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their Z/E(C]C)-isomerization induced by organic
solvent†
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The synthesis of a new class of lawsone enaminone derivatives by using lawsone, triethyl orthoformate and

aromatic amines in the presence of guanidinium chloride under solvent-free conditions has been

developed. Investigation of 1H-NMR spectra indicated that lawsone enaminones exist in the ketoenamine

tautomeric form and undergo Z/E-isomerization with respect to the C]C bond in DMSO-d6 at room

temperature. Furthermore, intramolecular hydrogen bonds have been observed in the synthesized

compounds. This method has some advantages including short reaction times, high to excellent yields,

simple work-up procedure and very easy purification of products by non-chromatographic methods.
Table 1 Optimization of reaction conditions for the synthesis of 4aa

Entry Solvent
Catalyst
(mol%)

Temperature
(�C)

Time
(min)

Yield (Z/
E)b

(%)

1 EtOH 10 Reux 90 Trace
2 CH3CN 10 Reux 90 45
3 H2O 10 Reux 90 Trace
4 THF 10 Reux 90 Trace
5 Neat 10 70 40 78
6 Neat 10 80 25 80
7 Neat 10 90 15 85
Introduction

Enaminone derivatives are versatile readily obtainable reagents
and their chemistry has received considerable attention in
recent years. They have demonstrated a potential as multipur-
pose synthetic intermediates in organic synthesis such as
various heterocyclic compounds,1–5 synthons for the synthesis
of various biologically active compounds such as antitumor,
anti-epileptic, anti-inammatory, antibacterial, anticonvulsant,
and other therapeutic agents6–13and also a substructure that
frequently occurs in natural products.14 They can also be used as
starting materials for the stereoselective preparation of g-ami-
noalcohols (by reduction).15 A literature survey reveals the
availability of numerous catalysts andmethods for the synthesis
of these compounds. The most important and straightforward
method involves the direct condensation of b-dicarbonyl
compounds with amines using various catalysts.16–20 Enami-
nones have a pronounced tendency to undergo various isomeric
transformations in solvents with different polarities. This
property is particularly important for applications of enami-
nones and plays a major role in determining chemical, biolog-
ical, and therapeutic activities of these compounds. According
to the 1H- and 13C-NMR spectroscopy, they have feature intra-
molecular hydrogen bonds of O–H/N and N–H/O type,
tautomerism between the enol imine and ketoenamine forms,
and Z/E-isomerization of the ketoenamine form in respect to the
C]C bond.21
University (PNU), PO BOX 19395-4697,

r; Fax: +98-28-33374081; Tel: +98-28-

ESI) available: Experimental procedures
, IR, 1H-NMR and mass. See DOI:

994
2-Hydroxy-1,4-naphthoquinone, or lawsone, or hennotannic
acid, is one of the simplest naturally occurring naph-
thoquinones and is useful for many applications in various
scientic and technological elds. It has been used as the
starting material for the synthesis of a variety of biologically
active compounds andmaterials with interesting properties.22–25

In recent decades, it has been used in many reactions for the
8 Neat — 90 60 30
9 Neat 5 90 25 75
10 Neat 15 90 15 86
11 Neat 20 90 15 86

a Reaction conditions: 1.0 mmol of 1, 1.0 mmol of 2, 1.0 mmol of 3a,
solvent (5 ml), catalyst (guanidinium chloride). b Isolated yield.
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synthesis of various organic compounds.26 Moreover, synthesis
of aminonaphthoquinone Mannich base derivatives, as an
interesting class of naphthoquinones, by multicomponent
reactions of lawsone with a non-enolizable aldehyde and
a primary or secondary amine via the Mannich reaction and
their metal complexes using different conditions, and applica-
tions of these compounds has been reviewed.27

Considering the above points, and also in continuation of
our interest on the synthesis of different kinds of heterocyclic
compounds based on MCRs,28 herein we wish to report one-pot
three-component synthesis of new lawsone enaminones from
lawsone, triethyl orthoformate and aromatic amines in the
presence of guanidinium chloride under solvent-free conditions
and investigation of their Z/E(C]C)-isomerization in DMSO-d6
at room temperature by 1H-NMR spectroscopy. To the best of
our knowledge, there are no reports available for the synthesis
of lawsone enaminone derivatives in the literature.
Results and discussion

To nd an appropriate reaction condition for the synthesis of
lawsone enaminone derivatives, a one-pot three-component
reaction between lawsone (1) (1.0 mmol), triethyl ortho-
formate (2) (1.0 mmol) and 2-aminopyrimidine (3a) (1.0 mmol)
was selected as a model reaction and was studied by employing
guanidinium chloride as organocatalyst. Initially, we
commenced the above three-component reaction using protic
and aprotic solvents such as ethanol, water, acetonitrile and
tetrahydrofuran under reux conditions in the presence of
guanidinium chloride (10 mol%) as the catalyst. As indicated in
Table 1, the reaction proceed in CH3CN and resulted the desired
Fig. 1 1H-NMR spectrum of compound 4a.

