
A S T U D Y  OF N I T R O G E N -  A N D  S U L F U R - C O N T A I N I N G  H E T E R O C Y C L E S  

XIV*. THE REACTION OF 3-AMINO-2-MERCAPTOPYRIDINES WITH 

~-CHLOROACETOACETIC ESTER~ 

T .  S. S a f o n o v a  a n d  L .  G.  L e v k o v s k a y a  UDC547.86.822:543.422.4.6.544 

The reac t ion  of 3 - a m i n o - 6 - c h l o r o - 2 - m e r c a p t o p y r i d i n e  (I) and the cor responding  5-chloro  
compound (II) with a - c h l o r o a c e t o a c e t i c  e s t e r  in ethanol in the p r e sence  of 1 mole  of alkal i  
leads to 2- and 3 -ch lo ro -7 -e thoxyca rbony l -6 -me thy l -5H-pyr ido [2 ,3 -b ] - [1 ,4 ] - t h i az ines  (III 
and IV) while in the p r e s e n c e  of 2 moles  of alkali  i t  leads to 3 - a c e t a m i d o - 6 - c h l o r o - 2 - e t h o x y -  
carbonylmethyl th iopyr id ine  (V) and the cor responding  5-chloro compound (VI)o The reac t ion  
of 3 - a c e t a m i d o - 6 - c h l o r o - 2 - m e r c a p t o p y r i d i n e  (VII) and the cor responding  5-chloro  compound 
(VIII) with a - c h l o r o a c e t o a c e t i c  e s t e r  in the p r e s e n c e  of 1 mole  of KOH has given 3 - ace t amido -  
2 - ( a - ace ty l e thoxyca rbony lme thy l th io ) -6 -ch lo ropyr id ine  (IX) and the cor responding  5-chloro  
compound (X). The action of ethanolic alkal i  on IX and X has given V and VI~ N- [6 -ch lo ro -  
2 - (e thoxycarbonylmethy l th io )pyr id in -3-y l ]u rea  (XID has been obtained by the reac t ion  of N-  
( 6 - c h l o r o - 2 - m e r c a p t o p y r i d i n - 3 - y l ) u r e a  (Xl) with c~-chloroacetic e s t e r  in ethanol in the p r e s -  
ence of 2 moles  of KOH. 

Continuing previous  work [3,4], we have invest igated the reac t ion  of 3 - a m i n o - 6 - c h l o r o - 2 - m e r c a p t o -  
pyr idine (I) and 3 - a m i n o - 5 - c h l o r o - 2 - m e r c a p t o p y r i d i n e  (II) with a - c h l o r o a c e t o a c e t i c  e s t e r .  It was found 
that the p e r f o r m a n c e  of this reac t ion  in ethanol in the p r e sence  of 1 mole  of alkali  at 18-20~ fo rms  2- and 
3 - ch lo ro -7 -e thoxyca rbony l -6 -me thy l -5H-py r ido [2 ,3 -b ] - [1 ,4 ] - t h i az ine s$  (III and IV) with yie lds  of 77-80%. 
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*For  Communicat ion XIII, see  [1]. 
~-For a p r e l im ina ry  communicat ion,  see  [ 2]. 
$ The compounds have been named in acco rdance  with the nomenc la tu re  which we adopted for  the p y r i m i d o -  
[4 ,5-b]-[1 ,4]- th iazines  and pyraz ino[2 ,3-b] - [1 ,4] - th iaz ines  [1]. 
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Fig.  1. IR spec t ra  of 2 - ch lo ro -7 - e thoxyca rbony l -6 -  
methyl -5H-pyr ido[2 ,3-b] - [1 ,4] - th iaz ine  (III), 3 - a c e t -  
amido-  6 -ch lo ro-  2- ethoxy carbonylmethyl th iopyr id ine  
(V), and 3 - a c e t a m i d o - 2 -  (~ -ace ty le thoxycarbonylmeth-  
yl thio)-  6-ch loropyr id ine  (IX). 

The IR spec t ra  of III and IV, unlike those of the 6-a ry lpyr ido th iaz ines  [4] have the absorpt ion band 
of an Nit group (3300-3340 cm- i ) ,  which shows the i r  s t r u c t u r e  as  5H de r iva t ives  (Fig. 1). 

