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Abstract—1-Acetyl-3-arylmethylene-2,5-piperazinediones gave N-3-arylpyruvylamino esters by acid-promoted alcoholysis under
thermal conditions or microwave irradiation. Compounds obtained from 1-acetyl-3-(o-nitro)arylmethylene-2,5-piperazinediones
gave, after reduction of the nitro group and spontaneous cyclization, N-2-indolylcarbonylamino acid derivatives. A similar alcoho-
lysis/reduction sequence applied to dehydrodipeptides bearing a 3(4)-nitroaryl substituent gave N-3(4)-aminophenyl-a-ketopropion-
ylamino acid derivatives. Coupling of the free amino group with Boc-protected amino acids gave tripeptide mimetics with a
6-aminoindole-2-carboxylic or a 3(4)-aminophenyl-a-ketopropionic acid as the second residue.
� 2006 Elsevier Ltd. All rights reserved.
Cyclic dehydrodipeptides have been employed as chiral
templates in the synthesis of a-amino acids,1–3 but very
little is known about their interest as intermediates for
other synthetic objectives. We here report the acid-pro-
moted alcoholysis of 1-acetyl-3-arylmethylene-2,5-piper-
azinediones to give N-3-arylpyruvylamino esters. The
method was extended to nitroaryl derivatives taking
part in the synthesis of tripeptide mimetics with an
aminoindole-2-carboxylic acid or an aminophenyl-a-
ketopropionic acid as the second residue.

Indoles are privileged structures in drug discovery4 and,
probably, represent the most relevant of all structural
classes.5 Indole-2-carboxamides, in particular, are
important moieties of biologically active compounds
such as the reverse transcriptase inhibitors, delaviridine
and ateviridine6,7 or antitumour agents.8,9 Several syn-
thetic procedures among the great number of alterna-
tives leading to the indole ring system,10 involve a
cyclizative condensation between an amino and a car-
bonyl or an imine group.11,12

On the other hand, the a-ketoamide moiety is an impor-
tant building block in neuroregenerative or immunosup-
pressive macrocyclic polyketides such as FK506 and
rapamycin,13 in the antitumour antibiotic lankacidin,14

and in many transition-state protease inhibitors.15–17

The development of the last compounds has become
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an important goal for the pharmaceutical industry
where the search for novel peptide mimetic inhibitors
is a very active field. Several of these inhibitors are based
on the a-ketoamide linkage in which the affinity towards
proteases is related to the nonplanarity of the dicarbonyl
group.18,19 From the synthetic point of view, a-keto-
amides are usually prepared by Dess–Martin periodinane
oxidation of the corresponding a-hydroxyamides,15,16

oxidation of a-cyanoketones20 and amidation of
a-ketoacids.21

In the course of a project directed to the synthesis of
tetrahydroisoquinoline antitumour antibiotics where
compounds 1 are starting materials,22 we observed that
compounds 2 were N-deacetylated at room temperature
upon standing in chlorohydric acid–methanol. In a
detailed study of this process we isolated N-3-aryl-
pyruvylamino esters 3 and methanol-adducts 4. Forma-
tion of these minor products indicated that the enamine
portion of compounds 2, after protonation to give the
corresponding N-acyliminium cations (I), can be
attacked by nucleophiles at the iminium carbon atom
to give adducts 4, or at the N-carbonyl group leading
to ring-opening and production of imine intermediates
which hydrolyze to a-ketoamides 3 (Scheme 1). The last
pathway represents the reversal of a protocol that
has been applied for the synthesis of cyclic
dehydrodipeptides.23

Given the significant yields of 3 that could be obtained
when the acid-promoted alcoholysis was performed
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under reflux conditions and the accessibility of com-
pounds 1,24 we explored this reaction with compounds
bearing nitro groups at o-, m- or p-positions of the aryl
substituent. The starting materials were obtained in very
good yields by condensation of the corresponding
nitrobenzaldehyde and N,N 0-diacetyl-2,5-piperazinedi-
one in the presence of potassium tert-butoxide. Conden-
sation of aromatic aldehydes bearing an o-nitro group
was performed in dichloromethane,25 while tetrahydro-
furan was a better solvent for m- and p-nitro derivatives.
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Table 1. Synthesis of N-3-arylpyruvylamino esters 3
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Product Yield (%) Rx R1 R Nitro group
position

