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The electron impact induced fragmentation of 1-benzoylbenzotriazole has been studied by ">C labelling
experiments. It has been found that the loss of CO from the [M—N,]" ions proceeds by two routes; about
78% of the ions decompose via the molecular ions of the corresponding thermal fragmentation product,
2-phenylbenzoxazole, and 22% via those of the corresponding photochemical fragmentation product,

6-phenanthridone.

INTRODUCTION

Although most mass spectral reactions are interpreted
by consideration of the ground state electronic configu-
rations of the reacting ions, in connection with the
charge localization concept Williams and Beynon ar-
gued that the ions in two different electronic states can
‘communicate’ with each other and different reactions
may occur from different excited electronic states.'
This concept is probably applicable not only to
molecular ions but also to fragment ions. We now
report that the behaviour of the [M—N,]" ions pro-
duced by electron impact ionization of 1-benzoyl-
benzotriazole seems to provide evidence of participa-
tion of an electronically excited state in the fragmenta-
tion processes.”

Many investigations concerning fragmentation
mechanisms of benzotriazoles upon electron impact
have been reported.> We have also examined the
behaviour of [M—N,]* ions produced by loss of ni-
trogen from the molecular ions of various benzo-
triazoles in comparison with that of the biradicals (M —
N,) produced by photochemical or thermal reactions,
and have concluded that the fragmentation processes
upon electron impact resemble those of the thermal
reactions rather than photochemical ones.*

1-Benzoylbenzotriazole (1) loses nitrogen upon
heating to give a biradical which then cyclizes to yield
2-phenylbenzoxazole (2). In this reaction no 6-
phenanthridone (3), another cyclization product, is
detected.” On the other hand, 1 loses nitrogen upon
irradiation to give 6-phenanthridone through an alter-
native biradical and no 2-phenylbenzoxazole is pro-
duced.® This sharp contrast between the thermal and
photochemical reactions of 1 implies that the elec-
tronic configurations of the intermediate biradicals,
which may control the subsequent reactions, must be
different from each other: one may be a ground state
configuration and the other an excited state. A prob-
lem then arises as to whether the fragmentation upon
electron impact proceeds through a radical ion [M—
N,]" with an electronic configuration similar to either

+ Author to whom correspondence should be addressed.

of these biradicals, although the multiplicities of these
intermediates are different from each other (doublet
vs. singlet or triplet). This report discusses evidence
for the participation in the fragmentation of the pro-
cess via an excited state, as well as the ground state

species.
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EXPERIMENTAL

Mass spectra

The 70 and 20 eV spectra were measured on a Hitachi
RMU-6M single focusing mass spectrometer. Samples
were introduced via a direct insertion probe. Source
and sample temperatures were 220 and 120 °C respec-
tively. The ionizing current was 80 pA and the ac-
celerating voltage 3.2 kV.

Materials

1-Benzoylbenzotriazole (1) and its '*C labelled
analogue (la) were prepared by acylation of IH-
benzotriazole with benzoyl chloride and with '°C
labelled benzoyl chloride respectively. For the prep-
aration of the labelled compound commercially availa-
ble *C labelled benzoic acid (C4Hs'>*COOH, isotopic
purity 90.3%, purchased from Prochem., BOC Ltd)
was used as the starting material.

2-Phenylbenzoxazole (2) and its '*C labelled
analogue (2a) were prepared from o-aminophenol and
benzoic acid (labelled and unlabelled) according to the
standard method.”
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6-Phenanthridone (3) was synthesized by photo-
chemical cyclization of o-chlorobenzanilide, which was
prepared from o-chloroaniline and benzoic acid ac-
cording to Tsujimoto’s procedure.®® A mixture of ben-
zoic acid (269 mg) and thiony! chloride (2 cm®) was
heated under reflux for 2h. A solution of o-
chloroaniline (1 cm®) in CH,Cl, (5 cm®) was added to
the cooled solution and the mixture was allowed to
stand for 2h. The solution was washed with 1M
NaOH and then evaporated. The residue (141 mg) was
dissolved in acetone (150 cm®) and the resulting solu-
tion was irradiated with a low pressure mercury lamp
(6 W) for 19h under nitrogen. The solvent was re-
moved and the residue was chromatographed on silica
gel. Elution with ethyl acetate gave a solid. Crystalli-
zation from EtOH gave 6-phenanthridone (82 mg,
overall yield 19%, m.p. 291-292.5 °C (1it.?® 293 °C)).

The labelled 6-phenanthridone (3a) was obtained by
a similar method starting from the labelled benzoic
acid.