The reac t ion  of I and II with a - ch lo roace toace t i c  e s t e r  under  the conditions given above but in the 
p r e sence  of 2 moles  of a lkal i  yielded 3 -ace tamido-6 -ch lo ro -2 -e thoxyca rbony l th iopyr id ine  (V) and the c o r -  
responding 5-chloro  compound (VI). The individuality of compounds V and VI was conf i rmed  by the fact  
that in c h r o m a t o g r a m s  they each gave one spot  with R f  0.58. The s t ruc tu r e s  of V and VI were  shown by 
the independent synthes is  f r o m  the cor responding  3 - a6e t amidoch lo ro -2 -mercap topy r id ine s  (VII and VIII), 
by reac t ion  with ethyl chloroacetate ,  and by spec t roscopy .  Thus,  the IR spec t r a  of compounds V and VI ob-  
tained by the two methods have the absorpt ion bands of an amide group (1670 and 3270-3290 c m - ' )  and of 
an e s t e r  group (1740 cm -1) (Fig. 1). In the UV region t h e r e  a r e  the th ree  absorpt ion  m a x i m a  that  a r e  cha r -  
ac t e r i s t i c  for  3 - ace t amido -2 -acy lme thy lpy r id ines  [5]. The PMR s p e c t r a  of V and VI exhibit  the s ignals  
of the protons of methylene,  methyl ,  and e s t e r  groups,  which is in ha rmony  with the proposed  s t ruc tu re .  

It has also been shown that the reac t ion  of compounds VII and VIII with o~-chloroacetoacetic e s t e r  un-  
der  the conditions for  p repar ing  V and VI (in the p r e sence  of 2 moles  of KOH) leads  to the c leavage  of the 
c a r b o n - c a r b o n  bond in the ace toace t ic  res idue  and the fo rmat ion  of V and VI. When these  reac t ions  were  
c a r r i e d  out in the p r e s ence  of i mole  of KOH, the in te rmedia tes  IX and X were  isolated.  The s t r u c t u r e s  of 
IX and X were  shown by IR and UV spec t roscopy  and by chemical  reac t ions .  Thus,  in the IR spec t ra  of IX 
and X taken in the solid s ta te  the re  is the absorpt ion of an amide  CO group (1640 cm-1), a ketone (1670- 
1680 cm -1) and a NH group (3280-3310 em- i ) .  The band of the e s t e r  CO group (1730 cm - I  in paraff in  oil and 
1755 cm -1 in dioxane) is weak, which is apparent ly  due to the format ion  of an in t r amolecu la r  hydrogen bond 
between the carboxyl  and NH groups  (Fig. 1). The UV spec t r a  of IX and X a r e  s i m i l a r  to the UV spec t r a  of 
V and VI and have three  m ax i m a  (223, 255-257, and 300-309 nm). 

Compounds IX and X readi ly  undergo the c leavage reac t ions  that a r e  c h a r a c t e r i s t i c  of e s t e r s  of a -  
subst i tuted fl-keto acids [6]. Thus, the action on IX and X of ethanolic alkali  (1 mole  of KOH) gave V and 
VI with yie lds  of 85-92%. 
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Simi lar  r e s u l t s  were  obtained in the reac t ion  of N - ( 6 - c h l o r o - 2 - m e r c a p t o p y r i d i n - 3 - y l ) u r e a  (XI) with 
~ -ch lo roace toace t i c  e s t e r  in ethanol in the p r e sence  of two moles  of alkali ,  which yielded N- [6 - ch lo ro -2 -  
(e thoxycarbonylmethyl th io)pyr id in-3-y l ]urea  (XII). The s t r u c t u r e  of XII was shown by independent synthe-  
s i s  f rom XI and ethyl ch loroace ta te ,  and a lso  by spec t roscopy .  The PMR spec t r a  of XII r evea led  the p r o -  
tons of CH 2 and COOC2H 5 groups.  

