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The mass spectra  of some unsubstituted (in the heteroresidues and polymethine chain) 
thiaearbo- and polycarbocyanines were investigated. It was ascertained that the f i rs t  act of 
disintegration of the dye molecules is splitting out of an alkyl halide ion to give an anhydro 
base ion. Some regulari t ies between the structure of the dyes and the fragmentation of the 
anhydro ions obtained from them are  exposed. The peculiarities of the dissociative ioniza- 
tion of the dye molecules as the polymethine chain is lengthened a re  shown. 

The fragmentation of polymethine dyes upon electron impact has not been described in the l i terature.  
The present  paper is devoted to a prel iminary study of the principles of fragmentation upon electron im- 
pact of a number of thiacyanine dyes (I-VII) that do not contain substituents in the heteroresidues and the 
polymethine chain. The s t ructures  of the investigated dyes and the mass numbers and intensities of both 
the character is t ic  and other ions in their  mass spectra  are  presented in Table 1. 

A detailed analysis of the mass spectra  of dye IV and its specially obtained anhydro base (IVa) with 
assignment of the metastable ions and a comparison with the mass spectra  of o the rdyes  make it  possible 
to assume the following general scheme for their  fragmentation: 

l-IV IVa 

c d f e 

| - I l l  R'=H lV, IYa R '=CH 3 

The dissociative ionization of fragment ions c- f  leads, upon subsequent disintegration, to the forma- 
tion of ions g-k, which are  typical for the mass spectra  of benzothiaz01e derivatives [1, 2]. 
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TABLE 1. Mass  Num ber s  (m/e)  and In tens i t ies  ( I / I m a x ,  %) of the 
Ion Peaks  in the Mass  Speotra  of I -VI I  
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188 (12) 
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142 (57) 
322 (40) 
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187 (5) 
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108 ( - - t )  
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127 (-- t) 
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156 (.100 156 (46) 
362 (20) 388 (--*) 
199 (7) 255 (--*) 
214 (8) 240 (2) 
227 (4) 953 (--*) 
212 (9) 238 (4) 
149 (74) 149 (58) 
109 (17) 109 (10) 
I08 (29) I08 (46) 
69 (27) 69 (35) 
4505) 4505) 

390 (24) 416 ( - - )  
128 04) 128 (ll) 
127 (30) t27 (16) 

VII 

C~ 
5 

t56 (100) 
440 (--*) 
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305 (2) 
29O (3) 
149 (74) 
io9 d8} 
I08 (47) 
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468 (2) 
128 03) 
127 (39) 

t 
63 (12) 63 (15) I 64 (15) 
82 (12) 82 (16) t 148 (15) 

148 04) lO6 (17) t 177 (7) 
173 (19) 134 (22) 1261 (25) 
174 (16) [ 177 (18) 466 04) 
186 04) 21o (t6) t 
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* In tens i ty  l e s s  than 2%. 
t In tens i ty  l e s s  than 5%. 
$ The [12CH337C]+ and [12CH381Br] + ions co r re spond  to m a s s  n u m -  

be r s  52 and 96. 

The peaks  of (M -- HX) + (ion [) ,  (I-IX) + (ion m),  and {X) § (ion n) ions in the  m a s s  s p e c t r a  of dyes  I -VII  

a r e  a l so  noteworthy.  

The f i r s t  a c t  in the  f r agmenta t ion  of I -VI I  is  pyro ly t i c  spl i t t ing out of a lkyl  halide RX and fo rmat ion  
of the cor responding  anhydro base  with subsequent  ionization, r e spec t ive ly ,  to ions a and b. In fact ,  w h e r e -  
as  m o l e c u l a r  ion M + is  absent  in the m a s s  s p e c t r a  of  dyes I-VII ,  the in tens i t ies  of the peaks  of  ions a and 
b a r e  e x t r e m e l y  high o r  m a x i m a l  fo r  a l l  of the compounds except  VI and VII. The r ea sons  fo r  the d e c r e a s e  
in the in tens i ty  of the peaks  of ions b a r e  examined  below. Our p roposed  sequence of f ragmenta t ion  of the 
dyes - p y r o l y s i s  followed by ionizat ion - was es tab l i shed  with a high degree  of confidence in a number  of 
m a s s  s p e c t r o m e t r i c  s tudies  of qua t e rna ry  sa l t s  of he t e rocyc l e s  (see the l i t e r a tu r e  cited in [3]). 

