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Synthesis of highly condensed heterocycles using radical reactions
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Abstract—Using radical chemistry novel highly condensed heterocycles have been synthesized. The mechanism for their formation is
discussed.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

In our search for novel heterocycles, which could serve
as pharmacophores in drug discovery, we have been
exploring radical chemistry1 to assemble these mole-
cules. Recently we have demonstrated2 that when com-
pounds such as 1 and 2 are treated with tributyl tin
hydride (TBTH) they yield 3 and 4, respectively. In a
separate paper3 we have discussed the details of the
assignments of stereochemistries of the syn and anti iso-
mers of compound 4. It should be noted that both 3 and
4 arise through the spiro radicals 5 and 6, respectively.
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2. Present work

In this communication we would like to report the
results of the radical reactions of compounds4 of general
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structure 7 wherein X is a heteroatom that is oxygen or
substituted nitrogen atoms. As will be evident these
reactions have provided us with a novel route for the
synthesis of highly condensed heterocycles such as 25
and 38.

Thus reaction of 8 with TBTH gave mainly the dehalo-
genated product5 9 and a small amount of 10, which pre-
sumably is formed via 11 with the loss of carbon dioxide
(Scheme 1). A similar reaction was observed6 in the case
of phenyl sulfonamides wherein the biphenyls were
formed with the loss of sulfur dioxide.
We then investigated the radical reaction of compound
12 and obtained 13 (11.0%) and 14 (16.9%) along with
the starting material (45%).

The formation of 13 and 14 can be rationalized, as shown
in Scheme 2. Thus, the initial radical 15 undergoes spiro
cyclization to give the intermediate 16, which undergoes
further rearrangement, bond cleavage and subsequent
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oxidative cyclization (path A) to yield benzimidazole 14
via 16a, alternatively (path B) the intermediate 16 under-
goes bond migration followed by the loss of hydrogen
radical to yield 13. To study the effect in the above
radical reaction of an ortho substituent to the bromoan-
iline nitrogen we treated 17 in the usual way with
TBTH and obtained 18 (21.6%) and 19 (10.8%) along
with the dehalogenated compound 20 (32.4%). The for-
mation of 18 and 19 proceed through the spiro radical
21 as shown in Scheme 3. As suspected in this case we
did not detect the formation of the corresponding
benzimidazole.

As we intended in the present study to prepare highly
condensed heterocycles we explored the possibility of
capturing the radical intermediate 16 in an intramolecu-
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lar sense. Thus when the diallyl derivative 22 was treated
with TBTH we obtained 23 (34%) by the cyclization of
radical 27 to the allyl group, along with 24 (7%), 25
(13%) and 26 (4.0%). Compounds 24, 25 and 26 are
formed through the intermediacy of the spiro radical
27a. The structure of 25 was confirmed using X-ray crys-
tallographic studies7 (see Scheme 5).

We then studied the substitution effects in the above
reaction by changing R00 to Cl 28, OCH3 29 and
OCH2CH3 30. Interestingly radical reaction with 28
gave 31 (18.4%), 32 (39.8%), 33 (7.2%) and 34 (3.4%)
whereas 29 gave 35 (6.7%), 36 (36%), 37 (5.6%) and 38
(7.2%). Similarly 30 gave 39 (24.8%), 40 (39.6%), 41
(14.2%) and 42 (5.8%). The formation of 38 and 42 fol-
lows a cascade reaction as shown in Scheme 4.
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The numbering system used in this communication is
shown in Scheme 5. In the 1H NMR spectrum of 25
the methyl group appears at d 1.23 (d), which is absent
in 38. Compound 38 shows H-19 at d 1.75 (m) and C-19
at d 34.66. H-9 and H-10 in structure 25 appear at d 5.9
and 5.7, respectively, which are absent in 38. In the 13C
NMR spectrum of 25 C-9 and C-10 appear at d 113.75
and 128.85, respectively, which shift in 38 to d 35.7
and 40.36, respectively. In compounds 25 and 38 C-11
appear at d 63.46 and d 63.86, respectively.
3. Conclusion

Using radical reaction we have synthesized several
highly condensed heterocycles. Although the yields
reported in this communication are not optimized,
sufficient amounts of the products described have
been made and these will be undergoing biological
testing.
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