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A synthesis of novel pyrazolopyridine, benzopyranopyrazolopyridine, and oxygen-bridged pyrazolo-, tet-
razolo-, benzimidazo-, and thiazolopyrimidines via Hantzsch- and Biginelli-like condensations has been
developed. The ability of these compounds to inhibit Eg5 activity has been examined. The results indicate
that synthetic manipulations in the monastrol thiourea moiety are inefficient.
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Monastrol (±)-1 (Fig. 1) is a simple low molecular weight mol-
ecule that was discovered a decade ago to be a cell-permeable
kinesin Eg5 inhibitor1; this discovery initiated a further stage in
Biginelli 3,4-dihydropyrimidine-2(1H)-one chemistry. The new
era in the long time history of this heterocyclic family2 has been
started in Squibb laboratories by detailed investigations3 of its
earlier recognized antihypertensive properties. In addition to the
targeted Ca2+ channel blockers, research was independently set
off that was oriented toward dihydropyrimidine selective a1A

adrenergic receptor antagonists for treatment of benign prostatic
hyperplasia.3 Convergently, the close resemblance to the 1,4-dihy-
dropyridine core plays a crucial role in both goals. 3,4-Dihydropyri-
midinone-5-carboxylate scaffold has also emerged as an integral
backbone of some neuropeptide Y (NPY) antagonists.3 Further-
more, recent pharmacological evaluations of Biginelli compounds
disclosed that these derivatives also functioned as melanin concen-
trating hormone receptor (MCH1-R) antagonists,4 chemical modu-
lators of heat shock protein 70 (Hsp 70),5 hepatitis B replication
inhibitors,6 and inhibitors of the fatty acid transporters.7 In partic-
ular, a simple 4-aryldihydropyrimidine derivative was recently dis-
covered to be highly effective against methicillin-resistant strain of
Staphylococcus aureus (MRSA).8

In recent years, a significant progress has been reported in the
new class of promising anticancer agents led by monastrol 1.
ll rights reserved.

).
Diverse structures that effectively inhibit bipolar mitotic spindle
assembly have been found.9 Abiding interest in compound 1 has
led to conformative skeleton modifications of the parent ring by
annelation across the C-5–C-6 bond to provide more potent ana-
logs,10 such as dimethylenastron 2 and quinazoline-2(1H)-thione
3 (Fig. 1). Considerable work has also been devoted to gaining in-
sight into the structure–activity relationship in the monastrol
derivative series.11 However, C-6 substitution has not been ex-
plored. In order to probe the effect of methyl functionalization in
position 6 on the ability to inhibit Eg5 activity, we have recently
synthesized analogous Biginelli compounds 4 bearing methyl ace-
tate unit at C-6.12 The conformationally restricted dihydropyrimi-
dine prototype12 5 completed our trial set (Fig. 2). Some of
screened samples exhibited in vitro inhibitory effect at concentra-
tions of 100–200 lM in semi-quantitative assays; summing up the
Figure 1.
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testing, pyrimidine preparates were at least 10 times less active
than the monastrol standard.13

Based on the reported remarkable data for simple pyrazoles as
kinesin spindle protein (KSP) inhibitors,9a we directed our studies
at monastrol-related fused heteroanalogs. As a structural modifica-
tion we chose to integrate the monastrol key building block,
pyrimidine nucleus, and the five-membered nitrogen ring system
into a common, single heterocyclic molecule. Here we wish to de-
scribe the synthesis of novel condensed azolopyridines and azolo-
pyrimidines of pharmacological interest. The biological evaluation
of the prepared derivatives toward inhibition of KSP enzymatic
activity is also briefly described.

First, we examined a three-component reaction of 3-hydroxy-
benzaldehyde 6 with methyl acetoacetate 7 and 5-amino-3-
methyl-1H-pyrazole 8 adopting Quiroga’s protocol.14 Refluxing
the reactants in EtOH for 1.5 h afforded product 9 whose 1H NMR
spectrum lacked characteristic14b,15 singlet for the pyrazole
methine near 6.0 ppm. This revealed a cyclization mode leading
to pyrazolopyridine 9 and ruled out the pyrazolopyrimidine alter-
native 90 (Scheme 1). A similar behavior of the aminopyrazole has
been already reported.14
Scheme

Scheme
However, when salicylaldehyde was employed, a bicyclic anne-
lation accompanied by lactonization took place to yield tetracyclic
product 11. A small quantity of oxidized form 12 in a second crop
indicated that 1,4-dihydropyridine ring was partially oxidized in
air. Therefore, the reaction was carried out under nitrogen which
decreased the 12:11 ratio to 1:24 (Scheme 2).

