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The m a s s  s p e c t r a  of a num ber  of a lkyl -  and methy l -pheny l - subs t i tu ted  thiazoles  at var ious  
ionizing e lec t ron  energ ies  we re  studied.  The predominant  dis integrat ion reac t ions  a re  p r o c -  
e s s e s  involving cont rac t ion  of the s ta r t ing  r ing to f o r m  charged  sul fur -conta in ing f r agments  
and n i t rogen-conta in ing  neu t ra l  p a r t i c l e s .  It was noted that  the peaks of the (M-H) + and 
(M-CH3) + ions a re  of low intensi ty,  that the probabi l i ty  of r e a r r a n g e m e n t  p r o c e s s e s  with 
r ing expansion is low, and that  the position of the methyl  groups has a pronounced effect  on 
the d is in tegra t ion  of the molecu les  during e lec t ron impac t .  

A l imi ted  number  of studies [1-3] have been devoted to the invest igat ion of the m a s s  spec t r a  of th i -  
azole s y s t e m s ,  although the i r  d is in tegra t ion on e lec t ron  impac t  is of undoubted in te res t  in the light of the 
examinat ion of the effect  of two h e t e r o a t o m s  si tuated in a s ingle r ing on the d issoc ia t ive  ionization.  This  
paper  is devoted to an invest igat ion of the m a s s  s p e c t r a  of 2 ,4-dimethyl thiazole  (I), 4 ,5-dimethyl thiazole  
(H), 2 ,4 ,5- t r imethyl th iazo le  (III), 5 - e thy l -4 -n -p ropy l th i azo le  (IV), 4 -methy l -2 -pheny l th iazo le  (V), 4 ,5 -d i -  
methy l -2 -phenyl th iazo le  {VI), and 2,4-diphenylthiazole (VII). The m a s s  spec t r a  of I I -VI  were  studied for 
the f i r s t  t ime .  

The m a s s  s p e c t r a  were  r eco rded  with a modif ied MKh-1303 m a s s  s p e c t r o m e t e r  at an ionizing ch amb e r  
and inlet s y s t e m  t e m p e r a t u r e  of 250 ~ and ionizing e lec t ron  energ ies  of 50, 30, 20, and 15 eV. The m a s s  
s p e c t r a  of I - IV and V-VII,  r e spec t ive ly ,  obtained at ionizing e lec t ron  energ ies  of 50 eV, a r e  p resen ted  in 
Tab les  1 and 2 (peaks with in tensi t ies  >3~c of the m a x i m u m  are  given).  The r e s i s t a n c e s  to e lec t ron  impact  
(WM), which are  the f rac t ions  of poly iso t ropic  m o l e c u l a r  ions in the total  ion cu r r en t  (in percent) ,  and the 
se lec t iv i t i e s ,  which a r e  the num ber s  of mos t  intense peaks  whose sum is  half  the total  ion cur ren t ,  were  
also de t e rmined .  

The r e s i s t a n c e  to e lec t ron impac t  of I - I l l  and the se lec t iv i t i es  of the i r  d is in tegra t ion a r e  quite high 
(W M 22.2-26.3, S1/2 ,~ 3), which a t tes t s  to the s tabi l i ty  of the thiazole a romat i c  s y s t e m .  The m a x i m u m  peak 
in the m a s s  spect im of I - I I I  at all  of the examined ionizing e lec t ron  energ ies  co r r e sponds  to the molecu la r  
ion. 