RESULTS AND DISCUSSION

Figure 1 summarizes the 70 eV spectra of 1, 2 and 3.
The spectrum of 1 indicates that the molecular ion of
1 (m/z 223) loses nitrogen (m/z 195, m™ 170.5) fol-
lowed by expulsion of carbon monoxide (m/z 167,
m™ 143.0). The compositions of these ions have been
confirmed by accurate mass measurements.** It is ob-
vious from this series of fragmentations that the struc-
ture of the [M—N,]" ion should be a cyclized one
such as 2 or 3. The mass spectra of 2 and 3 resemble
each other; both exhibit loss of CO (m/z 167,
m™* 143.0) from the molecular ions (m/z 195). From
the external standard method based on these mass
spectra it is difficult to deduce whether the fragmenta-
tion processes of 1 proceed via the molecular ion of 2
or 3. In order to differentiate those two processes we
have synthesized '*C labelled analogues of 1, 2 and
3(1a, 2a and 3a respectively as shown below and have

examined their mass spectra. The results are sum-
marized in Tables 1 and 2.

2a 3a

Table 3 summarizes the isotopic purities of "*C
labelled ions observed in each cluster of ions after
correction of the contribution from isotope peaks due
to C npatural abundance. The '*C isotopic purity
(88.0%) of the molecular ions of 2a is the same as that
of the benzoic acid used for the synthesis of 2a within
experimental error. Since the 89.4% isotopic purity of
the [M—COJ}" ions {a, m/z 167-168) is the same as
that of the molecular ions, the carbon lost as CO
should not be C-2 carbon but C-7a bearing oxygen in
the benzene ring as shown below.

e
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On the other hand, although the isotopic purity
(89.3%) of the molecular ions of 3a (m/z 195-196) is
the same as that of 2a, that of the fragment ions (b,
m/z 167-168) derived from loss of CO is zero. This
means that the labelled carbon in 3a is completely
ejected as *CO during the fragmentation process as
shown below.
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Table 1. Relative abundance of major ions in the 70 eV
mass spectra of 1, 2, 3 and their **C labelled

100 (a) \
77 105 N,H 195
[}
co | _ -
e
< | 167 223
P I T N N —k . A
1001 (b)
£ 195
2 @[O —-Co
+ N *
= 187
2
(4]
Z P . .l.
5 of
g —co |1
)
IN *
i 0 467
0 r ) 1 rJ " ]l "—JI.L A -
50 100 150 200

m/z

Figure 1. The 70 eV mass spectra of (a) 1-benzoylbenzotriazole
(1), (b} 2-phenylbenzoxazole (2), and (c) 6-phenanthridone (3).
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analogues®
1 1a 2 2a 3 3a
m/z 225 16.7
224 171 100
223 100 1.7
m/z 198 22 1.2 2.0
197 2.5 15.0 1.1 144 3.2 14.6
196 180 100 153 100 17.3 100
195 100 12.1 100 13.3 100 14.1
194 141 0.9 25
m/z 169 14.0 124
168 15.0 100 135 100 174 15.6
167 100 634 100 315 100 100
166 283 29.0 20.7 4.8 56.3 57.8
165 47 3.2 5.4 5.9

® The figures represent the relative intensities of peaks com-
pared with the most abundant peak in each cluster of ions.
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Table 2. Relative abundance of major ions in the 20 eV
mass spectra of 1, 2, 3 and their ©*C labelled

analogues®
1 1a 2 2a 3 3a
m/z 225 16.2
224 16.0 100
223 100 13.2
m/z198 27 1.2 2.2
197 1.3 15.7 15 137 1.4 14.6
196 156.7 100 157 100 15.2 100
195 100 13.3 100 123 100 131
194 0.9 0.5 1.7
m/z 169 127 13.2
168 148 100 14.2 100 18.6 14.0
167 100 63.7 100 28.6 100 100
166 25.1 25.4 17.0 44 42.4 421
165 3.5 33

= See footnote to Table 1.

In the case of 1a the isotopic purities of the molecu-
lar ions (m/z 223-224) and the [M-—N,]" ions
(m/z 195-196) are 89.3 and 89.8% respectively, indi-
cate that no expulsion of the labelled carbon occurs
during this fragmentation. However, the isotopic pur-
ity of the ions [M~N,—CO]* (m/z 167-168) derived
from the subsequent loss of CO is only 69.6%, which
indicates that a part of the '>C labelled carbon is
ejected in the process. These results seem to indicate
that the molecular ions of 1a decompose competitively
via two processes (paths A and B) as shown in Scheme
2. On the basis of the isotopic purities of those frag-
ment ions the contributions of paths A and B are
estimated to be 78% and 22% respectively. (The
relative ratio of the contributions from the two paths

Table 3. The isotopic purities of each cluster of ions in the
mass spectra of C labelled compounds, 1a, 2a
and 3a

70eV 20eV
1a 2a 3a 1a 2a 3a
m/z223-224 893 88.1
195-196 898 88.0 89.3 88.5 87.8 887
167-168 694 834 0 68.3 88.9 0

was calculated
78 :22).

