DISSOCIATIVE IONIZATION OF METHYL-
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The mass spectra of the following methyl-substituted hydroxyquinolines have been studied
in the range of energies of the ionizing electrons of 15-50 eV: 2-hydroxy-4-methylquino-
line, 6-hydroxy-2-methylquinoline, 6-hydroxy-4-methylquinoline, 8-hydroxy-2-methyl-
guinoline, 8-hydroxy-4-methylquinoline, 2,6-dihydroxy-4~methylquinoline, and 4,6-dihy-
droxy-2- methylquinoline. It has been shown that the processes of dissociative ionization
for the series of compounds investigated take place exclusively from the keto forms of
the molecular ions. The stability to electron impact is determined largely by the degree
of enolization of the structures considered. The values of the selective decomposition
are given and a scheme is proposed for the identification of the isomeric methyl-substi-
tuted hydroxyquinolines.

In the condensation of aromatic amines with g8-dicarbonyl compounds, the problem generally arises
of establishing the structure of the hydroxyquinoline formed, since the direction of cyclization depends
strongly on the structure of the reagents, the solvent, the pH of the medium, and the temperature of the
process. Thus, it is known that with aromatic amines f-oxo esters form either 2-hydroxy- or 4-hydroxy
compounds depending on the acidity of the medium and the temperature [1, 2]. Fairly frequently, 2- and,
particularly, 4-hydroxyquinolines are found among natural compounds (for example, see {3, 4]). Difficul-
ties are always encountered in the determination of their structure, and therefore the drawing up of a
correlation between the mass spectra of model samples and their structure appears to be of considerable
interest.

We have considered the mass spectra of the following methyl-substituted hydroxyquinolines: 2-hy-
droxy~-4-methylquinoline (I}, 6~hydroxy-2-methylquinoline (IT), 6-hydroxy-4-methylquinoline (III), 8-hy-
droxy-2-methylquinoline (IV), 8-hydroxy-4-methylquinoline (V), 2,6~dihydroxy-4-methylquinoline (VI),
and 4,6-dihydroxy-2-methylquinoline (VII). This is the first time that the mass spectra of compounds
(I-1I1, VI, and VII) have been obtained and interpreted; the mass spectra of compounds (IV) and (V) have
been given partially by other authors [5]. The mass spectra were taken on an MKh-1303 instrument
(compounds I1-V} with a modified recording device at a temperature of the inlet system and of the ion
source of 250°C at accelerating voltages of 50, 30, 20, and 15 eV and cathodic emission currents of 1.5 and
1.0 mA. In view of the low volatility of the hydroxyquinolines substituted in the pyridine ring, the mass
spectra of compounds (I, VI, and VII) were taken on an LKB-9000 mass spectrometer with the direct infro-
duction of the samples under similar recording conditions. The purity of the compounds was checked
by GLC.

Table 1 gives the mass spectra of compounds (I-VII) taken at an energy of the ionizing electrons of
50 eV. The intensities of the peaks of the ions are given as percentages of the maximum peak in the
spectrum of the sample, taken as 100%, only peaks with an intensity =1% being considered. The same
table gives the stabilities of the molecules to electron impact (Wy;), these being the ratios of the intensi-

K. A. Timiryazev Moscow Agricultural Academy. Kaunass Medical Institute. M. V., Lomonosov
Moscow State University. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 7, pp. 972-978,
July, 1973. Original article submitted July 12, 1972,

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

895



TABLE 1. Mass Spectra of Methyl-Substituted Hydroxyquinolines
(intensities of the peaks in % of the maximum peak)

