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Concise Synthesis of Tetrazole–Ketopiperazines by Two Consecutive Ugi
Reactions

Tryfon Zarganes-Tzitzikas,[a] Pravin Patil,[a] Kareem Khoury,[b] Eberhardt Herdtweck,[c] and
Alexander Dömling*[a]
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A concise route for the synthesis of the novel compound class
tetrazole–diketopiperazines was developed. The approach
involves the use of two multicomponent reactions: the Ugi
tetrazole four-component reaction (4CR) and the classical
intramolecular Ugi 4CR. The tetrazole–diketopiperazines

Introduction

2,5-Diketopiperazines (DKPs) are an interesting class of
heterocycles, both naturally occurring and synthetic, dem-
onstrating varied pharmacological activities.[1] For example,
compound 1 is a platelet-activating factor inhibitor,[2]

whereas conformationally restricted derivatives 2 are β-turn
mimetics.[3] The 2,5-diketopiperazine motif has also been
found in structures of alkaloid natural products such as de-
methoxyfumitremorgin C (3).[4] Another DKP, Epelsiban
(4), was developed for the treatment of premature ejacula-
tion in men. It is an oral drug that acts as a selective, oxy-
tocin receptor antagonist with �31000-fold selectivity over
the related vasopressin receptors (Figure 1).[1b]

The Ugi tetrazole reaction, originally reported in 1961,
is one of the best and most general methods for the synthe-
sis of highly substituted α-amino tetrazoles.[5] It involves
Schiff base formation from an appropriately substituted
aldehyde or ketone and a primary amine, followed by its
reaction with an isocyanide.[6] The resulting intermediate
nitrilium ion then reacts with hydrogen azide to afford the
highly substituted tetrazole. In a recent review, more than
30 different scaffolds of differentially substituted piperaz-
ines, ketopiperazines, and diketopiperazines, accessible by
multicomponent reactions, were enumerated.[7] Several
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comprise analogs of and are bioisosteric to bioactive diketo-
piperazines, which thus draws attention for novel bioactive
compound design. This scaffold was produced to fill the
screening deck of the European lead factory.

Figure 1. 2,5-Diketopiperazines (DKPs).

more recent syntheses are shown in Scheme 1. For example,
Chauhan et al.[8] reported on the synthesis of indole-fused
diketopiperazines through a tandem Ugi four-component
reaction (4CR)/intramolecular cyclization to compounds 5.
El Kaïm et al.[9] synthesized polycyclic diketopiperazines 6
by an Ugi/Pictet–Spengler reaction from isocyanides and α-
keto acids. Our laboratory is engaged in the further explora-
tion of the bioisosteric nature of tetrazoles and carboxylic
acids leading to new synthetic methods of tetrazole
scaffolds.

Herein, we report on the synthesis of tetrazole-fused
ketopiperazines that are potentially bioisosteres to the Epel-
siban (4) scaffold. Surprisingly, a related scaffold was de-
scribed in the literature only once before.[10] On the basis
of our recently published approach to aminotetrazoles, the
desired tetrazole-fused ketopiperazines were synthesized in
two steps.[11] First, we synthesized the N-unsubstituted α-
aminotetrazoles by using an Ugi tetrazole reaction; second,
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Scheme 1. Reported synthesis of fused diketopiperazines and our
work.

the N-unsubstituted α-aminotetrazoles were then employed
in a second intramolecular Ugi 4CR reaction to afford the
desired products in moderate to good yields.[12] The Ugi
tetrazole synthesis was initially performed under Ugi azide
conditions with tritylamine (TrtNH2) as the amine compo-
nent, various aldehydes, and isocyanides derived from α-
amino acids and azidotrimethylsilane to produce desired
tetrazoles 7 (Scheme 2).

Scheme 2. Two-step synthesis of N-unsubstituted ω-carboxyl α-
aminotetrazoles.

Results and Discussion

We were able to crystallize tetrazole 7e and obtain its
crystal structure (Figure 3). N-Unsubstituted ω-carboxyl α-
aminotetrazoles 8 were accessed after treating tetrazoles 7
with aqueous HCl, which cleaved both the trityl group and
the methyl ester derived from the isocyanide component in
one step (Table 1).

www.eurjoc.org © 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2015, 51–5552

Table 1. Yields of Ugi tetrazoles 7 and deprotected tetrazoles 8.

[a] Yield of isolated product at neutral pH of the amino acid.