The e x t r e m e l y  low intensi ty  of  the (M-H) + and (M-CH3) + ions is a c h a r a c t e r i s t i c  pecul ia r i ty  of the 
dis integrat ion of methy l th iazo les .  The i r  in tensi t ies  with r e s p e c t  to the total  ion cu r r en t  at 50 eV, r e s p e c -  
t ively ,  a r e  0.24 and 0.0 for  I, 3.1 and 2.3 for  II, and 1.8 and 0.1 for  III .  A low intensi ty  was noted for  the 
(M-H)  + peaks  in the m a s s  s p e c t r a  of a lkyl i soxazoles  [4], which have an e x t r e m e l y  labile  N - O  bond, and in 
the m a s s  s p e c t r a  of oxazoles  [5]. In the case  of the quite s table  a romat i c  r ing under  considera t ion ,  it can 
be a s sumed  that  this fact  indicates  the absence  of r e a r r a n g e m e n t  p r o c e s s e s  that  lead to r ing expansion.  In 
pa r t i cu l a r ,  the r ing expansion to f o r m  thiazines  proposed  for  methyl i so th iazo les  [6] hardly  occurs  he re .  

The dis in tegra t ion  of II during e lec t ron  impact  d i f fers  somewhat  f r o m  the d issoc ia t ive  ionization of I 
desc r ibed  in [1]. The p r e s e n c e  of two adjacent  methyl  groups ac t ivates  the de tachment  of H and CH3, which, 
although the probabi l i ty  that such p r o c e s s e s  occur  is low as c o m p a r e d  with other  me thy l - subs t i tu ted  h e t e r o -  
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T A B L E  1. M a s s  S p e c t r a  of  A l k y l -  
t h i a z o l e s  

role IV 

26 
27 
29 
38 
39 
40 
4i 
42 
43 
45 
46 
47 
50 
5t 
52 
53 
54 
55 
57 
58 
59 
65 
66 
67 
68 
69 
70 
7t 
72 
73 
74 
77 
79 
84 
85 
86 
87 
88 
97 
98 
99 

t l i  
112 
it3 
ti4 
t15 
t24 
t25 
t26 
t27 
128 
t29 
t40 
t41 
t54 
i55 
156 

Sl/2 

I II III 

4,0 3,8 - -  
8,7 lO,O 
7,7 
4 , 4  

20,2 8,3 
17,7 
3,0 6,t 

i0,3 4,0 
32,2 3,3 23,2 
3,5 

3 , 6  3,9 
- -  5,5 
- -  3 , 3  
- -  8 , 8  

- -  3,2 

3,5 
3,6 8,0 
5,0 i2,5 

;-,6 
i0,9 6,2 
3,9 

9i ,i 70,9 
88,9 7,t 
t0,2 3,7 
5,t 

--  23,4 
23,~ 

9,1 

t2,~ 
t ~ J  t00,s 
8,3 7,~ 
6,2 4,~ 

- _- 

2 ,9 26,-  
<3 3 >3 

4,3 
29,8 
i0,9 
3,3 

30,6 
5,2 

39,5 
7,3 

47,t 
32,2 

3,9 

6,7 
4,0 
9,7 

8,0 
t5,6 
15,4 
3,1 
4,6 

6,t 
50,0 
4,3 
5,5 

9,2 
5,5 
5,3 
9,0 

22,5 
20,9 
3,8 

20,9 
4,4 

5,2 
80,0 

1002 
10,5 
4,9 

28,2 
3,7 

t2,5 
29,8 
4,05 
3,8 
9 

H 2C ~"-"N.:~. . -H HsC,~s,~HsC'~ N H sC k, .  ~ -CH3~ H 2 C~--~.N 

+ +. + 

112 (3,t) ~ I13 (24,6) 98 (2,3) 

+ 
72 (1,7) 86 (5,6) 85 (5,5) 

. . . .  + - ' - - ~ , c J ~ l  

45(5,7) 71 71 (17,4) 59(3,1) 85 

c y c l i c  c o m p o u n d s ,  s t i l l  o c c u r  to  a m u c h  g r e a t e r  ex tan t  than in the  
m a s s  s p e c t r u m  of  I .* It  shou ld  be  no ted  tha t  the  i n t e n s i t y  of the  
( M - H )  + ion p e a k  in the  m a s s  s p e c t r u m  of  II ,  ob t a ined  a t  an i on i z ing  
e l e c t r o n  e n e r g y  of 15 eV, i s  r e l a t i v e l y  h i g h e r  than a t  50 eV (4.2 and 
3.1% of the  t o t a l  c u r r e n t ,  r e s p e c t i v e l y ) .  

