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Abstract

Novel 5-thia-1-azacycl[3.3.2]azine derivatives1, 5-thia-1,8b-diazaacenaphthylenes, have successfully been
prepared. An X-ray crystallographic analysis of1c revealed that the 5-thia-1-azacycl[3.3.2]azine ring system
adopts a planar structure as to the internal ring nitrogen atom. The1H NMR spectrum for unsubstituted ring
system1d implies contribution of a paramagnetic ring current in the peripheral 12�-electron ring system. Also,
3H-1,4-diazacycl[3.3.2]azine derivatives, 4-benzyl-4,5-dihydro-3H-1,4,8b-triazaacenaphthylen(e)-3-ones2 and -
3,5-diones3 were synthesized with high efficiency via 3-(trichloroacetyl)imidazo[1,2-a]pyridine derivatives as
new useful synthetic intermediates. © 2000 Elsevier Science Ltd. All rights reserved.
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Cyclazines,1 fused tricyclic conjugate ring systems linked with three covalent bonds to an internal
nitrogen atom, have attracted considerable attention because of interest in their aromatic and antiaromatic
properties.2 Among cyclazine derivatives, tricyclic fused imidazo[1,2-a]pyridines bridged between the
C(3) and C(5) positions would be of particular interest because an imidazo[1,2-a]pyridine ring system3

has popularly been utilized as a pharmacore for therapeutic drugs4 and as a biochemical fluorescent
marker5 due to its strong fluorescence.6 Therefore, it should be intriguing to design and synthesize
cyclazine derivatives containing an imidazo[1,2-a]pyridine ring system and evaluate their biological
activities and fluorescent properties as well as their aromatic or antiaromatic properties.

The 5-thia-1,8b-diazaacenaphthylene and 3H-1,4,8b-triazaacenaphthylene ring system1,7 which could
be referred to as 5-thia-1-azacycl[3.3.2]azine and 3H-1,4-diazacycl[3.3.2]azine1,7 are novel and rarely
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reported cyclazine derivatives containing an imidazo[1,2-a]pyridine ring system. In the present paper,
we wish to describe the synthesis and characterization of 5-thia-1,8b-diazaacenaphthylene derivatives
1 (Scheme 1) and syntheses of 4,5-dihydro-3H-1,4,8b-triazaacenaphthylen(e)-3-ones2 (Scheme 1) and
-3,5-diones3 (Scheme 1) using 3-(trichloroacetyl)imidazo[1,2-a]pyridine derivatives as new synthetic
intermediates.

Scheme 1.

Treatment of ethyl (imidazo[1,2-a]pyridin-5-ylthio)acetate48 (Scheme 2) with hexamethylenetetra-
mine in acetic acid9 or with phosphorous oxychloride in DMF10 has been found to give 5-thia-1,8b-
diazaacenaphthylene-4-carboxylic acid ethyl ester1a (Scheme 1) as a purple solid in 95 or 50% yield11

without isolation of 3-carboxaldehyde derivative5 (Scheme 2). The ester1awas subjected to hydrolysis
with an aqueous sodium hydroxide solution, and the obtained carboxylic acid1b (Scheme 1) was
converted into an amide derivative1c (Scheme 1). An X-ray crystallographic analysis12 of 1c revealed
that the structure of the 5-thia-1,8b-diazaacenaphthylene ring system adopts a planar structure as to the
internal ring nitrogen atom of the cyclazine molecule (Fig. 1). The bond lengths for C(4)–S(5) and
S(5)–C(5a) have been found to be 1.755(3) and 1.775(2) Å which lie between the lengths of a single and
a double carbon–sulfur bond,13 suggesting that the ring sulfur atom would participate in the�-electron
conjugation system.

Scheme 2.

Synthesis of the unsubstituted ring system1d (Scheme 2) has also been successfully achieved.
Hydrolysis of acetal6 (Scheme 2)14 and the following intramolecular hydroxyalkylation15 of 7 (Scheme
2) in acetic acid gave tricyclic fused imidazo[1,2-a]pyridine derivative8 (Scheme 2) in 40% without
isolation of7. Dehydration of8 was carried out via acetate9 (Scheme 2)16 to afford 1d17 in 25% as
orange crystals. The chemical shift range for the proton of1d17 has been found to be 5.03–6.75 ppm
which is between those of stable ‘aromatic’ (>6.0 ppm)2c,f,g,h and unstable ‘antiaromatic’2e,i (2.1–6.0
ppm) cyclazine ring systems and is similar to those of cycl[3.3.2]azine ring systems containing a sulfur
atom (4.95–7.08 ppm).18 The shielding effect observed would suggest contribution of a paramagnetic
ring current in the peripheral 12�-electron ring system.

3-(Trichloroacetyl)imidazo[1,2-a]pyridine10and11 (Scheme 3) are considered to be useful synthetic
intermediates for the preparation of (4-alkyl-)4,5-dihydro-3H-1,4,8b-triazaacenaphthylen(e)-3-ones2
(Scheme 3) and -3,5-diones3 (Scheme 3) as well as various imidazo[1,2-a]pyridine-3-carboxylic acid
derivatives. It has been well studied that an imidazo[1,2-a]pyridine ring system undergoes electrophilic
substitution at the C(3) position;19 however, synthesis of 3-(trichloroacetyl)imidazo[1,2-a]pyridine has
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Fig. 1. Structure of compound1c

not been reported. We have found that treatment of imidazo[1,2-a]pyridine 15a and its derivative15b,
15c, 13, and14bearing substituent(s) at the C(2) and/or C(5) position with excess trichloroacetyl chloride
in the presence of excess DMAP20 in refluxing THF for 12 h affords 3-(trichloroacetyl)imidazo[1,2-
a]pyridine 10–12 in 40–93% (Table 1). Removal of the BOC group of10 followed by intramolecular
displacement of the trichloromethyl group with the resulting amine led to an almost quantitative
formation of the corresponding 4-benzyl-4,5-dihydro-3H-1,4,8b-triazaacenaphthylen-3-ones2 (Table 1).
Also, haloform cleavage of the trichloroacetyl group of11 with benzylamine in acetonitrile at room
temperature in the presence of triethylamine and the following intramolecular condensation gave the
corresponding 4-benzyl-4,5-dihydro-3H-1,4,8b-triazaacenaphthylene-3,5-diones3 almost quantitatively
(Table 1). Furthermore, 3-(trichloroacetyl)imidazo[1,2-a]pyridines 12 have been found to be readily
converted into the corresponding ester, amide, and free acid by treatment with appropriate alkoxides,
ammonia or aliphatic amines, and an aqueous base.

Scheme 3.

In conclusion, we have synthesized 5-thia-1,8b-diazaacenaphthylene derivatives and prepared
4,5-dihydro-3H-1,4,8b-triazaacenaphthylen(e)-3-ones and -3,5-diones with high efficiency via 3-
(trichloroacetyl)imidazo[1,2-a]pyridine derivatives. The biological activities as well as fluorescent
properties of these unique cyclazine derivatives will be reported in the near future.
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Table 1
Trichloroacetylation of imidazo[1,2-a]pyridine derivatives13–15a and formation of 4,5-dihydro-3H-

1,4,8b-triazaacenaphthylen(e)-3-ones2 and -3,5-diones3b
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