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The m a s s  s p e c t r a  of the following methy l - subs t i tu ted  hydroxyquinolines have been studied 
in the range  of energ ies  of the ionizing e lec t rons  of 15-50 eV: 2 -hydroxy-4 -methy lqu ino-  
line, 6 -hydroxy-2-methy lqu ino l ine ,  6 -hydroxy-4-methylquinol ine ,  8 - h y d r o x y - 2 - m e t h y l -  
quinoline, 8 -hydroxy-4-methylquinol ine ,  2 ,6-d ihydroxy-4-methylquinol ine ,  and 4 ,6-d ihy-  
droxy-2-methylquinol ine .  It has been shown that  the p r o c e s s e s  of d issoc ia t ive  ionization 
for  the s e r i e s  of compounds invest igated take place exc lus ive ly  f r o m  the keto f o r m s  of 
the molecu la r  ions. The s tabi l i ty  to e lec t ron  impac t  is de te rmined  l a rge ly  by the degree  
of enolizat ion of the s t r u c t u r e s  cons idered .  The values of the se lec t ive  decomposi t ion 
a r e  given and a s cheme  is p roposed  for  the identification of the i somer i c  me thy l - subs t i -  
tuted hydroxyquinolines.  

In the condensat ion of a r o m a t i c  amines  with f l -dicarbonyl  compounds,  the p rob lem gene ra l ly  a r i s e s  
of es tabl ishing the s t r u c t u r e  of the hydroxyquinoline fo rmed ,  s ince the di rect ion of cycl izat ion depends 
s t rongly  on the s t r u c t u r e  of the r eagen t s ,  the solvent ,  the pH of the medium,  and the t e m p e r a t u r e  of the 
p r o c e s s .  Thus,  it is known that  with a r o m a t i c  amines  fl-oxo e s t e r s  f o r m  ei ther  2 -hydroxy-  or  4 -hydroxy  
compounds depending on the acidi ty  of the medium and the t e m p e r a t u r e  [1, 2]. F a i r l y  f requent ly ,  2-  and, 
pa r t i cu la r ly ,  4-hydroxyquinol ines  a r e  found among na tura l  compounds (for example ,  see  [3, 4]). Difficul-  
t ies  a r e  always encountered in the de te rmina t ion  of the i r  s t ruc tu re ,  and t h e r e f o r e  the drawing up of a 
co r r e l a t i on  between the m a s s  s pec t r a  of model  s amples  and the i r  s t ruc tu re  appea r s  to be of cons iderable  
in te res t .  

We have cons idered  the m a s s  s p e c t r a  of the following methy l - subs t i tu ted  hydroxyquinolines:  2 -hy-  
d roxy-4-methy lqu ino l ine  (I), 6 -hydroxy-2-methy lqu ino l ine  (II), 6 -hydroxy-4-methylquinolhae  (HI), 8-hy-  
d roxy-2-methy lqu ino l ine  (IV), 8 -hydroxy-4-methylqu ino l ine  (V), 2 ,6 -d ihydroxy-4-methy lqu ino l ine  (VI), 
and 4 ,6-d ihydroxy-2-methylqu ino l ine  (VII). This is the f i r s t  t i m e  that the m a s s  s p e c t r a  of compounds 
(I-III,  VI, and VII) have been obtained and in terpre ted;  the m a s s  spec t r a  of compounds (IV) and (V) have 
been given pa r t i a l ly  by other  authors  [5]. The m a s s  spec t r a  we re  taken on an MKh-1303 ins t rument  
(compounds II-V) with a modif ied record ing  device at a t e m p e r a t u r e  of the inlet s y s t e m  and of the ion 
sou rce  of 250~ at  acce le ra t ing  vol tages  of 50, 30, 20, and 15 eV and cathodic emis s ion  cu r r en t s  of 1.5 and 
1.0 mA. In view of the low vola t i l i ty  of the hydroxyquinolines subst i tuted in the pyr idine r ing,  the m a s s  
s p e c t r a  of compounds (I, VI, and VII) we re  taken on anLKB-9000 m a s s  s p e c t r o m e t e r  with the d i rec t  in t ro-  
duction of the s am p l e s  under s i m i l a r  r eco rd ing  conditions.  The pur i ty  of the compounds was checked 
by GLC. 