The  a b s e n c e  of a m e t h y l  s u b s t i t u e n t  in the  2 p o s i t i o n  r e s u l t s  
in the  fac t  tha t  t he  d e t a c h m e n t  of CH3CN, wh ich  c o r r e s p o n d s  to the  
m a x i m u m  f r a g m e n t  p e a k  in the  s p e c t r u m  in the  c a s e  of I, i s  s u p -  
p r e s s e d  b y  the f o r m a t i o n  of the  ( M - H C N )  + ion .  The r e l a t i v e  i n t e n -  
s i t y  of  the  peak  of  th i s  ion i n c r e a s e s  f r o m  5.6 to  12.1% wi th  r e s p e c t  
to  the  t o t a l  c u r r e n t  a s  the  ion iz ing  e l e c t r o n  e n e r g y  i s  d e c r e a s e d  
f r o m  50 to 15 eV.  

An e x a m i n a t i o n  of the  m a s s  s p e c t r a  of II  and III  i n d i c a t e s  tha t  
t he  p r o p o s e d  pa th  fo r  the  f o r m a t i o n  of  the  ion of m a s s  71 f r o m  the  
ion of  m a s s  72 [1] o c c u r s  on ly  in the  c a s e  of I .  Thus  the  i n t e n s i t y  
of the  p e a k  of ions  of m a s s  72 in the  m a s s  s p e c t r u m  of II ,  ob ta ined  
at  an e l e c t r o n  e n e r g y  of  50 eV, i s  1.7~c of the  t o t a l  c u r r e n t ,  wh i l e  
the  i n t e n s i t y  of  the  peak  of  ions  of m a s s  71 i s  17.4% at  an ion iz ing  
e l e c t r o n  e n e r g y  of  50 eV and 7.9% at  an e l e c t r o n  e n e r g y  of 15 eV.  
The  i n t e n s i t y  of the  peak  of ions  of m a s s  71 in the  m a s s  s p e c t r u m  
of III  a t  an i on i z ing  e l e c t r o n  e n e r g y  of 15 eV i s  8.6% of the  t o t a l  c u r -  
r e n t  (the t h i r d  l a r g e s t  p e a k  in the  s p e c t r u m ) ,  wh i l e  the  peak  of  ions  
of m a s s  72 i s  g e n e r a l l y  a b s e n t  a t  the  i n d i c a t e d  e l e c t r o n  e n e r g y  and 
c o n s t i t u t e s  only 1.0% of the  t o t a l  c u r r e n t  a t  50 eV; the  peak  of ions  
of m a s s  71 i s  18.5%. Thus  the  ion of m a s s  71 i s  no t  g e n e t i c a l l y  a s -  
s o c i a t e d  wi th  the  ion of m a s s  72. The  s h a r p  d e c r e a s e  (by a l m o s t  
half)  of the  r e l a t i v e  i n t e n s i t y  of the peak  of ion of m a s s  71 as  the  
i on i z ing  e l e c t r o n '  e n e r g y  d e c r e a s e s  p r o v i d e s  a b a s i s  for  a s s u m i n g  
tha t  i t  i s  no t  f o r m e d  in the  f i r s t  s t a g e  of the  d i s i n t e g r a t i o n  of the  
m o l e c u l a r  ion .  F r o m  a l l  a p p e a r a n c e s ,  i t s  o r i g i n  i s  a s s o c i a t e d  wi th  
s u b s e q u e n t  d i s i n t e g r a t i o n  of the  f r a g m e n t  ( M - H C N )  + ions  and,  to  a 
l e s s e r  d e g r e e ,  of  the  ( M - H )  + i o n s .  The  s u b s e q u e n t  d i s i n t e g r a t i o n  

of t he  ion of m a s s  71 l e a d s  to a f r a g m e n t  of m a s s  45; a homologous  "we igh ted"  ion of m a s s  59 is  p r o b a b l y  
f o r m e d  b y  an ana logous  pa th  f r o m  the  ion of m a s s  85. 