mje l 1 l 11 | 111 l v [ v ! Vi I VII
2% 32 2,1 28 1,1 1,0 11 6.2
27 48 37 43 33 27 23 136
28 75 143 16,1 76 6,1 3 23,0
29 48 131 147 32 33 1.0 70
30 1,3 4,2 1,2 1,0 —_— — —
38 1,6 2,1 2,1 1,8 1,0 — -
39 143 125 78 125 145 66 370
4 39 136 192 88 26 1.2 86
41 48 100 1.5 50 43 16 6.2
42 47 88 36 50 41 22 9.0
43 45 163 146 42 34 15 41
44 84 121 118 82 6.3 10 25
45 12 43 33 21 1,0 = 1.2
50 63 75 50 43 21 1.8 123
51 76 113 145 83 98 54 24,6
52 21 75 6.1 50 57 43 276
53 1,0 2,2 3.6 1,2 1,1 3,1 18,6
54 . = b . = = 49
55 — — 12 6.7 — 15 6.1
61 — — 10 > - = 37
62 39 16 36 — — — 99
63 95 113 92 83 6,8 39 186
64 87 68 28 50 4,1 22 74
65 79 = 44 75 6.8 g1 148
66 63 — 14 X - 16 45
75 12 1,0 39 - 42 12 45
76 79 23 17 30 37 18 6.2
77 127 150 20,9 20,8 106 39 9.9
78 438 21 50 16 8.7 24 86
79 = =z 14 = 14 12 45
89 7.9 11,3 48 133 43 33 58
90 32 — 15 5.0 2,7 3,1 53
91 48 — 1,0 — 2,3 9,3 13,9
101 = 73 33 - 27 1.0 20
102 48 83 6.2 6.7 6.4 18 25
103 95 125 150 195 75 15 20
104 48 16 5.1 50 23 12 25
105 =z = 21 b = = =
116 — — 21 — — 1,6 29
17 — ~ 10 - — 66 111
118 — — . — — 75 160
128 - - 33 — 2,7 16 25
129 — — 22 50 37 = 33
130 79,4 25,0 345 387 297 59 32
131 317 163 278 123 124 15 12
132 48 = 58 67 10 = 26
145 = - = ! = 42 53
146 — - - - - 82 50,0
147 — — — — — 17,9 36,7
148 — — — — — 16 5.3
158 39 150 21,2 - 2.4 = =
159 100,0 100,0 1000 1000 100,0 — 25
160 121 123 130 126 12,2 - 33
161 10 1.0 14 I 14 — >
174 28 1,1
175 1000 1000
178 158 165
177 1,6 2,0
W, ‘ 22 | 213 ( 23,2 26,4 ' 86 | %0 158
{
Sk | a0 / 8,0 ] 50 | 40 ] 35 ; 73 130

ties of the polyisotopic peak of the molecular ion to the total ion current (£1), and the selectivity values
(54 éz), which correspond to the minimum numbers of peaks the sum of the intensities of which amounts to
half Z1.

A comparison of the values of W, for compounds (I-VII) shows that in the general case the introduc-
tion of a hydroxy group into the quinoline nucleus leads to a considerable reduction of the stability Wy, as
compared with quinoline (34.5) and with 2-, 4-, and 8-methyl-substituted quinolines, the values of Wy of
which are 37.2, 47.1, and 30.3, respectively [6].

This fact is explained not only by an increase in the possible channels of decomposition as a result
of the introduction of the hydroxy group into the quinoline nucleus, but alsc by a substantial disturbance of
the aromaticity of the system because of the presence of the keto form in the excited molecular ion [7].

It may be considered that the observed differences in the values of Wy; (Table 1) in the series of com-
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pounds (I-VII) depends primarily on the ratio of the keto and enolic forms in the excited molecular ion
which, in its turn, is determined by the position of the methyl substituent in the initial molecule [6, 8]. An
increase in the proportion of the enolic form [9], i.e., a rise in the tendency to the formation of a "rigid"
aromatic structure in compounds (I, IV, and V) leads to large values of W,,. And, conversely, the pre-
dominance of a nonconjugated system (the ketonic form) in compounds (II) and (ITI) naturally causes a fall
in the value of Wy, (Table 1).