The 20 eV mass spectra of the labelled compounds
1a, 2a and 3a are similar to those of the 70 eV spectra
(see Table 3). Similar results are obtained in the case
of 20 eV spectra, for which the contributions of paths
A and B are 77% and 23% respectively.

At this stage it may be of use to correlate the
fragmentations with molecular orbital considerations.
In general, pericyclic reactions are controlled by the
symmetry and the degree of interactions of the fron-
tier molecular orbitals of the reacting species, i.e.
HOMO for ground state thermal reactions and
LUMO for excited state photochemical reactions.’
According to the extended Hiickel calculations on the
radical cation ¢ the atomic bond population of the C-
3a—O bond is bonding in the ground state, while it is
antibonding in the excited state.** Referring to the
general rule and the results of calculations we suggest
that since paths A and B correspond to the thermal
and photochemical cyclization of the intermediate di-
radicals shown in scheme 1, the intermediate radical
cation ¢ produced upon electron impact possibly con-
sists of two species; one (major) has a ground state
configuration and the other (minor) an excited state.

N =co
PO =
N m/z 168
2a m/7 198
Path A (78%)

— C?EN?L@

from A:B=69.6:(89.8—69.6)=

*Co
th B (22°%)
e
la ¢ ‘ -¢o
L, =
)';‘ Y m/z 167
3a m/z 196
Scheme 2
Acknowledgements

The authors wish to express their thanks to Dr Kazuo Tsujimoto for
helpful discussions.

REFERENCES

1. D. H. Williams and J. H. Beynon, Org. Mass Spectrom. 11,
103 (1976).

2. Presented at the 13th Organic Mass Spectrometry Sym-
posium, Hiroshima, Japan (1978). Abstracts p. 131.

3. (a) R. Laurence and E. S. Waight, Org. Mass Spectrom. 3,
367 (1970}; (b) U. Rapp, H. A. Staab and C. Wiinsche, Org.
Mass Spectrom. 3, 45 (1970); Tetrahedron 217, 2679 (1971);
{c) W. D. Craw and C. Wentrup, Tetrahedron Lett. 4378
(1967); (d) N. J. Leonard and K. Golankiewicz, J. Org.
Chem. 34, 359 (1969); (e) A. Maquestiau, Y. Van Haverbeke,
R. Flammang, M. C. Pardo and J. Elguero, Org. Mass
Spectrom. 7, 1267 {1873).

4. {a) M. Ohashi, K. Tsujimoto, A. Yoshino and T. Yonezawa,
Org. Mass Spectrom. 4, 203 (1970); (b) K. Tsujimoto and M.
Ohashi, Analytical Instrum. (Jpn) 14, 170 (1976); (c) K.
Tsujimoto, M. Ohashi and T. Yonezawa, Bull. Chem. Soc.
Jpn. 45, 515 (1972).

5. J. D. Druliner, J. Am. Chem. Soc. 90, 6879 (1968).

© Heyden & Son Ltd, 1980

6. (a) A. J. Hubert, J. Chem. Soc. C 1334 (1969); (b) H. Meier
and 1. Menzel, Justus Liebigs Ann. Chem. 739, 56 (1970);
{c) K. Tsujimoto, M. Ohashi and T. Yonezawa, Chem. Com-
mun. 1089 (1970).

. L. C. Galatis, J. Am. Chem. Soc. 70, 1967 (1948).

. {a) K. Tsujimoto, PhD Thesis, Kyoto University, Kyoto,
Japan {1973); (b} H. Meyer and A. Hofmann, Monatsh.
Chem. 37, 681 (1916).

10. R. B. Woodward and R. Hoffmann, The Conservation of

Orbital Symmetry, Verlag Chemie, Weinheim (1970); K.

Fukui, Acc. Chem. Res. 4, 57 (1971); \. Fleming, Frontier

Orbitals and Organic Chemical Reactions, John Wiley &

Sons, London (1976).

0~

Received 28 June 1979; accepted 13 September 1979
© Heyden & Son Ltd, 1980

ORGANIC MASS SPECTROMETRY, VOL. 15, NO. 1, 1980 3



