
Pergamon 

0040-4039(94)02432-4 

Tetrahedron Letters, Vol. 36, No. 6, pp. 861-864, 1995 
Elsevier Science Ltd 

Printed in Great Britain 
0040-4039/95 $9.50+0.00 

On-site Modification of Oligopeptides: Conversion of Seryl 

into (exo)-2-Azabicyclo[2.2.1]hept-5-ene-3-carbonyl Residues 

Martin Jfiger, Kurt Polborn and Wolfgang Steglich* 

lnstitut fur Organische Chemie der Universitat, Karlstrafie 23, 80333 Miinchen, Germany 

Summary: Diels-Alder addition of cyclopentadiene to Z-valyl-dehydroglycine methyl ester and 
similar peptides affords conformationally constrained (exo)-2-azabicyclo[2.2.1]hept-5-ene-3-carbonyl 
derivates 4 with high stereoselectivity. The stereochemistry of the cycloadducts follows from NMR 
evidence and an X-ray structure analysis of dioxopiperazine 8. The double bond in the 2-azabicyclo- 
[2.2.1 ]hept-5-ene residues is used for further modifications. 

(exo)-2-Azabicyclo[2.2. l]heptane-3-carboxylic acid (1) has received attention as a conformationally more 

rigid substitute for proline in biologically active peptides. ~ Derivatives of this amino acid have been obtained by 

Diels-Alder addition of cyclopentadiene to N-protected dehydroglycine esters 2'3 followed by catalytic 

hydrogenation of the resulting 2-azabicyclo[2.2.1 ]hept- 5-ene intermediates.3 To our knowledge, derivatives of 

1 have not been resolved, and only peptides containing this amino acid in N-terminal position have been 

prepared so far. 

H 

In this communication we report on the stereoselective synthesis of(exo)-2-azabicyclo[2.2, l]hept-5-ene-3- 

carbonyl peptides 5 from dehydroglycyl peptides 4. The latter can be easily prepared from Z-seryl peptide 

esters 2 via the corresponding a-chloroglycyl peptides 3 according to Scheme 1. 4 Heating of  the dehydroglycyl 

peptides 4 with cyclopentadiene in refluxing tetrahydrofuran affords the cycloadducts 55 in fair yields. Their 

NMR spectra and HPLC analyses indicate the presence of two diastereomers in a ratio of 9:1 (d.e. 80%). The 

major isomers 5a-c can be obtained by column chromatography on silica gel. The stereochemistry of 5a-e 

follows from the close agreement of their IH NMR data with those of the known exo-isomers 62.3 and 7 ~'. In all 
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cases the signals for 5-H and 6-H appear around 8 6.4, whereas endo-isomers like 86 experience a downtield 

shift of 5-H to 8 6.15 due to deshielding by the neighbouring ester group. 
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5¢ Z-L-Val L-Val-OBn 41% 

Scheme t 

The exo-stereochemistry of the major cycloadducts was confirmed by NOESY experiments carried out 

with the tripeptide derivative 5c. Its proton at C-3 exhibits only cross peaks with 4-H and 5-H, whereas for the 

endo-isomer a correlation between 3-H and one of the protons at C-7 would be expected. Furthermore, the 

lack of vicinal coupling between 3-H and 4-H in the COSY spectrum is in accord with the assigned 

configuration. 
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Proof for the (3S)-configuration of the newly formed amino acid in the major diastereomers was gained by 

an X-ray structure analysis of  dioxopiperazine 9 (Fig. 1) 7, obtained in 80% overall yield ~om 5a by 

hydrogenation on Pd/C and heating of the resulting dihydrodipeptide ester in ethyl acetate. 
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Figure 1: X-ray crystal structure of dioxopiperazine 9 (with unsystematical atom numbering scheme) 

The (3S)-exo-stereochemistry of the major diastereomers 5a-e s can be explained by the N-acyliminoester 

4a adopting the E-configuration 2"9 and the diene approaching from the less hindered m-face, opposite to the 

stericaUy demanding alkyl group of the (S)-valine residue ~° and endo to the N-acyl group of the dehydroglycine 

moiety (Scheme 2). H The stronger etu/o-directing ability of an N-acyl relative to a competing C-acyl group is 

known from similar imino di~ophiles. 6"9 
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The double bond in the cyclopentene unit of cycloadducts 5 allows further on-site peptide 

modifications. Thus, ozonolysis of 5a and reductive work-up with dimethyl sulfide yielded the dialdehyde 10, 

which was characterized as its bis-2,4-dinitrophenylhydrazone and transformed into the more polar bis- 

hydroxymethyl derivative 1112 by reduction with sodium borohydride. 

CHO CH2OH 
_ M~ ~.)oMs = Z -N  ~ ~o2u~ ~ "  " z-HN ~ ~o2M~ 

5a 10 11 

In conclusion, we have developed a stereoselective on-site method for the introduction of conformationally 

constrained 'proline-like' amino acids into preformed peptide chains, which compares favorably with classical 
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stepwise procedures.13 Cycloaddi t ion react ions  o f  dehydroglycyl pept ides  with o ther  dienes are under  active 

investigation.  
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