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The condensat ion of 2 - m e r e a p t o p y r i d i n e ,  2 - m e r c a p t o - 4 - m e t h y l p y r i d i n e ,  and 2 - m e r c a p t o -  
6 -methy lpyr id ine  with ~ - b r o m o a c e t a l d e h y d e  and its diethyl ace ta l  has  given cycl ic  p rod-  
ucts (3 -hydroxy-  and 3-e thoxy-2 ,3- th iazo lo  [3,2-a]pyridinium sal ts) ,  f r o m  which cyanine 
dyes have been synthes ized .  

The reac t ion  of 2 - m e r c a p t o  de r iva t ives  of pyridine and some other  ni t rogen he t e rocyc le s  with o~- 
bromoace ta ldehyde  and its ace ta l s  in the p r e sence  of bases  has been desc r ibed  prev ious ly  [1-4]. In the 
pyridine s e r i e s ,  the in te rmedia te  products  obtained in this reac t ion  have not been inves t igated or  conver ted  
fu r the r  under  the action of acids into unreduced th iazolo[3 ,2-a]pyr id inium der iva t ives :  

- -  C2HsO~cHJEH 2 
IH C2HsO/ 

We have p e r f o r m e d  the reac t ion  of 2 -mercap topy r id ine ,  2 - m e r c a p t o - 4 - m e t h y l p y r i d i n e ,  and 2 - m e r -  
cap to -6 -me thy lpy r id ine  (I, R = H or CH3) with ce-bromoacetaldehyde in the absence of bases  and have i so -  
la ted  the addition product .  This reac t ion  could give an open-chain  compound (II) or ,  in the case  of su b se -  
quent r ing c losu re ,  a d ihydrothiazolo[3 ,2-a]pyr id in ium sa l t  (III, R '  = H), or an equi l ibr ium mix ture  of the 
two f o r m s .  The IR s p e c t r a  of the compounds that  we obtained lacked the PC=O band, and the i r  PMR s p e c t r a  
lacked the s ignals  of aldehyde protons ,  which excluded s t ruc tu re  (II). Also in favor  of the s t ruc tu re  of the 
qua t e rna ry  sa l t  (III, R '  = H) was the inc reased  capac i ty  of the methyl  groups  in the pyridine ring for  con-  
densation r eac t i ons .  The poss ib i l i ty  of the fo rmat ion  of such a he te rocyc l i c  s y s t e m  has been d i scussed  
p rev ious ly  [2], but no proofs  were  given.  

R--%N~/S. R"~.,~F~S R ~--~/S X- R ~'-~ s 

O=Ctl  C2H50 ~ 

I II Il l  IV 
(X- = Br', CI0~) 

Simi la r ly ,  in the reac t ion  of (I) with ce-bromoaeetaldehyde diethyl acetal ,  the compound (IV) fo rmed 
ini t ia l ly could, according to B r a d s h e r  and L e h r ' s  hypothesis  [1], give (II) with the spli t t ing out of both 
ethoxy groups  and then be conver ted  into (III, R' = H). If only one ethoxy group were  spl i t  out f rom (IV), 
subsequent  r ing c losure  could give the 3-ethoxydilaydrothiazolo[3,2-a]pyridinium sal t  (III, R'  = C2H5). A 
functional ana lys is  and the PMR s p e c t r a  of the condensat ion products  showed the p re sence  of one ethoxy 
group,  i .e. ,  the format ion  of s t ruc tu re  (HI, R '  = C2H5). The shift  of the s ignal  of the 3-H methine proton 
into a r e l a t ive ly  weak field (about 6 ppm) showed that  this proton was adjacent  to the posi t ive cen te r .  In 
d ihydro th iazolo[3 ,2-a]pyr imidin ium der iva t ives  of this s t ruc tu re  the s ignals  of the proton of the methine 
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TABLE 1. F e a t u r e s  of the UV and PMR Spec t r a  of the 2 , 3 - D i h y d r o -  
t h i a z o l o [3 ,2 - a ]py r i d i n i um Salts  (HI, R '  = C2H 5) , 

Chemica l  shifts, ppm O, Hz) 

I d, r ,5 eb ,L & 

5-CHa 245(0,71),317(0,77, (~,0) 1135t 392r~, ~ 2,95S 5'296d (3,6'~25q,0) -- ~0~  8,17t ~ T d  
7-CHa 240(0.78), 1,35 t 3,91m 2,73s 5,_Nt 5,98q 8 39d 7,55q[ -- 7,75d 

