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Heterocyclic compounds offer a high degree of structural
diversity and have proven to be broadly useful as therapeutic
agents. As a result, an increasing range and number of
pharmaceutically useful heterocyclic compounds have been
prepared using the solid-phase methodology.1 Novel fused
heterocyclic ring systems are often considered important
scaffolds in medicinal chemistry; therefore, the search for
efficient and combinatorial methodologies which allow for
the facile synthesis of new scaffolds would be attractive to
both organic and medicinal chemists. Benzimidazole is an
important heterocyclic nucleus in medicinal chemistry.2-4

The tricyclic fused scaffolds 1 (Figure 1) incorporating the
benzimidazole and a classical heterocyclic moiety, such as
pyridine,5 pyrimidine,6 pyrazine,7 and imidazole,8 have
displayed a broad range of biological activities. Therefore,
a facile synthesis leading to novel benzofused tricycles based
on benzimidazole is highly attractive. Pyrimidin-4(3H)-one9

and 1,4-diazepin-5-one10 are classical heterocycles present
in various biologically active compounds; however, there are
rare reports6 about synthesis of the tricyclic fused scaffolds
incorporating the benzimidazole and these heterocycles.

Organoselenium compounds have found a wide range of
application in the areas of organic chemistry because of their
utility as synthetic intermediates,11 and it is well-known that

the Se-C bond can be easily broken by various methods.12

Therefore organoselenium resins are ideal linkers and
reagents for solid-phase synthesis and for the past decade, a
variety of heterocyclic compounds libraries have been
constructed from organoselenium resins by several research
groups13 including ours.14 In a continuation of our efforts
toward the solid-phase synthesis of low molecular weight
heterocycles, we describe, herein, an efficient approach for
the solid-phase synthesis of novel benzofused tricycles
pyrimido[1,2-a]benzimidazol-2(1H)-one 2 and 1,2-dihydro-
3H-[1,4]diazepino[1,2-a]benzimidazol-3-one 3. The novel
tricyclic fused scaffolds were constructed from the new
building blocks, resin-bound 3-(2-aminophenylamino)-2-
seleno-ester 4 through condensation with isothiocyanates and
R-amino-acids (Scheme 1). The polystyrene-supported se-
lenium resins used here not only worked as linkers but also
as a part of the building blocks 4 and introduced a new
double bond into the target molecules at the cleavage step.

Results and Discussion

Resin-bound 3-(2-aminophenylamino)-2-seleno-esters 4
were easily prepared through two steps (Scheme 2). Poly-
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styrene-supported selenenyl bromide13j (resin 5) (Br: 1.18
mmol/g) was smoothly reacted with methyl acrylate in the
presence of ZnCl2 at room temperature to afford the
corresponding resin-bound 3-bromo-2-seleno-ester,14n which

was reacted with mono-Boc-o-phenylenediamine in one pot
to give the corresponding yellow resins 6. FT-IR spectrum
showed two strong peaks at about 1733 cm-1 and 1717 cm-1.
After mild deprotection with aq HCl in THF, resin-bound
3-(2-aminophenylamino)-2-seleno-esters 4 were obtained,
which exhibited a single peak at 1729-1733 cm-1. It should
be noted that in the cases of R1 and R2 were the same groups,
symmetrical diamines without Boc group were employed in
step a to afford 4 directly.

With resins 4 in hand, we performed cyclization reactions
with various reagents to afford the benzofused tricycles. First,
isothiocyanates were chosen to form the tricycles incorporating
the benzimidazole and a pyrimidinone moiety. As shown in
Scheme 3, the resin-bound diamines 4 were reacted smoothly
with isothiocyanates and DIC (N,N′-diisopropylcarbodiimide)
to form the 2-amino-benzimidazoles,15 which were subsequently
cyclized to afford the resin-bound tricycles 7 in the presence
of K2CO3 in a one-pot reaction. FT-IR spectrum showed a
strong peak at about 1695 cm-1 and the peak at 1729-1733
cm-1 disappeared. As expected, the treatment of the newly
loaded resins with excess 30% hydrogen peroxide at room
temperature resulted in the facile oxidation of the selenides to
the corresponding selenoxides. Spontaneous elimination of the
selenoxides led to the release of crude products pyrimido[1,2-
a]benzimidazol-2(1H)-ones 2, which were recrystallized to give
the products in moderate yields with good levels of purity (Table
1). The results were satisfactory for various o-phenylenediamine
(2a, d, i-k). Both alkyl and aryl isothiocyanates worked well
(2a-c, e-h).

For the second strategy, cyclization reactions with R-amino-
acids were performed to afford the tricycles incorporating
the benzimidazole and a 1,4-diazepin-5-one moiety (Scheme
4). Since optically pure R-amino-acids were readily available,
this methodology was suited for the synthesis of optically
pure products. The resin-bound diamines 4 were reacted
smoothly with Fmoc-R-amino-acids and DIC to form the
corresponding amides 8. FT-IR spectrum showed a strong
peak at about 1720 cm-1 and a weaker peak at about 1678
cm-1. Then the amides 8 were cyclized in AcOH to give
resin-bound benzimidazoles 9.16 FT-IR spectrum showed that
the peak at about 1678 cm-1 disappeared. The resins 9 were
deprotected and spontaneously cyclized in piperidine/CH2Cl2

to form the tricycles 10, which exhibited a single peak at

Scheme 2a

a Reagents and conditions: (a) ZnCl2, CH2dCHCO2Me, THF, rt, 1 h,
then mono-Boc-o-phenylenediamine, Et3N, reflux, 24 h; (b) aq HCl, THF,
rt, 5 h.

Scheme 3a

a Reagents and conditions: (a) R3NCS, DIC, DMF, rt, 24 h, then K2CO3,
rt, 4 h; (b) H2O2, THF, rt, 1 h.

Table 1. Synthesis of Substituted Pyrimido[1,2-a]benzimidazol-
2(1H)-one 2a-k

a Yield based on the loading of the resin 5. b Determined by HPLC.

Scheme 4a

a Reagents and conditions: (a) Fmoc-R-amino-acid, DIC, DMF, rt, 12 h; (b) AcOH, 65 °C, 4 h; (c) piperidine, CH2Cl2, rt, 6 h; (d) H2O2, THF, rt, 1 h.
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about 1670 cm-1. Cleavage of resins 10 gave crude products
1,2-dihydro-3H-[1,4]diazepino[1,2-a]benzimidazol-3-ones 3,
which were recrystallized to give the products in moderate
yields with good levels of purity (Table 2).

Finally, it should be demonstrated that the chiral integrity of
the starting R-amino acid had been maintained throughout all
four synthetic steps. To address this issue, the products 3f and
3j were then analyzed by chiral HPLC and found to be optically
pure. The calculated enantiomeric excess (ee) and measured
optical rotation for each enantiomer are given in Figure 2.

In summary, we have developed an efficient solid-phase
parallel synthetic route to a benzofused tricycles library of
pyrimido[1,2-a]benzimidazol-2(1H)-one and 1,2-dihydro-3H-
[1,4]diazepino[1,2-a]benzimidazol-3-one from the new build-
ing blocks, resin-bound 3-(2-aminophenylamino)-2-seleno-
esters. The advantages of this method include straightforward
operation, lack of odor, good stability of the supported
selenium species, and high purities of the products.
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