TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 40 (1999) 5383-5386

A Simple Method for the Generation of Chloromethyl Polystyrene
on the Multipin™ Solid Support.

Chinh T. Bui, N. Joe Magji, Firas Rasoul and Andrew M. Bray*

Chiron Technologies Pty. Ltd., 11 Duerdin Street, Clayton, Victoria 3168, Australia

Received 6 October 1998; accepted 19 May 1999

Abstract. A novel route for the chloromethylation of polystyrene grafted Muitipin supports (Synphase™ Crowns) has
been developed. Aminomethylated polystyrene was converted into chloromethylated polystyrene via a simple

diazotisation reaction. The modified graft polymer was assessed by solid phase synthesis of a model dipeptide.
© 1999 Elsevier Science Ltd. All rights reserved.

Derivatisation of a polymeric support with a suitable anchoring point for attachment of a linker system is
the first step in solid phase synthesis. Depending on the functionality being produced and the exact method of
manufacture, the derivatisation process can lead to further cross-linking of resins beyond what is expected from
the known quantity of divinylbenzene (or other alternative cross-linking agents) used in the polymerisation
process.! The degree of cross-linking is a primary determinant in the swelling characteristics, hence diffusion
and reactivity properties, of beaded-type resins. Consequently, it is prudent to use the same batch of derivatised
resin for both chemistry development/validation and library generation.” This is a simple acknowledgment that
chemistry translation between resin types (monomer, bead size, loading, cross-linking, etc.) can be problematic.
As part of a program to develop novel grafted supports’ for solid phase organic chemistry, we needed to
minimise the variables resulting from different derivatisation methods. Chloromethylated polystyrene is readily
functionalised with carboxylic acids and can, via ester or ether linkages, be coupled with a variety of linkers.
Aminomethylation is the other main polystyrene derivatisation method for linker coupling.* However, it is not a
straightforward matter for the two derivatisation methods to yield functionalised polystyrene with identical
swelling and loading characteristics.” The original Merrifield method' can be difficult to control as
chloromethylation takes place at both the p-position, and to a lesser extent, the o-position on the aromatic ring.
The process is frequently accompanied by further cross-linking.*” As a consequence, proper choice of solvent,
catalyst and extensive optimisation studies are required for successful chloromethylation on new surfaces. Here,
we describe an alternative method to generate the chloromethyl moiety on polystyrene by converting an existing
aminomethyl group into the chloromethyl moiety. This approach uses a simple and inexpensive procedure which

involves the diazotisation of the aminomethyl-group in a two-step reaction as outlined in Scheme 1.
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Scheme 1. Preparation of the Chloromethyl group on Polystyrene-grafted Synphase Crowns.

Aminomethylated crowns 1 (I-series, loading = 19 pmol/crown) were treated with NaNOQ; in 30% HCl(aq)
containing KCI for 3 h with sonication.® Completion of the reaction could be confirmed by amine stain tests with
TNBSA.® After being washed with DMF and CH,Cl,, the resulting product was immediately treated with 2%
thionyl chloride in CH,Cl, for 3 h to give 2. Under these conditions, chloromethylation proceeded with ca. 70%
overall yield (13.4 pmol/crown) as determined by the Fmoc test procedure’” (Scheme 2). Briefly,
chloromethylated crowns (2)(five I-series crowns, loading = 13.4 umol/crown) were treated with the cesium salt
of Boc-Gly-OH (3) (1 mmol) in the presence of dibenzo-18-crown-6 (I mmol) in DMA (10 mL) at 60°C for
4h."' After Boc deprotection with 40% TFA/CH,CI,, the derivatised crowns were coupled with Fmoc-b-Ala-
OH/DIC/HOBt" to give 5. Fmoc-deprotection and spectrophotometric quantitation of released Fmoc group

13,14

established the substitution level of the crowns. X-ray Photoelectron Spectroscopy also confirmed the

presence of chiorine and absence of nitrogen on the surface of the crowns.
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Scheme 2: Loading Determination of Chloromethyl Polystyrene Crowns.

To evaluate the quality of the chloromethyl product, crowns 2 (O-Series, loading = 5.6 pmol/crown) were
subjected to the reaction sequence described in Scheme 3. Reaction of 6 with 2, followed by reduction with
NaBHj afforded the Wang linker derivatised solid support 7."* The model dipeptide 9 was synthesised using the
Fmoc strategy.'” Treatment of crowns 8 with 50 % TFA in CH,Cl, released the target 9 in 90% purity and 63 %
overall yield from 1. As shown in Table 1, HPLC and ES-MS spectra indicated that a product of similar quality
was prepared on chloromethylated polystyrene crowns, which were derivatised by the Merrifield approach
(Table 1).'® The purity of product 9 prepared on the chloromethylpolystyrene surface, derived via diazotisation,
was comparable to that obtained using the Merrifield method. The percentage yield obtained using the
diazotisation route was slightly less than that obtained via the traditional approach. Furthermore, a similar result

(78 % purity, 55% yield) was obtained on cross-linked polystyrene resin.” The loading of
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chloromethylpolystyrene generated by the diazotisation route is dependent on the number of aminomethyl
moieties available on the crown surface, giving equivalence of loading and graft polymer characteristics without
the concerns of differential cross-linking which exists with the Merrifield approach. Furthermore, the approach
avoids the use of the carcinogenic reagent chloromethylmethy! ether.'®
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Scheme 3. Synthesis of Model Dipeptide 9.

Table 1. Comparison of 9 prepared on chloromethylated crowns.

Method for preparation of | Rt(HPLC)" | Observed ES-MS?*° | % Yield | % Purity \**°
chloromethylated crowns [M+H]'
Diazotisation route” 8.32 min 4593 634 90
Merrifield approach® 8.31 min 459.4 76 83

a: O-series aminomethylated polystyrene SynPhase Crowns (Loading = 5.6 pumol/crown) were converted
into chloromethyl-PS crowns and used in this study. b: O-series chloromethylated polystyrene SynPhase
Crowns (Loading = 10 pmol/ crown) were prepared by Merrifield approach. c¢: Calculated {M + H]" =

459.3. d: Crude overall yield was calculated from 1 (6 steps). e: Percentage Purities were determined by
HPLC peak area at 214 nm.

In summary, a simple method for generation of chloromethylated polystyrene via the diazotisation reaction
on polystyrene grafted crowns has been described. The preparation conditions are straightforward, safe and
suitable for laboratory scale conversion of the aminomethyl moiety into the chloromethyl moiety on the solid
support.
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Abbreviations: Boc: tert-butoxycarbonyl, DIC: diisopropylcarbodiimide, DMA: N,N-dimethylacetamide, DMAP:
dimethylaminopyridine, DMF: dimethylformamide, ES-MS: electrospray mass spectrometry, Fmoc: 9-fluorenyl-
methoxycarbonyl, HOBt: 1-hydroxybenzotriazole, TFA: trifluoroacetic acid, THF: tetrahydrofuran, TNBSA: 2.4,6-
trinitrobenzene sulfonic acid.
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