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a b s t r a c t

A task-specific ionic liquid with a Bronsted acid (1-(3-sulfopropyl)-3-methylimidazolium hydrogen
sulfate, namely MSI) bearing an anionic heteropolyacid derivative ([PW12O40]

3�, namely PW) were used
as an efficient catalyst for the three-component Mannich and Hantzsch reactions. Using (MSI)3PW as the
catalyst supported in imidazolium-based ionic liquids allowed these multicomponent reactions to take
place in good to excellent yields. The Mannich reaction, performed at room temperature, was also
evaluated by means of electrospray (tandem) mass spectrometrydESI-MS(/MS). ESI-MS data pointed to
the origin of the ionic liquid effect, i.e., formation of ion pairs with the charged reaction intermediates
and furthers association into larger supramolecular aggregates. DFT calculations revealed the strength of
the supramolecular interactions between the charged species detected by ESI-MS and the spontaneity
association of these ion pairs affording larger supramolecular aggregates.

� 2013 Elsevier Ltd. All rights reserved.
R1 = Me; R2 = nBu; X = BF4 = BMI.BF4
R1 = Me; R2 = nBu; X = PF6 = BMI.PF6
R1 = Me; R2 = nBu; X = NTf2 = BMI.NTf2
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Fig. 1. 1,3-Dialkylimidazolium-based ionic liquids commonly used in homogeneous or
1. Introduction

Multicomponent reactions (MCR) are useful tools in organic
synthesis1e3 giving direct, elegant, and simple access to bioactive
compounds libraries.4e6 Multi-reagents brought together in a one-
pot version is a very attractive protocol, especially from the view-
point of eco-friendly and sustainable conditions,7 but still suffers
from many drawbacks, as already reviewed.8e10 Long reaction
times, harsh reaction conditions, reagents excesses, high temper-
atures, toxic solvents, expensive catalysts, demanding purification,
and low yields are major limitations of MCR. Catalysis occupies
therefore a central role toward the development of more
environmentally-friend and efficient MCR conditions aiming at
better yields, selectivities, and atom economy;11e15 i.e. highly de-
sired features for green chemistry progress.
7; fax: þ55 61 31073901
resses: wender@unb.br (W.A.

All rights reserved.
Ionic liquids (IL), especially those based on the imidazolium
cation16e18 (Fig. 1), have been applied as supporters for catalysts
and/or as reaction media for many organic transformations that are
difficult to occur or are inefficient in classical organic solvents.19e21

IL are, definitely, a major class of exceptional ionic fluids used as
solvents for synthesis and catalysis.22e24 IL are already successfully
used in the chemical industry25 and a likely possible way to envi-
ronmental acceptability.26
heterogeneous catalysis.
The combination ofMCRwith IL (for catalyzed reactions) has been
regarded as ‘a perfect synergy for eco-compatible heterocyclic syn-
thesis’, as ‘a promising strategy for the development of valuable eco-

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:wender@unb.br
mailto:brenno.ipi@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tet.2013.10.033&domain=pdf
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet
http://dx.doi.org/10.1016/j.tet.2013.10.033
http://dx.doi.org/10.1016/j.tet.2013.10.033
http://dx.doi.org/10.1016/j.tet.2013.10.033


Hantzsch reaction

N

R1

H

R3

O

R2

R3

R2

O
NH4X

H

O

R1
+

R2

O

R3

O
+

(DHP)

Mannich reaction

H

O

R1
+ +

R1R3

NO
R2HO

R3
R2 NH2

(BAK)

H.G.O. Alvim et al. / Tetrahedron 70 (2014) 3306e3313 3307
compatible organic synthesis procedures’ and,finally, as ‘an excellent
media for multiple bond-forming transformations’.27 IL have already
proved to be outstanding media for MCR.27e29 The promising com-
bination of MCR and IL (catalyzed reactions) is just beginning to be
explored and still there are much to be achieved. Task-specific ionic
liquids (TSIL) have also been successfully employed as alternative
acid30 and basic31 catalysts to perform MCR. Since it is possible to
diversely functionalize the anion or the cation (or both) to tailor
a TSIL, it is reasonable to envisage specific interactions and properties
aiming at improved catalytic conditions due to the presence of those
tags tethered to the structure of the catalyst.32e35