The synthesis of desired tetrazole-fused ketopiperazines
11 (Figure 2) proved to be difficult in the beginning, as
classic room-temperature conditions did not favor the Ugi
4CR reaction even after prolonged time (3 days). The reac-
tion was also performed under reflux conditions by using
MeOH as the solvent in a way similar to the first attempt.
However, the results were still not satisfactory, and thus
microwave irradiation was employed, which resulted in very
good results in a short time with moderate to good yields
of the products. To further optimize the reaction conditions,
different solvents were screened, including EtOH, toluene,

Figure 2. Synthesis of tetrazole-fused ketopiperazines 11.
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MeOH/H2O, and finally trifluoroethanol (TFE). The last
one proved to be the optimum solvent for the reaction. As
a final step of the optimization process, a Lewis acid
(ZnCl2) was tested as an additive in the reaction in an effort
to improve the yield of the reaction without, however, any
significant increase in yield. No substantial byproducts

Table 2. Yields and diastereomeric ratios of tetrazole-fused ketopiperazines 11.

[a] Yields reported for mixtures of diastereomers.
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were detected, and only unreacted starting material was
recovered. Optimized conditions for the synthesis of
tetrazole-fused ketopiperazines 11 were 1 equiv. of each of
the reagents, TFE as the solvent, and microwave irradiation
for 30 min at 120 °C. The diversity of the reaction can be
seen in Table 2.
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The reaction worked with aromatic and aliphatic alde-

hydes along with ketones such as cyclohexanone. Many dif-
ferent isocyanides, both aromatic and aliphatic, were used
in the reaction. The reaction proceeded with discriminating
diastereoselectivity, as most of the products exhibited a
major preference for only one diastereoisomer. An example
of this preference is 11n, the crystal structure of which is
shown in Figure 3. Both the indole moiety derived from the
α-amino acid derived isocyanide component of the Ugi
4CR and 4-fluorobenzaldehyde preferred to be on the same
side of the plane formed by the main body of the tetrazole-
fused ketopiperazine.

Figure 3. X-ray ORTEP plots of compounds 7e and 11n.

With this general synthesis of tetrazole-fused keto-
piperazines in hand, we created a virtual library of 1000
randomly generated tetrazole-fused ketopiperazines and
analyzed some general features against their related DKP
counterparts synthesized through a variation of the Ugi re-
action.[13] Looking first at just the backbone of each
scaffold (Figure 4, a), we noticed that there were many simi-
larities from a medicinal chemistry point of view. Looking
at the pharmacophore points, there is a hydrogen-bond
donor, two hydrogen-bond acceptors, and a hydrophobic
area in common between the two scaffolds. Their major dif-
ference stems from the piperazine ring in which the DKP
scaffold has one hydrogen-bond donor and one hydrogen-
bond acceptor, whereas our tetrazole-fused ketopiperazine
contains three hydrogen-bond acceptors.

To visualize the distribution in a 3D chemical space, un-
biased molecular descriptors were analyzed by principal
component analysis (Figure 4, b). Our tetrazole-fused com-
pounds (red) were compared with a virtually generated di-
ketopiperazine (blue) library and 1000 randomly selected
compounds from the ZINC[14] database (green). As can be
seen, they are widely distributed in a 3D chemical space
compared to the ZINC database, but retain some similari-
ties to the DKP scaffold. The molecular diversity of the
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Figure 4. (a) Pharmacophore point comparison of our tetrazole-
fused ketopiperazines (top) and their diketopiperazine counterparts
synthesized by using a variation of the Ugi reaction (green ball:
hydrophobic, orange ball: hydrogen-bond acceptor, white ball:
hydrogen-bond donor); (b) 3D principal component analysis of
1000 randomly selected tetrazoles (red), DKPs (blue), and zinc
compounds (green); (c) principal moment of inertia plot depicting
1000 randomly selected tetrazole compounds (red) overlapped with
the principal moment of inertia plot of 1000 randomly selected
compounds from the ZINC database (green). Six of the compounds
from the paper are also plotted (yellow triangles).

different libraries was differentiated mainly by
van der Waals volume, logP, and heteroaromatic ring
count. We performed the principal moment of inertia[15]

analysis to compare the shape distribution of our virtual
library of small molecules to that of 1000 randomly selected
compounds from the ZINC library (Figure 4, c). As can be
seen, our tetrazole compounds (red) are much more 3D-like
in nature than the compounds from the ZINC library. Six
of the compounds from this paper (i.e., 11a, 11c, 11g, 11h,
11l, and 11n) are also plotted in yellow triangles for refer-
ence.

Conclusions

In conclusion, we developed an effective procedure for
the novel syntheses of highly substituted tetrazole-fused
ketopiperazines through Ugi tetrazole/deprotection and
Ugi 4CR. We will report soon on the biological properties
of this interesting new scaffold.
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