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In this Letter we report that the Ugi reaction/cyclization sequence on a steroidal 17-carboxaldehyde leads
to novel steroidal 2,5-diketopiperazines with a noteworthy stereoselectivity. A wide variety in the sub-
stitution pattern in the heterocyclic moiety was easily achieved by changing the components in the
Ugi reaction.

� 2009 Elsevier Ltd. All rights reserved.
The enzyme 17a-hydroxylase/17,20-lyase (17a-lyase or CYP17)
is a cytochrome P-450 that catalyzes the conversion of progester-
one and pregnenolone into androgens.1 The potential therapeutic
value of 17a-lyase inhibitors in the treatment of androgen-depen-
dent diseases, for example, prostate cancer, has led to much inter-
est.2 A number of steroidal inhibitors of CYP17, many of which
contain a heterocycle at C-17 (Fig. 1), have been described.3–5

2,5-Diketopiperazine is the smallest possible cyclic peptide con-
sisting of two a-amino acid residues. This highly constrained scaf-
fold is present in a large number of biologically active compounds
and serves as a privileged structure in medicinal chemistry.6,7

Many different syntheses of ketopiperazines have been de-
scribed in the past; however, multicomponent reactions (MCRs)
seem to be particularly well suited to assemble piperazines, since
more than 10 different methods have been published so far.8

Recently, Marcaccini et al. have described an interesting ap-
proach toward 2,5-diketopiperazines.9 An Ugi four-component
reaction (U-4CR) between amines, aldehydes, chloroacetic acid,
and isocyanides affords the Ugi intermediate, which is cyclized to
the title compounds upon treatment with ethanolic KOH under
ultrasonication. A limitation of this synthesis is that the U-4CR
products arising from aliphatic aldehydes give only complex reac-
tion mixtures during the cyclization.
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In this Letter we report the application of this procedure for the
synthesis of novel steroids bearing a 2,5-diketopiperazine moiety
at C-17.

The synthesis started with the steroidal aldehyde 1, which can
be obtained from dehydroepiandrosterone (DHEA) in four steps
by following a described procedure.10 The U-4CR of this aldehyde
with 2-chloroacetic acid, an amine, and an isonitrile gave the ad-
ducts 2a–9a as the only products.11 These intermediates were trea-
ted with KOH in ethanol under ultrasound irradiation12 to give the
desired steroidal diketopiperazines 2b–9b, substituted at both
nitrogen atoms (Scheme 1).

Although Marcaccini et al. have found that the cyclization step
is unsuccessful when an aliphatic aldehyde is employed, in our
case the sequence took place smoothly and in good yields (Table 1).

The stereochemistry of the new asymmetric center (C-30) was
established from NMR experiments. Firstly, all the resonances were
completely assigned using 1D and 2D NMR spectra, and the NOE’s
between diagnostic protons were determined. In every case a
correlation between the C-18 protons and the C-30 proton was
Figure 1. Chemical structures of CYP17 inhibitors.



Figure 2. NOE correlations for compound 2b.

Figure 3. Optimized conformation of the E-imine intermediate in the formation of
3b. Observed attack.

Table 1

Amine R1-NH2 Isonitrile R2-NC Yielda

NH2 NC
71%, 2b

NH2
NC

68%, 3b

NH2 NC
57%, 4b

NH2
NC

63%, 5b

NH2 NC
83%, 6b

NH2

NC
O

OEt
65%, 7b

NH2 S
O

NC
O

72%, 8bb

NH2

NCP
O

EtO OEt
55%, 9b

a Isolated total yields from 1.
b Treatment of adduct 8a with KOH/EtOH gave the cyclization product with

substitution of p-toluenesulfinyl by ethoxy group.

Scheme 1. General synthetic procedure: Reagents and conditions: (a) ClCH2COOH, R1NH2, R2NC, EtOH or MeOH, rt; (b) KOH, EtOH, ultrasound irradiation, rt.
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observed. Moreover, the NOESY spectra showed correlations be-
tween the protons belonging to the substituents at N-10 or/and
the C-60 with the trimethylsilyl moiety, whereas protons at C-18
correlated with those of the substituents at N-40, confirming the
S stereochemistry at C-30. As an example, Figure 2 depicts these
correlations for compound 2b.

Any of the four components can in principle, if chiral, control
the generation of the new stereogenic center. Taking into consider-
ation that the U-4CR reaction usually suffers from a low stereose-
lectivity, even with aldehydes that are known to give excellent
asymmetric induction in the reaction with other kinds of C-nucle-
ophiles, our results are noteworthy.13

The stereochemical outcome was the same in each case, irre-
spective of the amine or isonitrile employed. This suggests that
the asymmetry is induced by the rigid steroidal frame.
Three possible competing mechanisms have been proposed.13

In our case two of these could be working. On one side, the direct
attack of the isocyanide from the less hindered face of the proton-
ated E-imine. On the other side the iminium ion is attacked first by
the carboxylate to give a thermodynamic intermediate stabilized
by intramolecular hydrogen-bond and then the substitution by
the isocyanide proceeds with inversion of configuration. In both
case the rate-limiting step is the isocyanide attack pathway, lead-
ing to an adduct with S stereochemistry at C-30.13,14

In order to rationalize our results, we performed a conforma-
tional search for the protonated E-imine from 1 and methylamine,
putative intermediate in the formation of 3b, looking for the lower
energy conformations.15 Figure 3 shows that both the CH3-18 and
the steroidal skeleton block the Si-face of the imine, inducing the
observed attack.

In conclusion, in the present work we show that this synthetic
sequence is suitable for the synthesis of the 2,5-diketopiperazine
scaffold attached to the C-17 of the steroidal nucleus. Furthermore,
a wide variety in the substitution pattern in the heterocycle can be
easily achieved by changing the components in the U-4CR. Notably,
the synthesis resulted to have a high stereoselectivity.

The use of steroids in multicomponent reactions leading to het-
erocyclic compounds has not been fully exploited yet.16,17 Thus,
further studies are under way to expand this methodology to other
steroids and heterocycles.
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