The d i s soc ia t ive  ionizat ion of ion b of  the anhydro base  of the dye occurs  by c leavage of the c a r b o n -  
carbon bends of the pol~maethine chain in the 1, 2, and 3 d i rec t ions  (see  the scheme) .  Subsequent cyc l i za -  
tion of the f r a g m e n t s  leads to the fo rmat ion  of m o r e  or  l ess  conjugated 5 - m e m b e r e d  (ions c and d) and 6- 
m e m b e r e d  (ions e and f) condensed s t r u c t u r e s .  In addition to c leavage of the c a r b o n - c a r b o n  bonds, the 
fo rmat ion  of ions d and e is  accompan ied  by migra t ion  of a hydrogen a tom to the neu t ra l  res idue .  Judging 
f r o m  the in tens i t i es  of the peaks  of the co r respond ing  ions,  f ragmenta t ion  via d i rec t ion  1 to give ion c and, 
to a l e s s e r  extent,  v ia  d i rec t ion  2 to give ion d is  p r e f e r r e d  fo r  dyes I - IV.  

The f r agmenta t ion  of methohal ides  I - I I I ,  which dif fer  with r e s p e c t  to the c h a r a c t e r  of the anion, p r o -  
ceeds with a high degree  of se lec t iv i ty  in a p r ac t i c a l l y  identical  m a n n e r  in all  c a ses ,  and the in tens i ty  of 

the peak  of ion a fal ls  in the o r d e r  Ctt3CI+> CH31+> CH3 Br+- 

A change in the length of the polymethine  chain in the IV-VII  molecu les  has a subs tant ia l  ef fect  on 
the c h a r a c t e r  of the p r i m a r y  pathways of d i s soc ia t ive  ionizat ion (see Table  1). Whereas  the peak  of ion c 
with m a s s  173 is  a m a x i m u m  in the m a s s  s p e c t r u m  of dye IV (n = 1), the in tens i t ies  of the peaks  of fo rma l  
ion c and an ion with m a s s  173 d e c r e a s e  sha rp ly  in the m a s s  s p e c t r u m  of dye V (n=2),  and these  peaks  
a r e  p r ac t i c a l l y  absen t  in the case  of VI and VII (n =3 and 5). In addition, a gradual  d e c r e a s e  in the in ten-  
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s i t ies  of the peaks  of ions b and f o r m a l  ions c - f  i s  obse rved  on pass ing  f r o m  ca rbo -  to po lycarbocyanines  
IV-VII: 

-i + 

' (CH :=: C H)n-~H (CH ~=C H )r~_iH 

c d e f 

This  is  evident ly  a s s o c i a t e d  with an i n c r e a s e  in the p robabi l i ty  of d ive r se  c leavages  of the longer  po ly -  
meth ine  chain, a s  evidenced a l so  by an i n c r e a s e  in the in tens i t ies  of the peaks  of the g- j  ions in the m a s s  
s p e c t r a  of V-VII .  The fo rma t ion  of l -n  ions, which a r e  p rac t i ca l ly  absent  in the m a s s  s p e c t r a  of I - IV,  is 
s imul taneous ly  obse rved  in the la t te r .  

The poss ib i l i ty  of cycl iza t ion  within the chain i n c r e a s e s  as  the conjugated chain in the cyanine dyes  
is  lengthened. In a ce r ta in  sense ,  the m a s s  s p e c t r u m  of d icarbocyanine  V is  i n t e rmed ia t e  between the 
m a s s  s p e c t r u m  of carbocyanine  IV and t r i ca rbocyan ine  VI. On the one hand, the s p e c t r u m  of V contains 
an ion peak with m a s s  173, which is  a m a x i m u m  value in the s p e c t r u m  of IV and is  absent  in the spe c t ru m 
of VI, whereas  on the other ,  an ion peak  with m a s s  211, which is  absent  in the m a s s  s p e c t r u m  of IV and is  
a m a x i m u m  value in the m a s s  s p e c t r u m  of VI, i s  observed .  The ion with m a s s  211 p robab ly  has  the s t r u c -  
tu re  of 2-phenylbenzothiazole  f o r m e d  f r o m  f r a g m e n t  ion l of V and VI via  the scheme  

