
mp 233-234 ~ IR spectrum-- 1483 (NHC--S) and 1290 cm -1 (Ar-NH).  Found %._ C 48.6: H 2.2. N 6.0. C9HsNS 3. 
Calculated %: C 48.5: H 2.3: N 6.25. 
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T H I A Z  O L O C Y A N I N E S  

XVIII.* N-HETARYLTHIAZOLIUM SALTS AND CYANINE DYES BASED ON THEM 

E.  D. S y c h ,  O .  V. M o r e i k o ,  UDC 668.819.45- 547.789.1.5.7 
a n d  A.  Y a .  I I ' c h e n k o  

Some resu l t s  of an invest igat ion of th iazolocyanines  containing a - h e t a r y l  r es idues  at tached to the 
ni t rogen a toms of the thiazole r ing a re  summed up. The effect  of the na ture  of these  res idues ,  
the i r  bas ic i t ies ,  and main ly  the s t e r i c  hindrance genera ted  by them on the absorpt ion of the dyes 
was invest igated.  The angles of rota t ion of the he ta ry l  r es idues  about the i r  bond with the n i t ro-  
gen a tom of the thiazole r ing in the dyes both in the p r e s e n c e  and absence of subst i tuents  in the 
thiazole  r ing were  calculated,  and the assoc ia ted  disruption of the p lana r i ty  of the th iazolo t r i -  
methyl idynecyanine molecules  is examined. 

One of our e a r l i e r  pape r s  [2] was the f i r s t  publicat ion dealing with sys t ema t i c  invest igat ions of N-he ta ry l -  
thiazolocyanines and in te rmedia tes  for  the i r  s y n t h e s i s - q u a t e r n a r y  thiazol ium sa l t s  in which res idues  of he te ro -  
cycl ic  ni t rogen bases  were  subst i tuents  attached to the ni t rogen a tom of the thiazole  r ings.  In the p re sen t  pape r  
some of the p r e l i m i n a r y  resul t s ,  with the inclusion of additional data, a re  summed  up. 

A pecul ia r i ty  of the s t ruc tu re  of the inves t igated N-~-he t a ry l t h i azo l ium sa l t s  is the fact that the he ta ry l  
r es idues  a r e  bonded to the ni t rogen a tom of the thiazole  r ing  in the ~ posi t ion and thus a re  to a ce r ta in  degree  
analogs of the e lec t ronegat ive  CN group. It has long been known that a t tachment  of e lec t ronegat ive  groups (for 
example,  CN, dinitrophenyl, etc.) to the pyr id in ium ni t rogen a toms p romo te s  faci le  c leavage of the pyr id ine  
ring. Cleavage of a pyr id in ium sal t  in wMch a 2-benzoxazolyl  res idue  is at tached to the ni t rogen a tom is also 
known [3]. It is ve ry  poss ib le  that  this is the r eason  that  qua te rna ry  sa l t s  of the th iazole  s e r i e s  and dyes with 
e lec t ronegat ive  res idues ,  pa r t i cu l a r ly  those  with N - ~ - h e t a r y l  r ings,  we re  not obtained p r io  r to our studies.  
although individual communicat ions  regard ing  dyes of the pyr idine [4] and benzimidazole  [5] s e r i e s  of this type 
have appeared  in the l i t e r a tu re .  

We have developed s eve ra l  va r i an t s  of the synthesis  of N-~ -he t a ry l t h i azo l i um sa l t s  with act ive methyl  
(IA) [2] and methyl thio (IB) [6] groups and have synthesized dyes f rom t h e m -  nul l imethyl idynemerocyanines  

* See [1] for  communicat ion XVII. 
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T A B L E  1 

