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Abstract

This letter describes a novel, flexible, solid phase route to pyrimidine-based heterocycles that utilises
commercially available 4,6-dichloro-5-nitropyrimidine. This was exemplified by the synthesis of dihy-
dropteridinones. © 2000 Elsevier Science Ltd. All rights reserved.
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Combinatorial chemistry is recognised as a very powerful tool for the acceleration of the
drug discovery process. The philosophy behind how combinatorial methods can be employed
more effectively has become more refined to allow for such concepts as ‘privileged
structures’1 and the synthesis of libraries that contain ‘drug-like’ characteristics, e.g. those
that generally obey Lipinski’s rules2 and Rich’s concept of resistance to hydrophobic col-
lapse.3
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The design, and synthesis, of library scaffolds that possess ‘drug-like’ characteristics, and
that are also amenable to parallel high throughput synthesis methods, remains a continuing
challenge for the combinatorial chemist.4 Recently, we embarked on a development pro-
gramme for the solid phase parallel synthesis of the biologically interesting heterocycles, the
dihydropteridinones 1. The dihydropteridinones have a well exemplified history in the drug
discovery arena5 and as a chemical class, their structural rigidity, clog P, and range of
H-bonding and accepting groups make them ideal templates upon which to base a discovery
library. Furthermore, a solid phase synthetic route to such derivatives remains, as yet, unre-
ported.

Our initial aim was to develop a flexible route that would allow for the synthesis of a wide
structural range of compounds utilising one central pyrimidine building block. We envisaged
that 4,6-dichloro-5-nitropyrimidine 2 would be a suitable candidate as it should be possible
to differentially functionalise using sequential nucleophilic aromatic substitution (SNAr)—first
by substitution of the pyrimidine onto a resin bound amine, followed by further substitution
with an amino acid methyl ester. Subsequent nitro-group reduction and concomitant cyclisa-
tion should then afford the required dihydropteridinone 1.

After initial loading of Wang resin6 with an Fmoc-protected amino acid and subsequent
Fmoc removal, the resin-bound amine 3 was treated with three equivalents of 4,6-dichloro-5-
nitropyrimidine,7 in the presence of Hünigs base, to cleanly load the pyrimidine on resin8

(Scheme 1). The resin-bound chloropyrimidine 4 was then further functionalised with a range
of amino acid methyl esters and subsequently reductively cyclised, utilising tin(II) chloride,9

and cleaved with TFA, to provide the desired dihydropteridinones 6 in good yield and
purity.10 In order to extend the diversity of this method we also explored the possibility of
using diamine functionalised Wang resin 7 to form the corresponding amino dihydropteridi-
none 10 (Scheme 2).

Scheme 1. Reagents: (i) FmocNHCHRCO2H (3 equiv.), DIC (3 equiv.), DMAP (cat.), DMF (95%, by weight); (ii)
piperidine/DMF (1:4 v/v); (iii) 2,6-dichloro-5-nitropyrimidine (3 equiv.), iPr2NEt (3 equiv.), DMF, 4 h, rt (75–90% by
weight); (iv) HCl·NH2CHRCO2Me (5 equiv.), iPr2NEt (10 equiv.), DMF, 4 h, rt (75–90% by weight); (v) SnCl2·H2O,
EtOH, DMF, 70°C, o/n; (vi) 50% TFA, DCM
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Scheme 2. Reagents: (i) 4,6-dichloro-5-nitropyrimidine (3 equiv.), iPr2NEt (3 equiv.), DMF, 4 h, rt (75–90% by
weight); (ii) HCl·NH2CH(Me)CO2Me (3 equiv.), iPr2NEt (3 equiv.), DMF, 4 h, rt (75–90% by weight); (iii)
SnCl2·H2O, EtOH, DMF, 70°C, 4 h; (iv) 50% TFA, DCM

Thus diamino Wang resin 7 was treated with 4,6-dichloro-5-nitropyrimidine using the same
conditions as described earlier to provide the desired chloropyrimidine 8 on resin. Further aromatic
substitution with alanine methyl ester hydrochloride then provided the fully substituted pyrimidine
9. Cyclisation and cleavage proceeded smoothly to provide the desired dihydro-
pteridinone 10 in good overall yield and purity (see entries 7 and 8 in Table 1).

Further functionalisation of these compounds is also possible on the solid phase by treatment
with isocyanates or acid chlorides to provide the corresponding ureas and amides in good yield
and purity. As these heterocycles now incorporate three points of diversity, we are currently
extending the scope of this chemistry in order to produce large numbers of these potentially
biologically significant heterocycles (Scheme 3).

We have demonstrated that 4,6-dichloro-5-nitropyrimidine is an excellent building block for
the assembly of dihydropteridinones on the solid phase. We are currently taking full advantage
of the versatility of this compound by extending the chemistry to encompass the synthesis of purine
analogues and other pyrimidine-based heterocycles; we will publish our findings forthwith.11

Scheme 3. Reagents: (i) RNCO, THF, rt, 16 h, TFA, DCM; (ii) RCOCl, iPr2NEt (3 equiv.), DCM, 16 h, rt, TFA,
DCM
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