The  d i s s o c i a t i v e  i on i za t i on  of IH i s ,  in g e n e r a l ,  s i m i l a r  to  the  d i s i n t e g r a t i o n  of I I .  H o w e v e r ,  i t  should  
b e  n o t e d  tha t  the  p r e s e n c e  of a m e t h y l  g r o u p  in the  2 p o s i t i o n  n a t u r a l l y  l e a d s  to  a s h a r p  (as c o m p a r e d  wi th  
ID i n c r e a s e  in the  p r o b a b i l i t y  of the  d e t a c h m e n t  of CH3CN , and the (M-CH3CN) + ion b e c o m e s  the  m a x i m u m  
f r a g m e n t  p e a k  in the  s p e c t r u m .  I t s  i n t e n s i t y  i s  s o m e w h a t  l e s s  than the  i n t e n s i t y  of the  peak  of the  f r a g m e n t  

* H e r e  and e l s e w h e r e ,  the  n u m b e r s  u n d e r  the  f o r m u l a s  in the  s c h e m e s  c o r r e s p o n d  to the  m a s s  n u m b e r  of the  
ion,  wh i l e  the  n u m b e r s  in p a r e n t h e s e s  c o r r e s p o n d  to the  p e a k  i n t e n s i t i e s  in p e r c e n t  of the  t o t a l  c u r r e n t .  
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TABLE 2. M a s s  S p e c t r a  of 
P h e n y l t h i a z o l e s  

m/e V Vl 

26 
27 
29 
38 
39 
40 
41 
42 
43 
45 
50 
51 
52 
53 
55 
58 
59 
63 
69 
71 
72 
73 
74 
75 
76 
77 
78 
85 
86 
87 
87,5 3,7 
88 
89 
90 
94,5 

100 
102 . 
t03 5,8 
t04 t7,3 
t05 
t2t 
133 
134 
135 _ 
136 
174 
t75 88,0 
178 i0,8 
t77 4,8 
188 
t89 -- t, 
190 
t91 
237 
238 -- 

239 
WM 23,8 
S,/~ 3 

VII  

4,5 

4,1 

3,8 

5,8 

6,2 
6,0 

4,2 
6,2 

2 ,7 
20,4 

4,3 

5,2 
t00,0 
t2,4 
6,2 

7 ,2 
t7,0 
5,7 

25,5 
2 

T A B L E  3. P e a k  I n t e n s i t i e s  of S e v e r a l  Ions  in the  M a s s  S p e c t r a  of 
M e t h y l p h e n y l t h i a z o l e s  at  V a r i o u s  Ion iz ing  E l e c t r o n  E n e r g i e s *  

Ionizing elec- 
~on energy, eV 

50 
15 
50 
t5 
50 
t5 
50 
15 
50 
15 
50 
15 
50 
t5 
50 
15 

Ion 

(M--H)~- 

(M--C~HsCN) + 

0,23 

22,9 
22,2 

Compound 

VI 

2,7 
4,3 

13,0 
22,2 

VII 

0,60 
0,95 

22,5 
2t,7 

C6HsC N § 

C~HsCNH + 

C6HsCS + 

CsHsCH+ or 
C6H4N + 
C6H5C + 

C~H6 + 

1,3 
t,2 
4,0 
3,3 
0,4 

0,4 

0,4 

2,7 
t,8 

3,0 

7,8 t , i  
9,8 0,7 
2,t 0,24 

1,3 0,2 

5,2 
5,t 
5,3 
5,8 
i ,6 
0,9 

*In p e r c e n t  of the  t o t a l  ion c u r r e n t .  

ion  in t he  m a s s  s p e c t r u m  of I a t  an i on i z ing  e l e c t r o n  e n e r g y  of  50 
eV (17.7 and 13.8% wi th  r e s p e c t  to the  t o t a l  c u r r e n t )  and i s  a p p r o x i -  
m a t e l y  equa l  to  i t  a t  15 eV (22.4 and 20.0%, r e s p e c t i v e l y ) .  