2 .,X 
C H 3/ ' - .N (-" C H =C H--CH'/"--.N CH 3 

1 I 
R x -  It 

Corn- 1 pound R ,,a- pKo )'max' run e. 1o-~ 

V 
VI 

VlI 
VI1 I 

IX 

Ethyl 
Phenyl 
2 -Pvri dvl 
2-Thia ~olyl 
2-Benzothiazolyl 

2,4.10 -a  
1,08- 10 - I  
2 , 2 . 1 0 - '  
9 ,5 .10  -1 

2,75. I0 

3,03 
1,32 
1,02 
0,19 

-0,58 

566 8,3 
571 6,7 
576 6,7 
584 9,8 
591 

T A B L E  2 

I x -  t 
R R 

Dye R R' R" Xmax ,rim 

X 
XI 

XII 
XIII 
XIV 

V 

2-Thiazoly! 
2-Thiazoiyt 
2-Thia zolyt 
Ethyl ' 
Ethyl. 
Ethyl 

CHa 
H 
CHa 
CHa 
H 
CHa 

H 
CHa 
CHa 
H 
CHa 
CHa 

575 
604 
585 
556 
553 
566 

and s o m e  d i m e t h y l i d y n e m e r o c y a n i n e s  f r o m  IB, and s y m m e t r i c a l  and u n s y m m e t r i c a l  t r i m e t h y l i d y n e c y a n i n e s  
f r o m  IA [2]. One a p p r o a c h  to  a m e t h o d  fo r  the  p r e p a r a t i o n  of N - h e t a r y l t h i a z o l i u m  s a l t s  c o n s i s t e d  in  the  r e a c -  
t ion  of 2 - m e r c a p t o  d e r i v a t i v e s  of a z o l e s  (benzo th iazo le .  N - m e t h y l i m i d a z o l e ,  and 4, 5 - d i m e t h y l t M a z o l e )  wi th  
2 - c h l o r o b e n z o t h i a z o l e  o r  2 - c h l o r o b e n z o x a z o l e  wi th  subse que n t  r e a r r a n g e m e n t  of  the  r e s u l t i n g  su l f ide  lID to  
t h ione  III  and q u a t e r n i z a t i o n  of the  l a t t e r  to q u a t e r n a r y  s a l t  IV. 

In an i n v e s t i g a t i o n  of th i s  r e a c t i o n  [1] i t  was  found that ,  depend ing  on the  r e a g e n t ,  the  r e a c t i o n  m a y  p r o -  
c e e d  in d i f f e r e n t  d i r e c t i o n s .  Thus in the  c a s e  of 1 - m e t h y l - 2 - m e r e a p t o i m i d a z o l e  and 2 - m e r c a p t o b e n z o t h i a z o l e  
i t  goes  to  c o m p l e t i o n  and g i v e s  m e r o c y a n i n e s .  Unexpec ted  r e s u l t s  w e r e  ob t a ined  in the  r e a c t i o n s  of o the r  
a z o l e s .  F o r  e x a m p l e ,  in  the  r e a c t i o n  of 2 - m e r c a p t o - 4 ,  5 - d i m e t h y l t h i a z o l e  wi th  2 - c h l o r o b e n z o t h i a z o l e ,  b i s  (2- 
b e n z o t h i a z o l y l )  su l f i de  was  i s o l a t e d  a long  with  su l f ide  IIa, w h e r e a s  b i s  (4, 5 - d i m e t h y l - 2 - t h i a z o l y l )  Sulf ide was  
i s o l a t e d  in the  r e a c t i o n  with 2 - c h l o r o b e n z o x a z o l e .  

_ , S " ~ - s  ,. z - - Y ~ " ' ~ "  

R "  R '  X -  \ ~ N / /  - " - -  

! II III 

SCH 3 

I V  X- S__~ : :H3  

V 

~a R~CHa; B R=.SCHa; R',R'=H, CHa;E is a group of atoms that closes the heteroring 
--  4,5-dimetbyltatazote, b--benzomiazom, c--pyridine, d-tetrohydrobenzothiazole). 

T h e s e  a n o m a l i e s  a r e  s a t i s f a c t o r i l y  e x p l a i n e d  b y  the  f o r m a t i o n  and s u b s e q u e n t  c l e a v a g e  of  c o m p l e x  V* wi th  
l i b e r a t i o n  in  the  f i r s t  e a s e  (Y = S) of 2 - m e r c a p t o b e n z o t h i a z o l e ,  which  then  r e a c t s  wi th  the  unchanged  2 - e h l o r o -  
b e n z o t h i a z o l e  to g ive  b i s  (2 -benzo th iazo ly l}  su l f ide .  The  s e c o n d  c l e a v a g e  p r o d u c t  m a y  be  b i s  (4, 5 - d i m e t h y l - 2 -  
t h i a z o l y l )  su l f ide ,  which  was  a l s o  i s o l a t e d  in  the  r e a c t i o n  wi th  2 - c h l o r o b e n z o x a z o l e .  

