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ABSTRACT

Homogeneous and heterogeneous flash vacuum pyrolysis (fvp) reactions of 2-(1 H-1,2,3-benzotriazol-1-yl)phenylethanone (1) are reported.
Heterogeneous reactions were carried out with A-MCM-41 catalysts, mesoporous molecular sieves of the type M41S. In both cases, 7 H-
dibenzo[ b,dJazepin-7-one (4) was the major product; however, in the catalytic reactions, yields and selectivity were very high. A mechanism

for this reaction is also discussed.

Gas-phase thermolysis is a synthetic method of great Fvp reactions are particularly good for intramolecular
preparative use in organic chemistry. A special form of processes, some of which do not take place under other
thermolysis, the flash vacuum pyrolysis (fvp), has found wide thermal conditions.

application in the preparation of thermolabile compounds, The application of the fvp process to the study of thermal
in the isolation of reactive species, and in the mechanistic behavior of heterocyclic compounds has been widely inves-
study of thermal reactions. It is also an important synthetic tigated. 1-Substituted-#-benzotriazoles, in particular, afford
methodology in which one or more key steps have been 1,3-diradical intermediates which can interact with aromatic
performed in gas-phase thermolysis. The fvp technique is or unsaturated substituents to give cyclic and rearranged
characterized by several features: (a) the process is carriegproducts'? In this work we report the fvp reactions of the
out without solvents; (b) the substance to be pyrolyzed acetylbenzotriazolé as a synthetic route to prepare the fused
remains in the hot zone for a considerably short time or 1,3-azepinond (azatropone) in a simple way. Dibenzoaze-
contact time £1072—102 s); (c) the pyrolyzate is im-  pinones like4 show interesting pharmacological properties;
mediately cooled to cryogenic temperature2Q0°C) after however, the synthesis of this class of compounds has not
passage through the hot zone; and (d) the system is evacuatedeen well developed.

to ca 1072 Torr by a high-capacity pump.

(1) Brown, R. F. CPyrolytic Methods in Organic Chemist'Wasserman,
T Ciudad Universitaria. H. H., Ed.; Academic Press, New York. 1980.
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Fvp reaction conditions showed that this process should
be performed at high temperatures and a mixture of products  scheme 1. Mechanism Proposed for Fvp Reactions of
was always observed. We decided to study the possibility Benzotriazolel
of lowering the energy of activation and increasing the
selectivity without changing the type of reaction, and o o T
therefore we chose to use MCM-41 mesoporous molecula HK@ Hj\©
sieves as solid catalysts. Heterogeneous fvp systems USibN\ O  fwp N. . _N

| Go @

catalytic materials have potential applications than ca -N

provide new general synthetic methodologies. In our group 1 2 3
we have already studied fvp reactions using zeolites ang 1.4 V \-ZH- \
hydrotalcites as catalytic materials in the pyrolysis of NH- o} o N o
pyrazole$and azolyl-malonamateand this work is the first |HJ\© N
report of MCM-catalyzed systems. In this case we comparg N Q Q Q
the fvp reactions of benzotriazaleén homogeneous systém @ 7 4 6
(without catalyst) and heterogeneous system using Al-MCM- 1 -co
41 (Si/Al: 20) as the solid catalyst. N

When homogeneous fvp experiments of PH1,2,3- \
benzotriazol-1-yl)phenylethanchél) were performed be- Q Q
tween 400 and 500C, the products mainly identified in the 5

solid crude were H-dibenzop,dlazepin-7-one4), phenan-

thridine (), and 2-phenyl-#-benzofl]**oxazin-4-one 12)

(Table 1, Schemes 1 and 2). cyclization followed by 1,5-hydrogen shift or from carbene
3 by C—H insertion followed by 1,3-H migration.

_ As in other reactions of alkylbenzotriazoleghe N-
Table 1. Results of the Homogeneous Fvp Experiments _phenyllm_lne7 was obtameq by ;L,4-hydrogen_ trf'insfe_r in the
intermediate2. However, in this case the imine did not

temp (°C) %1 % 4 % 5 % 12 % other undergo electrocyclization reaction to give 2-phenyl-1,4-
400 48 29 2 12 9a benzoxazine as was observed in the reaction of allylbenzo-
450 24 36 5 10 250 triazoles®
500 0 30 15 15 40° 2-Phenyl-H-benzofi][1,3]oxazin-4-one 12) was detected
aMinor products: 1,2-dihydrodibenzojdjazepin-7-one &), 1-phenyl- at all temperatures, and an explanation for this observation

2_-(|?lhen?/liminO)eEhanon@L 2-phehylbenzoxazolél§|), benzonitﬂle, ?}nd is given in Scheme 2. Benzotriazdlecan undergo an acyl
?ia).eny ene 14). ®Minor products: 7, 13, benzonitrile, and biphenylene migration to give the zwitterionic spec which eliminates
diazomethane (detected in the volatile fractions by GC/MS)

to afford diradical9. Rearrangement of this intermediate
The formation of the major produe is explained by could afford10, a hybrid of oxazirene, acylnitrene, and nitrile
hydrogen loss from the intermediazeesulting from nitrogen ~ ©Xide’* The coupling reaction afOwith diradical11 could
extrusion forml and followed by intramolecular cyclization ~ 'esultin the formation of benzoxazinoi@. It is known that
(Scheme 1). As the temperature was raised, the decarbonypxaz're”es2 collapse with many species to give more stable
lation reaction of azepinoné was favored to afford the  Structures?Compoundl2 could also be formed by a 23]
aromatic ring phenanthridin&), Between 400 and 45C cycloaddition of H-cyclopropabenzen-1-ong6 with the

the azepinoné was detected by GC/MS as a minor product. nitrile oxide, as proposed in the formation of other benzox-
This compound can be formed from the diradicaby azinones? Benzocyclopropenonks was not detected in the
reaction crude; however, this key intermediate, in equilibrium

(3) (a) Ishida, M.; Muramura, N.; Kato, Suathesis1989 562. (b) with diradical1l under reaction conditions, can arise from

Pazi;S(Of)LMW-: PfOCItEOF,LGy“éWﬂ%Z 3463-001 66, 2943, (b) ring fragmentations in azepinonégsand 6. In a control

a) Moyano, E. L.; Yranzo, G. jinifisaain , . . . .

