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High-loading scavenger resins for combinatorial chemistry
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Abstract—The synthesis of high-loading resins functionalised with triazine dendrimers, suitable for use as scavengers in the
purification of combinatorially derived products is described. A comparison of their efficacy with respect to some commercial
resins is also presented. © 2001 Elsevier Science Ltd. All rights reserved.

The use of scavenger resins for the purification of
reaction products is becoming increasingly widespread,!
particularly for applications in combinatorial chem-
istry. There are a number of such resins available
commercially, however there is considerable scope for
improvement. One of the drawbacks of these resins is
that quite a high quantity is required to clean up a
typical product and this can present physical difficulties
since the beads themselves swell in solvent,” especially
problematic on a small scale. In order to overcome
these difficulties we decided to make high-loading resins
through the construction of dendritic architectures on
the solid phase resin. This strategy has previously been
used for the synthesis of dendrimers® and hyper-
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branched architectures* themselves and the preparation
of super-high-loading resins for supported chemistry,*>
but it has not been tried for preparing new chemical
reagents such as scavenger resins. Interestingly how-
ever, the commercially available PS—Tris resins could
be considered a prototype for this class of resin. This
communication describes the synthesis of a number of
novel scavenger resins (e.g. Fig. 1) and demonstrates
how they can be used to remove both nucleophiles and
acids.

We chose to grow the dendritic wedges on Wang
functionalised polystyrene resin® to enable us to cleave
them from the support and subject them to chemical
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analysis. The preparation of the wedges themselves was
found to be considerably facilitated by using a solid
support: attempts to prepare related dendrimers in solu-
tion met with considerable difficulty during the purifica-
tion of these polar molecules.” The synthesis of the core
framework is outlined in Scheme 1. Wang resin was
reacted with trichlorotriazine and the resulting dichlo-
ride 1 substituted® with either propanolamine to give 2
or 1,7-dihydroxy-4-azaheptane to give 3. These alcohols
were found to be rather unreactive and required depro-
tonation with LDA prior to reaction with more
trichlorotriazine giving 4 and 5. Attempts to function-
alise a shorter linker derived from ethanolamine were
unsuccessful apparently due to the extremely low reac-
tivity of the ethanolamine oxygen or oxyanion, perhaps
for steric reasons.

The resultant dichloro intermediates (4 and 5) are
rather reactive and were not characterised, instead they
were reacted further with a suitable amine nucleophile
to give compounds 6 and 7. These compounds, along
with intermediate 3 were cleaved from the resin for
analysis by '"H NMR, IR and mass spectrometry® (com-
pounds 8 and 9, Scheme 2). It was found that the
morpholino derivative 9 proved difficult to characterise
as the free base after trifluoroacetic acid cleavage.
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Hence for the purposes of more readily characterising a
generation 1.5 dendrimer, intermediate 4 was reacted
further with propanolamine giving 6 which was also
cleaved from the resin giving compound 10 (structure
not shown).

To demonstrate the efficacy of these resins for chemical
synthesis we used them for the preparation of a sec-
ondary amide, a reaction which has been demonstrated
for commercial scavenger resins.!® In these reactions we
used a generation 1 morpholino substituted dendrimer,
7 as the proton scavenger and a generation 1 dichloro-
triazine resin 5 as the excess nucleophile scavenger
(Scheme 3). The crude acylation reactions were
analysed by 'TH NMR and GC. Table 1 shows the
results of these experiments.

It is noteworthy that in the case of the dendritic scav-
engers the number of equivalents were calculated on a
molar basis. This has the result that approximately half
the mass and volume of resin was required to achieve
similar scavenging efficiency. A second test reaction was
also used to explore the utility of these resins, namely
the tosylation of a primary amine (Scheme 4). The
results were comparable to those obtained with com-
mercially available resins (Table 2).
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Scheme 1. Reagents and conditions: (i) trichlorotriazine, Hiinig’s base, THF, rt; (ii) propanolamine, Hiinig’s base, DMF 80°C
(R =H); HN(CH,CH,CH,OH),, Hiinig’s base, DMF, 80°C (R = CH,CH,CH,OH); (iii) LDA, THF, rt, then trichlorotriazine;
(iv) morpholino CH,CH,CH,NH, or propanolamine, Hiinig’s base, DMF, 80°C.
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Scheme 2. Reagents and conditions: (i) 5% CF;COOH in CH,Cl,, rt, 2 h; (ii)) MeOH; (iii)) 2 M NaOH, then Sephadex
chromatography.
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Scheme 3.
Table 1.
Expt 5(g) PS-NCO (g) 7 (g) PS-NMM (g) Benzylamine® (%) Acid chloride® (%) Product® (%)
1 0.12 - 0.12 - <1 <1 77
2 - 0.20 0.12 - <1 <1 77
3 0.12 - - 0.26 <1 <1 75
4 - 0.20 - 0.26 L.5 0.3 83

2 Determined by GC.
® Determined by mass and '"H NMR.
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Table 2.
Expt 5(g) PS-NCO (g) 7 (g) PS-NMM (g) Benzylamine® (%) Tosyl chloride® (%) Product®* (%)
1 0.12 - 0.12 - 0.2 1 74
20 - 0.20 - 0.26 nd. nd. 89®
2 Determined by GC.
®See Ref. 10.
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