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Abstract—An efficient and robust solid-phase synthesis of 6-substituted-2,5,6,8-tetrahydro-3H-imidazo[1,2-a]pyrimidin-7-ones, 3-
substituted-1,3,4,6,7,8-hexahydro-pyrimido[1,2-a]pyrimidin-2-ones and 3-substituted-3,4,6,7,8,9-hexahydro-1H-pyrimido[1,2-a][1,3]
diazepin-2-ones from the acetates of Baylis–Hillman adducts employing Michael addition of diamines followed by intramolecular
cyclization with cyanogen bromide and, finally, base promoted cyclative cleavage has been developed. The procedure is vali-
dated through an automated parallel synthesis of a small library of fourteen compounds of the 3H-imidazo[1,2-a]pyrimidin-7-one
series.
� 2005 Elsevier Ltd. All rights reserved.
Solid-phase synthesis continues to hold a dominant
position in combinatorial chemistry.1 Over the last two
decades, from a simple tool to prepare large number
of compounds employing coupling chemistry, it has
become a domain in its own right. The development and
execution of different organic reactions on solid support
has become the primary focus of several research groups
and pharmaceutical organizations trying to increase the
repertoire of synthetic reactions so as to provide novel
compounds of biological significance. The presence of
heterocyclic frameworks in drug structures, agrochemi-
cals and natural products makes them attractive syn-
thetic targets for combinatorial approaches using
solid-phase strategies. In particular, nitrogen rich het-
erocycles have received greater attention due to their
propensity to elicit broad ranges of biological activities.2

As part of our research program aimed at the prepara-
tion of nitrogen-containing heterocycles utilizing
Baylis–Hillman derivatives, we recently developed the
synthesis of pyrrolidinone, pyrrolidine and 2-amino-
1,4,5,6-tetrahydropyrimidines.3,4 In particular, our
interest in generating heterocyclic structures from
Baylis–Hillman derivatives incorporating a cyclic guani-
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dine pharmacophore led us to envisage the synthesis
of substituted pyrimidinone derivatives through the
sequential Michael addition of a diamine to the acetates
of Baylis–Hillman adducts and the intramolecular cycli-
zation of the diamine by cyanogen bromide followed by
another intramolecular cyclization involving the amino
and ester groups. Our initial efforts to carry out this
chemistry in solution phase were unsuccessful since
Michael addition of 1,2-diaminoethane invariably gave
a polymeric product. Therefore, we decided to investi-
gate a solid support for carrying out the desired
synthesis.

The potential of the Baylis–Hillman reaction to yield
useful synthons, heterocycles and natural products is
now well established.5 However, most of these successful
transformations have been carried out using solution
phase synthesis. There are only a few reports6 on
solid-phase approaches that utilize Baylis–Hillman deriv-
atives towards these objectives. Described herein, is a
cyclative cleavage procedure for the successful solid-
phase synthesis of annulated pyrimidinone deriva-
tives with two point diversity from the acetates of
Baylis–Hillman adducts. To the best of our knowledge
such annulated pyrimidinone derivatives are hitherto
unreported in the literature. The synthetic methodology
was validated through the automated synthesis of a
fourteen-membered 6-substituted 3H-imidazo[1,2-a]pyr-
imidin-7-one library.
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Scheme 1. Reagents and conditions: (a) Ref. 6; (b) RCHO, DABCO, DMSO, rt, 3 h; (c) AcCl, pyridine, CH2Cl2, rt, 16 h; (d) 1, n-diaminoalkane

(n = 2–4), DMF, rt, 15 h; (e) CNBr, DMF–abs EtOH (1:1), rt, 12–30 h; (f) 20% Et3N in CHCl3, reflux, 12 h.
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The synthesis of the new pyrimidinone derivatives is
outlined in Scheme 1. We selected the Wang resin as
the solid support, since the ester group of the Wang
acrylate resin was considered appropriate to carry out
the basic cyclative cleavage of the acyclic resin-bound
amine precursor to give the target compound. There-
fore, in the first step the Wang acrylate resin 1 was pre-
pared from acryloyl chloride and Wang resin
(Novabiochem, 1.13 mmol/g) according to the literature
procedure.7 Treatment of the acrylate resin 1 with vari-
ous aldehydes in the presence of DABCO in DMSO
gave the Baylis–Hillman adducts 2 which were then
transformed into acetates 3 in the presence of pyridine
and acetyl chloride in dichloromethane. Subsequently,
the acetates 3 were submitted to Michael addition in
the presence of 1,2-diaminoethane at room temperature
to give the allyl amine derivatives 4, which were then
cyclized with cyanogen bromide to yield the pyrazole
derivatives 7 under standard conditions. The final cycli-
zation and concomitant cleavage involving the amino
group of the pyrazole nucleus and the ester of the resin
to afford the pyrimidinone derivative 10 was induced in
the presence of 20% triethylamine in chloroform under
reflux. The final compounds 10 were obtained in good
yields and purities.8 All optimization reactions were car-
ried out using R = a, b and p as the diversity elements.
The optimization procedure was accompanied with
on-bead FTIR, off-bead HPLC and ESMS analysis of
the products at each step.