The m a t e r i a l  p resen ted  shows that the reac t ions  of I and II with c~-chloroacetoacetic  e s t e r  in t h e p r e s -  
ence of an equimolecu la r  amount  of a lkal i  lead, as in the case  of phenacyl hal ides i3,4], to the pyr idoth ia-  
zincs HI and IV. The fo rmat ion  of HI and IV apparent ly  takes  place through the in te rmedia te  hydroxy c o m -  
pounds IIIa and IVa which, in a med ium close  to neut ra l i ty ,  dehydra tes  to III and IV. If the reac t ion  under  
cons idera t ion  is p e r f o r m e d  in the p r e s e n c e  of an excess  of alkali ,  the c a rbon -ca rbon  bond in the i n t e r m e -  
diate hydroxy compounds c leaves  with the fo rmat ion  of the 3 -ace t amido -2 - ( e thoxyca rbony lme thy lmercap to ) -  
pyr id ines  V and VI. Where, in the initial  compounds VII, VIII, and XI, the 3-NII 2 g roup  is r ep laced  by a c e -  
tyl o r  carbonyl  r e s idues ,  the i r  r eac t ion  with ~ -ch lo roace toace t i c  e s t e r  in the p r e s e n c e  of an excess  of 
alkal i  leads  to acid c leavage,  which is accompanied  by the rup tu re  of the bond between the ~ and fl carbon  
a toms  in the ace toace t ic  res idue .  As a resu l t ,  the final reac t ion  products  a r e  V, VI, and XII. 

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

2 -Ch lo ro -7 -e thoxyca rbony l -6 -me thy l -5H-pyr ido [2 ,3 -b ] - [1 ,4 ] - t h i az ine  (III). At 18-20~ a solution of 
0.5 g (3 mmoles )  of ~ - ch l o roace t i c  e s t e r  in 2 ml  of ethanol was added to a solution of 0.5 g (3 mmoles )  of 
I [4] in 10 ml  of ethanol containing 0.18 g (3 mmole s )  of KOH, and the mix tu re  was s t i r r e d  for  3 h r  and f i l -  
t e r ed ;  the f i l t r a te  was poured into 15 ml  of water ,  and the p rec ip i ta te  w a s  f i l te red  off, washed with water ,  
and dr ied.  This gave 0.68 g (80.9%) of yel low c r y s t a l s ,  mp 203-204~ (from ethanol). According to the l i t -  
e r a t u r e  [8], y ie ld  24%, mp  203-204~ (f rom methanol) .  IR s p e c t r u m  in paraff in  oil, c m - l :  1640 ( e s t e r C  = 0); 
3340 (NH); in CHC1S solution: 1700-1730 (es ter  CO); 3430 (NH). 

3 -Ch lo ro -7 -e thoxyca rbony l -6 -me thy l -5H-py r ido [2 ,3 -b ] - [1 ,4 ] - t h i az ine  (IV). This was obtained in a 
s i m i l a r  manne r  to III f r o m  II [3] and ~ -ch lo roace toace t i c  e s t e r .  Yield 77.3 %. Bright  yel low c r y s t a l s  with 
mp 208-2100C (from ethanol). Rf 0.34 (in s y s t e m  1, o range  spot)*. IR s p e c t r u m  in paraff in  oil, c m - l :  
1710 (es ter  CO), 3300 (NH); in CHC13 solution: 1710-1730 (es ter  CO), 3430 (NH). Found, %: C 48.44; H 
3.83; CI 12.90; N 10.10; S 11.60. Calculated for  CllHI1C1N202S, %: C 48.78; H 4.06; C1 13.11; N 10.35; 
S 11.83. 