310 (0,80) 1.36ro(7'0)t395~ '(1'0;4'0) 1(1'5'] ] 1(70) H 245(0,81), - -  15,38d 6.03t 8,75 {17,72 rri8,29rd 7,97 d 
(7,0) 1 i (2,5) (7,0)! ] | (7,0) 314(0,69) ' ' ' 

* The UV s p e c t r a  we re  taken in e thanol  on an S F - 4  s p e c t r 0 P h o t o m -  
e t e r .  The PMR s p e c t r a  w e r e  taken on a ZKR-60  s p e c t r o m e t e r  with 
a work ing  f r equency  of  60 M~z in t r i f l u o r o a c e t i c  ac id  at  25~ us ing  
0 2  M solu t ions  with TMS as in te rna l  s t anda rd .  Abbrev i a t i ons :  s, 
s ingle t ;  d, doublet ;  t, t r ip le t ;  q, quar te t ;  m,  mul t ip le t .  

TABLE 2. 
Symbo l s  for  the Rad ica l s :  

r~"~/S"c"2 + I - 
~][N-+--C,I -- O ~ , 

A B 

R'=C2H 5 R,=H 

P r o p e r t i e s  of the S ty ry l s  and Monometh inecyan ines .  

I 
C C2"5 

D 

Abbrev. 
Comp.l formula 

VII Aa--C 

VIII AB--C* 
IX B a--C 

x 8b --C 
XI Aa--D* 

XII Ba--D 

mp, Empirical 
*C formula 

%bove~CmH2aClN2OsS 
3oo } 
203 ICIzHmBrN2OS 
159-- CLgH~aC'IN~OsS 

222091 C~He~CIN2OsS2 

Found,% [ Calc., % 

S N 

7,6 

17o 
7,51 

14,8 6,9 

14,31 

OC~Hs] CI S N OC~l-h 

10,3 7,5! 10,6 
7,4 

10,2 7,5 10,6 

7,0 
10,7 10,3 14,7 

8,0 14,0 

)~ n~x, nml 
_ _  (s �9 10-4)! ~ield, 

io cl!'n meth- % 
ian_ol 

480(3.00) 33 

509 (1,88) 22 
490(1,59) 26 

510(3,44) 20 
458 (4,24) 30 

7,8 455(6.88) 29 

* These  dyes  w e r e  obtained in the f o r m  of b r o m i d e s  and the o the r s  
in the f o r m  of p e r c h l o r a t e s .  

g r o u p  a t tached  to the q u a t e r n a r y  n i t rogen  a tom and to the e thoxy  g r o u p  a r e  a l so  found at  5 .85-6 .2  ppm [4]. 
A c h a r a c t e r i s t i c  f ea tu re  of all the sa l t s  (III, R '  = C2H5) is the complex  f o r m  of the s ignal  of the methy lene  
p ro tons  of  the e thyl  g roup .  In the a s y m m e t r i c  ca t ions  of these sa l t s  the p ro tons  ment ioned  a re  d i a s t e r e o -  
topic,  and t he i r  c h e m i c a l  shif ts  d i f fe r  c o n s i d e r a b l y  (by a p p r o x i m a t e l y  0.18 ppm) .  Because  of  this ,  the ob-  
s e r v e d  s p e c t r u m  of  the CH 2 g roup  c o r r e s p o n d s  to the AB pa r t  of an ABX 3 spin s y s t e m .  The me thy l  p ro tons  
of  the e thyl  g roups  give t r i p l e t s  with J = 7.0 Hz.  The p ro tons  of  the methy lene  g roups  of  the th iazol ine  r ing  
a r e  a lso  d i a s t e r e o t op i c ,  but the i r  c h e m i c a l  shif ts  d i f fer  far  l e s s  than in the p r e c e d i n g  c a s e ;  the c o r r e s p o n d -  
ing PMR s igna ls  a re  weak ly  r e s o l v e d  double t s .  

Both 3 - h y d r o x y -  and 3 - e t h o x y - 2 , 3 - d i h y d r o t h i a z o l o [ 3 , 2 - a ] p y r i d i n i u m  sa l t s  with me thy l  g r o u p s  in the 
pyr id ine  nuc leus  a r e  r e a d i l y  c o n v e r t e d  into cyan ine  dyes ,  which  is  poss ib le  only  i f  a q u a t e r n a r y  n i t rogen  
a t o m  is p r e s e n t .  