An i n c r e a s e  in t he  l eng th  of the  a lky l  g r o u p s  in the  4 and 5 
p o s i t i o n s  ffV) s h a r p l y  r e d u c e s  the  s t a b i l i t y  of  the  m o l e c u l e  (W M = 
3.8) and the s e l e c t i v i t y  of  the  d i s i n t e g r a t i o n  (S1/2 = 9). The  a b s e n c e  
of h i g h - r e s o l u t i o n  m a s s - s p e c t r a l  d a t a  m a k e s  i t  i m p o s s i b l e  to un -  
a m b i g u o u s l y  j udge  the  s t r u c t u r e  of the  ( M - 2 8 )  + f r a g m e n t  ion,  wh ich  
c o r r e s p o n d s  to the  m a x i m u m  peak  in the  s p e c t r u m .  It  m a y  b e  
f o r m e d  e i t h e r  a s  a r e s u l t  of the  d e t a c h m e n t  of a n e u t r a l  e t h y l e n e  
p a r t i c l e  f r o m  the  m o l e c u l a r  ion (a) o r  d e t a c h m e n t  of HC N and H 
f r o m  the  m o l e c u l a r  ion (b), o r ,  f ina l ly ,  bo th  p r o c e s s e s  m a y  o c c u r .  
The  i n t e n s i t y  of the  peak  of the  ( M - 2 8 )  + and ( M - 2 8 - 1 )  + ions  i n -  
c r e a s e s  a s  the  i o n i z i n g  e l e c t r o n  e n e r g y  i s  r e d u c e d  to 15 eV:  f r o m  
11.3 to  28.5% and f r o m  9.0 to  10 Iv/c, r e s p e c t i v e l y ,  of the t o t a l  c u r -  
r e n t .  T h i s  e m p h a s i z e s  the  i m p o r t a n t  r o l e  p l a y e d  in the  o v e r a l l  d i s -  
i n t e g r a t i o n  p i c t u r e  by  the  i n d i c a t e d  ions ,  which  a r e  f o r m e d  in the  
f i r s t  s t a g e s  of  t he  d i s s o c i a t i v e  i o n i z a t i o n .  

Hsc_/%s2 
+ +.  + .  

126 (9,1) ~ 155 (3,4) Z27 01,3 ) 

S + CHa HTC~ + ' ~ .  C2Hs -H. H?Cs.~.~ 

127 

The  i n t r o d u c t i o n  of  one o r  s e v e r a l  pheny l  g r o u p s  (Tab les  2 and 3) has  v i r t u a l l y  no  e f f ec t  on WM owing 
to two d i s s i m i l a r l y  a c t i n g  f a c t o r s  - the  i n c r e a s e  in the  s i z e  of the  m o l e c u l e  and  the s t a b i l i z i n g  e f f ec t  of 
pheny l  g r o u p s .  As  b e f o r e ,  the  e x t r e m e l y  low p r o b a b i l i t y  of the  f o r m a t i o n  of  ( M - H )  + and (M-CH3)  + ions  r e -  
m a i n s  the  c h a r a c t e r i s t i c  f e a t u r e  of the  d i s i n t e g r a t i o n ,  whi le  the  m a x i m u m  peaks  of the  f r a g m e n t  ions  d e -  
v e l o p  d u r i n g  d e t a c h m e n t  of a c y a n o - c o n t a i n i n g  n e u t r a l  p a r t i c l e  (C6H4CN in th i s  c a s e ) .  The  p r o b a b i l i t y  of the  
d e t a c h m e n t  of  t h i s  p a r t i c l e ,  e s p e c i a l l y  at  low ion i z ing  e l e c t r o n  e n e r g i e s ,  i s  a p p r o x i m a t e l y  the  s a m e  f o r  V -  
VII (Table  3) .  Even  a t  an i o n i z i n g  e l e c t r o n  e n e r g y  of 50 eV, the m a s s  s p e c t r u m  of  V c o n t a i n s  on ly  s even  
p e a k s  wi th  i n t e n s i t i e s  of about  10% of  the  m a x i m u m ,  and the  s c h e m e  of i t s  d i s i n t e g r a t i o n  i s  e x t r e m e l y  s imple . -  
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§ H3C N + 
C6H5" - -  " I~/~---- C6HsCN 