3a 59a H H Me 2 0

3b 93a H H Bn 2 0

3c 95a 6-Cl H Bn 2 0

3d 66a 3,6-(MeO)2 H Bn 2 0

3e 98a 4,5-(MeO)2 H Bn 2 0

3f 11a 4,5-(MeO)2 H iPr 2 0

3g 50a 4-NO2 H Bn 2 0

3h 80a H Me Bn 2 0

3i 8a H H Me 3 0

3j 12a H H Et 3 0

3k 16a H H Bn 3 0

3i 41b H H Me 3 0

3l 61b H H Me 4 0

a Reflux time: 2.5 h.
b Microwave irradiation time: 5 min.
The success of the ring-opening reaction
(1 to 3) in the first studied o-nitrophenyl compounds
was highly dependent on the type of the alcohol em-
ployed (methanol, isopropanol or benzylic alcohol).
Thus, while isopropanol or methanol gave the corre-
sponding N-3-arylpyruvylamino esters in very low or
moderate yields, benzylic alcohol gave these products
in good to excellent yields (see compounds 3a–h in Table
1).26 Although these differences could be explained by
steric reasons they are mainly due to the greater solubil-
ity in benzylic alcohol of N-deacetyl intermediates 2.
Application of this protocol to m- and p-nitrophenylm-
ethylene derivatives, which were less soluble than the o-
nitro compounds in the tested alcohols, gave very low
yields for alcoholysis products under thermal condi-
tions. Fortunately, the process worked better by apply-
ing microwave irradiation.27

Catalytic hydrogenation of the o-nitro group in com-
pounds 3a–h afforded in good yields, as it was planned,
the corresponding N-indole-2-carbonylamino acid
derivatives 5.28 Under these reaction conditions hydro-
genolysis of the benzyl ester and aryl halide groups took
place, although the benzyl ester group was maintained
in 3g to give 5d (Table 2). The chiral compound 3h
gave indolecarboxamide 5e without detection of
epimerization.

Catalytic hydrogenation of the nitro group in com-
pound 3i and 3l gave the corresponding aminophenyl-
a-ketopropionylamino acid derivatives (6i,l). These
products, as well as compound 5d, were N-acylated29

through standard procedures in peptide chemistry to
give compounds 8, 9 and 7, respectively.



Table 2. Synthesis of N-(indole-2-carbonyl)amino acids 5

Starting
compound

Product
(yield %)

R4 R5 R6 R7 R R1

3a 5a (76) H H H H H H
3b 5a (83) H H H H H H
3c 5a (94) H H H H H H
3d 5b (79) MeO H H MeO H H
3e 5c (94) H MeO MeO H H H
3g 5d (60) H H NH2 H H Bn
3h 5e (92) H H H H Me H
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In conclusion, the regioselective ring opening of the read-
ily available compounds 1 is the key-step in the synthesis
of N-3-arylpyruvylamino esters. These compounds may
be subsequently derived to tripeptide mimetics bearing
an aminoindole-2-carboxylic acid or an aminophenyl-
a-ketopropionic acid as the intermediate residue. Fur-
ther research on the application of this protocol to the
synthesis of more complex peptide mimetics are in
progress in our laboratories.
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flash chromatography (CH2Cl2 as eluant) to give 3b
(580 mg, 93%): mp 92–93 �C, IR (NaCl, film): 3382, 1750,
1689 and 1524 cm�1; 1H (250 MHz, CDCl3): d, ppm 8.17
(dd, 1H, J = 8.1 and 1.2 Hz), 7.63 (dt, 1H, J = 7.5 and
1.3 Hz), 7.50 (dt, 1H, J = 8.1 and 1.5 Hz), 7.44 (ws, 1H),
7.37 (s, 5H), 7.32 (dd, 1H, J = 7.5 and 1.2 Hz), 5.22 (s,
2H), 4.64 (s, 2H); 4.16 (d, 2H, J = 5.7 Hz). 13C (63 MHz,
CDCl3): d, ppm 193.2, 168.5, 159.7, 148.6, 134.9, 133.8,
133.7, 129.4, 128.7, 128.6, 128.4, 125.4, 67.5, 42.5, 41.2.
Anal. Calcd for C18H16N2O6: C, 60.67; H, 4.53; N, 7.85.
Found: 60.82; H, 4.70; N, 7.65.