3 -Ace tamido-6 -ch lo ro -2 - (e thoxyca rbony lme thy l th io )pyr id ine  (V)., a: At 18-20~ a solution of 0.5 g (3 
mmole s )  of ~ - c h l o r o a c e t o a c e t i c  e s t e r  in 5 ml  of ethanol was added to a solution of 0.5 g (3 mmole s )  of I in 
15 ml of ethanol containing 0.36 g (6 m m ol e s )  of KOH, and then the p roce s s  was as desc r ibed  in the p r e p -  
a ra t ion  of III, with the only d i f fe rence  that the f i l t r a t e  was f i r s t  evapora ted  in vacuum to 1/3  of i ts  initial 
volume.  Yield 0.5 g (56.2%) of c o l o r l e s s  c r y s t a l s  with mp 131-132~ (from ethanol). Rf  0.58 (in s y s t e m  
2, light yel low spot). IR s p e c t r u m ,  c m - l :  1740, 1670 (es te r  and amide  CO), 3290 (NH). s  218, 256, 
302 nm, log e 4.07, 4.04, 3.81 (in ethanol). PMR s p e c t r u m  (in CDCI3), ppm: 1.29 (triplet),  4.21 ( q u a r t e t -  
OCH2CH3), 2.22 ( s i n g l e t -  3H, 3-CH3), 3.95 ( s i n g l e t -  2H, 2-CH2). Found, %: C 46.04; H 4.78; CI 12.40; 
N 9.66; S 11.00. Calculated for  CljH~aCIN2OaS , %: C 45.75; H 4.50; C1 12.30; N 9.70; S 11.09. 

b__: At 18.-20~ a solution of 0.25 g (2 mmole s )  of ethyl ch ioroace ta te  was added to a solution of 0.5 
g (2.4 mmole s )  of VII [5,7] in 10 ml  of ethanol containing 0.18 g (3 mmole s )  of KOH, and the subsequent  
p rocedure  was as  desc r ibed  for  III. Yield 0.59 g (83%), mp 131-132"C (from acetone).  A mix tu re  with the 
subs tance  obtained by method (a) gave  no depress ion  of the melt ing point. The IR, UV, and PMR spec t r a  of 
the subs tance  synthes ized  by methods (a) and (b) were  identical .  

c_.~. A solution of 0.25 g (7 m m o l e s )  of IX in 5 ml  of ethanol containing 0.04 g (7 mmoles )  of KOH was 
s t i r r e d  at 18-20~ for  3 hr .  The solution was f i l te red,  and the f i l t r a te  was poured into 5-10 ml  of wa te r  and 
lef t  for  2-3 days .  The prec ip i ta te  that  had deposi ted was f i l t e red  off, washed with water ,  and dried.  This 
gave 0.18 g (85.7%) of V, mp 131-132~ (f rom ethanol). A mix tu re  with the subs tance  obtained by method 
(a) gave  no depress ion  of the mel t ing point. The identity of the subs tances  synthes ized  by methods (a) and 

*The ch roma tog raphy  of the compounds was c a r r i e d  out in a fixed l aye r  (KSK s i l ica  g e l - g y p s u m )  using 
s y s t e m s  I [ b e n z e n e -  n - h e p t a n e -  e thylace ta te  (19 : 1:1)] and 2 [ b e n z e n e - n - h e p t a n e -  ethyl a c e t a t e -  96 % 
ethanol (19:1:  2 :2)] .  The spots on the c h r o m a t o g r a m s  were  revea led  with conc.  H2SO 4. 
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(c) was confirmed by chromatography in system 2. The reliability of the separation was shown in the case 
of a mixture of the starting material  IX and compound V: Rf for IX 0.47 (orange spot); Rf for V - 0.58 
(light yellow spot). 

3-Acetamido-2-~-acetylethoxycarbonylmethylthio-6-chloropyridine (IX). This was obtained in a 
similar  manner  to the III from VII and oz-chloroacet0acetic ester,  the fil trate being evaporated in vacuum 
to 1/3 of its original volume before dilution with water. Yield 75.3%, mp 80-82~ For  analysis, the sub- 
stance was reprecipitated with water from ethanolic solution. Colorless crystals ,  mp 85-87~ IR spec- 
trum, cm-~: 1730, 1670, 1640 (ester, ketone, and amide CO groups) ;  3310 (NH). ~max 255, 300 rim, log e 
4.17, 3.87 (in ethanol). Found, %" C 46.87; H 4.60. Calculated for C~3H15C1N204S, %" C 47.20; H 4.53. 