Table  1 gives  the m a s s  s pec t r a  of compounds (I-VII) taken at an energy  of the ionizing e lec t rons  of 
50 eV. The intensi t ies  of the peaks  of the ions a r e  given as pe rcen tages  of the m a x i m u m  peak in the 
s p e c t r u m  of the s ample ,  taken as  100%, only peaks  with an intensi ty >-1% being cons idered .  The s a m e  
table  gives the s tabi l i t ies  of the molecules  to e lec t ron  impac t  (WM) , these  being the r a t i o s  of the intensi-  
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T A B L E  i .  M a s s  S p e c t r a  of  M e t h y l - S u b s t i t u t e d  H y d r o x y q u i n o l i n e s  
( i n t e n s i t i e s  o f  t h e  p e a k s  in  % of  t he  m a x i m u m  peak)  

m/e I II II1 IV V VI V I I  

26 
27 
28 
29 
30 
38 
39 
40 
41 
42 
43 
44 
45 
5O 
51 
52 
53 
54 
55 
61 
62 
63 
64 
65 
66 
75 
76 
77 
78 
79 
89 
90 
91 

101 
102 
103 
104 
105 
116 
117 
118 
128 
129 
130 
131 
132 
145 
146 
147 
148 
158 
159 
160 
161 
174 
175 
176 
177 

