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An efficient method for the synthesis of some Gn-RH analogues based on Ugi reaction has been devel-
oped. Four-component reaction of N- and C-terminus peptides, aromatic aldehydes and isocyanides
affords novel Gn-RH analogues derived from triptorelin and gonadorelin. All of the products were purified
using preparative HPLC and the structures were assigned according to MALDI-mass spectrometry data.
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Gonadotropin-releasing hormone (Gn-RH) is secreted from the rally occurring proteins. Another method for the coupling of two

hypothalamus and its action on the pituitary gland then leads to
the release of luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH). Both of these hormones then act on the ovaries and are
responsible for the pro-fertility effects of Gn-RH, primarily through
the release of steroidal hormones. Gn-RH was first isolated from por-
cine hypothalamus and was shown to be a decapeptide (I). Gn-RH
plays a key role in the biology of reproduction. Similar peptides have
been isolated and sequenced from other species such as chicken, sal-
mon and lamprey.1,2

pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 ðIÞ

The bulky hydrophobic amino acid residues in position 6 appear
to be very important for the high potency of the analogues. In this
way, substitution and addition of hydrophobicity at position 6 in
Gn-RH analogues is an interesting subject. It was shown that the
substitution could affect the biological activities of synthetic pep-
tides. Results from a number of ongoing studies on prostate cancer
patients using goserelin, buserelin, triptorelin and leuprolide have
recently been published. Synthesis of novel Gn-RH has attracted
particular interest.3–9

There are some methods for the coupling of peptide segments;
among the techniques employed for this purpose native chemical
ligation is the most useful method. The native chemical ligation
(NCL) reaction10–13 is a powerful method to join two unprotected
peptides in aqueous solution. In the native chemical ligation an
unprotected C-terminal peptide thioester reacts with an unpro-
tected N-terminal cysteine residue. The requirement for the rare
amino acid cysteine limits the applicability in the synthesis of natu-
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peptide segments is Staudinger reaction.14

It was shown that the existence of more amide bonds and aryl or
alkyl groups in the structure of peptides could affect the hydropho-
bicity of the peptide and biological activities.15 We hoped to develop
a general and practical method to synthesize novel Gn-RH analogues
contained additional amide bond plus aryl or alkyl groups located in
the middle position of the peptides. The best way for our design is 4-
MCR Ugi reaction. MCRs applications in all areas of applied chemis-
try are very popular because, they offer a wealth of products, while
requiring only a minimum of effort. MCR is applying for the synthesis
of complex molecules in one-pot reactions with high bond-forming
efficiency (BFE). Meanwhile, a wide variation among these starting
materials opens up versatile opportunities for the synthesis of com-
pound libraries. Among many types of MCRs, the most useful are iso-
cyanide based MCRs (IMCRs).16,17 It has been known that Ugi-4CR
provides an elegant way to prepare natural products. The Ugi four-
component reaction (Ugi-4CR) was used as an efficient method for
the construction of peptide and cyclopeptide backbones.18

According to this high potential, herein, we present an efficient
method for the synthesis of novel Gn-RH analogues using Ugi four-
component reaction from C-terminus heptapeptides, N-terminus
tripeptide, aromatic aldehydes and isocyanides (Scheme 1).

The reaction resulted new analogues of Gn-RH with additional
peptide backbones between Leu-7 and Arg-8. It seems the presence
of aryl and alkyl groups in Gn-RH analogues could increase hydro-
phobic properties of the peptides. It was shown that the existence
of Arg-8 is critical for high-affinity interaction of Gn-RH analogues
with receptors.19 In all our synthetic peptides, the active sites for
the interactions with receptors are remained.

