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In this Letter we present a simple reaction pathway which allows the conversion of the glutamic acid res-
idue of a tripeptide into a proline residue. The reaction was performed by using Boc-Val-Glu-Phe-NH2 as a
starting material and is based on a NaH-induced intraresidue alkylation under reaction conditions anal-
ogous to that adopted during the Freidinger lactams formation.

� 2010 Elsevier Ltd. All rights reserved.
Although the synthesis of usual linear peptides is at the present
a straightforward procedure, several peptidic molecules of natural
origin and their structurally modified analogues may still represent
a synthetic challenge for the researchers. In particular several cyc-
lic peptides and pseudopeptides from plants and marine organisms
are still available only by extraction from the original crude mate-
rial by adopting expensive and often low yielding procedures. The
encountered synthetic difficulties, obviously strictly bound to the
overall structures involved, can be enhanced by the presence of
amino acid residues which, due to their unusual structure and
reactivity, hamper the adoption of the usual coupling procedures.

Here we focused our attention on the proline residue, the only
example among the DNA encoded amino acids, possessing a cyclic
structure in which both the Ca atom and the amino group are in-
cluded as critical elements. This structural feature confers to both
proline and proline-containing peptides distinctive and relevant
properties. In addition to some steric hindrance to acylation at the
secondary amino group1 and the inherent inability of the -Xaa-
Pro- peptide bond to act as a H-bond donor, a well-known tendency
to enhance the population of cis-amide isomers2–6 and to induce
folded backbone conformations7–9 is found in proline-containing
peptides. The latter property is largely capitalized during the synthe-
sis of cyclopeptides in order to control the oligomers’ formation.10,11

However, the restriction of the number of the possible conforma-
tional structures, with enhancement of the folded forms, represents
ll rights reserved.
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an undesirable effect when the elongation of linear chains is the syn-
thetic target. In these cases the insertion of an amino acid with linear
side chain, followed by its transformation into the desired proline
residue, represents a useful strategy to improve the N-acylation
reaction and to avoid or limit the probability of undesired intramo-
lecular reactions.

Syntheses of proline have been frequently reported in the
past12–21 and the simplest and common routes are based on intra-
molecular displacement, by the a-NH2, of a leaving group posi-
tioned on the d-carbon atom of an amino acid residue side chain.
Quite surprisingly this strategy has been only applied to the iso-
lated residues and no data are so far available on its application
to peptides. This specific subject has been previously treated by
Freidinger in his classic paper on the synthesis of lactam-con-
strained dipeptides.22 Here is clearly inferred that, in analogy with
the finding concerning the synthesis of five-membered lactams by
intramolecular displacement of the c-positioned leaving group, the
reaction performed on dipeptides containing a residue with a
d-positioned leaving group -namely homomethionine methyl
sulfonium salt- should lead to six-membered d-lactams. Thus, the
alkylation of the amide nitrogen of the following residue in the
peptide backbone, should be preferred to the intraresidue alkyl-
ation leading to the pyrrolidine ring of a proline residue.

By taking into account the above cited synthetic procedures lead-
ing to proline starting from the isolated residues of glutamic acid or
equivalent synthons, as well as the above cited Freidinger’s consid-
erations on lactam-bridged dipeptides,22 we wish to report here
the results concerning the direct transformation of a tripeptide

http://dx.doi.org/10.1016/j.tetlet.2010.01.008
mailto:gino.lucente@uniroma1.it
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


1334 A. Mollica et al. / Tetrahedron Letters 51 (2010) 1333–1335
containing a central residue of glutamic acid, namely Boc-Val-Glu-
Phe-NH2 (4), into the corresponding proline-containing tripeptide
Boc-Val-Pro-Phe-NH2.

