys tem 2 ; VII gave a 
ro se  spot (Rf 0.41) with sys tem 2. The 2,4-dini trophenylhydrazone of V was obtained as yellow c rys ta l s  
with mp 168-170 ~ (from ethanol). Found %: C 42.30 ; H 2o62; C1 18 o90; N 17o11; S 5o61o C~0H14C13N~OsS. 
Calc .%:  C 42.06; H 2.47; CI 18.66; N 17.17; $5 .60 .  

2-Chloro-6-phenyl-7H-pyr ido[2,3-b][1 ,4] th iazine  (XIII)o A solution of 0.5 g (2~ mmole) of phenacyl 
bromide was added at 18-20 ~ to a solution of 0.5 g (2~ mmole) of I in 10 ml of methanol containing 0.18 g 
(3 mmole) of KOH. The mixture was s t i r red  at this tempera ture  for 3 h, the methanol was removed by 
distil lation in vaeuo to dryness ,  and the residue was t r i tura ted with water  and allowed to stand overnight.  
The precipi tate  was f i l tered to give 0.6 g (94%) of a product with mp 141-143 ~ [from dimethylformamide - 
water  (2:1)]o The IR and UV spectra  were identical to the spectra  of XIII synthesized from XXI. The prod-  
uct gave a yellow spot (Rf 0 o76) which turned green.  

XIV was s imi la r ly  obtained in 90% yield and had mp 203-205 ~ (from dimethylformamide).  

2-Chloro-6-(2 ' -hydroxy-4 ' -e thoxyphenyl) -TH-pyr ido[2 ,3-b][1 ,4] th iaz ine  (XVI) o This compound was 
obtained in 95% yield f rom I and 2-hydroxy-4-e thoxyphenacyl  chloride under the conditions used to synthe- 
size III and had mp 190-191 ~ (from acetone). 

2 -Chloro-6-methyl -7-carbe thoxy-5H-pyr ido[2 ,3-b] [1 ,4] th iaz ine  (X-VIII). A solution of 0.4 g (2.4 
mmole) of a -ch lo roaee toace t i c  es te r  in 3-5 ml of ethanol was added at -10  ~ to a Solution of 0.5 g (2.4 
mmole) of I in 10 ml of ethanol containing 0.18 g (3 mmole) of KOH. The mixture was s t i r red  at this t em-  
pera ture  for 3 h, the solution was fi l tered,  and the fi l trate was evaporated to dryness  in vacuo. Water (10- 
15 ml) was added to the residue,  and the mixture was allowed to stand at 0-5 ~ fo r  24 h. The resul t ing p r e -  
cipitate was f i l tered to give 0.53 g (80%) of a product with mp 202-204 ~ (from ethanol). The IR spect rum 
was identical to that of pyridothiazine XVIII synthesized f rom XXI. 

*The chromatography was accompl ished in a fixed layer  (SKS sil ica g e l -  gypsum). The ch romatograms  were 
developed with concentrated HzSO~o System 1: b e n z e n e - n - h e p t a n e - e t h y l  acetate (19:11:1). System 2: ben-  

z e n e - n - h e p t a n e - e t h y l  ace ta te -e thano l  (19:1.:2:2). 

68 



N - [ 2 - ( 3 ' - N i t r o p h e n a c y l m e r c a p t o ) - 6 - c h l o r o - 3 - p y r i d y l ] u r e a  (IX), 2 - C h l o r o - 6 - h y d r o x y - 6 - ( 3 ' - n i t r o -  
pheny l ) -5 ,6 -d ihydropyr ido[2 ,3 -b ] [1 ,4 ] th iaz ine  (X), and 2 - C h l o r o - 6 - ( 3 ' - n i t r o p h e n y l ) - 7 H - p y r i d o [ 2 , 3 - b ] [ 1 , 4 ] -  
th iaz ine  (XWII)o In analogy with the p r e p a r a t i o n  of III, 63% of IX with mp 210-212 ~ was obtained by s t i r r i n g  
equ imo lecu l a r  amounts  of I, KOH and 3-n i t rophenacy l  b romide  in methanol  for  3 h at -10~ The f i l t r a t e  was 
vacuum-evapora t ed  to one th i rd  of i t s  o r ig ina l  volume,  and 33% of X with mp 131-133 ~ was p r e c i p i t a t e d  by 
the addit ion of w a t e r .  IR spec t rum:  3400-3470 cm -1 (NH, OH); no C=O group absorp t ion  was p r e s e n t .  X 
cyc l i zed  to XVII with mp 178-180 ~ on a t t empts  to r e e r y s t a l l i z e  it f rom ethanol .  The product  was c h r o m a t o -  
g raph ica l ly  and s p e c t r a l l y  ident ica l  to an authentic sample  of XVII obtained f rom XXI and gave a yel low 
spot  (Rf 0~ with s y s t e m  1o 