3,2 
4,8 
7,5 
4,8 
1,3 
1,6 

I4,3 
3,9 
4,8 
4,7 
4,6 
8,4 
1,2 
6,3 
7,6 
2,1 
1,0 

3,9 
9,5 
8,7 
7,9 
6,3 
1,2 
7,9 

12,7 
4,8 

3,2 
4,8 

0,5 
4,8 

31,7 
4,8 

100,0 
12,1 
1,0 

2,1 
3,7 

14,3 
13,1 
4,2 
2,1 

12,5 
13'6 
10,0 
8,8 

16,3 
12,1 
4,3 
7,5 

1 t,3 
7,5 
2,2 

1,6 
11,3 
6,8 

1,0 
2,3 

15,0 
2,1 

11,3 

7,3 
8,8 

12,5 
1,6 

25,0 
16,3 

17,o 
100,0 
12,3 
1,0 

2,8 
4,3 

16,1 
14,7 
1,2 
2,1 
7,8 

19,2 
11,5 
3,6 

14,6 
11,8 
3,3 
5,0 

14,5 
6,1 
3,6 

1,2 
1,0 
3,6 
9,2 
2,8 
4,4 
1,4 
3,9 
4,7 

20,9 
5,0 
1,4 
4,8 
1,5 
1,0 
3,3 
6,2 

15,0 
5,1 
2,1 
2,1 
1,0 

3,3 
2,2 

34,5 
27,8 
5,8 

2T2 
100,0 
13,0 
1,4 

1,1 
3,3 
7,6 
3,2 
1,0 
1,8 

I2,5 
8,8 
5,0 
5,0 
4,2 
8,2 
2,1 
4,3 
8,3 
5,0 
1,2 

6,7 

8,3 
5,0 
7,5 
2,t 

3,0 
20,8 

1,6 

13,3 
5,0 

6,7 
12,5 
5,0 

5,0 
36,7 
42,3 
6,7 

00,0 
12,6 
1,2 

3'7 
29,7 
42,4 
4,0 

100,0 
12,2 
1,4 

6,6 
7,5 
1,6 

8,2 
t7,9 

100,0 
15,8 
1,6 

6,2 
13,6 
23,0 
7,0 

37,0 
8,6 
6,2 
9,0 
4,1 
2,5 
1,2 

12,3 
24,6 
27.6 
18,6 
4,9 
6,1 
3,7 
9,9 

18,6 
7,4 

14,8 
4,5 
4,5 
6,2 
9,9 
8,6 
4,5 
5,8 
5,3 

13,9 
2,0 
2,5 
2,0 
2,5 

2,9 
I1,1 
16,0 
2,5 
3,3 
3,2 
1,2 
2,6 
5,3 

50,0 
36,7 
5,3 

2,5 
3,3 

1G 
I00,0 
16,5 
2,0 

W ~r 24,2 21,3 23,2 26,4 28,6 36,0 15,8 

Sl/2 3,0 8,0 5,0 4,0 3,5 7,3 13,0 

t i e s  o f  t h e  p o l y i s o t o p i c  p e a k  of  t h e  m o l e c u l a r  i on  to  the  t o t a l  i on  c u r r e n t  (~ D, a n d  t h e  s e l e c t i v i t y  v a l u e s  
(St/2), w h i c h  c o r r e s p o n d  to t h e  m i n i m u m  n u m b e r s  of  p e a k s  t he  s u m  of  the  i n t e n s i t i e s  of  w h i c h  a m o u n t s  to 
ha l f  ~.I. 

A c o m p a r i s o n  of  t h e  v a l u e s  of  W M f o r  c o m p o u n d s  (I-VII) s h o w s  tha t  in  t he  g e n e r a l  c a s e  the  i n t r o d u c -  
t i o n  of a h y d r o x y  g r o u p  in to  t h e  q u i n o l i n e  n u c l e u s  l e a d s  to a c o n s i d e r a b l e  r e d u c t i o n  of the  s t a b i l i t y  W M as  
c o m p a r e d  w i t h  q u i n o l i n e  (34.5) an d  w i t h  2 - ,  4 - ,  a n d  8 - m e t h y l - s u b s t i t u t e d  q u i n o l i n e s ,  t he  v a l u e s  of W M of 
w h i c h  a r e  37 .2 ,  47 .1 ,  an d  30 .3 ,  r e s p e c t i v e l y  [6]. 

T h i s  f ac t  is  e x p l a i n e d  n o t  o n l y  b y  a n  i n c r e a s e  in  t he  p o s s i b l e  c h a n n e l s  of  d e c o m p o s i t i o n  a s  a r e s u l t  
o f  the  i n t r o d u c t i o n  of  t h e  h y d r o x y  g r o u p  into the  q u i n o l i n e  n u c l e u s ,  bu t  a l s o  b y  a s u b s t a n t i a l  d i s t u r b a n c e  of  
t h e  a r o m a t i c i t y  of t h e  s y s t e m  b e c a u s e  of the  p r e s e n c e  of  t he  ke to  f o r m  in  t he  e x c i t e d  m o l e c u l a r  ion  [7]. 
It  m a y  be  c o n s i d e r e d  t h a t  t h e  o b s e r v e d  d i f f e r e n c e s  in  t he  v a l u e s  of  W M ( T a b l e  1) i n  the  s e r i e s  of c o r n -  
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pounds (I-VII) depends p r i m a r i l y  on the ra t io  of the keto and enolic f o r m s  in the exci ted molecu la r  ion 
which, in its turn,  is de te rmined  by the posi t ion of the methyl  subst i tuent  in the initial molecule  [6, 8]. An 
inc rease  in the propor t ion  of the enolie f o r m  [9], i .e. ,  a r i s e  in the tendency to the fo rmat ion  of a "rigid, '  
a r o m a t i c  s t r u c t u r e  in compounds (I, IV, and V) leads to la rge  values  of W M. And, converse ly ,  the p r e -  
dominance of a nonconjugated s y s t e m  (the ketonic form) in compounds (II) and (HI) natura l ly  causes  a fal l  
in the value of W M (Table 1). 

Additional s tabi l iza t ion of the mo lecu l a r  ion can also take place through the poss ib le  fo rmat ion  of an 
i n t r amolecu la r  hydrogen bond in the i s o m e r i c  compounds {I), (IV), and (V) containing the hydroxy group in 
posi t ions 2 and 8 of the quinoline nucleus (W M 24.2, 26.4, and 28.6, r espec t ive ly ) .  When the hydroxy group 
is in posit ion 8, this  bond is s t ronge r ,  s ince an energe t ica l ly  m o r e  favorable  f i v e - m e m b e r e d  ring is 
f o rmed  [10]. 

