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Fragmentation pathways that are due to fragmentation of the oximine grouping and 
are typical for all of the oximes, and lead to [D-OH] + , [M-- NHOH] +, and [M-- C(R3) - 
NOH] + ions are characteristic for the mass spectra of 3- acyl in do le oximes. In ad- 
dition~ the presence of a nucleophilic indole ring leads to a number of specific 
rearrangement processes, particularly to the Beckmann rearrangement. 

We have previously synthesized 3-acylindole oximes and have established the fine peculi- 
arities of their structures by means of various physicochemical methods [I]. 

It is known that processes involving the dissociative ionization of organic compounds 
that take place in the gas phase frequently model and mimic the chemical transformations of 
these compounds in solutions. In this connection, we became interested in a study of the 
possibility of the occurrence in the gas phase of the Beckmann rearrangement of the molecular 
ions of oximes. The literature data on this question are rather contradictory [2-4]. The 
existence of the Beckmann rearrangement has been proven in a number of cases [5], whereas 
in other cases it does not take place or occurs prior to ionization as a thermal process [6, 
7]. Since the 3 position in the indole ring has increased nucleophilicity, in the case of 
3-acylindole oximes one might have expected the occurrence of the Beckmann rearrangement in 
the gas phase under the influence of electron impact. 

In a study of the mass-spectrometric behavior of a large series of 3- acyl in do le oximes 
(Ia-n) we established that the stabilities of their molecular ions range from 1.5 to 11.7% 
(Table i) and that an increase in the size of R 3 leads to a decrease in the W M values, as in 
the case of alkylarenes and alkylhetarenes [8]. An increase in the number of methyl groups 
in the pyrrole ring increases the stability of the molecule with respect to electron impact 
only slightly. This makes it possible to assume that the positive charge in the molecular ion 
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is concentrated to an appreciable extent in the region of the oximine grouping. 

The character of the fragmentation of the 3-acylindole oximes that we investigated is 
determined by the presence of an oximine grouping and is typical for this class of compounds. 
Moreover, specific fragmentation pathways that are due to the presence of a heterocyclic ring 
are observed. Thus the presence of [M-- OH] + (Fz), [M-- C(R3)NOH] + (F2),and [M-- NHOH]+(F3) ion 
peaks is typical for all of the oximes (see the scheme presented below). The intensities of 
the peaks of the first two ions (see Table i) range from 1.4 to ll.7~,*~and they decrease as 
the length or degree of branched character of R 3 increases but increase when a methyl group 
is introduced in the 2 position of the indole ring; the intensities of the Fs ion peaks are 
low and do not exceed 1.2%. A process associated with the McLafferty rearrangement [8], which 
leads to F4 ions, the intensities of the peaks of which increase from 0.i to 2.4% as R 3 be- 
comes larger, is also a traditional fragmentation pathway of oximes Ii-n. 
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In addition to the F= ions, more intense peaks of Fs ions, the mass numbers of Which 
increase by one unit in the mass spectra of deuterated oximes Ib, e, are observed in the 
mass spectra of all of the oximes; this confirms their formation as a result of the elimina- 
tion of a molecule of a nitrile oxide from the molecular ion. 

The presence of intense (,'up to 10%) peaks of F6 and F7 ions, the compositions of which 
were confirmed by the high.resolution mass spectra, proved to be unusual in the mass spectra 
of the investigated oximes. The formation of these ions can be explained proceeding from the 
assumption of a hydroximino--nitroso tautomeric transformation in the molecular ion (M ~ M') 
with subsequent migration of R 3 to the oxygen atom and subsequent elimination of alkoxy groups 
(the formation of the F~ ion) or an aldehyde (the F7 ion). The presence in the mass spectra 
of Ia-d, ~, n of peaks of [M--NO] + ions(Fs)of low intensities (0.1-0.5%), the compositions 
of which were also confirmed by the high-resolution mass spectra, is indirect evidence for the 
presence in the gas phase of a molecular ion in the nitroso form. 