*An e r r o r  in the  dep i c t i on  of  t h e  c o m p l e x  was  m a d e  in [1]. 
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D 

Fig .  1 Fig. 2 

Fig. 1. Thiazolocarbocyanine fragment  with a methyl group in the 
4 position of the thiazole ring and radii  (r): CH 3 1.80, S 1.67, N 1.35, 
and H 1.08 ~.  

Fig. 2. Thiazolocarbocyanine fragment without substituents in the 4 
and 5 positions of the thiazole ring. The symbols are  the same as in 
Fig. 1. 

Individual products were not isolated in the reactions of the remaining azoles with 2-chlorobenzothiazole.  

The effect of various hetaryl  residues attached to the nitrogen atom of the thiazole r ings on the color  of 
the dyes was t raced in se r ies  of symmet r ica l  and unsymmetr ica l  carbocyanines and s ty ry l s  f rom salts IA (a-d). 
It Was found that when an alkyl residue is replaced by a residue of electronegative character ,  one observes a 
bathochromic shift of the absorption maximum that is more  pronounced, the lower the basici ty  of the residue, 
i.e.. in the order  ethyl < phenyl <pyridyl  < thiazolyl < tetrahydrobenzothiazolyl  < benzothiazolyl (the Xma x values 
of dyes with these r ings are. respectively,  566. 572, 585, 586, and 591 nm*). The order  of the relat ive basici t ies  
of the hetaryl  groups was derived on the basis of the deviations of the unsymmetr ica l  dyes and the s tyryls  and 
coincides with the o rde r  presented by Kiprianov [7] and Brooker  [8]. The relat ive basici t ies  ( theA values [9]) 
and the pK a values, which are  also in agreement  with the data presented above (Table 1). were also determined 
for  carbocyanine dyes with a -he t a ry l  residues attached to the nitrogen atoms of the tMazole ring. 

There is no doubt that the bathoehromic effect of the a -he t a ry l  residues is weakened by s ter ic  hindrance 
on the par t  of the 4-methyl  groups of the thiazole r ings.  This is seen distinctly f rom the data in Table 2, in 
which the absorption maxima of thiazolocarbocyanines with 4-methyl- ,  5-methyl- ,  and 4, 5-dimethylthiazole 
r ings are  presented.  

The data in Table 2 confirm the s t ronger  effect of a -he t a ry l  residues as compared with alkyl residues 
and make it possible to draw the qualitative conclusion that the bathochromic effect of the a -he t a ry l  residues 
is intensified when ster ic  hindrance is removed.  In addition, these data are  too inadequate to enable one to 
form a judgment regarding the degree of part icipation of s ter ic  hindrance in the development of the color, 
inasmuch as both the effect of the basici t ies  of the hetaryl  residues and the possibi l i ty of lengthening the con- 
jugation chain as a consequence of the inclusion of N - a - h e t a r y l  residues in it should be taken into account. In 
the la t ter  case, the s t ronger  bathochromic effect of the benz0thiazole ring as compared with the thiazole ring 
may be due to this factor to a g rea te r  degree than the difference in their  basici t ies .  However, removal  of the 
hetaryl  residues from the plane by their  rotation about the bond with the nitrogen atom may reduce this factor  
to a minimum. The angle of rotation (0) of these residues can be est imated f rom the geometry  of the molecule 
by means of a formula found by one of us: 

0 do2+dr12+d2 2- (rl+r2)2-2do(d cos a l + d 2  cos  a2) +2dtd2 cos  a l  cos  a s  
Cos  : 2dld2 s in  ~1 s in  ~2 

Geometr ical  pa rame te r s  d o, di, d2, rl, r2, ~1, and ~2 are  presented in Fig. 1. 

The geometry  of the thiazole ring was taken f rom [10]. When there is a 2-thiazolyl  residue attached to the 
nitrogen atom these pa ramete r s  are  as follows: d o = 1.5/~ d I = 2.5/~, ~l = 92~ d2 : 1.34 ~, ce 2 = 123 ~ r~ = 
1.80 ~, and r 2 ~ 1.35 ~.  

