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Abstract: Novel, efficient solid phase chemistry has been developed for the synthesis of 1,3-disubstituted
quinazolinediones. Anthranilic acids are linked to a chloroformate resin through the nitrogen, amines are
coupled to the free carboxylic acid, and thermal cyclization leads to heterocycle formation and
concommitant resin release resulting in traceless linkage. Copyright © 1996 Elsevier Science Ltd

In recent years there has been an explosion of interest in the synthesis and screening of combinatorial
libraries for lead generation in the drug discovery process.! Whilst much of the early work was devoted to the
synthesis of peptide and smaller peptide-like (peptoidal) libraries, there is an increasing realization that ‘small
molecule’ libraries based upon heterocyclic templates are more likely to produce quality leads with the
physicochemical / pharmacokinetic properties necessary to make a drug.? This is especially true when seeking
molecules with activity in the central nervous system (CNS), where the highly polar nature of peptides /
peptoids prevents them from easily crossing the blood-brain barrier. There is therefore a need for practical and
efficient new methodologies in this area. The quinazolinedione template occurs in a large number of bioactive
molecules including serotonergic, dopaminergic and adrenergic receptor ligands and inhibitors of aldose
reductase, lipoxygenase, cyclooxygenase, collagenase and carbonic anhydrase.> A combinatorial library based
upon this template would therefore be expected to provide lead compounds in a wide range of bioassays. We
wish to describe here a novel, highly practical and efficient solid phase synthetic approach for the construction
of the quinazolinedione template which we have used to build structurally diverse ‘small molecule’
combinatorial libraries of generic structure (1).
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Our primary aim at the outset of this work was to devise a solid phase synthetic approach to
1,3-disubstituted quinazolinediones which would not leave an extraneous polar resin-tethering substituent on
the resulting molecules which might compromise CNS penetration. We also wanted to be able to incorporate the
A and B substituents in the form of primary amines since there are approximately 8000 suitable commercially
available primary amines, and this would provide considerable scope for structural diversity within a library.
Experimentation with existing solution phase methods for the synthesis of 1,3-disubstituted quinazolinediones*
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revealed serious shortcomings when trying to adapt them to solid phase. Particular problems were encountered
with the ambident nucleophilicity of anthranilamide systems (e.g. O- rather than N-acylation) which gave
unpredictable results. We therefore developed a new approach to the construction of the quinazolinedione
template (Scheme 1) which is experimentally very simple, reliable and efficient, and which is eminently
suitable for the solid phase construction of combinatorial libraries. Furthermore, the nature of the chemistry
results in a traceless solid phase linkage. 2225
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Scheme 1. Solid phase synthesis of 1,3-disubstituted quinazolinediones.,

A chloroformate-functionalized polystyrene resin (2) (loading: ~0.30 mmol/g)® was treated individually
with a wide range of substituted anthranilic acids (3) (3 equiv.) in the presence of Hiinig’s base (CH,Cl,, 20 °C,
1 h) to give the urethane-linked system (4). Structurally diverse primary amines (2 x 3 equiv.) were readily
double-coupled (individually) to the free carboxylic acid using standard PyBOP conditions (2 x 1h) to give the
anthranilamide (6). In the final key step of the synthesis, heating this system in DMF at 125 °C for 16 h caused
the amide nitrogen to cyclize onto the urethane to generate the 1,3-disubstituted quinazolinedione template and
simultaneously liberate the molecule from the resin into solution. Filtration and solvent removal (SpeedVac)
then gave the final products lacking any extraneous tethering substituents. Since the molecule is only released
into solution if all synthetic steps have worked, the products obtained are of very high purity (>95% in the
vast majority of cases). The final cyclization / cleavage conditions were optimized for all combinations of A =
Me, Ph, Bn and B = Ph, Bn, chosen as a representative range of reactivities.’ Heating at 125 °C for 16 h gave a
uniform yield of 0.20 mmol/g for all six permutations of substituents, and purities (HPLC) were in excess of
95%. These yields and purities have been reproduced for a large structurally diverse range of anthranilic acids
and amines including the representative examples shown in Figure 1.%° This is especially important in library
synthesis where it is essential that uniform amounts of each component in a mixture are obtained. At 100 °C,
substantially reduced yields were obtained for B = Ph (probably a steric factor).’
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Figure 1. Representative examples of anthranilic acids (8 — 15) and primary amines (16 — 23)
demonstrated to undergo the described chemistry efficiently.

Whilst there are approximately 50 commercially available anthranilic acids suitable for inclusion in a
combinatorial library, much greater structural diversity would be achieved if the A substituents could be
incorporated from primary amines. Fortunately, the modified literature procedure!® for the synthesis of
anthranilic acids shown in Scheme 2 is ideal for this purpose since the pure anthranilic acid is almost invariably
obtained simply by dilution of the reaction mixture with water, filtration, washing and drying. No subsequent
purification is necessary. This means that a large number of reactions can be rapidly carried out in parallel.
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Scheme 2. Synthesis of anthranilic acids (3)

We have successfully used this methodology for the construction of a number of combinatorial libraries
based upon the quinazolinedione template using the resin-archived split / mix approach for the generation of
combinatorial mixtures.!! Further modifications of (6) prior to cyclization / cleavage are possible, for example
by addition of extra subunits to A, B and X. This has been used to synthesize larger libraries making the
described chemistry an extremely practical and versatile addition to the repertoire of the combinatorial chemist.
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This was conveniently and reproducibly prepared immediately prior to use by reaction of aminomethyl
polystyrene resin (1.0 mmol/g) with triethyleneglycol bis chloroformate (3 equiv.), Hiinig’s base (3
equiv.), CH,Cl, 1 h, 20 °C. Loading was estimated gravimetrically after subsequent reaction, with the
difference in loadings being attributed to cross-linking. The resulting resin has good solvation properties in
the solvents used, whilst giving no PEG contamination in products unlike chloroformate-functionalized
commercial PEG-grafted polystyrene resins. Reactions were typically carried out on 100 mg - 5 g of resin.

Compound identity was confirmed by "H-NMR, *C-NMR and MS analysis.

All subunits are validated by single compound synthesis and analysis (yield / HPLC / MS) prior to
library construction. Virtually all anthranilic acids (3) tested worked efficiently (~80), as did a large
proportion of the amines (5) (>400). The corresponding benzoxazinedione was never observed. Reactions
were typically carried out on 10 - 100 mg of resin.

Substantially reduced yields (~0.02 mmol/g) were observed for secondary alkyl amines such as
cyclohexylamine under the given cyclization conditions (125 °C, 16 h) due to incomplete reaction in the
final step. This suggests that steric congestion is impeding the reaction in these cases.
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