~ H 3 CH. 

O~H "'H i 

The m a r k e d  d i f ference  in the values  of W M obse rved  for  the i somer i c  compounds (VI) and (VII) on 
the introduction of a second hydroxy group into the quinoline nucleus is difficult to explain.  Obviously, the 
initial  molecule  in the exci ted s t a t e  can exis t  in the f o r m  of the following s t r u c t u r e s  [using compound (VI) 
as an example] :  

tl N 

A B C 

It may  be a s s um ed  that  the cons iderab le  i nc rea se  in W M for  compound (VI) in the s e r i e s  of corn- 
pounds (I--VII) is connected with the predominant  exis tence  of the molecu la r  ion in the fo rm of the s t r u e -  
tu re  A or ,  r a t he r ,  B, which is conf i rmed  by the absence  of the f r a g m e n t a r y  ion (M-H)  + in its m a s s  spee-  
t r u m  [6]. Converse ly ,  in compound (VII) the molecu la r  ion exis ts  exc lus ive ly  in theketo  f o r m  (s t ruc ture  
C), which ieads to a fal l  in the a r o m a t i e i t y  of the s y s t e m  as a whole and, consequently,  to a d e c r e a s e  
in W M. 

The value of Si/2 also depends on the mutual  posi t ions of the methyl  subst i tuent  and the hydroxy 
group (Table 1). Thus,  compounds (I, III, V, and VI), containing the methyl  g roup  in posi t ion 4 of the 
quinoline r ing decompose  with higher  se lec t iv i t i es  ( lower values  of Si/2) than the cor responding  2 - s u b s t i -  
tuted analogs.  The value of the se lec t iv i ty  depends mainly  on the probabi l i ty  of the fo rmat ion  of the ion 
(M--CO) + or ,  in o ther  words ,  on the ease  of pa s sage  of the mo lecu l a r  ion into the cor responding  k e t o f o r m  
in the hydroxyquinolines studied [11]. Compounds having the hydroxy group in posi t ion 2 or  8 of the 
quinoline nucleus a r e  dist inguished by a g r e a t e r  intensi ty  of the peak of the (M-CO) + ion and, consequent-  
ly, have a lower  se lec t iv i ty  (Table 1). 

Since, according  to quan tum-chemica l  calculat ions [12], the g r e a t e s t  e lec t ron  densi ty  in the hydroxy-  
quinoline nucleus is concent ra ted  on the oxygen a tom,  it mus t  be expected that  the initial s tages  of the de-  
composi t ion  of the molecu la r  ions of the hydroxyquinolines will lead to the local izat ion of the posi t ive  
cha rge  on the oxygen a tom.  The na ture  of the decomposi t ion of compounds (I-VH) conf i rms  this hypothesis .  
The loss  of the neut ra l  pa r t i c l e  C O f r o m  the molecu la r  ion under the act ion of e lec t ron  impac t  pe rmi t s  the 
s t a t emen t  that in the exci ted s ta te  the decomposi t ion  of the s y s t e m s  studied takes  place  predominant ly  
f r o m  the keto f o r m  of the molecu la r  ion of the cor responding  hydroxyquinoline.  

The mobi l i ty  of the hydrogen a tom of the hydroxy group,  which is connected with the ease  of the 
t au tomer i c  t rans i t ions  in posi t ions 2 and 4 of the quinoline nucleus,  and also the poss ib i l i ty  of the f o r m a -  
t ion of an i n t r amolecu la r  hydrogen bond in posi t ion 8 of the r ing fac i l i ta te  the spli t t ing off of the neut ra l  
pa r t i c l e  C O f r o m  the mo lecu l a r  ion, and t he re fo re  the intensi ty of the peak of the ion ( M - C  O) + for  com-  
pounds (I, IV, and V) is about 1.5-2 t imes  higher  than for  the compounds (II and III) i somer i c  with them.  

