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Preparation of N-Boc-(2,6-Bis-(ethoxycarbonyl)pyridin-
4-yl)-L-alanines as Tridentate Ligands
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Abstract: The pyridylalanine 7a was synthesised in good yield from serine and 4-bromopyridine 3. The pyri-
dylpropionates 12, 13 were synthesised in good yields by either Heckolefination or palladium catalysed cross
coupling. © 1998 Elsevier Science Ltd. All rights reserved.
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The complexation of transition metals by amino acids is a well documented way!.2 to control
shape and activity of peptides and proteins. On our way to synthetic kinase inhibitors, kinase
markers and designed haloperoxidases3.4 with the general substructure 1, we are interested in
4-substituted 2,6-pyridine dicarboxylates such as 7a,b and 13. The general motif of a
pyridine with two donor systems adjacent to the pyridyl nitrogen is common for tridentate
ligands. Alteration of the donor (D) and pH allows selective coordination to a range of cations
such as Zn(II), V(V), Cu(I) and Tc(VII). The incorporation of these complexes into peptides
may give access to peptide mimetics or enzyme inhibitors with new or improved activity. The
alterations in polarity, geometry and additional vacant ligation sites hold potential to control
peptide secondary structure. Other applications may be found in identification and purifi-
cation of synthetic peptides by Immobilised Metal Affinity Chromatography (IMAC).3
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Here we report the synthesis of new chelating pyridines, which are designed for use in Solid
Phase Peptide Synthesis (SPPS). Takalo5.7 reported the metal binding ligands 3 and 4, which
offer facile elaboration to amino acids via their bromo substituents. Pure 3 is obtained in
multigram quantities by precipitation from cold water and repeated recrystallisation. This
simple modification improves the yield from 60 to 80% and avoids large scale chromato-
graphy. The reduction of 3 by NaBH,5 and treatment with PBr, gives 4. Substitution of
bromide with dimethylamine in MeCN affords the tridentate ligand 58 in appropriate yield.
Our synthetic strategy envisioned a palladium mediated coupling process between bromopyri-
dines and metallated amino acids. For this building block we turned to Jackson’s 9-10 zinc
reagents 6a and 6b, which are synthesised from Boc protected serine esters by tosylation and
substitution with Nal, which is followed by treatment with activated zinc.
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Knochels zinc activation!! (BrCH,CH,_Br, TMSCI) turned out to be the method of choice, if

zinc dust is replaced for zinc turnings to ease needle filtration. In our hands all other methods
of zinc activation such as ultrasound, CuCN, HgCl,, DMA or Rieke™ zinc met with failure.
Slow reaction rates and excess of zinc have to be avoided to suppress palladium(0) precipita-
tion and the decomposition of iodo alanine. Best results were obtained, if the zinc amount was
reduced to a third of reported reaction conditions. Trapping experiments with D,0 indicate
the formation of the zinc species to be the crucial step. The replacements of THF by DMF,
DMA, toluene or benzene or combinations thereof were unsuccessful. At optimised conditions
the zinc reagent 6a forms within 2 h, is then transferred via needle filtration to a solution
containing 3 and (Ph,P),PdCl, in THF, heated to 60°C for 24 h to furnish 7al2 in 80% yield.
Our observation that the zinc reagent of iodo alanine methy! ester forms more rapidly than
the analogue benzyl derivative corresponds to recent results by Walker.!3 The extended
reaction time required for complete conversion favours the elimination reaction to didehydro
alanines. Walker et al.13 assigned the difference in the reaction rates of 6a/b to chelation
control. Therefore the more versatile 7b, which offers mild and selective deprotection of the
benzyl ester, requires further investigation. The methyl ester 7a couples readily and in good
yield, yet selective deprotection of the methyl group met with failure. A simplified analogue
9 derives from zinc reagent 8 and 3 in good yield. The corresponding acid is limited to N-
terminal capping of peptides, but offers a convenient synthesis by Heck olefination of acry-
lates14 10a-c. The reactions of the bromopyridine 3 with inexpensive acrylates gave the
triesters 11a-c in good to excellent yields under simple, non inert reaction conditions.
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Hydrogenation gives the orthogonally protected triester 12,15 which is deprotected by TFA16
to render the crystalline acid 1317 in quantitative yield. 13 couples readily to L-phenyl-
alanine methyl ester to give the pseudo dipeptide 14,19 which results in complex 15 when
treated with europium(III).
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The complexation site was established by titration with 0.1 to 2.3 eq of Eu(IlI) and monitored
by 'H NMR (scheme 4). Whereas the signals for the phenylalanine part remain unchanged
(see MeO signal at 3.7 ppm), the signals for the aromatic proton and ethyl groups shift
towards a maximum. As the shift of the NMR signals differs in trend and magnitude from
those reported by Piguet and Biinzli18 for a simpler ligand, a structure can not be assigned
yet. "
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