Moyano, E. L.; del Arco, M.; Rives, V.; YIanzo, G. ik 2002 experiment, the fvp reaction of the pure azepindrat 450. _
67, 8147. °C gave small quantities of products such as benzonitrile

2655) Pel®z, W. J.; Gafarova, I. T.; Yranzo, G. ARKIVOC 2003 10, and biphenylene1(4) Supporting the presence af. Ben-

(6) Reactions were carried out in vycor glass fvp equipment with use of zonitrile could be formed by rearrangement of the isonitrile
a GAYNOR PRDH temperature controller and a Thermolyne 21100 tube fragment generated in the ring fragmentation while biphen-
furnace. Oxygen free dry nitrogen was used as the carrier gas. Samples to ’
be pyrolyzed were 3650 mg. Contact times were around £0s with
pressures of 0.2 to 0.1 Torr . Products were trapped at the liquid air  (9) Prager, R. H.; Baradarani, M. M.; Khalafy, R
temperature, extracted with solvent, and submitted to different analyses or200Q 37, 631.
separation techniques. (10) Baker, S. J.; Jones, G. B.; Randles, K. R.; Storr, Ragiaaassan
(7) In a typical run 0.50 g of fractured catalyst was placed along the Lett. 1988 29 (8), 953.
reactor (30 cm length, 1 cm diameter) with use of ceramic wool fiberasan  (11) (a) Wentrup, C.; Bornemann, | iR 2005 4521.
inert support. All catalysts were preactivated in air at 30Gor 4 h before (b) Poppinger, D.; Radom, L.; Pople, J. i d 977, 99,

each reaction. 7806.
(8) Prepared by a reported procedure, see: Katritzky, A. R.; Wu, J. (12) Poppinger, D.; Radom.,. |jxuinniiasmmmiiod 978 100, 3674.
Sibegid994 597. (13) Lown, J. W.; Matsumoto, Kisiieleisi@ini 972 50, 584.
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Scheme 2. Mechanism Proposed for the Formation of
Benzoxazinond 2 and Benzoxazolé3 from 1

Table 2. Results of the Fvp/AI-MCM-41 Experiments

= temp (°C) % 1 % 4 % 5 % 12 % other
o @EHZ 350 17 6 7 6 64¢
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1 The catalytic activity of AI-MCM-41 materials could be
. [I@} related to a high surface ar&ato an ordered structure of
mesopores which allows the processing large organic
l molecules, and also to active sites: acidic and metal sites.
An effective interaction of the gaseous substrate with
different sites takes place, resulting in a decrease of the
14 temperature for the process. The aluminum content is a
significant factor determining catalytic activity, as was
demonstrated when fvp reactions were carried out with pure
Si-MCM-41. In this case, almost total conversion of ben-
zotriazolel (7% left) was achieved at 35TC; however, a
complex mixture of products was obtained giving azepinone
4in 14% yield.

These preliminary studies indicate that catalytic fvp
experiments with AI-MCM-41 mesoporous molecular sieves
constitute a novel method for the generation of dibenzoaze-
pinone 4 from the readily accessible precursbr These
results point to the potential for the synthesis of azepinones,
unavailable by conventional methodologies, and for a broader
use of acetylbenzotriazoles.

aMinor products: 1,2-dihydrodibenzofdazepin-7-one &), 1-phenyl-
2-(phenylimino)ethanoner), 2-phenylbenzoxazolel8), benzonitrile, and
biphenylene 14). ® Minor products: 1-phenyl-2-(phenylimino)ethano (
2-phenylbenzoxazolelB), benzonitrile, and biphenylené4).

=—Ph <~ N-COPh

ylene could be formed by dimerization of benzyne arising
from decarbonylation reaction of diradickl and/or cyclo-
propenonel6. Diradical 9 is also an intermediate in the
reaction to obtain the benzoxazol&3] also found in the
pyrolyzate, through the carbene structure. Alkyl and aryl-
benzoxazoles are typical products in the thermolysis of
acylbenzotriazole¥

When the fvp experiments were carried out in the presence
of AI-MCM-41%5 (catalyst:substrate ratio equal to 25) the

total conversion ofl was achieved at 450C, which is 50°C Acknowledgment. The work at INFIQC was supported
Iower than the hom_ogen_eous sy_stem. In this case, theby Consejo Nacional de Investigaciones Cificds y Te-
azepinonet was obtained in 87% yield (Table 2). nicas (CONICET), Fondo para la InvestigatiBientfica y

These results show that mesoporous solids A-MCM-41 Tecnofmica (FONCyT), and Universidad Nacional dér€o
can be used as excellent catalysts in the thermal reaction ofjopa (UNC).

benzotriazolel. In addition to the enhanced yields toward
azepinonée4, the selectivity of this process is high giving
less conversion ofl to other products in contrast to
homogeneous systems.

Supporting Information Available: Experimental de-
tails. This material is available free of charge via the Internet
at http://pubs.acs.org.
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(16) Above 1400 rig.
(17) Diameter between 1 and 10 nm.
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