Considering the likely advantages of using IL (and/or TSIL) under
catalytic conditions to promote MCR, we have demonstrated the
synergic effect of a copper (pre)catalyst and the anionic moiety of
BMI$PF6 to the formation and stabilization of key reactive in-
termediates in the multicomponent Biginelli reaction.36 In another
recent study, we successfully tested a new iron-containing TSIL as
a catalyst of dual activation mode to obtain a library of bioactive
dihydropyrimidinones from an MCR.37 More recently, we have
analyzed and compared the use of a TSIL incorporating anionic
heteropolyacid derivative (Scheme 1) as the catalyst for the three-
component Biginelli reaction under homogeneous (Scheme 1) and
heterogeneous conditions.38
Table 1
Hantzsch reaction catalyzed by MSI3PW (5 mol %) at 90 �C for 4 h in BMI$NTf2
(homogeneous system)
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Scheme 1. Synthesis of the Bronsted acid task-specific ionic liquid (MSI cation) with
anionic heteropolyacid derivative ([PW12O40]3�, PW anion) applied as the catalyst
(MSI3PW) for the Biginelli reaction.38

Scheme 2. Hantzsch and Mannich three-component reactions performed using
MSI3PW as the catalyst under homogeneous conditions and BMI$NTf2 as the ionic
media.
In the example depicted in Scheme 1,38 equimolar quantities of
the three components could be used. The catalyst also showed to be
highly active in BMI$NTf2, whereas those reactions carried out in
BMI$BF4 or BMI$PF6 lead to reagent decomposition and lower
yields. Under the best developed condition, the Biginelli adduct
could be obtained in quantitative yields in just a few hours and the
system could be recycled. Due to our interest in MCR and catalytic
reactions conducted in IL,39e41 we investigate the use of MSI3PW
for Hantzsch andMannichMCR and report herein that it function as
a very active catalyst with impressive IL effect. We also evaluated
the IL effect, via ion-pairing and larger supramolecular aggregates,
by electrospray ionization (tandem) mass spectrometry ESI-MS(/
MS) and DFT calculations.

2. Results and discussion

The three-component Hantzsch and Mannich reactions
(Scheme 2) were conducted using MSI3PW as the catalyst in
BMI$NTf2.MSI3PWwas synthesized and characterized as described
elsewhere.38,42 Briefly, the zwitterionic species (see Scheme 1) is
treated with H3PW12O40 (HPWdphosphotungstic acid) affording
the desired catalyst in quantitative yields with the heteropolyacid
derivative as the counteranion ([PW12O40]3�hPW3�, namely
herein as PW).
Aiming at the synthesis of some 1,4-dihydropyridines (DHP), we
initially tested the Hantzsch43e45 reaction applying the best cata-
lytic conditions previously developed for MCR usingMSI3PW as the
catalyst,38 i.e., 90 �C, 4 h of reaction and 5 mol % of the catalyst
supported in BMI$NTf2. DHP has been found to exhibit beneficial
biological effects, such as that for cardiovascular diseases acting as
calcium channel blockers.46 The Hantzsch reaction catalyzed by
MSI3PW yielded DHP in good to excellent yields (Table 1). Am-
monium acetate may be replaced by ammonium chloride but
a slight overall reduction in yields (w5e8%) was noted.
Another advantage of our protocol was that no reagent
excess was required to perform the Hantzsch MCR, and four bio-
active DHP(aec,e),47e49 used as antioxidants, antimicrobial,
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anticoagulant, and channel blockers were directly synthesized in
good to excellent yields (84e99%).

