
Accepted Manuscript

Synthesis of a novel tetrafluoropyridine-containing amino acid and tripeptide

Alex S. Hudson, Alex Hoose, Christopher R. Coxon, Graham Sandford, Steven

L. Cobb

PII: S0040-4039(13)01109-X

DOI: http://dx.doi.org/10.1016/j.tetlet.2013.06.124

Reference: TETL 43177

To appear in: Tetrahedron Letters

Received Date: 22 March 2013

Revised Date: 12 June 2013

Accepted Date: 26 June 2013

Please cite this article as: Hudson, A.S., Hoose, A., Coxon, C.R., Sandford, G., Cobb, S.L., Synthesis of a novel

tetrafluoropyridine-containing amino acid and tripeptide, Tetrahedron Letters (2013), doi: http://dx.doi.org/10.1016/

j.tetlet.2013.06.124

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.tetlet.2013.06.124
http://dx.doi.org/http://dx.doi.org/10.1016/j.tetlet.2013.06.124
http://dx.doi.org/http://dx.doi.org/10.1016/j.tetlet.2013.06.124


  

Graphical Abstract 

Synthesis of a novel tetrafluoropyridine-
containing amino acid and tripeptide 
Alex S. Hudson, Alex Hoose, Christopher R. Coxon, Graham Sandford, Steven L. Cobb∗ 
 

H
N

O

N
H

O

N

F

FF

F

O

OBn

O

BocHNH2N

O

OH

O

N

F

FF

F

H2N

O

OH

OH

 
 

Leave this area blank for abstract info. 



  

 1

 

 
Tetrahedron Letters 

j ourna l  homepage:  www.e lsev ier .com  

 

Synthesis of a novel tetrafluoropyridine-containing amino acid and tripeptide 

Alex S. Hudson, Alex Hoose, Christopher R. Coxon, Graham Sandford, Steven L. Cobb∗  
 Department of Chemistry, Durham University, Science Laboratories, South Road, Durham DH1 3LE, U.K. 
 

——— 
∗ Corresponding author. Tel.: +44-191-334-2086; fax: +44-191-384-4737; e-mail: s.l.cobb@durham.ac.uk (S.L. Cobb) 

A significant hurdle in the potential clinical application of 
peptide-based drugs is their inherent in vivo susceptibility 
towards enzymatic degradation.1 Several different strategies have 
been developed in an effort to overcome this problem, with one 
of the most commonly used methods involving cyclisation of 
amino acid side chains to prepare cyclic peptides.2,3 The resulting 
cyclic peptides have been shown, in many cases, to have both 
enhanced stability and biological properties.4 Backbone 
cyclisation can be achieved using proteinogenic amino acids, for 
example, by forming an amide bond between lysine and glutamic 
acid residues.5 Non-proteinogenic amino acids, such allylglycine 
(1) and propargylglycine (2), which can be used to form cyclic 
peptides via ring-closing metathesis or click chemistry 
respectively, can also be exploited.6,7 The applications of 1 and 2 
offer several advantages over the formation of backbone amide 
bridges derived from naturally occurring amino acids. In 
particular, the reactive functionality present in 1 and 2, that 
permits the formation of cyclic peptides is orthogonal to standard 
peptide coupling conditions and thus there is no need to utilize a 
protecting group strategy. In designing new non-proteinogenic 
amino acids that can be utilized to prepare backbone cyclized 
peptides, a suitably reactive functional group must be present 
within the side chains. The functional group that is selected must 
be stable to typical protection/coupling/deprotection reaction 
conditions common in peptide chemistry and offer functionality 
that has a different reactivity profile, ‘orthogonal reactivity’, to 
these processes. This would enable, for example, cyclisation to 

be carried out at any stage of a multi-step peptide coupling 
sequence on demand, leaving the growing peptide backbone 
structurally intact. 
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Figure 1. Structures of non-proteinogenic amino acids commonly used to 
prepare cyclic peptides.  

 
  Perfluoroheteroaromatic systems are very reactive towards 
nucleophilic attack due to the presence of several highly-electron 
withdrawing fluorine atoms attached to the heterocyclic ring and 
many processes involving reactions of, for example, 
pentafluoropyridine, with a wide range of nucleophiles have been 
developed.8,9 Reactions of oxygen- and nitrogen-centered 
nucleophiles with pentafluoropyridine (3) occur, in general, 
regioselectively at the 4-positon, para to the ring nitrogen, to 
give 4-substituted derivatives which, in turn, may react 
sequentially with further nucleophilic species to give, in general, 
2,4- and 2,4,6-polysubstituted systems, regioselectively (Scheme 
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The synthesis of a novel fluoropyridine-containing amino acid from pentafluoropyridine by a
nucleophilic substitution process is reported. The orthogonal protecting groups can be
manipulated and the fluoropyridine amino acid incorporated into a tripeptide.  
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1). This reactivity profile has been utilised recently for the 

synthesis of a wide range of macrocycles,10,11 fused ring 
systems,12 polyfunctional heterocycles13,14 and glycosyl donors15 
derived from the pentafluoropyridine scaffold in convenient, high 
yielding, regioselective processes. 

 

 

 

 

 
 
 

Scheme 1. Regioselective sequential SNAr reactions of pentafluoropyridine 
 

Given this reactivity profile (Scheme 1), we were eager to 
investigate if we could access a fluoropyridine-containing amino 
acid that could be incorporated into linear peptide chains, 
because, in principle, subsequent reaction with nucleophilic sites 
on adjacent amino acid side chains could be utilized to prepare 
novel cyclic peptides. As part of a wider developing research 
programme in fluorinated peptide systems, we now report 
reactions between pentafluoropyridine and the amino acid serine, 
and the subsequent use of the tetrafluorinated residue for the 
synthesis of a representative tripeptide as the first stage in the 
synthesis of cyclic peptide derivatives.  