Tripeptide amide (4) was synthesized as delineated in Scheme 1.
The starting H-Glu(OMe)-OH (1) was obtained by c-selective and
quantitative esterification of free glutamic acid.9 N-Boc deprotection
followed by coupling with H-Phe-NH2 gave the dipeptide amide 3
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Scheme 1. Synthesis of the precursor tripeptide amide 4. Reagents and conditions: (a) H
H2O, rt, 36 h, 87%; (c) H-Phe-NH2, EDC.HCl, HOBt, NMM, DMF, rt, 14 h, 90%; (d) TFA/DCM
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Scheme 2. Activation strategy of glutamic acid side chain and structure of the cyclizatio
MsCl, TEA, THF, rt, 3 h, 56%; (c) NaH (4 equiv), THF, rt, 48 h, 90%; (d) NaH (16 equiv), TH
which, after deprotection and coupling with Boc-Val-OH afforded
the desired tripeptide amide 4.

The strategy adopted in order to perform the cyclization reaction
is illustrated in Scheme 2. Treatment of 4 with NaBH4 afforded the
pure alcohol derivative 5 which was then activated at the d-hydroxy
functional group by treatment with mesyl chloride. After purifica-
tion of the mesylate 6 by silica gel chromatography the cyclization
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-Glu-OH, TMS-Cl, MeOH, rt, 10 min, 97%; (b) H-Glu(OMe), Boc2O, Na2CO3, dioxane/
, rt, 1.5 h, then Boc-Val-OH, EDC.HCl, HOBt, NMM, DMF, rt, 14 h, 80% (two steps).
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F, rt, 150 h, 90% (ca. 1/1 mixture of 7 and 8).
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Figure 1. Structure of alternative cyclization products 9 and 10 cited in the text.
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was induced by treatment with NaH (4 equiv) in anhydrous THF at
room temperature for 48 h. A crude single product was isolated
and purified by silica gel preparative layer chromatography (90%
yield). Examination of the 1H NMR spectrum in DMSO-d6 on this
compound revealed the presence, in addition to the urethane NH
doublet (6.81 d) of only one amide NH doublet (7.82 d) clearly cou-
pled with the Phe CaH, confirmed by 1D TOCSY NMR experiments.
On the basis of these evidences the structure of Boc-Val-Pro-Phe-
NH2 (7) was assigned to the product and the assignment was
confirmed by its independent synthesis, performed by following a
synthetic pathway analogous to that reported in Scheme 1 for com-
pound 4 and by using Boc-Pro-OH in the place of Boc-Glu(OMe)-
OH.23

It should be noted that in the adopted cyclization conditions
neither the a,a-disubstituted derivative 9 deriving from the intra-
residue alkylation of the Glu Ca-carbon atom,17 nor the Freidinger
d-lactam 1022 (Fig. 1) was found. However, when the starting tripep-
tide mesylate 6 was treated with a higher excess of NaH (Scheme 2,
route d) to induce the cyclization reaction, a mixture (about in equal
parts) of the homochiral tripeptide 7 and its diastereomer was ob-
tained. Isolation and preliminary examination of the 1H NMR data
of this new component suggested an epimerization at the phenylal-
anine chiral center of the tripeptide. By following this indication an
authentic specimen of Boc-Val-Pro-DPhe-NH2 (8) was synthesized
starting from Boc-Pro-DPhe-NH2 and by following the same proce-
dures reported in Scheme 1 and 2. Tripeptide 8 resulted to be
identical to that formed, together with 7, when prolonged reaction
time and higher excess of NaH were adopted in the cyclization
reaction.

In summary, we have demonstrated that glutamic acid can be
converted into the constrained five-membered ring of proline after
its insertion in the peptide backbone and with maintenance of the
starting stereochemistry. This new result, although at the present
only applied to the N-Boc protected tripeptide amide 4 and still
requiring generalization, appears of interest in the chemistry of
peptides and should help to limit undesired cyclic or oligomeric
products during the syntheses. In addition to this, the lack of
involvement of the near backbone amide groups, in the cyclization
reaction of the activated Glu side chain, adds useful information on
the synthesis of lactam-constrained dipeptides22 suggesting that,
under the adopted reaction conditions, the formation of a five-
membered ring prevails, as driving force of the reaction, on the
concurrent expected cyclization leading to a six-membered lactam
ring.
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