To install another point of diversity the same synthetic
sequence was repeated with 1,3-diaminopropane and
1,4 diaminobutane in place of 1,2-diaminoethane. Treat-
ment of the resin bound acetate 3 with 1,3-diaminopro-
pane and 1,4-diaminobutane resulted in the allyl amine
derivatives 5 and 6, respectively. In contrast to the cyano-
gen bromide-mediated cyclization of allyl amine 4
within 14 h at room temperature, the allyl amines 5
and 6 underwent cyclization to afford the cyclized deriv-
atives 8 and 9, respectively, only after 24 h. Similar to
substrate 7, compounds 8 and 9 also underwent basic
cyclative cleavage to yield the respective products 11
and 12 in good yields and purities.

The NMR of the crude products 10–12 revealed the
presence of the E-isomers only, showing the singlet for
the benzylic proton at around 7.00 ppm. Indeed this
observation has precedence in the literature.9

In order to test the efficacy and robustness of this meth-
od for library production, we made a small library of
14 substituted 3H-imidazo[1,2-a]pyrimidin-7-ones
(10b–o) (Table 1) through automation on MOS 496X
(Advance ChemTech, USA). Indeed, all the products
except for compound 10m were obtained in good yields
and purity. It is quite likely that the starting aldehyde
for the corresponding product (10m) may not have
undergone the initial Baylis–Hillman reaction in
DMSO.10

In conclusion, we have demonstrated an efficient cycla-
tive cleavage approach to the solid-phase parallel syn-
thesis of new annulated pyrimidinone derivatives from
easily accessible Baylis–Hillman products. The synthetic
strategy described in this communication is robust
enough to be translated through automation.



Table 1. Characterization data for new compounds

Compound Yield (%) Purity (%) HPLCa (tR) (min) ESMS (M+) HRMS {Found (calcd)}

10a 65 92 14.1 295.13 (M++1) 294.1102 (294.1117)

10b 83 72 15.2 328.80, 350.93 (M++Na) 328.0719 (328.0727)

10c 73 97 15.0 312.93, 335.00 (M++Na) 312.1024 (312.1023)

10d 85 61 20.2 373.87 (M++1) 372.0230 (372.0222)

10e 71 72 14.4 328.35 328.0727 (328.0723)

10f 73 96 13.9 313.27 (M++1), 335.13 (M++Na) 312.1046 (312.1023)

10g 92 87 16.9 309.20 (M++1), 330.93 (M++Na) 308.1269 (308.1273)

10h 60 65 16.3 363.87 (M++1) 362.0339 (362.0337)

10i 75 98 13.1 295.20 (M++1), 316.93 (M++Na) 294.1119 (294.1117)

10j 77 93 14.8 329.20 (M++1), 351.07 (M++Na) 328.0729 (328.0723)

10k 67 67 20.0 372.01, 395.32 372.0226 (372.0222)

10l 94 98 14.0 313.13 (M++1) 312.1022 (312.1023)

10m — — — — —

10n 86 71 12.2 273.13 (M++1) ND

10o 52 69 11.6 273.47 (M++1), 295.40 (M++Na) ND

10p 87 68 16.5 218.27 (M++1) 217.0893 (217.0891)

11a 62 87 14.4 309.13 (M++1) 308.1277 (308.1273)

11b 86 88 15.4 342.80 342.0880 (342.0884)

11p 78 69 14.0 232.20 (M++1) 231.1015 (231.1008)

12a 75 88 17.4 323.20 (M++1) 322.1427 (322.1430)

12b 80 76 14.8 356.73 ND

12p 70 71 14.1 246.20 (M++1) ND

aHPLC was carried out on an Agilent 1100 system having a DA detector (kmax = 220 nm, 254 nm used for this study) using a gradient run of

0–100% acetonitrile in water containing 0.1% TFA over 30 min on a RP-18e column (250 · 4.6 mm) having a particle size of 5 lm. ND = not done.
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