3-Acetamido-5-chloro-2-(ethoxycarbonylmethylthio)pyridine (VI). a .  This was obtained in a similar  
manner to V [method (a)] from 0.5 g (3 mmoles) of II and o~-chlor0acetoac-etic ester .  Yield 60%. Colorless 
crystals ,  mp 124-126~ (from ethanol)�9 IR spectrum, cm-l:  1740, 1670 (ester and amide CO groups); 3270 
(NH).)~max 222, 257, 308 nm, log e 4.12, 4.14, 3.74 (in ethanol)�9 Found, %: C 45.79; H 4~ C1 12.28; 
N 9.66; S 10.91. Calculated for CnHt3CIl~203S , %: C 45.75: H 4.50; C1 12.30; N 9.70; S 11.09. 

b.__: The substance was obtained in a similar manner to V [method (b)] from VIII [7] and ethyl chloro- 
aoetate. Yield 91.5%, mp 124-126~ (from ethanol). A mixture with the substance obtained by method (a) 
gave no depression of the melting point. The IR and UV spectra and chromatograms of the compounds ob- 
tained by methods (a) and (b) were identical. 

c. The substance was obtained from VIII and ~-chloroacetoacetic ester  by analogy with the prepara-  
tion of V [method (a)]. Yield 63.3%, mp 124-126~ (from ethanol). A mixture with the substance obtained by 
method (a) gave no depression of the melting point. The IR spectra and chromatograms of the compounds 
synthesized by methods (a) and (c) were identical. 

d. The substance was obtained in a s imilar  manner to V [method (c)] from X. Yield 92.3%, mp 124- 
126~ (from ethanol). A mixture with the substance obtained by method (a) gave no depression of the melt-  
ing point. The identity of the substances synthesized by methods (a) and (d) was also confirmed by chro- 
matography in system 2: Rf of X 0.51 (orange spot): Rf of VI obtained by methods (a) and (d) 0.58 (light 
yellow spot). 

3-Acetamido-2- ( c~-acetylethoxycarbonylmethylthio)-5-chloropyridine (X). This was obtained in a 
similar  manner to IX from VIII and ~-chloroacetoacetic ester.  Yield 91.3 %, mp 86-88~ Colorless c rys -  
tals, mp 97-99~ (from ethanol). IR spectrum in paraffin oil, cm-l:  1730, 1680, 1640 (ester, ketone, and 
amide CO groups}, 3280 (NIt); in 3% solution in dioxane: 1755, 1700-1715 (ester, ketone, and amide CO 
groups), 3300 (NH). Xma x 223, 257, 309 nm, log e 4.10, 4.15, 3.72 (in ethanol). Found, %:C 47.00; tI 4.67; 
C1 10.62; N 8.52; S 9.81. Calculated for C13Hl~C1N204S, %: C 47.20; H 4.53; C1 10.74; N 8.47; S 9.62. 

N-[6-Chloro-2-(ethoxycarbonylmethylthio)pyridin-3-yl]urea (XII). a. At 18-20~ a solution of 0.4 
g (2.4 mmoles) of (~-chloroacetoacetic es ter  in 5 ml of ethanol was added to a solution of 0.5 g (2.4 mmoles) 
of XI [4] in 15 ml of ethanol containing 0.3 g (5 mmoles) of KOH, and then the mixture was treated as in the 
preparation of V. Yield 0.40 g (56.3%). Colorless crystals ,  mp 201-202~ (from ethanol). IR spectrum, 
cm-l:  1730, 1680 (ester and amide CO groups), 3470, 3370, 3300 (Nit, NH2). ~max 217, 259, 306 rim, log e 
4.18, 4.11, 3.83 (in ethanol). PMR spectrum (in CsH~N + CF3COOH): 1.05 ppm (triplet) and 4.08 ppm (quar-  
t e t -  OCH2CH3), 4.00 ppm (s ingle t -  2H, 2-CH~). Found, %: C 41.47; H 4.02; C1 12.35; N 14.59; S 11.21. 
Calculated for CIoH12C1N303S, %: C 41.45; H 4.14; C1 12.26; N 14.50; S 11.05. 

b._~. The same compound was obtained from equimolar amounts of XI, KOH, and ethyl chloroacetate in 
ethanol at 18-20~ as in the preparation of V [method (a)]. Yield 87.3 %: mp 201-202~ {from ethanol). A 
mixture with the substance obtained by method (a) gave no depression of the melting point. The IR, UV, and 
PMR spectra of the substances obtained by methods (a) a~d (b) were identical. 
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