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M A S S  S P E C T R A  OF I S O M E R I C  T H I E N O [ 2 , 3 ~ b ] -  A N D  

T H I E  NO [ 3 , 2 -  b] 1DYR I D I N E S  

N. A .  K l y u e v ,  P .  I .  A b r a m e n k o ,  
I .  S.  S h p i l e v a ,  a n d  L .  D. P i n k i n  

UDC 543.51 : 547.736'83 

The mass  spec t ra  of six i somer ic  thieno- and thionaphthenopyridines were studied for the f i rs t  
t ime,  and the pathways of f ragmenta t ion of the molecular  ions, which made it possible to isolate 
the peaks of the f ragment  ions that charac te r ize  the destruct ion of the pyridine and thiophene 
r ings ,  were  t raced.  It is shown that the charac te r  and type of conjugation of the heteror ings  
can be distinguished by analyzing the m a s s - s p e c t r a l  data. The relat ionship between the inten- 
si ty of the peak of the doubly charged molecular  ion and the number of ~ electrons in the sys-  
t em and the 7r-donor charac te r  of the heteror ing was i l lustrated by means of the l i tera ture  data 
on the mass spec t rome t ry  of he te roaromat ie  sys tems  with one heteroatom. 

Methyl-substi tuted thieno- and benzothienopyridines (I-VI) were previously obtained [1, 2] as s tar t ing 
mater ia l s  in the synthesis  of spect ra l  sens i t i ze rs  for s i lver  halide photographic emulsions.  

I I1 I I I  IV 

Ctt3 CII,~ 

V V l  

In the present  r e s e a r c h  for the f i r s t  t ime we undertook a m a s s - s p e c t r o m e t r i c  study of the indicated 
he teroeycl ie  sys tems  in o rder  to elucidate those relat ionships between their  s t ruc ture  and dissociat ive ioniza- 
t ion p rocesses  that could be used in the solution of analytical problems,  par t icular ly  with respec t  to distinguish- 

ing i somers .  

Compounds I-VI are  condensed a romat ic  sys tems ,  and their  stability with respec t  to e lectron impact 
(WM) is the re fo re  quite high (see Table 1). As expected, the highest W M values are reached in the case of 
benzothienopyridines V and VI; the selectivity of the f ragmentat ion of the molecular  ion increases  markedly 
(the S1/2 value dec reases  sharply).  The differences in the WM values for  V and III (20.3) and VI and IV (13.4) 
are  substantial ly g rea te r  than for naphthalene and benzene (4.8 [3]). This is explained by the fact that in our 
case the p and d electrons of the he teroa toms participate,  in addition to the ~ electrons of the a romat ic  sys -  
tem,  in the redis t r ibut ion of the e lectron density on passing f rom III to V (or f rom IV to VI). 

Compounds I-VI undergo f ragmentat ion under e lec t ron  impact in the same way, and the principal pathways 
are  s imi la r  to those in the f ragmentat ion of methylpyridines [4] and thiophenes [5]. 

A compar ison of the ion cur ren ts  due to dissociat ive ionization of the compounds of the type peculiar  to 
pyridine or thiophene (Z 1 and E 2 in Table 1, respect ively)  makes it possible to assume a s t ruc ture  with local i-  
zation of the charge on the nitrogen atom of the pyridine r ing for the molecular  ion. Quantum-chemical  calcu- 
lations made for  I [6] indirectly confirm this assumption.  They show that the grea tes t  e lect ron density is con- 
centrated on the nitrogen atom. It is therefore  natural to assume that in the format ion of the molecular  ion 
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TABLE 1. 
in the Mass  Spec t ra  of I-VI (in percen t  of the m a x i m u m  peak in 
the spec t rum)  and Some Analyt ical  Cha rac t e r i s t i c s  

esi~nafion Compounds 
of tlYe ions 

Ions in the ] 
scheme I II III I IV 

Intensi t ies  of the 1Peaks of the Pr inc ipa l  F r a g m e n t  Ions 

Mz+ 
I i00 ] I00 10O t 10g 

6,4 4,4 1,3 3,5 

Fragmentation of the pyridine ring 
26,8 22,7 39,9 22,2 

'~ 3,7 7,6 1,7 4,9 
19,6 9,0 16,0 8,l " ~ 19,0 8,1 t5,4 8,i 

69,1 47,4 73,0 43,3 

v Vl 

I00 lOg 
5,3 

19,5 

V,7 
14,3 

38,5 

I t4-  H]+ 
[M- CH~}+ 
[M- HCNI + 
[M-HCN, -HI  + 

or [M-H,-HCN] + 
E, 

4,9 

13,7 
0,7 
3,4 
8,1 

25,9 

[M-- C2H2] + 
[M-HCS} + 
[M- C~H2, -- S] + 
Z~ 

[M - C3Ha} + 
[M- HCN, -- C2H2] § 
[/4-- HCS, -- CH3] + 
[M-HCS, -HCN] + 
rn/z 91 
m/z 89 
m/z 77 