Having verified the excellent catalytic activity of MSI3PW, we
tested it to promote another three-component reaction, i.e., the
Mannich reaction (Scheme 2), but now at conditions close to room
temperature. Note that this reaction has been found to be very
sensitive to temperature and Mannich50e52 adducts (b-amino car-
bonyl compounds, BAK) are often thermo-unstable. Side reactions
and decompositions of both reagents and products are normally
favored with increased temperatures; therefore low temperatures
are normally applied for this MCR.53e55 More efficient Mannich
reactions would be highly desirable since this MCR provides direct
and simple access to b-amino carbonyls (Scheme 2), which are
units found in many natural and synthetic products of pronounced
biological activities.56 All Mannich reactions (Table 2) were there-
fore conducted using equimolar quantities of the reagents at 30 �C.

Note in Table 2 that fortunately all Mannich products were
synthesized in good to excellent yields (75e98%) at just 30 �C and
againwith no reagent excess. Some of the BAK showed to be highly
unstable after isolation (see NMR spectra in the Supplementary
data file to note the degradation), but unstable BAK can be iso-
lated and immediately used as synthetic intermediates,57e60 as
reviewed elsewhere.61
Table 2
Mannich reaction catalyzed by MSI3PW (5 mol %) at 30 �C in BMI$NTf2
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Fig. 2. (A) ESI(�)-MS of the methanolic solution of the MSI3PW catalyst. MSI is the
SO3H functionalized imidazolium cation derivative (m/z 205) and PW is [PW12O40]3�.
(B) ESI(þ)-MS/MS of the MSI cation.
Since the Mannich reaction was efficiently performed under

amenable conditions, we decided to investigate via ESI-MS(/MS) its
mechanism as well as the IL effect over this MCR. ESI-MS is known
for its efficient and accurate analysis of reaction solution compo-
nents because of its capability of fast and sensitive ‘fishing’ of ionic
reaction partners from solution directly to the gas phase as un-
disturbed ‘cold’ ions; therefore acting as a proper bridge connecting
solution and gas phase chemistries.62 Investigations of reaction
mechanisms is one of the beauties of the Nobel laureate ESI-MS
technique, which is capable of providing continuous snapshots of
the reaction solution, hence allowing the online interception and
characterization of reaction intermediates and of their appearance
and fading63e65 (including transient species66), hence the dynamic
ionic changes67 during the whole reaction time period.68

Initially, the MSI3PW catalyst was characterized in both the
positive and negative ion modes, i.e., via ESI(�)-MS and ESI(þ)-MS.
ESI(�)-MS (Fig. 2A) revealed the triply charged PW3� as the most
abundant ion (methanolic solution) followed by [PWþH]2�. Note
that no doubly protonated ion [PWþ2H]� could be detected;
therefore indicating proper dissociation of the Bronsted acid moi-
ety. Interestingly, doubly charged ion [PWþMSI]2� was also
detected due to the supramolecular association of MSI cation with
PW3� anion. This association of cations and anions (supramolecu-
lar) is common in the chemistry of IL and TSIL derivatives.69 For
ESI(þ)-MS, only the TSIL cation MSI (m/z 205) could be detected
and its ESI(þ)-MS/MS was acquired (Fig. 2B).
After, the MSI3PW catalyst was also subjected to ESI(�)-MS
(Fig. 3) now in the presence of the IL (BMI$NTF2).

Note in Fig. 3 that the [PWþMSI]2� anion could not be detected.
Instead, the detection of [PWþBMI]2� anion revealed that in the
presence of the IL, the cation BMI efficiently replaces the cation
MSI. The ESI(�)-MS of Fig. 3 also shows the detection of the
monoprotonated [PWþH]2� anion, but at a reduced abundance as
compared to Fig. 2, in accordance with the expected acidic strength
increase in the IL media. It has been already demonstrated that
Bronsted acids (and Bronsted acids TSIL) can behave as superacids
when supported (or embedded) in IL.70,71 The ESI-MS data obtained
for theMSI3PW catalyst in the presence of BMI$NTf2 is therefore in
accordance with this predictable behavior, that is, [PWþH]2� had
its abundance significantly diminished indicating the dissociation
of the acid was even at a larger extent; i.e., a more effective acid
strength of the catalyst because of both the additional interactions
found in the ionic fluid and the consequent stabilizing effects as-
sociated with these supramolecular interactions.