27. Acid-promoted alcoholysis under microwave irradiation.
Synthesis of 3l: The microwave instrument used in this
experiment was the CEM, Discover. To 1l (100 mg,
0.35 mmol) in methanol (5 mL), was added 5 N HCl
(1 mL) and the mixture was placed in a MW test tube
(10 mL) containing a magnetic stirring bar. The tube was
sealed and irradiated at 130 �C for 5 min. After cooling to
room temperature, the solution was filtered and the
solvent evaporated in vacuo. To the residue was added
EtOAc (50 mL). The organic solution was washed with
brine (50 mL), dried over sodium sulfate, filtered and
concentrated. The crude product was purified by flash
chromatography (hexane–EtOAc, 7:3 as eluant), to give 3l
(60 mg, 61%): mp 80–81 �C, IR (NaCl, film): 3397, 1750,
1688 and 1519 cm�1; 1H (250 MHz, CDCl3): d, ppm 8.22
(d, 2H, J = 8.8 Hz), 7.45 (d, 2H, J = 8.8 Hz), 4.37 (s, 2H),
4.12 (d, 2H, J = 5.7 Hz), 3.81 (s, 3H). 13C (63 MHz,
CDCl3): d, ppm 193.7, 167.0, 159.5, 147.2, 139.9, 130.8,
123.8, 52.6, 42.9, 41.0. Anal. Calcd for C12H12N2O6: C,
51.43; H, 4.32; N, 10.00. Found: C, 51.29; H, 4.15; N, 9.82.

28. Reductive cyclization of compounds 3. Synthesis of 5a: A
mixture of 3b (160 mg, 0.45 mmol), in a suspension of Pd–
C (20 mg) in EtOAc (30 mL), was hydrogenated at room
temperature for 5 h. After filtration over celite and
evaporation of the solvent under reduced pressure, the
solid residue was purified by flash chromatography
(EtOAc as eluant) to give 5a (82 mg, 83%): mp 158–
159 �C, IR (NaCl, film): 3371, 3275, 1738, 1642 and
1552 cm�1; 1H (250 MHz, DMSO-d6): d, ppm 11.63 (s,
1H), 8.96 (t, 1H, J = 5.7 Hz), 7.62 (d, 1H, J = 7.9 Hz),
7.42 (d, 1H, J = 8.1 Hz), 7.18 (dd, 1H, J = 8.1 and
7.5 Hz), 7.03 (dd, 1H, J = 7.9 and 7.5 Hz), 7.11 (s, 1H),
2.02 (d, 2H, J = 5.7 Hz). 13C (63 MHz, DMSO-d6): d, ppm
170.7, 161.7, 136.7, 131.2, 127.2, 123.7, 121.8, 120.0, 112.6,
103.2, 41.0. Anal. Calcd for C11H10N2O3: C, 60.55; H,
4.62; N, 12.84. Found: C, 60.34; H, 4.23; N, 12.60.

29. N-Acylation. Synthesis of compound 8: To a solution of 6i
(17 mg, 0.66 mmol), N-Boc-LL-phenylalanine (175 mg,
0.66 mmol), 1-hydroxy-7-azabenzotriazole (HOAt)
(103 mg, 0.73 mmol), and 1-ethyl-3-(3-dimethylaminopro-
pyl)carbodiimide (EDC) hydrochloride (152 mg,
0.79 mmol), in anhydrous DMF (10 mL) under Ar atmo-
sphere at 0 �C, was added 4-methylmorpholine (NMM)
(0.22 mL, 1.98 mmol). After being stirred at 0 �C for 2 h,
the reaction mixture was kept in a freezer overnight (16 h)
and it was then warmed at room temperature. EtOAc
(300 mL), brine (50 mL) and 5% H3PO4 (50 mL) were
added and the layers were separated. The organic solution
was washed consecutively with a 1 N solution of sodium
bicarbonate (50 mL) and water (50 mL), dried with
sodium sulfate, filtered and concentrated to afford 8
(195 mg, 63%) as a white solid. An analytical sample was
obtained through flash chromatography (hexane–EtOAc,
7:3 as eluant): mp 64–65 �C, IR (NaCl, film): 3312, 2977,
1752 and 1682 cm�1; 1H (250 MHz, CDCl3): d, ppm 7.39
(t, 1H, J = 7.5 Hz), 6.89 (d, 1H, J = 7.5 Hz), 5.01 (m, 1H),
4.49 (m, 1H), 4.08 (s, 2H), 4.01 (d, 2H, J = 5.7 Hz), 3.70 (s,
3H), 3.05 (m, 2H), 1.33 (s, 9H). 13C (63 MHz, CDCl3): d,
ppm 194.6, 169.6, 169.2, 162.4, 159.9, 137.5, 136.5, 133.2,
129.2, 129.1, 128.7, 127.0, 125.9, 121.3, 118.9, 80.8, 56.6,
52.6, 42.9, 40.9, 38.3, 28.3. Anal. Calcd for C26H31N3O7:
C, 62.76; H, 6.28; N, 8.45. Found: C, 62.48; H, 6.15; N,
8.32.
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