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Abstract: A series of N-substituted DMT-hydrogvnethylpyrrolidinol phosphoramidites has been prepared from trans-l- 

hydroxyproline. These can be coupled in high yield and purity using automated synthesis techniques, allowing a wide range of 

funcrionalities to be introduced into phosphodiester oligomers. 

Considerable interest has recently emerged in the use of combinatorial libraries as a strategy for the 

discovery of novel pharmaceutical leads and diagnostic reagents. 1 This is a powerful technique for 

discovering novel pharmacophores. It relies on the assumption that oligomeric compounds have activities 

derived from cooperative interactions that their monomeric components are incapable of producing. The 

library of oligomers is screened either free in solution or attached to a solid support and the sequence with the 

highest activity is identified. 

We have previously reported the result of our efforts in the area of combinatorial drug discovery which 

have led to the identification of a new phosphorothioate oligonucleotide with anti-HIV activity.2 Because of 

the similarity of functional groups present in the monomers, oligonucleotides can form a limited number of 

interactions with their environment. 3 In order to extend the range of functional groups available in 

phosphodiester oligomers, we have prepared a novel series of phosphoramidite monomers. These permit the 

rapid and facile incorporation of a wide range of functionalities into combinatorial libraries allowing hydrogen 

bonding, hydrophobic and aromatic stacking, dipolar interactions, and ion pairing. Given the nature of these 

substituents, it is expected that additional binding mechanisms will be available to the phosphodiester 

oligomers which are not possible for oligonucleotides. 

The design of phosphoramidite monomers suitable for the preparation of combinatorial libraries 

requires a convenient chemical handle for the attachment of the diverse functionalities. as well as the means to 

differentiate the termini of the oligomers. Ideally, the synthesis of the monomers should be convergent and 

begin with a readily available optically pure starting material. Here we describe such a methodology based on 

the use of truns-Chydroxy -L-proline, which fulfills all these requirements (Scheme l).” The free amino acid 

1 was protected in quantitative yield using Fmoc-Cl in aqueous dioxane buffered with NaHC03.s The 

carboxylate function of 2 was then reduced using BH3-MQS complex in tefluxing THF.6 Treatment of dio13 

with a slight excess of DMT-Cl in pyridine gave a 65% yield of the primary DMT ether 4 after crystallization 

from methanol.7 Unreacted starting material and ditritylated product accounted for the remaining mass. The 

Fmoc group was then removed by treatment with 3-5 equivalents of piperidine in anhydrous DMF. The free 

amine was isolated as an oil and could be precipitated from hexanes to give a yellow pow&r of sufficient 

purity to be used directly. The DMT-hydroxyprolinol5 was conveniently prepared on 200 g scale in this way, 

and served as the starting material for the synthesis of the phosphoramidite monomers.8 
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Attention was then focused on introducing chemically diverse functional groups onto the 

hydroxyprolinol backbone The secondary alcohol was transiently protected as the TMS ether in initial 

experiments, but this was found to be unnecessary due to the greater reactivity of the amino function of 5 over 

the alcohol. Amine 5 was acylated With a wide variety of carboxylic acids using EDC and HOBT as 

dehydrating agent and cataJyst9 The yield of amides drr-k (Table I) ranged from 55 to 95% depending on the 

reactivity and solubility of Ithe carhoxylic acids in the reaction solvent. Reactions performed in CHzCl2 gave 

consistently better yields than those run in DMF. The sulfonamide derivative (51 was also readily prepared by 

treatment of 5 with metinesulfonyl chloride. Reactive substituents (R) on the carboxylic acids were 

protected with base labile blocking groups to allow deprotection with NH.&H at the end of oligomer 

synthesis, The carboxylic ~acid function in 6b was protected as the fluorenylmethyl ester. Fmoc protection 

was successful for the pyrr@idine nitrogen in 6c while primary amine 6k was more effectively blocked aa the 

trifluoroacetamide. Altho*h Fmoc-GIycinc could be. coupkd to 5, the Fmoc group was found to be too base- 

labile to allow the preparation and purification of the phosphoramidite (vi& infra).ta The phenolic and amino 

function of fig and 6h wp-e protected using benzoyl groups. The alcohol function of 6s.k was then 

phosphitylatedll using cya)loethyl tctraisopropylphosphorodiamidite with diisopropylammonium tetrazolide 

as catalyst in acetonitriti to give phosphoramidites 7a-k in 70-90% yield after chromatography 