A m e c h a n i s m  fo r  the eyc l i za t ion  of  compounds  of  type (II) has  been  p r o p o s e d  [2] which c o n s i s t s  in 
the addi t ion of  a p ro ton  to the ea rbony l  oxygen and subsequent  a t t ack  f r o m  the d i r e c t i o n  of  the n i t rogen  
a t o m  on the c a r b o n y l  c a r b o n .  This  m e c h a n i s m  can  a l so  be extended to  the r e a c t i o n  of  (I) with ~ - b r o m o -  
ace t a ldehyde  d ie thyI  ace t a I .  

3 - H y d r o x y -  and 3 - e t h o x y - 2 , 3 - d i h y d r o t h i a z o l o [ 3 , 2 - a ] p y r i d i n i u m  sal ts  ( I I I )  di f fer  widely  in s tabi l i ty ,  
in spi te  of  the s i m i l a r i t y  o f  the i r  s t r u c t u r e s .  The 3 - h y d r o x y  d e r i v a t i v e s  a r e  uns tab le  on s t o r age  and in  
a l coho l i c  so lu t ions ,  e s p e c i a l l y  in the p r e s e n c e  of  b a s i c  agents ,  and t h e r e f o r e  the b a s e - c a t a l y z e d  p r e p a r a t i o n  
of  dyes  f r o m  t h e m  is r a t h e r  dif f icul t .  The  dyes  obta ined  f r o m  the 3 - h y d r o x y - 2 , 3 - d i h y d r o t h i a z o l o [ 3 , 2 - a ] -  
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pyridinitun sal ts  a re  also unstable.  We connect  this  fea ture  of the 3-hydroxy der iva t ives  with the ease  of 
openi-g of the thiazoltne ring, which apparent ly  takes  place via a betaine s t ruc tu re .  

Table 1 gives the fea tures  of the UV and PMR spec t ra  of the  2 ,3-dihydrothiazolo[3,2-a]pyr idinium 
sal ts  studied, and Table 2 gives informat ion on the s ty ry l s  and monomethinecyanines obtained f rom them.  
It may  be mentioned that the s ty ry l s  with a 3-e thoxy group in the thiazoline nucleus are  more  highly 
co lored  than the i r  analogs with a hydroxy group.  

EXPE RIME NTAL 

2-Mercapfo-6-methylpyridine (I, R = 6-CH~). A mixture of I.I g (0.01 mole) of 2-hydroxy-6-methyl- 
pyridine and 1.1 g of phosphorus pentasulfide was fused a% 160~ for 2 h. The melt was ground and treated 
with a solution of sodium carbonate until %he reaction was neutral. The residue was filtered off and the solu- 
~on was extracted with chloroform, and the solvent was distilled off. This gave 0.8 g (64~) of product with 
mp 149-150~ (from ethanol). Found, %: N 11.2; S 25.9. C61-17NS. Calculated, ~: N 11.2; S 25.6. 

3-Ethoxy-5-methyl-2,3-dihydrothiazolo[3,2-a]pyridintum Perchlorate (III, R = 5-CH 3, R' = C2H5, ' X- = 
CIO[)[ ~To a solution of 0.6 g (0.005 mole) of 2-mercapto-6-methylpyridine in 15 ml Of dry acetone was 
a--~0.9 g (0.005 mole) of ~-bromoacetaldehyde diethyl acefal, after which the mixture was boiled for 9 h. 
The precipitate (0,55 g) was dissolved in the minimum amount of wafer and the solution was %rested with 
0.24 g of sodium perchlorate. After repeated crystallization from propanol, the yield of product was 0.3 g 
(21%), mp 134~ Found, %: CI 12.2; S 10.8. CIoHI4CINO~S. Calculated, %: CI 12.0; S 10.8. 

3-E thoxy- 7-methyl-2,3-dihydro%hiazolo [3,2- a]pyridinium pe rchlorate ' (Ill, R = 7-C H~, R' = C ~ Hs, X, = 
CIO[) 'W-aS obtained similarly from 2'mercapto-4-methylpyridine [6] with more prolonged heating. By pre- 
cipitation with e the r  f rom the react ion mixture  and then reprec ip i ta t ion  f rom solution in isopropanol,  1.5 g 
of 3 -e thoxy-7-methyl -2 ,3-d ihydro th iazo lo[3 ,2-a]pyr id in ium bromide was obtained. I% was dissolved in 
ethanol and the solution was t r ea ted  with sodium pe rch lo ra t e .  The yield of des i red  product  was 1.03 g (36%), 
mp 73-74~ Found, %: C1 12.0; S 11.0; OC2H 5 15.3. CIoHI4C1NOsS. Calculated,  ~ :  C1 12.0; S 10.8; OC2H 5 

15.2. 