Another specific fragmentation process is the Beckmann rearrangement of the molecular 
ions of oximes Ia-n to give acylaminoindoles; this probably takes place with the participation 

*Here and subsequently, the intensities of the ion peaks in percent relative to Zao are pre- 
sented. 
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TABLE 2. Mass Spectra of 3-Acylindole Oximes Ia-n 
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of the 3 position of the indole ring with the subsequent splitting out of ketene and the for- 
mation of F9 ions. The elementary compositions of these ions were confirmed by the high- 
resolution mass spectra, while the participation of the hydroxy hydrogen atom in their forma- 
tion follows from a comparison of the mass spectra of the deuterated and undeuterated samples. 

Finally, from an analysis of the mass spectra it follows that the molecular ions of the 
oximes that we investigated undergo a secondary Beckmann rearrangement, also not once noted 
in the literature [9], to give pseudomolecular ions of 3-oxindoles (F1o) or 3-cyanoindoles 
(F11). The formation of ions of the F~I type is unknown for acetophenone oximes and is domi- 
nant and specific in the secondary Beckmann rearrangement for oximes of the indole series. 

Thus the processes involved in the dissociative ionization of 3-acylindole oximes are 
characterized both as common ~to all of the oximes) fragmentation pathways and as specific 
pathways of isomerization of the molecular ion that are associated with the presence of a 
nucleophilic indole ring. 

EXPERIMENT AL 

The mass spectra (Table 2) were obtained with a kIAT~44S spectrometer with direct intro- 
duction of the samples into the ionization region at an ionizing voltage of 70 V and an input 
temperature 15-20~ below the melting points of the samples. The elementary compositions of 
the principal ions in the mass spectra of Ia,c were determined with an MAT-311A high-resolu- 
tion spectrometer. 

The authors thank N. A. Klyuev for recording the high-resolution mass spectra. 
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PREPARATION OF OPTICALY ACTIVE 3-(I-METHYL-I-PHENYLPROPYL)INDOLE 

AND INVESTIGATION OF ITS CHIRAL-OPTICAL PROPERTIES 
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Optically active 3-(l-methyl-l-phenylpropyl)indole was obtained by dehydrogena- 
tion of the resolved [by means of (L)-lO-camphorsulfonic acid] 3-(l-methyl-l-phen- 
ylpropyl)indoline. The chiral-optical properties of this product were investi- 
gated, and the possibility of the use of circular dichroism data for the iden- 
tification of the chiral indole chromophore was demonstrated. 

We have previously investigaged the prototropic isomerization of 3-alkyl(aryl)indoles 
[i] and expressed the assumption that the process is intramolecular in character. To con- 
firm this, it was necessary to synthesize 3-(l-methyl-l-phenylpropyl)indole (I), which con- 
tains a chiral substituent in the 3 position of the indole molecule. The investigation of 
the chiral-optical properties of this 3-alkylindole is of independent interest for the study 
of the stereochemistry of complex natural indole compounds. 

Racemic indole I was obtained by alkylation with methylethylphenylchloromethane in the 
presence of dipyridinezinc chloride in metromethane [2]. We proposed to obtain optically ac- 
tive indole I* by the following sequence of transformations: reduction of indole to indoline, 
separation of the latter into its antipodes by means of (L)-10-camphorsulfonic acid, and, 
finally, production of the chiral 3-alkylindole by dehydrogenation of the optically active in- 
doline. 
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Indoline II was isolated in 17% yield in the reduction of racemic indole I with zinc in 
hydrochloric acid. A new asymmetric ,center develops in the case of reduction in the 3 posi- 
tion of the indole molecule, and one therefore should have expected the formation of two 
pairs of diastereomeric salts. 

The less soluble indoline salt III with specific rotation [a]~ ~ --24.6 ~ (alcohol) was 
isolated when equimolar amounts of racemic indoline II and (L)-10-camphorsulfonic acid were 
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