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A novel cis-peptide bond motif inducing -turn type VI.
The synthesis of enkephalin analogues modified with
4-aminopyroglutamic acid
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A new pathway leading to a mixture of four isomers of 4-aminopyroglutamic acid is
described. Michael type addition of Z-AAla-OMe to enolates prepared from
acylaminomalonates, followed by hydrolysis and decarboxylation give protected
4-aminopyroglutamic acid with the cis:trans ratio approximately 3:2. This mixture
was incorporated into Leu-enkephalin (position 2-3). After separation of peptides it
appeared that all analogues were essentially inactive in guinea pig ileum and mouse
vas deferens bioassays.

The interest in understanding the role of = Burney et al. [1] designed a mimetic of cis-pep-
cis-amide bond for peptide bioactivity has led  tide bond based on an extension at ¢’ (or 4-) of
to the syntheses of several compounds with pyroglutamic acid residue 1 (Fig. 1). Their
the peptide bond locked in cis-geometry. computer modeling data suggest that, depend-
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tert-butyloxycarbonyl; GPI, guinea pig ileum; MBHA, p-methylbenzhydrylamine resin; MVD, mouse vas
deferens; TFA, trifluoroacetic acid; Z, benzyloxycarbonyl.
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ing on the stereochemistry on both chiral cen-
ters, these should stand for VIa and VIb -turn
mimetics. The incorporation of cyclic struc-
ture elements into short flexible peptides di-
minishes the number of existing conformers,
facilitating conformational analysis. On the
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(2S4R), (2R4S) - trans
(25,4S), (R 4R) - cis

Figure 1

other hand, introduction of such motifs into
bioactive peptides can be used to explore the
importance of B-turn and side-chain geometry
for their selectivity and potency. We have pre-
viously presented unequivocal synthesis of
trans-1 ((2S,4R)-aPy) [2]. Unfortunately, the
(S,S) and (R,R) isomers cis-1 are only minor
products of our procedure and we were forced
to develop an alternative route to either exclu-
sively cis-1 or a mixture of cis-1 and trans-1.

MATERIALS AND METHODS

Chemistry. All reagents and solvents were
ACS grade or better and were used without
further purification. MBHA resin was pur-
chased from Novabiochem (Switzerland). The
typical protocol of solid phase peptide synthe-
sis (SPPS) was applied with the Boc/Bzl strat-
egy, O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetra-
methyluronium hexafluorophosphate (HATU,
Perceptive Biosystems) as the coupling agent
and a 50% solution of trifluoroacetic acid in di-
chloromethane for deprotection of Boc-N%-ter-
minal amino group. Capping of nonacylated
N%terminal amino groups in growing peptide
chain was achieved with acetic anhydride in

the presence of diisopropylethylamine. The
peptide resin was cleaved by treatment with
anhydrous HF/anisole (9:1 ratio, 0°C, 1 h).
Lyophilization of water extracts obtained af-
ter routine work-up gave crude product as a
mixture of four peptides with 82% total yield.

All four enkefalin analogues were separated
and purified by preparative HPLC (LDC Ana-
lytical) on reversed-phase support (Vydac Cig
10 um column, 250 X 22 mm) with isocratic
mobile phase 20% of B in A (B: 0.038% TFA in
82% acetonitrile/water, A: 0.05% TFA in wa-
ter), flow 20 ml/min and detection at A = 214
nm. Their homogeneity was checked with ana-
Iytical HPLC (ThermoSeparation system
equipped with AS3000 autosampler, P4000
pump and scanning SpectraFocus detector,
Vydac Cig 5 um column, 250 X 4.6 mm,
isocratic elution 20% B in A, flow 1 ml/min)
and was found to be higher then 98.5% for
each analogue. The structures of the pure pep-
tides were confirmed by FAB mass spectra
which were recorded on an APO Electron
(Ukraine) Model MI 1200 1E mass spectrome-
ter equipped with a FAB ion source (found
MH" = 567.4, MNa" = 589.4, calculated M =
566.66 for 029H38N606)'

Biology. For the determination of their in vi-
tro opioid activities, the three of the four
Leu-enkefalin analogues synthesized (the ana-
logue containing (2S,4R)-aPy residue was de-
scribed earlier [2]) were tested in the
bioassays based on the inhibition of electri-
cally evoked contractions of guinea pig ileum
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(GPI) and mouse vas deferens (MVD). The
GPI assay is usually considered as being rep-
resentative for u opioid receptor interactions,
even though the ileum does also contain «
opioid receptors. In the MVD assay opioid ef-
fects are primarily mediated by O opioid recep-
tors, but k and u receptors also exist in this
tissue. The GPI and MVD bioassays were car-
ried out as reported in details elsewhere [3, 4].