(EtUAc/Hexanes + 0.5% @3N). 12 The more reactive cyanoethyl diisopropylamino chlorophosphite was 

unsujtable due to the decomposition of the products under the reaction conditions, and the difficulty in 

removing the H-phosphon& hydrolysis products which invariably contaminated the desired materials. 

Scheme 1: Synthesis of Amidites 
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Reagents and conditions; a Fmoc-Cl, NaHCO3, HZOIDioxane; b) BH3-Me#, THF, 65 OC; c) DMT-CI(l.05 
a eq). DMAP, Et3N. Pyridin ; d) Piperidine, DMF; e) RCOOH, EDC, HOBT, CH2Cl2 or DMF; f) (iPqNI2P- 

OEtCN. DIAT, CHjCN. 

The suitability of $onomers 7a-k for the synthesis of oligomers was established by coupling tests. 

Each phosphoratniditc 7a-#i (0.1 M in CH3CN) was coupled to dcoxythymidine (dT) derivatized CPG using 

tetrazole activation follow@ by oxidation using 12/H~O/LutidineRHF. The dimers were then cleaved from 

the solid support using cotkentrated NH40H at room temperature for one hour. The ammonia solution was 



9511 

then incubated at 55 ‘C overnight.. The terminal DMT was removed from each dimet using 20% aqueous 

acetic acid at room temperature for 15 miimtes. The coupling yield and purity of the products were measured 

by diverse phase HPLC. It was established that the DMT protating group on the tenhinal monomer should 

be remov&#-rifter ammonia ‘cleavdge to avoid deacylation of the pseudo 5’ residue through anchimeric 

pa~cipati~n of the hy~ox~e~yl group. This side reaction was confirmed by comparison with the N- 

unsubstituted dimer prepared using amiditr?‘?c. The purity of the dimers was unaffected by heating in 

ammonia overrGght as long as the DMT was still present. Also, complete conversion of the fluorenylmethyl 

ester to the carboxylic acid in dimers prepared from 7b was only possible by piperidine treatment prior to 

ammonia cleavage from the support, due to competing arnmonolysis of the ester. The other p~~~i~~ 

were incorporated into dimers $thout incident Tsbie 1 summarizes the results of the coupling tests for each 

arniditc. Each of the amidites 7a-k were also oligomerized with the same efficiency {results not shown). 

Table Coupling efficiency of Hydroxypmlinol Phosphoramidites 

Notes: HPLC conditions: Waters 625 LC system, with a 991 Diode Array detector (260nm). Column: Waters 
Deltapak C18. Buffer A: 0.1M NH@Ae, pH 7.0, buffer B: CH3C!N. Ciradient: 0 to 70% B in 50 min @ 1.0 
m&&i. ai requires t~tment with 5% Pi~~dine in DMF prior to bIH&H cleavage. 
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In conclusion, we have devised a rapid method for introducing new functionalities into phosphodiester 

oligomers. The technique involves the attachment of a chemical functionality to a pyrrolidine backbone, and 

elaboration to a phosphorumidite. A wide range of suitably protected phosphoramidites have been prepared 

and evaluated. The monomers 78-k are fully compatible with automated oligonuclcotide synthesis. and give 

high levels of incorporation and purity. The pyrrolidine phosphoramidites are currently being incorporated 

into combinatorial libraries for screening against a variety of targets. The advantages of the method include 

the rapid preparation of new monomers and the efficienl incorporation of functionalities for the facile 

generation of chemically diverse oligomer libraries. 
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