3-E thoxy-2,3-dihydrothiazolo[3 ,2-a]pyr idinium perchlora te  (HI, R = H, R' = C ~H~, X- = C 104) was ob- 
t a i n e d ~  a s imi l a r  manner  r the preceding compound f rom 2-mercap topyr id ine .  Yield 30~, mp 124-125~ 
(from ethanol) .  Found, %: C 38.2; H 4.2; C1 12.9; S 11.8; OC2H 5 16.2. CgH12C1NOsS. Calculated,  %: C 38.4; 

H 4.3; C1 12.6; S 11.4; OC2H 5 16.0. 

3 -Hydroxy-5-methy l -2 ,3 - th iazo lo[3 ,2 -a ]pyr id in ium bromide (III, R = 5-CH~, R' = H, X- = Br-)  was ob- 
tained s ' imilariy f rom 2-me rcap to-6-methy lpyr id ine  and f resh ly  dist i l led ~-bromoaceta ldehyde .  After  the 
mixture  had been boiled for 2 h, yield 60%; mp 180~ (from e thano l - i sopropano l ) .  Found, ~ :  C 38.8; H 4.1; 
S 13.2. CaH10BrNOS. Calculated,  %: C 38.7; H 4.1; S 12.9. 

3_Hydroxy_7_methyl_2,3_dihydrothiazolo[3,2-a]pyridinium bromide (III, R = 7-C H~, R' = H, X = Br) 
was obtained s imi l a r ly  f rom 2-mercap to-4~methy lpyr id ine  and ~-bromoace ta ldehyde .  Yield 38%, mp 15~- 
154~ (from isopropanol) .  Found, %: C 38.8; H 4.1; S 13.0. CsHIoBrNOS. Calculated, %: C 38.7; H 4.1; 
S 12.9. 

3-Hydroxy-2 ,3-dihydroth iazolo[3 ,2-a]pyr id in ium bromide (III, R = H~R v = H, X = Br) " was obtained as 
in the preceding case  f rom 2-mercap topyr id ine  and ~-bromoace ta ldehyde .  Yield 42~, mp 124-126~ (from 
ethanol) .  Found, %: C 36.0; H 3.5; S 13.8. CTHsBrNOS. Calculated, %: C 35.9; H 3.4; S 13.7. 

The s ty ry l s  were  obtained f rom the corresponding dihydrothiazolo[3,2-a]pyridinium salts  by the 
method given below for 5 - (p-d imethylaminos tyry l ) -3-e thoxy-2 ,3-d thydro th iazo lo  [3,2 ~a ]pyridinium perch lo-  
ra te  (VIII). To a s olution of 0.29 g (0.001 mole) of 3 -e thoxy-5-methyl -2 ,3-d thydro th iazo lo  [3,2-,a ]pyridinium 
perch lora te  in 1.5 ml of acetic anhydride was added 0.15 g (0.001 mole) of p-dimethylaminobenzaldehyde,  
and the mixture  was heated to the boil for  1 h, giving 0.14 g of dye. It was purif ied by crys ta l l iza t ion  f rom 
ethanol.  For  some s ty ry l s ,  purif icat ion by chromatography of solutions on alumina was used.  The yields 
and other  information are  given in Table 2. 

Monomethinecyanine s.  3-E .thoxy- 5- (3-ethylbenz othiaz ol in-2-yl idene methylene)-2,3-dthY dr~176176 
[3,2 -a ]pyridinium Bromide (XI) and 3-E thoxy- 7 '  (3-ethylbenzothiaz olin-2 -yl ideneme thylene) -2 ,3 -d ihydro-  
~ iazo lo[3 ,2-a]pyr id in ium Pe rch lo r a t e  (XII) : To a soiution of 0.001 mole of 3 -e thoxy-5 -me thy l -2 ,3 -d ihydro -  
thiazolo[3,2-~iPyridinium bromide or  the corresponding 7-methyl  der ivat ive in 1 ml of absolute ethanol were  
added 0.001 mole of the ethyl %osylate der ivat ive  of 2-methyl thiobenzothiazole  and 0.001 mole of t r i e thy l -  
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amine,  and the mixture  was boiled for 45 min.  If precipi ta t ion did not occur  spontaneously,  it was brought 
about by the addition of e the r .  The dye (XII) was isolated in the form of the pe rch lo ra t e .  The yields and 
other  information are  given in Table 2. 
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