After the catalyst characterization, we first monitored by ESI(þ)-
MS the Mannich reaction to investigate the possible intervention of
the IL (BMI$NTF2) forming supramolecular ionic species. The



Fig. 3. ESI(�)-MS of the methanolic solution of the MSI3PW catalyst in the presence of
BMI$NTf2. BMI is 1-n-buthyl-3-methyl imidazolium cation derivative (m/z 139), PW is
[PW12O40]3� and NTf2

� (see the inset) is the bis(trifluoromethane)sulfonamide anion
(m/z 280).

Fig. 5. ESI(þ)-MS/MS of the Mannich adduct of m/z 302.
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reaction mixture of aniline, benzaldehyde, and acetophenone, in
the presence of BMI$NTF2 and MSI3PW was therefore monitored
(Fig. 4).
Fig. 4. ESI(þ)-MS of the Mannich reaction solution catalyzed by MSI3PW in the
presence of BMI$NTf2.

Fig. 6. ESI(þ)-MS/MS of the supramolecular ion of m/z 644.

Fig. 7. ESI(þ)-MS/MS of the supramolecular ion of m/z 601. Note the neutral loss of
[iminium$NTf2] is favored when compared with the neutral loss of BMI$NTf2.
Fortunately, several cationic intermediates and supramolecular
cations with NTf2

� association could be detected and properly
characterized by ESI(þ)-MS/MS. Importantly, before the iminium
ion formation (the first step of the mechanism of the Mannich re-
action) no other intermediate (or the Mannich adduct) associated
with this MCR could be detected. This result indicates that the
limiting step of the reaction is indeed the formation of the iminium
ion, which could be detected only after an overnight monitoring at
30 �C. A pre-formed iminium ion (a white solid formed upon
heating pure aniline with pure benzaldehyde) was also used with
similar results. Before the appearance of the iminium ion of m/z
182, only the protonated aniline (m/z 94), the protonated aceto-
phenone (m/z 121), the MSI cation (m/z 205), and the BMI cation
(m/z 139) could be detected. After its appearance, however, the
protonated Mannich adduct ofm/z 302 was detected and subjected
to ESI(þ)-MS/MS (Fig. 5).
Two important supramolecular ions of m/z 644 and m/z 601
were also detected and characterized by ESI(þ)-MS/MS (Figs. 6 and
7). This result demonstrates the intervention of the IL components
in the formation and stabilization of the charged intermediates of
the Mannich reaction.
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In the supramolecular ion ofm/z 644, the NTf2
� anion (m/z 280)

was found associated with two iminium cations (of m/z 182),
whereas in the supramolecular ion of m/z 601, the NTf2

� is asso-
ciated with both an iminium ion (of m/z 182) and a BMI cation (of
m/z 139). Note that all ESI-MS were carried out from methanolic
solutions, and that this polar and protic solvent favors the disso-
ciation of those supramolecular species, in accordance with pre-
vious results.72 Likely therefore, the high stability of the two
supramolecular aggregates of m/z 644 and m/z 601 allowed their
detection and characterization by ESI(þ)-MS/MS (Figs. 6 and 7)
despite the methanolic solutions.