Fragmentation of the thiophene ring 
e 2,6 
f 7,4 
g 2,6 

12,6 
h 3,7 
i 3,2 
1 2,6 
k 5,8 

2,6 
2,6 
5,8 

2,4 3 , 1  
5,5 14,1 
1,5 3,5 
9,4 20,7 
2,3 3,6 
8,1 3,8 
1,1 3,8 
3,4 11,8 
1,5 3,5 
1,1 3,8 
3,4 11,8 

W.M 
S~}2 

Analytical characteristics 
22,1 I1 t 21,2 16 1 16,2 

2,1 0,9 0,7 
4,9 1,2 1,2 
1,1 0,5 0,4 
8,1 2,6 2,3 
3,7 0,4 0,6 
5,0 1,2 1,0 
I,O 1,7 0,8 
4,0 2,8 1,8 
1,1 0,2 0,4 
1,0 1,8 1,0 
4,0 1oi 1,1 

26,3ll 3~,6 39,74 

the positive charge will be localized on the nitrogen atom. The scheme of the fragmentation of I-iV can then 
be r e p r e s e n t e d  as fol lows*:  

+ 

�9 +. 

7 b 

t t g ,917 

a cN ~ /c/~" h " - ' - ~ "  / ~_.s. / f  ~Tc.; 
- I I  / ~ C6H + C~H3N + 

~" N2 k,77 j~89 

i 

On passing f rom thienopyridines I - IV  to benzothienopyridines V and VI the probabil i ty of the formation 
of e,  f,  and  h i o n s  s h o u l d  d e c r e a s e  as  a c o n s e q u e n c e  of b l o c k i n g  of t h e  t h i o p h e n e  r i n g  by the  b e n z e n e  r i n g ;  t h i s  
w a s  c o n f i r m e d  e x p e r i m e n t a l l y .  Th e  d e t a c h m e n t  of an  HCS" p a r t i c l e  t ha t  o c c u r s  in  t he  f r a g m e n t a t i o n  of V and  
VI is evidently similar to the elimination of a molecule of HCN from acridine [7]. 

An analysis of the data obtained makes it possible to use the parameters of the mass spectra to dis- 

tinguish the isomers.  Thus the relative E 2 value makes it possible to form a judgment as to which position of 
the pyridine ring is occupied by the methyl group. In the case of 4-methyl-substituted derivatives (Ill and IV) 
it is higher by a factor of 1.3 to 2.5 than for their 2-methyl isomers (I and II). In the ease of isomers with 

* The  p a t h w a y s  of f r a g m e n t a t i o n  of t h e  m o l e c u l a r  and f r a g m e n t  ions  w e r e  c o n f i r m e d  b y  t he  c o r r e s p o n d i n g  
m e t a s t a b l e  t r a n s i t i o n s .  
SThe  m a s s - t o - c h a r g e  r a t i o s  ( m / z ) .  
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Fig.  1. Change in the intensity of the doubly 
charged molecular  ions as the number of 7r elec-  
t rons  in the sys tem changes: 1) p y r r o l e -  7.0 
[12a], i n d o l e -  9.7 [13a], e a r b a z o l e -  16.3 [12b]; 
2) t h i o p h e n e -  3.9 [12c], benzoth iophene-  7.9 
[12d], d ibenzoth iophene-  12.0 [14]; 3) f u r a n -  
2.6 [13b], b e n z o f u r a n -  5.1 [12e], d i b e n z o f u r a n -  
10.7 [12f]; 4) p y r i d i n e -  1.0 [12g], c~uinoline- 5.4 
[12h], a c r i d i n e -  11;1 [12i]. 

conjugated pyridine and thiophene r ings  of the [2, 3-b] type (I and III) the peaks of the c, d, and k ions are 1.5- 
3 t imes more  intense than for the i somers  with conjugation of opposite charac te r  (II and IV). 

In examining the mass  spec t ra  of I-VI we attempted to elucidate a cr i ter ion of a more general  nature 
that makes it possible to evaluate the charac te r  of the annelation of the r ings in the conjugated he terocycl ic  
sys tems .  With this in mind, we turned to a compar i son  of the intensities of the doubly charged molecular  ions 
(M++), the format ion  of which is cha rac te r i s t i c  for  the m a s s - s p e c t r o m e t r i c  f ragmentat ion of he te roa romat ic  
sys tems  [8]. Start ing f rom the assumptions advanced in [9], one should expect that the stability of M ++, i.e., 
the intensity of its peak in the spec t ra  of compounds with two heteroatoms,  should be higher, the g rea te r  the 
distance between these he teroa toms.  This re la t ionship is not observed in our case, and the data obtained con- 
sequently cannot be interpreted unambiguously. 

