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Abstract—The cyano derivatives of 3-functionalized dehydroprolines led to arginine semi–constrained analogues. © 2002 Elsevier
Science Ltd. All rights reserved.

The need for selective ligands acting at neuropeptides
receptors constitutes an important challenge for medici-
nal chemists. Starting from the structures of the
endogenous ligand, several studies highlighted the spe-
cific role played by an arginine residue (neuropeptide
FF, neuropeptide Y, thrombin). In addition, substi-
tuted arginine derivatives have been described as potent
ligands of these receptors (Scheme 1).1–3

Proline is a unique natural �-aminoacid inducing spe-
cific electronic and geometric features, when compared
to alanine. When such a ring is included in the structure

of other amino acids, its presence restricts its conforma-
tional flexibility, which may efficiently modify binding
to its target. In addition, this peptidomimetic com-
pound is expected to be more stable towards metabolic
enzymes. The use of proline as a template in order to
introduce conformational restrictions has already been
described for norleucine, phenylalanine, tyrosine, aspar-
tic acid, glutamic acid and glutamine.4,5

Several ornithine and arginine semi-rigid analogues
have been described in the literature6–9 in particular
trans-3-substituted proline.10 In this latter case, the
authors accomplished the synthesis in a seven-step
sequence starting from a non commercially available
�-unsaturated lactam. In addition, only the trans iso-
mer could be obtained.

We now describe a convenient and mild preparation of
cis- and trans-N-acyl 3-substituted prolines 1 as semi-
rigid BIBP 32362 or RF21 derivatives (Scheme 1). This
method is based on a catalytic hydrogenation of the
double bond of a 3-substituted N-acyl pyrrole 2 as
outlined in Scheme 2. This general strategy has been
earlier successfully used by us for the preparation of
3-acetic acid indoline-2-carboxylic acid and of 3-phenyl
indoline-2-carboxamides, as semi-rigid glutamic acid
and phenylalanine mimetics, respectively.11

Retrosynthetically, the dihydropyrrole 2 could be pre-
pared from 3-pyrrolidinone 3 by a two-step procedure
including successively a Wittig reaction and a reduction
of the corresponding ester into an alcohol (Scheme 2).

Following a literature procedure, the �-keto pyrrolidine
3 was prepared by intramolecular Dieckman-type
cyclizations of several N-acyl glycinates (Scheme 3).

Scheme 1.
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Scheme 2.

Scheme 3.

Table 1.

XEntry R2Cpd 4 R3 3 (%) 5 (%)

OEt Boc Eta a1 a

SEt COOEt Et2 77b –
-N(OMe)Me Boc Etc 733 –

4 OMed Bz t-Bu 45 b

a In our hands, regioisomers leading from 4a could not separated.
b Recovery of significant amount of N-benzoyl glycinate as the result of retro-Michael addition.

Rapoport et al.12 described two separable regioisomers
(3 and 5) which could be obtained by a similar
intramolecular cyclization, but in our hands, the sepa-
ration failed (entry 1 in Table 1). The use of a semi-
thiol ester,13 or of the Weinreb amide,14 as more
electrophilic ester equivalents, was found to be more
interesting (entries 2 and 3). We have observed that the
introduction of a more bulky ester (R3=t-Bu, R2=Bz,
entry 4) altered the regiochemical selectivity. In this
case, 3 was obtained in 45% yield accompanied by 55%
of starting N-benzoyl glycinate as the result of retro-
Michael addition.

Treatement of the �-ketoester 3 with Wittig reagent led
to the diester 6 in 70% yield. In contrast to the indoline
series,11 this compound still presents an exocyclic dou-
ble bond, which could not allow a C-2 and C-3 stereo-
control (Scheme 3). Therefore, we planned to replace
the ester in position 2 by a cyano group as a more

electron-withdrawing group, to favor migration of the
double bond into the pyrrolidine ring (Scheme 4).

The cyano ester 712 was first protected as a N-Boc
derivative. The enol obtained by cyclization using tBu-
OK was trapped with TMSCl. After removal of TMS,
the resulting 3-pyrrolidinone reacted with [(methoxycar-
bonyl)methylene]triphenylphosphorane to afford the
expected dihydropyrrole 9 in good yield. It is notewor-
thy that both the N-Boc acyl and cyano groups
decreased H-2 proton acidity, which led to the endo-
cyclic migration of the double bond, as shown by the
NMR spectrum.15 In addition, as endocyclic migration
could be efficiently controlled, this approach can be
generalized to other 3-substituted proline groups as
original semi-constrained �-aminoacids.

Reduction of the methyl ester using LiBH4 and cata-
lytic hydrogenation of the dihydropyrrole ring afforded
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Scheme 4. (i) (Boc)O2, (ii) 1. t-BuOk, toluene then TMSCl, 2. H2O, 3. Ph3PCHCOOMe, toluene, (iii) LiBH4, THF, (iv)
H2/Pd/C/MeOH, (v) 1. HCl (g), MeOH, 2. PhCOCl/TEA/CH2Cl2, (vi) MeOH, HCl, quantitative.

the cis-3-substituted proline 11, characterized by an AB
system in its 1H NMR, and only one C-2 methine signal
in its 13C NMR spectrum. Simultaneous acidic methanol-
ysis of the cyano group and N-Boc deprotection followed
by direct N-acylation gave a mixture of two compounds
in 67% overall yield; they were identified as the alcohol
ester 13a and the corresponding lactone 12. This latter
compound generated quantitatively the open derivative
13a by methanolysis. NOE experiments confirmed the
already established cis configuration for 13a. A weak
NOE was also observed between H-2 and H-3.

Compound 13a could be epimerized in a 9:1 ratio into
the trans isomer 13b by means of 3.5 equiv. of LDA at
−78°C for 3 h16 (Scheme 5).17 Conversion of the methyl
ester into a N-benzylamide was carried out with cyanide

anion as catalyst.18 The resulting amides 14a and 14b
have been separated by chromatography on silica.
Guanidylation of 14a and 14b with guanidine tri-Boc
using Mitsunobu conditions19 followed by removal of the
protecting groups yielded the guanidines 16a and 16b
[MS m/z 394.24 (M+H)+].

In conclusion, motivated by the pharmacological interest
we may expect for either the cis and the trans stereomers
16a and 16b as arginine semi-rigid derivatives, we devel-
oped an efficient method for their preparation. In addi-
tion functionalization of position 3 of proline combined
with an endocyclic double bond as an efficient method
for controlling the configuration at C-2 and C-3 of the
pyrrolidine ring will be very useful in the future for
building interesting alkaloid analogues.

Scheme 5. (i) LDA/THF, (ii) PhCH2NH2/NaCN/MeOH, (iii) tri-Boc guanidine/Ph3P/DEAD/THF, (iv) TFA.
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