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The dissociative ionization of substituted 3-aroylindolizines proceeds with the 
successive loss of an aryl residue and CO. Detachment of OH and CHO groups pro- 
ceeds simultaneously. The stabilities of the indolizines and the similarly construc- 
ted indole derivatives are compared. 

Indolizines are indole isomers, but the difference in the structures of these compounds 
should be reflected in their behavior under the influence of electron impact. A relatively 
detailed investigation of the mass-spectral behavior of indole derivatives has been made 
[i], but the behavior of indolizines under the influence of electron impact has been de- 
scribed in only one paper [2]. 

We have investigated the mass spectra of a number of acyl- and arylindolizines (Table I). 
It was found that the mass spectrum of 2-phenylindolizine (I) is similar to the mass spectra 
of the isomeric phenylindoles [3], but the stability of I(W M = 33.6) is higher that the 
stability of 2-phenylindole (W M = 26.8) and lower than the stability+of 3-phenylindole 
(W M = 42.8). In addition, more intense signals of (M--H) + and (M--2H) ions are observed in 
the mass spectrum of I, and their fraction in the total ion current exceeds 14%. Finally, 
the presence of very intense doubly charged ions, the sum of the intensities of which con- 
stitutes 18.9% of the total ion current, is characteristic for the mass spectrum of indo~ 
lizine I. 
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When there is a pyridyl group in the i position of the indolizine ring, the stability 
of the molecule with respect to electron impact increases sharply, as a result of which II 
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TABLE I. Mass Spectra of Indolizines 
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has doubled stability (WM = 63.4), but the character of its disintegration on the whole 
is retained and consists in the successive loss of two HCN molecules by the molecular ion 
and (M-H) + ion with subsequent analogous fragmentation of the resulting hydrocarbon ions. 

As expected, the introduction of a benzoyl group into the 3 position of the indolizine 
ring increases the number of channels of disintegration of the molecular ion, and this leads 
to a decrease in the stability (W M = 47.3 for III). Let us note that this shows up particu- 
larly clearly when there is an ~-pyridyl residue in the i position (IV, VI, VIII, and X). 
The intensity of the (M-H) + ions decreases simultaneously, and the (M--2H) + ions practically 
disappear. This compels us to assume the existence of a process with participation of both 
the acyl and the pyridyl groups; this process will be examined below. The pathway of frag- 
mentation of most of the 3-aroylindolizines (Ill-X) is similar in character to that of the 
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TABLE 2. Metastable Transitions in the Mass Spectra of Indo- 
lizines V-XIII 
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The metastable transitions for M--NO are presented. 

aroylindoles [4] and consists in successive loss of an aryl and carbonyl group by the molec- 
ular ion [which is confirmed by the corresponding metastable ions (Table 2)] with subsequent 
elimination of HCN molecules, as is observed for acylindoles [4]. The presence of M-17 and 
M-29 ions is characteristic in this case. The presence of M-OH (M-17) ions, the formation 
of which was explained by detachment of the hydroxyl group from the enol form of benzoyl- 
indole with hydrogen transfer from the nitrogen atom to the oxygen atom of the carbonyl 
group, was also recently noted during an analysis of the mass spectra of 3-benzoylindoles. 
In the case of indolizines, it is impossible to imagine any kind of enolization of the 
benzoyl group, and the formation of such ions requires a different explanation. Consequently, 
it might be assumed that the molecular ion rearranges with subsequent loss of an OH or CHO 
group. 

M-17 M-29 

i 
+.. 

It should be noted that the (M-17) + and (M-29) + ions are also present in the mass spectra 
of VIII-X, which contain substituents in the 6 position of the indolizine ring, whereas in 
VI and VII, the spectra of which are practically identical to one another, the loss of 17 
and 29 amu occurs after prior loss of a nitrogen oxide molecule by the molecular ion. The 
one-step character of these processes was confirmed in most cases by means of the correspond- 
ing metastable ions (Table 2). 

Fragmentation characteristic for the functional group in the pyridine ring of the indo- 
lizine occurs primarily after the formation of the (M-29)+ ion and, for example, in X, is 
characterized by the M-29-C=H~ ion (m/e 313; metastable ion with an apparent mass of 287.3), 
which then loses a C02 molecule to give an ion with m/e 269. Similarly, in the case of 
VIII and IX the (M-29) + ions loses Br to give an ion with m/e 268. 

The introduction of a carbomethoxy grouping into the indolizine ring does not lead to 
substantial destabilization of the molecular ion, and XI, for example, has a stability 
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(WM= 31.7) close to the stability of indolizine IV. Compound XII, which, as compared 
with indolizine XI, contains a 6-methyl-3-pyridyl residue, is even more stable with respect 
to electron impact, and its WM value (49.8) is close to the value observed for III. Replace- 
ment of the phenyl group by a second carbomethoxy grouping (XIII) also leads to a rather 
stable molecule (WM = 44.1). 

In contrast to Ill-X, the molecular ions of indolizines containing a carbomethoxy group 
in the pyrrole ring give low-intensity (M-C6Hs) + ions and practically do not give M--C~HsCO 
ions. The primary fragment ions in the mass spectra of indolizines XI-XIII are formed, on 
the one hand, with the loss of a CHsO radical from the carbomethoxy group in the I position 
of the indolizine ring* or, on the other, by complete detachment of the carbomethoxy grouping. 
In a number of cases this process is confirmed by the corresponding metastable ions (Table 2). 

In the case of XIII, which contains two carbomethoxy groupings in the i and 2 positions 
of the indolizine ring, the (M-CH~O) + ion then loses a molecule of methanol to give a cyclic 
anion, after which this ion successively loses three carbon monoxide molecules. In addition, 
the mass spectrum of XIII also contains a less-intense peak of an ion with mass 248, which 
corresponds to ejection of a COOCH= group from the (M-CH30) + ion. The loss of this grouping 
by the molecular ion was described in [2]. 

Thus 3-aroylindolizines display extreme stability with respect to electron impact as 
compared with the corresponding indole compounds, and when there are functional substituents 
in the pyrrole ring, fragmentation is determined primarily by these substituents. 

0 ] + "  0 
IT II C--OCH~ -CH30" ~ C \ " w +  -Cl%OIi 

- -  

+ T I \  
COC6H S O=C ( OCH 3 

_COOCH2. 
~ N ~ - - C O O C H a  

COC6H 5 COC6H 5 COC6H 5 
Jn/e 220 role 278 

~ I  ' + -HCN 
+ 'CI3H 7 - 

' m/e 163 
COC6H s 

m/e 219 m/e ~9o 

m/e 274 

I - C O  

m/e 247 C~/m~/~  

;y  
-co__ o ~ " ~  

EXPERIMENTAL METHOD 

The individuality of the investigated substances was monitored by means of the P~ 
spectra and thin-layer chromatography (TLC) (on aluminum oxide). The mass spectra were 
recorded with an MKh-1303 spectrometer at an ionizing-electron energy of 50 eV and an emis- 
sion current of 1.5 mAwith introduction of the substances directly into the ionization 

region at 110-180 ~ �9 

The authors thank A. B. Belikov for participating in the recording of the mass spectra. 
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