With a lowering of the ene rgy  of the ionizing e lec t rons  to 20 eV, the probabi l i ty  of low-energy  p ro -  
c e s s e s  connected with the spli t t ing out of a CO pa r t i c l e  f r o m  the mo lecu l a r  ion in compounds (I-VII) r i s e s  
monotonical ly,  as a ru le .  
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TABLE 2. Scheme of the Identification of Methyl-Substituted 
Hydroxyquinoline Derivatives at an Energy of the Ionizing Elec-  
t rons of 50 eV (intensities of the peaks of the charac te r i s t i c  ions 
in % of the total current) 

Compound 

I 
II 

Ill  
IV 
V 

Vl 
VII 

Characteristic iota 

M § 

23,5 
19,4 
23,9 
32,9 
28,2 
32,5 
12,6 

(M--l) + 

m 
2,9 
5,0 

1,4 

( M - - 2 8 )  § 

7,4 
3,2 
6,6 

11,8 
12,1 
5,8 
4,6 

(M--29) § 

t8,6 
4,8 
8,2 
8,9 
8,5 
2,7 
6,3 

The decomposition of the i somer ic  compounds (I-V) is charac te r i zed  in the general  case  by a se-  
quence of success ive  p rocesses :  M + -~ (M-CO) + -" ( M - C O - H )  + -* [ ( M - C O - H ) - H C N ]  +, the course  of 
which is confirmed by a whole se r ies  of well-defined corresponding metastable peaks. 

The splitting o f f o f a C O p a r t i c l e  f rom the molecular  ion of compound (I} leads to the formation of a 
pseudomolecular  ion with a mass  of 131 having the s t ruc ture  of 3-methylindole.  The decomposition of 
this s t ruc ture  takes place in accordance  with a general ly  accepted hypothesis and is accompanied by the 
expansion of the pyrro le  ring of the methylindole with the formation of a resonance-s tab i l ized  quinolinium 
ion [13]. The appearance in the spec t rum of compound (I) of peaks of ions with masses  103, 77, and 51 
confirms the hypothesis put forward.  The decomposit ion of compound (I) is i l lustrated by the following 
scheme.t" 

Nt. IS9 (23.S) 

129,0" 
I1 H 

l 130 118,61 

I CH 3 " ~  

O 

107.9"1-C0 

/CHa 

I! 
131 (7.4) 

81,7 ~ 57,6" 33 .,q'---~;" 
103(2,2) 77 (2,9) ~1 (1 8) 

The marked increase  in the intensity of the peak of the ion with mass  130 in compound (I) with a r e -  
duction in the energy of the ionizing electrons is caused by the format ion in the decomposit ion process  of 
an ext remely  stable s t ruc ture  - the quinolinium cation, which a r i ses  as the resul t  of a low-energy r e -  
a r rangement  p rocess .  

In the decomposit ion of methyl and hydroxy substituents in different r ings of the quinoline nucleus, 
the formation of such a cation is less likely (compounds H-V). The formation of a r ea r r angemen t  ion with 
a mass  of 130 in the case of compounds (I-V) and of a s imi lar  ion with mass  146 for compounds (VI and 
VII) is easi ly detected in a considerat ion and compar ison of the values of the rat ios  of the intensities of 
the p rocesses  of [(M--CO)--H]+/(M--CO) +. For  the ser ies  of compounds (II-V), this value of the rat io is 
close to unity over  a wide range of energies .  Fo r  compounds (I), (VI), and (VII) the rat io of the p rocesses  
mentioned [(M-CO)--H]+/(M--CO) + ~ 3 (at an energy of the ionizing electrons of 20 eV). 