The supramolecular aggregate characterized in Fig. 6 shows
that indeed ion-pairing is a key factor in the reaction sol-
ution media. This stabilizing effect of the IL cations and anions,
favoring the formation and stabilization of charged (or polar)
intermediates (or transition states) via both ion-pairing and larger
supramolecular aggregates, is known as the IL effect.16,17 As re-
cently reviewed,73 ESI-MS has been an excellent tool to detect and
characterize these IL supramolecular aggregates. The detection
of aggregates of the NTf2

� anion with the key iminium ion in-
termediate therefore points firmly to a positive IL effect over the
Mannich reaction.
Scheme 3. Mannich three-component catalytic cycle with ionic liquid effect (left). Note t
charged cationic intermediates (e.g., iminium ion) from the Mannich reaction can afford sup
in the catalytic cycle were detected and characterized by ESI-MS(/MS) (right).
Other key supramolecular aggregate of m/z 601 (Fig. 7), corre-
sponding to the ion pair BMI$NTf2 associated with the key iminium
ion intermediate, could also be properly intercepted and charac-
terized. Note the loss of the neutral ion pair [iminium ion$NTf2] that
affords BMI cation of m/z 139, as well as the loss of BMI$NTf2 that
affords the iminium ion of m/z 182. The preferential neutral loss of
[iminium ion$NTf2] revealed that the intrinsic relative strength of
coordination is [iminium ion$NTf2]>BMI$NTf2.

Based on the data obtained by ESI-MS(/MS) and the importance
of the IL effect for the Mannich reaction, a catalytic cycle proposi-
tion could be formulated including the ion-pairing effect (Scheme
3). Note that larger IL supramolecular aggregates may also take
place.

The equilibrium between BMI$NTf2 and MSI3PW revealed by
ESI-MS monitoring shows that the MSI cation is extensively or to-
tally replaced by the BMI cation in associations with the PW3�

anion (Scheme 3). NTf2
� is known to be an anion of very low co-

ordination strength74 therefore the cation MSI is more available
and likely therefore the acidic hydrogen dissociation occurs at
a larger extension. The aldehyde is then protonated and the amine
addition, affording the key iminium intermediate, takes place. The
iminium ion, as a charged intermediate, is capable of forming ion
he equilibrium between MSI3PW and BMI$NTf2 revealed by ESI-MS monitoring. The
ramolecular aggregates (and ion pairs) with NTf2

� anion. Most of the structures shown



Fig. 9. Relative energy profile for the formation of the supramolecular aggregate
{[iminium ion$NTf2]þ[BMI$NTf2]} at the M062X/6-311þþG(2d,2p)//B3LYP/6-
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pairs with NTf2
� anion (as noted by the MS experiments) and also

to associate affording larger supramolecular aggregates. Upon ag-
gregation, additional stabilizing effects are expected. Finally, the
addition to the iminium ion takes place followed by product release
and restoration of the acidic catalyst.

In order to gain insight as to the importance of the IL effect in the
stabilization of the charged intermediates in the Mannich MCR,
theoretical calculations (DFT) were also performed. The DFT in-
vestigations were centered on the key supramolecular in-
termediate ofm/z 601 (Fig. 7) intercepted and characterized by ESI-
MS(/MS). All structures had their geometries fully optimized at
B3LYP/6-31þG(d,p) level of theory and single point performed at
M062X/6-311þþG(2d,2p) level of calculations. After optimization,
the thermodynamics properties for the dissociations of the two
observed ion pairs (neutral loss) i.e. via [iminium ion$NTf2] or
BMI$NTf2 loss from the supramolecular ion ofm/z 601 (Fig. 8) were
calculated.

The threshold energy (DH) required to dissociate the iminium
ion intermediate from the supramolecular structure (i.e., neutral
loss of BMI$NTf2) is considerably higher than that to remove the
imidazolium ion (i.e., neutral loss of [iminium ion$NTf2]), therefore
Fig. 8. Thermodynamic for the two observed ion pairs dissociations from the supra-
molecular ion of m/z 601. (Left) Neutral loss of [iminium ion$NTf2]. (Right) Neutral loss
of BMI$NTf2. Calculations at M062X/6-311þþG(2d,2p)//B3LYP/6-31þG(d,p) level of
theory.