© 2021 The Author(s). Published by the Royal Society of Chemistry
product 4a in 45% yield aer 90 min (Table 1, entry 2). More-
over, the reaction couldn't proceed smoothly in EtOH, H2O and
THF aer 90 min (Table 1, entries 1, 3 and 4). Increasing the
reaction time did not improve the results. Then, we performed
the same reaction under solvent-free conditions at 70, 80, 90 �C,
and observed that the reaction took place smoothly at 90 �C,
affording the desired product 4a in 85% yield at 15min (Table 1,
entry 7). Thus, 90 �C was selected as the promising condition for
further screening of the appropriate loading amount of catalyst
(0, 5, 15 and 20 mol%). When the reaction was performed under
solvent and catalyst-free condition, the corresponding product
4a obtained in 30% yield aer 60 min (Table 1, entry 8). The
reaction with 5 mol% of the catalyst required a longer reaction
time and produced only a 75% yield of the desired product 4a
(Table 1, entry 9). Also, increasing the catalyst loading to 15 and
20mol% did not affect the progress of the reactionmarkedly. As
a result, it was found that 10 mol% of catalyst was enough to
promote the reaction efficiently. Finally, the optimal conditions
were determined as lawsone (1.0 mmol), triethyl orthoformate
(1.0 mmol) and 2-aminopyrimidine (1.0 mmol) under solvent-
free condition at 90 �C for 15 min.

With the optimized conditions in hand, the scope and
generality of this protocol were next examined by employing
various aromatic amines. As shown in Table 2, the reaction with
different aryl/heteroaryl amines bearing electron-donating or
electron-withdrawing substituents proceeded smoothly in 10–
35 min to afford the desired products 4a–k in high to excellent
yields (75–87%). Meanwhile, we also found that the aromatic
amines bearing electron-donating substituents such as methyl
reacted rapidly, while those with bearing electron-withdrawing
RSC Adv., 2021, 11, 12990–12994 | 12991
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Table 2 Substrate scope for the synthesis of lawsone enaminone derivatives 4
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substituents such as chloro and nitro required longer reaction
times, but products were obtained in comparable yields.

All isolated products were new and fully characterized based
on their analytical data and detailed spectral studies including
Fourier transform infrared (FT-IR), 1H-NMR and mass spec-
troscopy. Despite of heating the samples in DMSO-d6 prior to
13C-NMR measurement, the low solubility of such compounds
makes it difficult to receive a clean 13C-NMR spectrum.

The 1H-NMR spectra indicated that all of the synthesized
compounds 4a–k existed in DMSO-d6 solution as a mixture of E-
and Z-keto enamine isomers. For example, a characteristic
feature of the 1H-NMR spectrum of compound 4a is the pres-
ence of two downeld signals corresponding to the protons of
the NH group at 12.66 and 12.56 ppm. As indicated in Fig. 1, the
more downeld signal corresponds to the Z-isomer of
compound 4a which is stabilized by a strong chelate type
intramolecular hydrogen bond with the oxygen of the C(2)]O
12992 | RSC Adv., 2021, 11, 12990–12994
group. The signal for the proton of the NH group in the more
upeld region corresponds to the E-isomer. The formation of
another intramolecular hydrogen bond with oxygen atom of the
C(4)]O fragment is possible in this isomer. This hydrogen
bond is signicantly weaker than the hydrogen bond between
the 12-NH and C(2)]O groups. Moreover, in the isomer E, due
to the resonance of the electron–nitrogen pair with the C(2)]O,
a S-trans structure is formed, which is more stable than the S-cis
structure formed in the isomer Z (Scheme 1). With such an
assignment the integral intensities of the 12-NH signals allow
quantitative determination of the corresponding isomer
content in the equilibrium mixtures: the Z-isomer from the
signal at 12.66 ppm (44%) and the E-isomer from the signal at
12.56 ppm (56%). The difference between the 11-CH proton
chemical shi values for the two geometric isomers is
substantially smaller, and the 11-CH signal from the Z-isomer is
located upeld. It is interesting to note the values of the vicinal
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Possible reaction mechanism.

Scheme 1 Structures of compound 4a.
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spin–spin coupling constants J11,12 of the 11-CH and 12-NH
protons for the two isomeric forms are 13.2 Hz, indicating
a transoid arrangement of the N(12)–H and C(11)–H bonds. It
should be noted that there is no signal of hydroxyimine
tautomer in the 1H-NMR spectra of the synthesized compounds.
In the IR spectrum of compound 4a, the sharp peaks at 3397,
1690, 1665 and 1608 cm�1 are due to the stretching frequencies
of N–H and C]O, respectively. The E : Z ratio of isomers 4a–k
are listed in Table 2.

The plausible mechanism that could be accounted for this
three-component reaction is depicted in Scheme 2. Firstly, the
reaction proceeds through the in situ formation of intermediate
5 by the nucleophilic addition of amine 3 to triethyl ortho-
formate (2) which lose two molecules of EtOH in the presence of
guanidine hydrochloride as catalyst. Subsequently lawsone (1)
reacts with imine 5 to form another intermediate 6 which
undergoes elimination of another EtOH molecule to give the
desired product 4.
Conclusions

In conclusion, we presented an environmentally benign
synthetic and one-pot protocol for the synthesis of lawsone
enaminone derivatives in high to excellent yields via the three-
component reactions of lawsone, triethyl orthoformate and
aromatic amines in the presence of guanidinium chloride
under solvent-free condition at 90 �C. 1H-NMR spectra of
synthetic compounds indicated that lawsone enaminones exist
in the ketoenamine tautomeric form and undergo Z/E-isomer-
ization in respect to the C]C bond in DMSO-d6 at room
temperature. Moreover, the attractive features of this protocol
are simple reaction procedure, short reaction time, easy product
separation, simple purication, high to excellent yields of
products and this is the rst report on the synthesis of lawsone
enaminones.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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