It was found f rom the formula indicated above that the angle of rotation (0) is 58 ~ When phenyl or 2- 
pyridyl  groups are  attached to the nitrogen atom, 0 is 59 ~ As seen f rom the project ion formula of the dye 
(Fig. 1), s ter ic  hindrance also ar ises  between the sulfur atom and the hydrogen atom in the v~ position of the 
polymethine chain, but this hindrance vanishes when 0 = 58 ~ and the principal  chromophore  in dye XII is 

* See also [6]. 
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therefore  planar.  The situation is somewhat different in the case of dye XI, which does not contain a bulky 
methyl group in the 4 position of the thiazole ring (Fig. 2). In this case the s ter ic  hindrance between the nitro- 
gen atom of the thiazole ring and the hydrogen atom of the polymethine chain proves  to be substantial. This 
hindrance can be eliminated both by rotation of the thiazole ring (angle 0) and by part ia l  rotation of the bond of 
the f i rs t  link of the polymethine chain (angle 0'). 

If it is assumed that 0' = 0, 0XI will be 44 ~ The difference in the 0XI I and 0XI values (58 and 44 ~ is not 
la rge  enough to explain the large difference Air in the case of dyes XI and XIV (51 nm) as compared with the 
A~ values of dyes XII and V (19 nra). In the case of dye XI the planari ty  of the principal chroraophore is proba-  
bly also disrupted, i.e., rotation 0' is realized, and this should also lead to a cer tain deepening of the color  ac- 
companied by a decrease  in the absorption extinction: The a- 10 -4 values for dyes XI, XII, and V are, respec-  
tively, 6.3, 9.8, and 8.3. 

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

2-Thioacetamido-4,5 ,6 ,7- te t rahydrobenzothiazole  (XVI). A 0.98-g (5 mraole) sample of 2-acetamido- 
4, 5, 6, 7- tetrahydrobenzothiazole  (XV) [11] and 1 g of phosphorus pentasulfide were refluxed in 13 ml of dry 
dioxane for 1.5 h, after  which the result ing solution was decanted, and the solid residue was extracted repeated- 
ly with boiling dioxane. The solution was evaporated, and the residue was dissolved in 8~ sodium hydroxide 
solution. The solution was filtered, the fi l trate was diluted to three t imes its original volume, and a s t r eam of 
CO 2 was bubbled through it to give 0.65 g of a precipitate,  which was recrys ta l l i zed  three t imes f rom alcohol 
to give 0.4 g (40~c) of a product with mp 179-180 ~ Found ~c. N 13.3: S 29.8. CgH12N2S 2. Calculated %: N 13.2: 
S 30.2. 

2,4, 5 -Tr imethy l -3 -  (4, 5, 6, 7- te t rahydro-2-benzothiazolyl) thiazol ium Bromide (:<VII). A 1.06-g (5 ramole) 
sample of XVI was heated with 0.75 g (5 mmole) of 3-brorao-2-butanone at 100 ~ for 1.5 h, after  which the melt 
was s t i r red  with hot benzene, and the benzene was decanted. The residue was t r i turated with acetic anhydride, 
and the solid mater ia l  was removed by filtration. Ether was added to the filtrate, and the result ing oil was 
separated and dissolved in water. The aqueous solution was boiled with activated charcoal  and filtered, and the 
f i l t rate was evaporated to dryness  to give 0.5 g (30~c) of a quaternary  salt of viscous consistency, which was 
used without fur ther  purification. 

2- {3- [3- (4.5, 6 ,7-Tetrahydro-2-benzothiazolyl ) -  4, 5-diraethyl-2-thiazolinylidene]propenyl}-3- (4, 5, 6, 7- 
te t rahydro-2-benzothiazolyl) -4 ,  5-dimethylthiazolium Perch lora te  (XVIII). A mixture of 0.48 g (1.4 mmole) of 
XVII, 1.5 g (0.0] mole) of ethyl orthoformate,  and 1 ml of acetic anhydride was heated until coloration devel-  
oped, af ter  which it was heated at 120 ~ for  45 rain. The dye was precipitated by the addition of ether, dissolved 
in isopropyl alcohol, and precipitated in the form of the perchlora te  by the addition of 20% sodium perchlora te  
solution. Workup gave a product  with mp 221-222 ~ {from ethanol- isopropyl  alcohol). Found %: C 50.4: H 5.0: 
S 19.6. C27H31C1N~S4. Calculated ~.- C 50.7: H 4.9: S 20.0. 