Our aim was to prepare the desired building block with 
orthogonal protecting groups so that further synthetic 
manipulations could be carried out selectively on either the amine 
or acid functionality. Thus, initially, we chose to investigate Boc-
Ser-OMe (4) as a nucleophile as it can easily be prepared on a 
large scale. The reaction of 4 with pentafluoropyridine (2.0 eq.) 
in the presence of potassium carbonate (1.0 eq.) afforded 5 in 
moderate 30% yield (Scheme 2).  
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Scheme 2. Synthesis of fluoropyridine amino acid 5. Reagents and 
conditions: (a) pentafluoropyridine, K2CO3, MeCN, rt, 20 h.  

 

Despite the low yield, the reaction proceeded cleanly and 1H 
NMR analysis of the crude reaction mixture showed that only 
starting material 4 and product 5 were present, and these could be 
easily separated by column chromatography. 19F NMR analysis 
of 5, in comparison to literature data,13 confirmed that 
nucleophilic substitution had occurred as expected at the 4-
positon, para to the ring nitrogen. Further, investigation of the 
reaction conditions showed that increased yields of 45-55% could 
be obtained if an excess of pentafluorpyridine (4 equiv.) was 

used.16 Prolonged reaction times (>72 h) at room temperature, 
and the use of heating did not improve the recovered yield of 5.  

With 5 in hand we next sought to confirm that the Boc and 
methyl ester protecting groups could be removed selectively, and 
that 5 would tolerate standard peptide coupling conditions. To 
this end, 5 was treated with TFA/ CH2Cl2 (1:1, rt, 4 h) and the 
resulting TFA salt obtained was immediately coupled to Boc-
Ala-OH via PyBOP-mediated amide bond formation to give the 
di-peptide 6 in an excellent yield (78%) (Scheme 3). The fact that 
6 was isolated in a good yield confirmed that the fluoropyridyl 
group was stable to both the acidic conditions required for 
removal of the Boc group and also the PyBop mediated-peptide 
coupling conditions used. Furthermore, both 1H and 13C NMR 
spectra gave no indication of the presence of diastereoisomers 
indicating that the formation of 5 does not affect the 
stereochemistry at the alpha-carbon of the amino acid substrate.  
Attempts to remove the methyl ester protecting group from 6 
using standard reaction conditions (e.g. aqueous base / MeOH, rt) 
proved to be problematic and several degradation products were 
observed.  

 

 
 

Scheme 3. Synthesis of dipeptide 6. Reagents and conditions: (a) TFA, 
CH2Cl2, rt, 4 h (b) Boc-Ala-OH, PyBop, NMM, CH2Cl2, rt, 18 h.  

 
Given the instability of 6 to basic hydrolysis of the methyl 

ester, an alternative protecting group strategy was investigated. In 
order to retain protecting group orthogonality, we chose to 
investigate the suitability of the benzyl ester protecting group. 
Boc-Ser-OBn (8), which can be prepared in excellent yield (71%) 
from commercially available Boc-Ser-OH (7), was reacted with 
pentafluoropyridine utilizing the reaction conditions previously 
developed for the preparation of 5. After purification by column 
chromatography, amide 917 was obtained in moderate yield 
(55%) (Scheme 4). Again 19F NMR analysis of 9 confirmed that 
the nucleophilic substitution had occurred, as expected, at the 4-
position, para to the ring nitrogen [δ -89.84 (2F, m, F-2), -158.22 
(2F, m, F-3)]. 
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Scheme 4. Synthesis of fluoropyridine amino acid 9. Reagents and 
conditions: (a) BnBr, NaHCO3, H2O, EtOAc, rt, 16 h, (b) 
pentafluoropyridine, K2CO3, MeCN, rt, 20 h.   

 
With 9 in hand we sought to extend the peptide chain in both 

directions and prepare a model tripeptide. Firstly, removal of the 
benzyl ester was achieved via Pd/carbon-catalyzed hydrogenation 
in an excellent yield (86%). PyBop-mediated coupling of the 
resultant free acid 10 to NH2-Ala-OBn afforded the dipeptide 11 
in excellent yield (77%). Finally, removal of the Boc protecting 
group under acidic conditions and subsequent coupling to Boc-
Ala-OH afforded the tripeptide 12,18 demonstrating that the 
tetrafluoropyridine side-group was able to tolerate a typical 
peptide coupling reaction protocol (Scheme 5). 
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Scheme 5. Synthesis of a fluoropyridine-containing tripeptide 12. Reagents 
and conditions: (a) H2, Pd/carbon, rt (b) NH2-Ala-OBn, PyBop, NMM, 
CH2Cl2, rt, 18 h (c) TFA, CH2Cl2, rt, 4 h (d)  Boc-Ala-OH, PyBop, NMM, 
CH2Cl2, rt, 18 h.  

In conclusion, this work describes the synthesis of two 
orthogonally protected amino acids that contain a 
tetrafluoropyridine functionality on the side chain (5 and 9). The 
tetrafluoropyridine group was found to be stable to manipulations 
of both the Boc and Bn protecting groups, but the attempted 
removal of a methyl ester resulted in degradation of the starting 
material. Incorporation of the tetrafluoropyridine amino acid 9 
into a test tripeptide demonstrated the stability of the 
tetrafluoropyridine amino acids to standard peptide coupling 
reaction conditions. Efforts are now underway to investigate the 
potential applications of 9 in the synthesis of backbone-cyclized 
peptides.  
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