To exploit the synthetic potential of amine 8, we used our meth-
odology16 based upon 4-(2-hydroxyphenyl)but-3-en-2-one 13 for
the preparation of conformationally restricted heterocycles having
the aromatic ring fixed by an oxygen-bridge. In this case, harsher
reaction conditions were necessary (reflux in DMF, 1 h) to achieve
heterocyclization (?14, Scheme 3). Apparently, of the three nucle-
ophilic nitrogen centers capable of attacking the olefinic enone
b-carbon, the sp3 N-1 atom of pyrazole tautomer 8 triggers the
multistep sequence. Michael addition forms the pyrazolopyrimi-
dine skeleton which is followed by subsequent O-bridge formation.
Detailed 1H and 13C NMR analysis was performed using 2D-corre-
lation techniques (COSY, HSQC, and HMBC). Moreover, close spatial
proximities for 5-Me–NH and NH–pyrazole-H, established from
1D-NOESY measurements, clearly pointed to a linear arrangement
of both nitrogen rings in tetracyclic molecule 14. An interesting
feature was found in the aliphatic region of the 1H NMR spectrum.
The CH2CH moiety and NH constitute a four spin system (ABMX) as
a result due to a planar long-range coupling of the W type between
the amine and equatorial diastereotopic methylene protons.
Accordingly, one of the two CH2 signals which appears at a higher
field as a doublet with a fine triplet splitting pattern could be as-
signed to H-13 equiv.

To further extend our set for activity screening, we employed
some other heterocyclic amines for the above cyclocondensation.
Upon refluxing enone template 13 with an equimolar amount of
5-amino-1H-tetrazole monohydrate in DMF for 2 h the expected
polyazaheterocycle 15 was obtained. Likewise, treatment of
1.

2.
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butenone 13 with 2-aminobenzimidazole gave rise to pentacyclic
product 16 in a good yield (Fig. 3). Full assignment of the 1H and
13C NMR signals for 16 has been established and additional NMR
data concerning benzimidazole chemical shifts were invoked17 to
support our analysis. The oxygen-bridged fused ring system with
nitrogen at the bridgehead position (16) represents, to our knowl-
edge, a new class of condensed heterocyclic compounds. Although
pyrazolo- and tetrazolobenzoxadiazocine heterocyclic families such
as 14 and 15 have been described,18 our approach has opened an
alternative route to these derivatives. Finally, thia-
zolobenzoxadiazocine 17 possessing a thiourea structural motif
was likewise synthesized using 2-amino-2-thiazoline to enlarge
the tested group (Fig. 3). It should be noted that a hydrobromide salt
of 17 was already prepared by us via cyclization of an oxygen-
bridged thioxopyrimidine with 1,2-dibromoethane.19 Furthermore,
we recently described a single-crystal X-ray analysis of 17.20

All the compounds prepared here21 as monastrol mimics were
tested for their ability to inhibit KSP enzymatic activity by using
an in vitro ATPase assay and an in vivo cell-based assay inducing
mitotic arrest in HeLa cells according to a method described in
Ref. 10b. Unfortunately, it followed from the biological screening
that none of the investigated compounds has shown any signifi-
cant inhibitory effect in vitro or monoastral spindle phenotype
in vivo. Moreover, benzimidazole derivative 16 appears to be toxic
to BSC-1 and HeLa cell lines at 100 lM. It can be concluded that
structural modification of monastrol in the thiourea moiety by fu-
sion with additional rings results in a pronounced negative effect
on the inhibition potency against KSP. In view of these findings,
annelation of parent monastrol on left-hand side as reported by
Mayer and Giannis proved to be a rational step in further develop-
ment of effective analogs.10

In summary, we described syntheses of novel monastrol ana-
logs based on Hantzsch- and Biginelli-like reactions. The new ser-
ies consisted of pyridine and pyrimidine derivatives modified by
fusion with azoles and also by additional conformative bridging
through the phenol oxygen atom. Although the new compounds
have been found to be inactive against Eg5 mitotic kinesin, the re-
ported results contribute toward deeper insight into structure–
activity relationship.
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1588, 1481, 1253, 1174, 1139, 879, 762 cm�1; 1H NMR (DMSO-d6) d 1.55 (s, 3H,
Me), 2.07 (dd, 1H, J = 13.2 and 3.0 Hz, H-13), 2.14 (dd, 1H, J = 13.2 and 3.0 Hz, H-
130), 3.08 (m, 1H, H-2), 3.18 (m, 2H, H-20 + H-1), 3.72 (m, 1H, H-10), 4.47 (t, 1H,
J = 3.0 Hz, H-11), 6.79 (d, 1H, J = 7.2 Hz, H-7), 6.85 (t, J = 7.2 Hz, H-9), 7.19 (m, 2H,
H-8 + H-10); 13C NMR (DMSO-d6) d 26.0 (CH2-2), 28.4 (Me), 31.2 (CH2-13), 49.1
(CH-11), 51.1 (CH2-1), 82.9 (C-5), 116.4 (CH-7), 119.3 (CH-9), 120.6 (C-10a),
129.4 (CH-10), 129.5 (CH-8), 152.5 (C-6a), 164.6 (C-3a).
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