Two different heptapeptides were used for the synthesis of Gn-
RH analogues. In cases 5a–d, there were Gly at the position 6 in
rights reserved.
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gonadorelin analogues sequence and D-Trp in triptorelin analogues
5e–h. Using Ugi-4MCR a new stereocenter was created in the prod-
ucts. In Table 1 the yields and diastereomeric ratio of products are
shown. For example in compound 5f the diastereomeric ratio was
Table 1
Synthesis of novel Gn-RH analogues via Ugi-4MCR

Entry A.A. Ar R Yielda (%) d.r.b

5a Gly 4-CN-C6H4 t-Bu 89 30/70
5b Gly 4-Pyridyl t-Bu 75 55/45
5c Gly 4-Pyridyl cy-Hexyl 88 80/20
5d Gly 4-CN-C6H4 cy-Hexyl 82 75/25
5e D-Trp 4-CN-C6H4 t-Bu 80 50/50
5f D-Trp 4-Pyridyl t-Bu 69 60/40
5g D-Trp 4-Pyridyl cy-Hexyl 86 50/50
5h D-Trp 4-CN-C6H4 cy-Hexyl 84 70/30

a Isolated yields.
b Diastereomeric ratio.

Figure 1. HPLC chromatog
60:40. The ratio of diastereomers was obtained according to the
HPLC chromatogram (Fig. 1).

This research concerned the design and synthesis of C-terminus
heptapeptides and N-terminus tripeptide as starting materials. The
C-terminus heptapeptides 2 were synthesized using known Fmoc
solid phase peptide synthesis strategy.20,21

Meanwhile, TBTU was used as the coupling reagent22 for the
synthesis of C-terminus heptapeptides and N-terminus tripeptide.
The tripeptide 3 was synthesized in solution phase and with Boc/Z
strategy. The details for the synthesis of N-terminus tripeptide are
shown in Scheme 2.

The synthesis of tripeptide 3 started with the coupling reaction
of Boc-Pro-OH with Gly-NH2�HCl in presence of TBTU as coupling
reagent and base to afford the protected dipeptide 6. Acidification
of compound 6 with Acetic acid/hydrochloric acid (1 M) is an
established method for the Boc-deprotection to provide the depro-
tected dipeptide 7. After removal of the Boc group, coupling reac-
tion of dipeptide 7 with Z-Arg(Pbf)-OH provides protected
tripeptide 8, and finally Z-deprotection was done using hydrogena-
tion in the presence of Pd/C successfully.23

The generally accepted mechanism of the Ugi four-component
coupling (Ugi-4CC) reaction involves four elementary steps, the
last of which is irreversible. In the first step, the aldehyde con-
denses with an amino group of N-terminus tripeptide to form an
imine that could be converted and produces iminium salt in the
presence of C-terminus heptapeptides. Next, the isocyanide is
added to the iminium salt to produce a nitrilium ion. Then, a reac-
tive O-acyl iminolate is formed via the a-addition of carboxylate
anion to the nitrilium ion. The final step involves the O- to N-acyl
transfer (Mumm rearrangement) to afford the novel Gn-RH ana-
logues (Scheme 3).

The products were purified using preparative HPLC and their
structures were confirmed using MALDI and ESI Mass spectroscopy
methods and also amino acid analysis data.24 In Figure 2 MALDI-
Mass spectrum of compound 5f is shown.

The prepared peptide has more amide bonds, and it seems that
it could be more stable against proteases and it can be considered
as a better candidate for therapeutic purposes. The presence of
aryl, cyclohexyl and alkyl groups in the structure of the products
mimic the peptide backbone and increase hydrophobic properties
of the molecule and it seems it can affect the biological activity
ram of compound 5f.
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Figure 2. MALDI-MS of compound 5f.
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of the peptide. Investigations concerning biological activity are
underway.

The results indicate that the current method could be used to
synthesize some novel Gn-RH analogues using 4-MCR Ugi reaction.
Because the current method can link two peptide segments in mild
conditions via the Ugi type reaction as the key step, we named in
the Ugi-ligation.

In conclusion, we created novel synthetic Gn-RH analogues via
Ugi four-component reaction of C-terminus heptapeptides, N-ter-
minus tripeptide, aromatic aldehydes, and isocyanides at room
temperature. In this research, triptorelin and gonadorelin ana-
logues were synthesized with good yields.
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