+ 

CH~CH2 CH ~ . ClinCH2\ it 
..~"J"c~'-c/ "',cff CH 

nl/~', 2 t  1 C ~ t l  5 " "S  

v IM- . ' I *  w l~- " '1+ 

I t  i s  appa ren t  f r o m  the scheme  that  this p r o c e s s  should be e a s i e r  for  VI  than f o r  V, and this i s  con- 
f i rmed  by the m a s s  spec t r a .  The m a s s  s p e c t r u m  of pentacarbocyanine  VII, in which the peaks  of  the b - f  
ions a r e  e x t r e m e l y  sma l l  but an in tense  peak  with m a s s  261, which p robab ly  c o r r e s p o n d s  t o t h e 2 - e ~ - a a p h -  
thylbenzothiazole  s t ruc tu re ,  a lso  indicates  cycl izat ion within the polymethine  chain. The 2-r 
benzothiazole  i s  f o r m e d  via the following scheme:  

C2H~ ~ l  S - - - - d ' ~  (:2tl~ :-CH 

,,n/e ,1~6 
~" I'~-"']" l~-.,--~.l + 

m/e 261 

This  ..... s cheme  i s  conf i rmed  by the following data.  F i r s t ,  in  the se r i e s  of I -VI I  dyes ,  an ion peak  f r o m  
(M - I-IX- 2H} + is obse rved  onlyin the m a s s  spec t rum of VH; second, a 2 -methy lenebenzo t r i azo le  ion peak 
with m / e  177 is  p r e s e n t  in i t s  m a s s  s p e c t r u m .  The peak with m / e  177 is  a l so  p r e s e n t  in the m a s s  spec -  
t r u m  of dye VI but absen t  in the m a s s  s p e c t r u m  of V; this is an indirect  conf i rmat ion  of the c o r r e c t n e s s  o f  
the desc r ip t ion  of the fo rmat ion  of 2-phenylbenzothiazole  ~ t l i  r e s p e c t  to the scheme  p r e s e n t e d  above.  

However ,  cycl izat ion within the polymethine  chain, which becomes  poss ib le  as  the chain is  length-  
ened, i s  a m o r e  advantageous p r o c e s s  than fo rmat ion  of fo rma l  ions c-f .  

EX P E  R.ItYIEN T A L  

The pur i ty  of the c r y s t a l s  was  moni to red  by means  of the e lec t ron ic  s p e c t r a  r e c o r d e d  in ethanol 
with a Hitachi EPS -3T  spec t ropho tome te r  and by TLC on " V e l ' m "  s i l ica  gel in c h l o r o f o r m - m e t h a n o l  (5 : 1). 
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The mass spectra were obtained by direct  introduction of a 1-2 mg sample into the ion source of a Varian 
Mat CH-6 mass spect rometer  (70 eV, 180 ~ 100 mA). 

3-Ethyl-2-[3'-(2"-benzothiazolyl)allylidenelbenzothiazoline (IVa). A 0.42-g (0.001 mole) sample of 
dye IV was heated in a nitrogen atmosphere with 10 ml of diethylaniline at 230 ~ for 2 h. The diethylanaline 
was removed by steam distillation, andIV was extracted from the residue with chloroform. The product 
was purified by chromatography on AI203 and crystallization to give 0.18 g (52%) of a product with mp 138- 
139~ [from benzene-methanol  (1: 5)] (see [4]). Absorpt ionspectrum in C2HsOH: Xmax 460 nm, e 56,000. 
Found: C 67.8; H 4.7; N 8.4%. ClsFI16N2S 2. Calculated: C 67.9; H 4.8; N 8.3%. 

1. 
2o 

3. 
4. 
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