Additional stabilization of the molecular ion can also take place through the possible formation of an
intramolecular hydrogen bond in the isomeric compounds (I}, (IV), and (V) containing the hydroxy group in
positions 2 and 8 of the quinoline nucleus (Wyy 24.2, 26.4, and 28.6, respectively). When the hydroxy group
is in position 8, this bond is stronger, since an energetically more favorable five-membered ring is
formed [10].
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~ ~
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N 0
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0—H ‘H

The marked difference in the values of Wy observed for the isomeric 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 excited state can exist in the form of the following structures [using compound (VI)
as an example]:

e

H, (“3“2 CH,
HO Ny HO = HO Y A
H H
A B C

It may be assumed that the considerable increase in Wy for compound (VI) in the series of com-
pounds (I-VII) is connected with the predominant existence of the molecular ion in the form of the struc-
ture A or, rather, B, which is confirmed by the absence of the fragmentary ion (M-—H)+ in its mass spec~
trum {6]. Conversely, in compound (VII) the molecular ion exists exclusively in the keto form (structure
C), which leads to a fall in the aromaticity of the system as a whole and, consequently, to a decrease
in Wy

The value of 8/, also depends on the mutual positions of the methyl substituent and the hydroxy
group (Table 1). Thus, compounds (I, III, V, and VI), containing the methyl group in position 4 of the
quinoline ring decompose with higher selectivities (lower values of S;/,) than the corresponding 2-substi-
tuted analogs. The value of the selectivity depends mainly on the probability of the formation of the ion
M~C O)+ or, in other words, on the ease of passage of the molecular ion into the corresponding ketoform
in the hydroxyquinolines studied [11]. Compounds having the hydroxy group in position 2 or 8 of the
quinoline nucleus are distinguished by a greater intensity of the peak of the M—CO)* ion and, consequent-
ly, bave a lower selectivity (Table 1),

Since, according to quantum-chemical calculations [12], the greatest electron density in the hydroxy-
quinoline nucleus is concentrated on the oxygen atom, it must be expected that the initial stages of the de~
composition of the molecular ions of the hydroxyquinolines will lead to the localization of the positive
charge on the oxygen atom. The nature of the decomposition of compounds (I-VII) confirms this hypothesis.
The loss of the neutral particle CO from the molecular ion under the action of electron impact permits the
statement that in the excited state the decomposition of the systems studied takes place predominantly
from the keto form of the molecular ion of the corresponding hydroxyquincline.

The mobility of the hydrogen atom of the hydroxy group, which is connected with the ease of the
tautomeric transitions in positions 2 and 4 of the quinoline nucleus, and also the possibility of the forma-
tion of an intramolecular hydrogen bond in position 8 of the ring facilitate the splitting off of the neutral
particle CO from the molecular ion, and therefore the intensity of the peak of the ion (M~CO)¥ for com-
pounds (I, IV, and V) is about 1.5-2 times higher than for the compounds (I and OI) isomeric with them.

With a lowering of the energy of the ionizing electrons to 20 eV, the probability of low-energy pro-
cesses connected with the splitting out of 2 CO particle from the molecular ion in compounds (I-VID) rises
monotonically, as a rule.
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TABLE 2., Scheme of the Identification of Methyl-Substituted
Hydroxyquinoline Derivatives at an Energy of the Ionizing Elec-
trons of 50 eV (intensities of the peaks of the characteristic ions
in % of the total current)

Characteristic ions
Compound :

M+ i (M—1)* (M—28)* (M—29)
1 23,56 — 74 18,6
1t 19,4 2,9 3,2 48
I1 239 50 6,6 8,2
v 329 — 11,8 8,9
v 28,2 — 12,1 8,5
VI 32,6 — 58 2,7
VIl 12,6 1,4 46 6,3

The decomposition of the isomeric compounds (I-V) is characterized in the general case by a se-
quence of successive processes: Mt —(M—CO)* — M~-CO-H)* —[(M—-CO—-H) - HCN]*, the course of
which is confirmed by a whole series of well-defined corresponding metastable peaks.

The splitting off of a CO particle from the molecular ion of compound () leads to the formation of a
pseudomolecular ion with a mass of 131 having the structure of 3-methylindole. The decomposition of
this structure takes place in accordance with a generally accepted hypothesis and is accompanied by the
expansion of the pyrrole ring of the methylindole with the formation of a resonance-stabilized quinolinium
ion [13]. The appearance in the spectrum of compound (I) of peaks of ions with masses 103, 77, and 51
confirmsT the hypothesis put forward. The decomposition of compound (1) is illustrated by the following
scheme.