The dissociat ive ionization of compounds (II-V), each of which contains a hydroxy group in the ben- 
zene ring, takes place according to the following general  scheme:  

t h e r e  and below, the f igures under the formulas  r ep resen t  the mass  numbers ,  and the f igures in parenthe-  
ses  the intensities of the peaks of the corresponding ions in percentages of the total ionic current .  F igures  
with an as te r i sk  denote the apparent  masses  of the corresponding metastable  t ransi t ions.  
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. o ~  o~ _. 
--- ~ (M-H} + 

M,159 (23,9) 107,O*[-CO Ig8 ($,0) 

130 18,2') 131 16.61 

81,7*[-HCN 

H H 

[ ~  -q"' @ -q"' 
s7.6----~ ~ [c .%l ~" 

§ 
103 (3,5) 77 (.5.0) 51 (3,4) 

The presence  or  absence in the spec t rum of one of compounds (I-VII) of the peak of the ion (M-H) + 
easi ly enables the position of the hydroxy group in the quinoline nucleus to be determined.  Thus, for  com-  
pounds (II, III, and VII) the intensity of the peak of the (M--H) + ion at an energy of the ionizing electrons of 
50 eV is 2.9, 5.0, and 1.4% of the total ion current ,  respect ive ly  (with a lowering of the energy of the elec-  
t rons  to 20 eV, the intensity of this peak r i ses) .  In the case  of compounds (I, IV, V, and VI), which have the 
hydroxy substituent in position 2 or  8 of the quinoline ring, the peak of the (M-H) + ion is absent. 

This fact  shows that the elimination of a hydrogen atom f rom a methyl substituent that is cha rac t e r i s -  
tic for  a romat ic  compounds does not take place in the case under considerat ion.  Thus, our hypothesis of 
the possibil i ty of the existence of an in t ramolecular  hydrogen bond in the excited molecule (Table 2) is in- 
d i rec t ly  proved. 

The presence  of two hydroxy groups in the quinoline nucleus (compounds VI and VII) complicates  
the unambiguous determinat ion of the decomposit ion mechanism,  although each p rocess  taking place under 
the action of e lec t ron impact  is fixed by the corresponding metastable  peak. Probably,  the p rocess  of the 
detachment of a CO par t ic le  f rom the molecular  ion is due to a hydroxy group present  in position 2 or  4 of 
the quinoline nucleus, since in this case the production of the oxo fo rm becomes preferent ia l .  The el imi-  
nation of CO takes place with the formation of a pseudomolecular  ion having the s t ruc ture  of the c o r r e -  
sponding hydroxyskatole .  The elimination of hydrogen f rom this ion (mass 147) is responsible  for the 
appearance  in the spec t rum of the peak of a r ea r r anged  ion with the 6-hydroxyquinolinium s t ruc ture ,  the 
stabil i ty of which, as mentioned above, r i ses  considerably with a fall in the energy of the ionizing electrons.  

The dissociat ive ionization of various hydroxyskatoles  has been studied in detail by high-resolut ion 
mass  spec t rome t ry  [14], and therefore  the interpretat ion of the peaks of the ions with masses  146,118,  
117, and 91 (Table 2) causes  no difficulty. The decomposit ion of the ion with mass  146 takes place in two 
direct ions.  The f i r s t  is the elimination of a CHO group f rom this ion, leading to the appearance in the 
spec t rum of a pseudomolecular  ion with the s t ruc ture  of pyridine fused with cyclopentadiene, the decom- 
posit ion of which is responsible  for  a group of peaks with masses  90, 89, 63, and 50. With a reduct ion in 
the energy of the ionizing e lect rons ,  this p rocess  ceases  completely.  

The other  direct ion of the decomposit ion of the ion with mass  146 is the loss of a CO part icle,  which 
causes  the appearance  in the spec t rum of an ion with a mass  of 118; the intensity of the peak of this ion 
also r i se s  with a fall in the energy of the ionizing electrons.  The genera l  scheme of the decomposit ion of 
compounds (VI and VII) is as follows: 

Ch 3 r CH 3 

OH 0 
II 

M, ~75 (a2.51 

H H H H 

H 
ils (2,4) 146 (2,~) 

co 

J 
147 (5,s) 

/ " ~ "  H H 

H 
146 (2,71 li7 (2,11 
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The correlation that we have performed between the molecular structures and the main directions of 
decomposition of the methyl-substituted hydroxyquinolines (I-VII) permits the isolation of the characterist ic  
peaks of the fragmentary ions, through which it is possible with a considerable degree of probability to 
identify samples obtained under various reaction conditions (Table 2). 
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