RESULTS AND DISCUSSION

Chemistry

We decided to focus our attention on a
method that could conveniently deliver a mix-
ture of all four stereoisomers of our motif. Mi-
chael type addition of in situ generated
Z-AAla-OMe to enolates prepared from diethyl
acylaminomalonates (X = Ac, Boc, Z) gave lin-
ear adducts which underwent spontaneous

cyclisation to N-protected compounds 2
(Fig. 1, Scheme 1). In all three products 2 the

NH-Z

1H—NMR spectra. Crude mixture 2 (X=Boc,
Scheme 2) was separated by flash chromatog-
raphy into cis-2 and trans-2 racemates. Be-
cause of the small difference in the rate of ba-
sic hydrolysis between both ester functions
we were unable to selectively split the
malonate ethyl group in either the cis or trans
isomer. Extensive basic hydrolysis followed
by decarboxylation in boiling dioxane deliv-
ered mixtures of cis and trans N-protected mo-
tifs, independent of the geometry of the start-
ing bis-acid (cis or trans). In the case of Boc-1
the cis:trans ratio was approximately 3:2
starting from the cis and about 2:3 starting
from the trans isomer. The obtained Boc-motif
with the cis:trans ratio about 3:2, being a mix-
ture of all four stereoisomers, was incorpo-
rated into positions 2-3 of Leu-enkephalin
amide, giving crude product containing four
diastereoisomeric peptides. HPLC profile
showed (Table 1) that they were chroma-
tographically separable. Their ratio in the
crude mixture was about 2:3:2:3 (in the or-
der of retention times), similar to the compo-

EtO.C
TosO COEt  EtONa 2 CO,Et
+ XHN ———>  Y.NH
CO,Me coet  EOH NH
O
X=Ac, Boc, Z 2: 4 stereoisomers
Scheme 1

N-protecting group was found to be the same
as in the starting aminomalonate derivative,
which was confirmed by FAB-MS and

Table 1. Analytical data of enkephalin analogues

sition of the starting Boc-motif. Due to sus-
pected differences in coupling rates of
Boc-motif stereoisomers, we used only 1.1

Compound HPLC FAB-MS

tg (min) area (%) cale. found (MH+)
H-Tyr-(2S,4R)-aPy-Phe-Leu-NH, [2] 10.14 18.3 566.66 567.4
H-Tyr-(2S,4S)-APy-Phe-Leu-NH, 10.76 25.3 566.66 567.4
H-Tyr-(2R,4S)-Apy-Phe-Leu-NH, 11.77 17.3 566.66 567.4
H-Tyr-(2R,4R)-apy-Phe-Leu-NH,, 14.69 26.3 566.66 567.4




1162 K. Kaczmarek and others 2001
NH-Z
COEt  EtONa EtO,C
Tos0 + BOC'NH< T QOE  __flash st trans
CO,Me CO.Et EtOH Boc-NH chromatography
2 NH
(0]
4 sterecisomers
EtO.C HO,C
Boc-NHal. COEt NaOH Boc-NHal. 0O_H
\ 2 > \ 2 dioxane/A Boc-NH O,H
EtOH 2
NH NH
NH
o o o} ,
cis cis cis
racemate racemate racemate
E0,C HO,C *
BocNHaG WCOEt NaOH _ Boc-NHal wOOH  GioxaneA Boc-NH .wCOH
EtOH -
NH NH NH
(0] (0] (0]
trans trans trans
racemate racemate racemate
Scheme 2

equivalents of this derivative in SPPS in order
to avoid changes in the composition of the fi-
nal peptides mixture. This helped us to assign
structures of both analogues containing
trans-motif residue, as racemic Boc-trans-mo-
tif was a minor compound in the substrate
taken for solid phase synthesis. Moreover, di-
rect assignment of the chirality of transmotif
residues in both peptides was possible by
coinjection with the original sample of an ana-
logue containing (2S,4R)-aPy residue, whose
synthesis was described earlier [2]. In order to

an analogue containing (S,S)-APy residue in-
corporated as a Fmoc-derivative. This last sub-
strate was available as a side product obtained
during previously described work [2].

Biology

The results are displayed in Table 2. As in
the case of the already described [(2S,4R)-
aPy2'3, Leu5]-NH2 enkefalin [2], the three re-
maining analogues were essentially inactive.
All three peptides did show weak agonist ac-

Table 2. Guinea pig ileum (GPI) and mouse vas deferens (MVD) assay of opioid peptide analogues

Compound GP1 MVD
P ICs0 [nM] ICs [nM]
H-Tyr-(2S,4R)-aPy-Phe-Leu-NH; [2] >10 000 >10 000

>10 000 (P.A. 32%)"
>10 000 inactive
>10 000 inactive

H-Tyr-(2S,4S)-APy-Phe-Leu-NH,
H-Tyr-(2R,4S5)-Apy-Phe-Leu-NH,
H-Tyr-(2R,4R)-apy-Phe-Leu-NH,

>10 000 (P.A. 24%)"
>10 000 (P.A. 38%)"
>10 000 (P.A. 9%)*

PA. - partial agonist (value in parentheses indicates maximal inhibition of the contractions (%) obtained at a concentra-

tion of 10 uM)

assign chirality in analogues containing
cis-motif residues, we performed solid phase
peptide synthesis (on a 0.02 mmole scale) of

tivity at a very high concentration (10 #M) in
the MVD assay, but in the GPI assay only the
analogue containing (S,S)-APy residue was a
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weak agonist. This is a clear evidence that
pB-turn type VI should be excluded from the list
of suggested enkephalin conformations which
are able to bind to both u and 0 receptors.
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