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Abstract: Synthesis is reported of five pyridine-containing bidentate ligands bearing 

nucleophilic groups at different positions. Their efficient solid-phase alkylation was 

demonstrated in the synthesis of a small library. These ligands are attractive building blocks for 

the construction of libraries of metal-binding compounds for various purposes. 
© 1999 Elsevier Science Ltd. All rights reserved. 
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2,2'-Bipyridine is among the most studied of bidentate ligands due to its affinity for a wide range of 

metals 2, and the useful properties of its complexesY '5 Geometric differences among ligands can lead to 

interesting variations in their metal complex properties. Imperiali has prepared amino acids with appended 

bipyridine ligands, and shown that the metal-binding abilities of peptides incorporating these amino acids 

vary with the orientation of the tether. 6 Ghadiri has incorporated bipyridines into peptides to direct the 

assembly of triple helix bundles] Our group has designed and synthesized flexible molecules that bind metal 

ions to become organized into hosts and bind organic guests. ~ Combinatorial synthesis has led to an 

enhanced ability to prepare compounds having desired properties, because of the large numbers of variants 

that can be investigated. 9 

We report here synthesis of the five 2,2':bipyridine analogs 1-5, as well as their compatibility with 

combinatorial library synthesis by efficient alkylation on a Merrifield resin. Another approach to 

combinatorial synthesis of bipyridines has recently appeared.'" 

Syntheses for compounds 1-2 are outlined in Scheme I." Acetylpyridine was converted to 3- 

dimethylamino-l-pyridine-2-yl-propenone 6 by heating with N, N'-dimethylformamide dimethyl acetal at 

110°C. ~2 Compound 6 was then transformed either with thiourea into pyridylpyrimidine thiolate 1,13JL or with 

hydrazine into pyrazolylpyridine 2.'4 
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The isomeric pair of bipyridine thiones 3" and 4" (Scheme II) was obtained by oxidation of 

bipyridine to its mono-N-oxide, '5 reflux in POC13 to give separable" chlorides 8 and 9, '7 followed by 

0040-4039•99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved. 
P1L" S0040-4039(99)00885-0 



4780 

displacement with KSH in DMF at reflux J" Pyridine carboxaldehyde was treated, with tosylmethyl 
• • 1 9  Jsocyamde to form oxazoline 10, which without purification was heated with ammonia saturated dry 

methanol in a resealable tube to give 2-(1H-imidazole-4-yl) pyridine 5. 

Scheme II 
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Conditions for alkylation of 1-5 were investigated in solution with ethyl c~-bromoacetate, and then 

applied to solid-phase synthesis. (x-FMOC-e-BOC-Lys-Gly-O-resin 11 was prepared by standard methods 

using Merrifield resin, 2°'2~ and converted to its bromoacetamide 12 by sequential treatment with piperidine 

and BrCH2CO:H/DIC as shown in Scheme III. 
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Substitution of bromide to form compounds 13 was carried out in each case by shaking the resin for 

12 h. at rt in a ca. 0.1 M DMF solution of 1, 3, 4, or the Na + salt of 2 or 5 (generated by 30 min exposure to 

sodium hydride)Y Each compound 13 was converted to its bromoacetamide, and then treated in the same 

way with compounds 1-5 to yield 25 different compounds 14. Cleavage from the resin with triethylamine in 

methanol gave the library of 25 compounds 15 (Table 1). 

All products were characterized by HPLC, ~H NMR 23 and by FAB mass spectrometry. All compounds 

gave UV spectra that quantitatively matched those predicted by adding spectra of the two ligand 

chromophores; these spectra allowed HPLC yield determinations)' The HPLC purities for all products were 

>90% and overall yields calculated based on resin glycine loading 25 averaged about 60%. 

Table 1. Results for a library of 25 compounds 15 

p~ a b c d ! e 
Tr Puri~ Yield Tr Purity Yield Tr Purity Yield Tr Purity Yield Tr Purity Yield 

R, (min)" (%)b (%)" (min) (%) (%) (min) (%) (%) (min) (%) (%) (min) (%) (%) 
a 20.1 96 53 14.2 97 61 16.2 96 49 18.2 92 54 14.0 93 52 
b 14.4 92 66 4.20 99 60 7.88 93 64 12.0 95 64 3.93 93 56 
c 16.6 91 56 7.72 95 76 12.4 97 61 14.3 93 57 6.68 92 63 
d 18.2 92 62 11.7 94 53 14.5 94 70 16.2 95 61 11.4 95 57 
e 14.2 95 51 3.98 92 59 7.30 91 66 11.5 95 60 3.65 90 71 

a) Tr: HPLC retention time using a Beckman C-18 reversephase column (4.6 x 250mm, 5gm) at flow rate of I mL/min. Gradient: 
15% B 5 min, 15%-30% B over 10 min, 30% B 10 min. A = 0.05% TFA in H20, B = CH3CN. 
b) Purities are HPLC area %, determined by integration at 311 nm. 
c) The yields (%) were based on a loading of 0.42mmol/g glycine on the resin (ninhydrin), and on extinction coefficients for the 
separate ligands. 

In summary, we have synthesized five bidentate pyridine-containing ligands as good nucleophiles. A 

small library of 25 dipeptides, each bearing two bidentate ligands was prepared by solid phase alkylation. 

These ligands can serve as building blocks, using the library methods presented, for the construction of 

disparate metal-binding molecules. Their metal-binding abilities, and the properties of their metal complexes, 

are being investigated. 
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