N - [ 2 - ( C a r b e t h o x y m e t h y l m e r c a p t o ) - 6 - c h l o r o - 3 - p y r i d y l ] u r e a  (XI), 2 - C h l o r o - 6 - h y d r o x y - 6 , 7 - d i c a r b e t h -  
oxy-6 ,7 -d ihydropyr ido[2 ,3 -b] [1 ,4 ] th iaz ine  (XII), and 2 - Ch l o r o - 6 ,7 - d i c a r be t hoxy - 5H - py r i do [ 2 ,3 - b ] [ 1 ,4 ] t h i -  
azine (XX). A solut ion of 0.5 g (2~ mmole)  of I in 8 ml of a 1o8} solution (2~ mmole)  of KOH in ethanol 
was added at -10  ~ to a solut ion of 0.54 g (2.4 mmole)  of diethyl eh lo rooxa lace ta t e  in 5 ml of e thanol .  The 
mix ture  was s t i r r e d  at this  t e m p e r a t u r e  for  3 h, the p r ec ip i t a t e  was f i l t e r ed  and d i s so lved  in 10-15 ml of 
wa te r ,  and the solut ion was a l lowed to stand at 18-20 ~ for  2-3 days .  The r e s u l t i n g  p r ec ip i t a t e  was f i l t e r e d  
to give 0.32 g (45%) of XI with mp 201-202 ~ (from ethanol) .  The product  did not d e p r e s s  the m e l t i ng  point 
of an authentic sample  obtained via  the method in [5]~ The a lcohol ic  f i l t r a te  was evapora t ed  to d r y n e s s  in 
vaeuo, 10-15 ml of w a t e r  was added to the r e s idue ,  and the so l id  product  was f i l t e red ,  washed with wa te r ,  
and d r i ed  to give 0.25 g (29%) of l igh t -ye l low c r y s t a l s  of XII with mp 90-91~ * Its IR spec t rum indica ted  
that  it was ident ica l  to XII obtained f rom XXI [2]. If the a lcohol ic  f i l t r a t e  was a l lowed to stand overnight ,  
the solut ion became  b r i g h t - r e d ,  and XX with mp 147-148 ~ (from ethanol) was fo rmed .  

N - [ 2 - ( C a r b e t h o x y a e e t y l m e t h y l m e r c a p t o )  - 6 - c h l o r o - 3 - p y r i d y l  ]urea (VIII) and 2 - C h l o r o - 6 - e a r b e t h o x y -  
me thy l -5H-pyr ido[2 ,3 -b ] [1 ,4 ] th iaz ine  (XIX). A solut ion of 004 g (2~ mmole)  of ~ / -ch lo roace toace t i c  e s t e r  
in 2 ml of ethanol was added at 18-20 ~ to a solut ion of 0.5 g (2~ mmole)  of I in 10 ml of ethanol conta in ing 
0~ g (3 mmole)  of KOH. The mix tu re  was s t i r r e d  at this  t e m p e r a t u r e  for  3 h, and the p r e c i p i t a t e  was 
f i l t e r ed ,  washed with wa te r ,  and d r i e d  to give 0 o3 g (37~c) of VIII with mp 172-174 ~ (from acetone) and Rf 
0~ ( rose  spot, sy s t em 1). Af te r  s epa ra t i on  of VIII, the f i l t r a t e  was s t i r r e d  at 18-20 ~ for  3 h, vacuum-  
evapora t ed  to one th i rd  of i ts or ig ina l  volume,  wa te r  was added to the r e s i d u e ,  and the solut ion was a l lowed 
to s tand for  24 h to give 0.40 g (60%) of XIX [2] with mp 143-144 ~ (from ethanol) .  

2 - C h l o r o - 6 - e a r b e t h o x y m e t h y l - 5 H - p y r i d o [ 2 , 3 - b ] [ 1 , 4 ] t h i a z i n e  (XIX) o A solut ion of 0.15 g (0.4 mmole)  
of VIII in 3 ml of 50% aqueous d ime thy l fo rma m i de  was re f luxed  for  2 h~ The hot solut ion was f i l t e r ed ,  and 
5 ml of wa te r  was added to the f i l t r a t e .  The r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  and washed with wa te r  to 
give 0~ g (75%) of a p roduc t  with mp 143-144 ~ (from ethanol) .  The IR s p e c t r u m  was ident ica l  to that  of 
XIX obtained f rom XXI [2]~ XIII was s i m i l a r l y  obtained in 81% yie ld  f rom II and had mp 141-143~ 
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*The compound me l t ed  at  90-91 ~ when the t e m p e r a t u r e  was r a i s e d  slowly, but had the same  m e l t i ng  point as 
pyr ido th iaz ine  XX on rap id  heat ing.  
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