2- {3- [3- (2- Thiazolyl)- 4--raethyl-2-thiazolinylidene]propenyl}- 3- (2-thiazolyl)-4- methylthiaz olium Pe r -  
chlorate (XIX). A 0.6-g sample of 2-thioacetamidothiazole [2] was fused with 0.6 g of chloroacetone at 84 ~ until 
a homogeneous mass  was obtained. The melt was dissolved in water, and the aqueous solution was extracted 
with ether and chloroform.  The aqueous layer  was evaporated to dryness,  the residue was t r i turated with acetic 
anhydride, and the solid mater ia l  was removed by filtration. A semisolid mass  of 2,4-diraethyl-3-(2-thiazolyl)-  
thiazoliura bromide was isolated f rom the fi l trate with ether. This salt was refluxed for a few minutes with a 
large  excess of ethyl or thoformate  in acetic anhydride, after which the react ion mixtures  were combined, and 
the dye was precipi tated by the addition of ether. A 0.8-g sample of the crude salts yielded 0.065 g of the dye. 
The dye was chromatographed twice on deactivated aluminum oxide in chloroform solution containing 1-2~c 
alcohol. It was isolated in the form of the perchlora te  with mp 213-214 ~ (from isopropyl alcohol). Found %: 
S 23.7. C17H15C1N404S 4" 2H20. Calculated ~c: S 23.8. 

2- {3- [3- (2- Thiazolyl)- 5-methyl-2- thiazol inyl idene]propenyl}-3-  (2-thiazolyl)- 5-methylthiazolium Pe r -  
chlorate (XX). A 1.58-g (0.01 mole) sample of 2-thioacetamidothiazole was fused with 1.37 g (0.01 mole) of 
~-broraopropionaldehyde at 105 ~ for  2 h, after which the melt  was extracted twice with hot benzene. The ben- 
zene was decanted, and the residue was t r i tura ted with acetic anhydride. The solid mater ia l  was removed by 
filtration, and 2, 5-dimethyl-3-(2-thiazolyl) thiazol ium bromide was precipitated f rom the filtrate by the addition 
of ether. The salt  was dissolved in water, and the solution was refluxed with charcoal  and evaporated to dryness 
to give ].1 g of purified salt. A 0.5-g (1.8 mraole) sample of this salt was refluxed with 4 ml of acetic anhy- 
dride and ] .2 g of ethyl orthoformate.  The dye was isolated in the form of the perchlorate  and was chromato-  
graphed twice and precipi ta ted from alcohol solution by the addition of ether to give 0.0] 8 g of a product with 
rap 191 ~ Found ~c: N 11.4. C17H~sC1N404S 4. Calculated ~c: N 11.1. 
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STRUCTURE AND TAUTOMERISM OF SUBSTITUTED 

2-AMINO- 4H- I, 3- THIAZ INES 

E.  M. P e r e s l e n i ,  L .  A. I g n a t o v a ,  
P .  L.  O v e c h k i n ,  A.  P .  E n g o y a n ,  
Yu .  N. S h e i n k e r ,  a n d  B.  V. U n k o v s k i i  

UDC 547.869. 543.422.4.6.25 

It is shown by means of the IR, UV. and PMR spectra  of substituted 2-amino-4H-1,3- th iazines  
that they exist p r imar i l y  in the amino form in the crystal l ine state and in solution. 

In a previous communication [1] it was shown that an amino s t ructure  is charac ter i s t ic  for 4 ,4,6- tr imeth-  
y l -2-a lkylamino-4H-1,3- th iaz ine .  It might have been assumed that the presence  of an electronegative subst i t -  
uent attached to the exocyclic ni trogen atom would promote  a shift in the tautomeric  equilibrium to favor the 
imino form [2]. In this connection, in the present  r e sea rch  we studied the s t ruc ture  and tautomer ism of 4,4,6- 
t r imethyl-  2 -a ry lamino-  4H- 1,3-thiazines (I) [3]. 

CH 3 CIH 3 

CHa/~'N/ ~NH%H4R CH3/ NfXNCoH4 R 

t A  1 B, 

CH~ C H s 

A CHaT~'-NI~'xNC H R CHa 
c.~-  I ° ' c . /  ~ "  N%"tR 

CHa CH 3 

11 I l l  

There are  two distinct bands of approximately equal intensity associated with the stretching vibrations 
of the NH bond in the high-frequency region of the IR spectra  of all of the investigated compounds (I) in the 
crysta l l ine  state (3105-3200 cm -1) and in solution (3370-3430 cm-1). The intensity of the low-frequency band 
at ~ 3380 cm -1 in the spect ra  of very  dilute solutions (0.02~c in CC14) is considerably reduced as compared 
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