+

CH, cH,
! U
+- -
N/ OH NS N7 YO
]
M, 159 (23.5)
107,9*| -CO
*
A ] CH, " ~CHy
oo N 128.0* 'ﬁl
H H B
130 (18,8) 131(7.4)

YY), HeN X+ o, -C,H, .
I +/) T ol [N
X HN 81,7 57,6 33.8

103(2,2) 77 (2,9) 51(18)

The marked increase in the intensity of the peak of the ion with mass 130 in compound () with a re-
duction in the energy of the ionizing electrons is caused by the formation in the decomposition process of
an extremely stable structure — the quinolinium cation, which arises as the result of a low-energy re-
arrangement process.

In the decomposition of methyl and hydroxy substituents in different rings of the quinoline nucleus,
the formation of such a cation is less likely (compounds II-V). The formation of a rearrangement ion with
a mass of 130 in the case of compounds (I-V) and of a similar ion with mass 146 for compounds (VI and
VII) is easily detected in a consideration and comparison of the values of the ratios of the intensities of
the processes of [(M—CO)—H]*/(M—CO)*. For the series of compounds (II-V), this value of the ratio is
close to unity over a wide range of energies. For compounds (I), (VI), and (VII) the ratio of the processes
mentioned [(M—CO)—H]"‘/ M-C Ot = 3 (at an energy of the ionizing electrons of 20 eV).

The dissociative 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:

THere and below, the figures under the formulas represent the mass numbers, and the figures in parenthe-
ses the intensities of the peaks of the corresponding ions in percentages of the total ionic current. Figures
with an asterisk denote the apparent masses of the corresponding metastable transitions.
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The presence or absence in the spectrum of one of compounds (I-VII) of the peak of the ion (M-—H)+
easily enables the position of the hydroxy group in the quinoline nucleus to be determined. Thus, for com-~
pounds (II, ITT, 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, respectively (with a lowering of the energy of the elec-
trons to 20 eV, the intensity of this peak rises). 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)T ion is absent.

This fact shows that the elimination of a hydrogen atom from a methyl substituent that is characteris-
tic for aromatic compounds does not take place in the case under consideration. Thus, our hypothesis of
the possibility of the existence of an intramolecular hydrogen bond in the excited molecule (Table 2) is in-
directly proved.

The presence of two hydroxy groups in the quinoline nucleus (compounds VI and VII) complicates
the unambiguous determination of the decomposition mechanism, although each process taking place under
the action of electron impact is fixed by the corresponding metastable peak. Probably, the process of the
detachment of a CO particle from 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 form becomes preferential. The elimi~
nation of CO takes place with the formation of a pseudomolecular ion having the structure of the corre-
sponding hydroxyskatole. The elimination of hydrogen from this ion (mass 147) is responsible for the
appearance in the spectrum of the peak of a rearranged ion with the 6-hydroxyquinolinium structure, the
stability of which, as mentioned above, rises considerably with a fall in the energy of the ionizing electrons.

The dissociative ionization of various hydroxyskatoles has been studied in detail by high-resolution
mass spectrometry [14], and therefore the interpretation of the peaks of the ions with masses 146, 118,
117, and 91 (Table 2) causes no difficulty. The decomposition of the ion with mass 146 takes piace in two
directions. The first is the elimination of a CHO group from this ion, leading to the appearance in the
spectrum of a pseudomolecular ion with the structure of pyridine fused with cyclopentadiene, the decom-
position of which is responsible for a group of peaks with masses 90, 89, 63, and 50, With a reduction in
the energy of the ionizing electrons, this process ceases completely.

The other direction of the decomposition of the ion with mass 146 is the loss of a CO particle, which
causes the appearance in the spectrum of an ion with a mass of 118; the intensity of the peak of this ion
also rises with a fall in the energy of the ionizing electrons. The general scheme of the decomposition of
compounds (VI and VII) is as follows:

Chy CH, +
uom _ HO Xy —co Ho\<j_\_j(cn3
NP on N No | 123,5% N
u H
M, 175 (32,5) 147 (5,8)

/
AN 0\
l / \ (+\ ,+\ "HCO
‘—’ 954* N’ . T935%

118 (2,4) 146 (2, 7) 146 (2,7} 117(2,1)
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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 characteristic
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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