,7, ,7,  ,o3(,3, 

,75 (2o.2) % J  
/ r .  + 

�9 z+ ~---'---f'~ 3_ H ~ - ~ - - ~ ' "  2 $'--'-'7 

~04 (4,0) 72 (22,9) 71 02.3) 71 

-C2H2 �9 HCS + 

45 (3,6) 

As in the case  of methyl th iazo les ,  the p r e sence  of adjacent  methyl  groups  in the r ing of 4 ,5 -d imethy l -  
2-phenyl thiazole  (VI) changes the m a s s  s p e c t r u m  to a cons iderab le  extent .  Thus the probabi l i ty  of de tach-  
men t  of H i n c r e a s e s  by a f ac to r  of about 10, and the in tensi ty  of the (M-CsHsCN) + peak d e c r e a s e s  somewhat  
due to an i nc rea se  in the probabi l i ty  of the fo rmat ion  of a charged  C6HsCN+ par t i c l e .  The s e r i e s  of ion 
peaks  of m a s s e s  75, 76, and 77 that  is c h a r a c t e r i s t i c  for  benzoni t r i le  quite re l i ab ly  indicates that this p r o c -  
e s s  occur s .  A cer ta in  f rac t ion  of the C6H5 + ions probably  a lso  a r i s e s  during the d i rec t  format ion of a 
phenyl f r agmen t  f r o m  the mo lecu l a r  ion. Ions of m a s s  121 in the m a s s  s p e c t r u m  of VI a r e  of r a t h e r  a p p r e -  
c iable  intensi ty .  The absence  of a me ta s t ab le  peak makes  it poss ib le  to e x p r e s s  only an assumpt ion  r e g a r d -  
ing the fo rmat ion  of it f r o m  the e x t r e m e l y  s table  (M-H) + ion: 

121 (I,3) . 188 (4,3) \~ '~  189 (13,8) V 103 (7,8) 

/ / \  
- .  t - - s  + c0.: co.:  + + .  

85 (3,6) 86 (13.0) 71 (9,3) 77 (3,0) 76(4.1) 

The m a s s  s p e c t r u m  of VII is  m o r e  like the m a s s  s p e c t r u m  of V with r e spec t  to the direct ion of d is in-  
tegra t ion than that  of VI and dif fers  f r o m  them by  the p re sence  of r a t he r  intense peaks  of ions of m a s s e s  
89 and 90. The development  of the f i r s t  of them is r ead i ly  in te rpre ted ,  but it is difficult to conce ive  of a 
m e c h a n i s m  for  the fo rmat ion  of the ion of m a s s  90; it r equ i r e s  e i ther  migra t ion  of hydrogen to the posi t ively  
charged  pa r t i c l e  f rom the second phenyl r ing or migra t ion  of a phenyl group to the ni t rogen in the exci ted 
m o l e c u l a r  ion. 

An examinat ion of the s p e c t r a  of a lkyl -  and methylphenyl th iazoles  makes  it poss ib le  to conclude that  
r e a r r a n g e m e n t  p r o c e s s e s  a r e  e i ther  absent  or  a r e  unlikely.  The p re sence  of two dif ferent  he t e roa toms  in 
the r ing leads  to p redominance  of dis integrat ion reac t ions  and contract ion of the s ta r t ing  r ing to fo rm 
sul fur-conta in ing,  charged  f r agmen t  and neu t ra l ,  n i t rogen-conta in ing  pa r t i c l e s .  Doubly charged  ions play a 
v e r y  s m a l l  ro l e .  
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