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Azlactones are useful building blocks in the synthesis of functional amino acid derivatives,
heterocycles and bioactive molecules. In this work, a protocol for the organocatalytic
functionalization of dipeptides has been presented. 2-Alkyl-substituted azlactone intermediates in
the presence of different amines and alcohols were combined in a ring opening reaction approach.
The products were synthesized in moderate to excellent isolated yields, providing new insights in
peptide transformations involving carbodiimide activation.
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Introduction
The development of efficient reactions for the preparation
of functional amino acids and peptides has emerged as an
important field in organic chemistry, especially those
involving catalytic processes.1-3 In this context, azlactones
(also known as oxazolones) are promising substrates, since
they basically consist of protected amino acids organized
as five-membered rings bearing both electrophilic and pronucleophilic sites in their structure.4,5 Due to this versatility,
these heterocycles have been extensively employed in a
wide scope of transformations,6 in particular the preparation
of quaternary amino acid derivatives.7-12
Different 4-substituted oxazolones are easily available,
as this moiety originates from the amino acid precursor13
or by hydrogenation of the well-known Erlenmeyer
azlactones14 (Figure 1). However, substituents at position 2
are in most cases restricted to a phenyl or methyl group.
Besides, the azlactone ring opening reaction by
nucleophiles consist of an important way to access
bisprotected amino acid derivatives, affording compounds

Figure 1. Azlactone preparation and basic scaffold.
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with potential not only in medicinal chemistry,15 but also
as precursors in total synthesis.16 Although our research
group has recently investigated the ring opening reactions
of 2-phenyl-azlactones in the presence of nucleophiles,17 the
preparation and reactivity of other 2-substituted oxazolones
are still unreported. Herein is reported the functionalization
of peptide derivatives achieve through carbodiimide
mediated intramolecular cyclization and an organocatalytic
azlactone ring opening reactions.

Experimental
General procedure for the preparation of azlactone rings
2a and 2b

In a flamed screw cap vial and under nitrogen
atmosphere and ice bath, 0.2 mmol of a N-benzoyldipeptide
was added. After, CH 2 Cl 2 was cannulated at the
concentration of 0.2 mol L-1 in dipeptide. To this solution,
0.22 mmol (1.1 eq.) of N-(3-dimethylaminopropyl)N’‑ethylcarbodiimide hydrochloride (EDC) was added.
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The reaction mixture was kept at 0 °C and under nitrogen
atmosphere for 1 hour. The reaction mixture was then
diluted in 10 mL of CH2Cl2 and washed 5 times with
5 mL of distilled water. The organic phase was dried
over anhydrous Na2SO4 and concentrated under reduced
pressure, affording the desired azlactones without no need
of chromatography column.
General procedure for the catalytic azlactone (2a or 2b) ring
opening in the presence of amines or alcohols

In a flamed screw cap vial and under nitrogen atmosphere,
0.8 mmol of the nucleophile (amine or alcohol) and
0.02 mmol (10.0 mol%) of (+/−)-camphorsulfonic acid was
added. After, CH2Cl2 was cannulated at the concentration
of 0.8 mol L-1 in nucleophile. To this solution, was added
0.2 mmol of azlactone 2a or 2b. The reaction mixture was kept
at room temperature and under nitrogen atmosphere for 24 h.
The reaction mixture was then concentrated under reduced
pressure and purified through silica gel chromatography
by using ethyl acetate/hexanes as solvents (up to 50%
ethyl acetate/hexanes). The purified products were then
fully characterized by the conventional elemental analysis.
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We then decided to react these heterocycles with
different nucleophiles, in a ring opening reaction. The
initial condition was based in a literature condition for
the ring-opening of 2-phenyl-azlactones.17 The reaction
between azlactone 2a and octyl alcohol was used as a
model to optimize the catalyst loading (Table 1). It was
found 10 mol% of the (+/−)-camphorsulfonic acid (CSA)
catalyst, dichloromethane as solvent for 24 hours, in the
presence of the nucleophile as the ideal condition for this
transformation. It is also worth mention that no reaction
was observed in the absence of the CSA catalyst. p-TsOH
as catalyst gave lower conversion to the product. Moreover,
the use of mineral acid such as HCl/dioxane gave complex
mixture of products.
Table 1. Optimization of the catalyst loading for the ring-opening reaction
CSA catalyst loading

Isolated yielda / %

No catalyst

−

3 mol%

46

5 mol%

52

7 mol%

63

10 mol%

87

15 mol%

78

Results and Discussion

a

Initially, N-benzoyl dipeptides (1a and 1b) were
prepared in 3 steps according to literature protocols.18 We
envisioned that these compounds, in the presence of EDC,
could afford a very interesting 2-alkyl-substituted azlactone
scaffold. To the best of our knowledge, this consists the
first report of isolation of this type of heterocycle derived
from a peptide through an azlactone approach.19 To our
delight, the desired azlactones 2a and 2b were successfully
synthesized and isolated in good to excellent yields
(Scheme 1). 1H nuclear magnetic resonance (NMR) data of
compound 2b showed an unusual 5J coupling (homoallylic
coupling) between alanine CH hydrogen and glycine CH2
hydrogens, due to the formation of the azlactone C=N
double bond; this correlation was also observed in 2D
1
H-1H COSY (correlation spectroscopy) experiments (see
Supplementary Information).

After optimization of the reaction conditions, different
amines and alcohols were then evaluated as nucleophiles
(Scheme 2). Due to the instability of azlactones 2a and 2b,
the crude reaction was washed with distilled water for
5 times and the dichloromethane was employed in the
next reaction without further purification. Therefore,
reported yields correspond to the global yields of these
two steps.
The reaction was also found to tolerate the use of both
azlactones, affording compounds 3a-3i in moderate to
excellent yields (ranging from 61 to 91%). Even when
employing a sterically bulky alcohol such as isopropanol or
a less nucleophilic amine like aniline, the desired products
were isolated in 62 and 61%, respectively. Unfortunately,
under the optimized reaction conditions tertiary amine or
alcohol failed.

Scheme 1. Preparation of azlactone rings 2a and 2b.

Isolated yield of compound 3c.
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Scheme 2. Preparation of compounds 3a-3i.

Finally, the catalytic mechanism seems to proceed
through azlactone activation at the basic ring nitrogen by
the catalyst CSA forming an ion-pairing intermediate that
is then susceptible to nucleophilic attack.17

Conclusions
In summary, a protocol for the organocatalytic
functionalization of dipeptides has been presented.
Different amines and alcohols could be employed under
this reaction condition, affording the corresponding
products in moderate to excellent yields. Moreover, to the
best of our knowledge, this is the first report of isolation
of an azlactone intermediate derived from a peptide,
providing new insights in the peptide syntheses involving
carbodiimide activation.

Supplementary Information
Copies of HRMS, IR and NMR spectra for the
prepared compounds are available free of charge at
http://jbcs.sbq.org.br as PDF file.
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