We would also like to note the increase  in the intensity of the M ++ peak on passing f rom a two-r ing  (I-IV) 
to a t h r ee - r i ng  (V and VI) sys tem,  i.e., when the number of 7r e lect rons  in the molecule increases .  Our analy- 
sis of the l i te ra ture  data showed that this re la t ionship  is general  in charac te r  in the ser ies  of he te roaromat ic  
compounds and can be represen ted  graphically (see Fig.  1). Curves 1, 2, and 3 in the graph are situated one 
under the other in the same sequence as the dec rease  in the 7r - surp lus  charac te r  in the p y r r o l e - f u r a n - t h i o -  
phene se r ies  [10] and their  benzo and dibenzo der ivat ives .  At the same t ime,  each of the curves ref lects  an 
increase  in the intensity of the M ++ peak v i s - a -v i s  a decrease  in the 7r-surplus charac te r  in se r i e s  of he tero-  
cycles  with one heteroatom.  The graph also c lear ly  i l lustrates  the previously noted [11] symbatic  charac te r  
in the change in the intensity of this peak and the 7r-donor charac te r  of the sys tem.  

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

The mass  spec t ra  were obtained with a Varian MAT-311A spec t romete r  by di rec t  introduction of the 
samples  into the ion source  under standard conditions of operat ion of the apparatus; the ionizing voltage was 
70 eV, the cathode emiss ion  current  was 1.5 mA, the ionizat ion-chamber  t empera tu re  was 30-40~ lower than 
the melting points of the samples ,  and the relat ive e r r o r  in the measurement  of the intensities of the peaks 
was 5-7%. 
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MASS SPECTRA OF DERIVATIVES OF 

SELENA Z OLY LHYDRA ZONES 
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BENZALDEHYDE 
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The m a s s  s p e c t r a  of benzaldehyde se ienazo ly lhydrazones  Ia-d  and benzaldehyde se lenazol idene-  
hydrazones  II and III were  studied. Splitting out of benzoni t r i le  as a r e su l t  of a r e a r r a n g e m e n t  
of the McLaf fe r ty  type is c h a r a c t e r i s t i c  for  the f r agmenta t ion  of the M + ions of Ia-d .  The sub- 
sequent f r agmenta t ion  of the M -  C6H5CN ion occurs  due to e ject ion of the Sell group or a mole -  
cule of earbodi imide  f r o m  the se lenazole  r ing  or due to c leavage of r ing  side subst i tuents .  The 
pr inc ipa l  f r a g m e n t s  in the m a s s  s p e c t r a  of II and III a re  fo rmed  as a r e su l t  of the eject ion of 
groups of Sell and SeCHCO atoms.  

In a continuation of our r e s e a r c h  [1, 2] on the synthes is  and analys is  of de r iva t ives  of benzaldehyde 
he te ry lhydrazones  that have high biological  act ivi ty,  in the p resen t  r e s e a r c h  we studied the pr incipal  pathways 
in the f r agmenta t ion  of benzaldehyde se lenazo ly lhydrazones  Ia-d  and benzaldehyde se lenazol idenehydrazones  
II and III under the influence of e lec t ron  impact .  

R~ 0~___ , Oh N/CH3 

la-d II Il l  

la RIp-H, R~=C~Its; b W+R2=(CH~)4; c RI+R2=(CH2)3; d RI-H, R~'=Clt.:CI 

The m a s s  s p e c t r a  of analyt ical ly vr luable  de r iva t ives  of carbonyl  compounds,  viz.  n i t ro-  and, pa r t i cu la r ly ,  
d in i t rophenylhydrazones ,  have been invest igated in g r ea t e s t  detai l  [3]. The i r  s p e c t r a  are  c h a r a c t e r i s t i c  and 
make it poss ib le  in a number  of cases  to de t e rmine  the posit ion and c h a r a c t e r  of the subst i tuents  in the r e s idue  
of the carbonyl  compound f r o m  the m a s s  numbers  of the f r agmen t  ions [4]. The p r o c e s s e s  of d i ssoc ia t ive  ioni- 
zat ion of a ry lhydrazones  of a r o m a t i c  aldehydes and ketones  that  a re  accompanied by skele ta l  r e a r r a n g e m e n t s  
have been examined in quite some  detai l  [5, 6]. It has been  es tabl i shed that  for  all of the compounds mentioned 
above one of the chief p r o c e s s e s  in the f r agmenta t ion  of the i r  mo lecu la r  ions (M +) is c leavage of the n i t rogen -  
ni t rogen bond. 
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