31þG(d,p) level of calculation.
in accordance with the results obtained from the ESI-MS/MS ex-
periments (Fig. 7).

Finally, we calculated the IL effect via the formation of a supra-
molecular aggregate of two ion pairs, i.e., {[iminium ion$NTf2]þ
[BMI$NTf2]} (Fig. 9), which was found to be associated with a DG of
�2.53Kcalmol�1 (DH¼�12.01Kcalmol�1;DS¼�31.79calmol�1K�1)
hence spontaneous and energetically favored.

In summary, we have demonstrated that the TSIL MSI3PW
functions as a very efficient catalyst for the Hantzsch and Mannich
MCR to obtain bioactive compounds in excellent yields. ESI-MS(/
MS) investigations allowed a better comprehension on the in-
tervention of supramolecular species on the mechanism of the
Mannich MCR with the IL components. By ESI-MS(/MS) it was
possible to detect and characterize key supramolecular aggregates
pointing to the positive effect of the IL over the Mannich reaction in
the formation and stabilization of charged intermediates, particu-
larly the key iminium ion intermediate. DFT calculations showed
how pronounced is the IL effect to facilitate the formation and
stabilization of the this key intermediate (rate-limiting step) as well
as the other charged intermediates trough both ion-pairing and the
formation of larger supramolecular aggregates.
3. Experimental section

3.1. General

Chemicals and solvents were purchased from commercial
sources. Liquid reagents and solvents were distilled prior to be
used. ESI-MS and ESI-MS/MSmeasurements were performed in the
positive ion mode (m/z 50e2000 range) on an HDMS instrument.
This instrument has a hybrid quadrupole/ion mobility/orthogonal
acceleration time-of-flight (oa-TOF) geometry and was used in the
TOF Vþ mode. All samples were dissolved in methanol to form
100 mM solutions and were directly infused into the ESI source at
a flow rate of 15 mL/min after 18 h at 30 �C. ESI source conditions
were as follows: capillary voltage 3.0 kV, sample cone 20 V, ex-
traction cone 3 V. NMR spectra were recorded on a 7.05 T in-
strument using a 5-mm internal diameter probe operating at
300 MHz for 1H and at 75 MHz for 13C. Chemical shifts were
expressed in parts per million (ppm) and referenced by the signals
of the residual hydrogen atoms of the deuterated solvent (CDCl3 or
DMSO-d6), as indicated in the legends. All electronic structure
calculation performed in this work were performed within
KohneSham Density Functional Theory (DFT) formalism.75,76 The
geometry optimizations were carried out using the B3LYP/6-
31þG(d,p) level of calculation. At the same level of theory, the
fundamental vibrational frequency calculations were carried out to
ensure the true minima, to compute zero-point vibrational energy
(ZPVE) and to derive the thermochemical corrections for the heat of
formation, Gibbs free energy, and the binding energy. The calcu-
lated frequencies were scaled by a factor of 0.9642 and the ZPVE
and thermodynamic functions were calculated at 298.15 K and
1 atm. The optimized geometries were used for the single point
calculation at M062X/6-311þþg(2d,2p) level of calculation. The
M062X meta exchange-correlation functional is recommend for
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applications involving main-group thermochemistry, kinetics, non-
covalent interactions, and electronic excitation energies to valence
and Rydberg states.77 To avoid a basis-set superposition error
(BSSE) the thermodynamics properties and bind energies were
counter-poise corrected using a standard approach by Boys and
Bernardi.78 All theoretical calculations were carried out using
Gaussian 09 program suite.79

The known MSI cation80 was synthesized as it follows: to a so-
lution of 1,3-propanesultone (20 mmol) dissolved in toluene
(100 mL) is added 1-methylimidazole (20 mmol). The solution is
allowed to react at 100 �C for 24 h and the white zwitterionic solid
formed is washed with ethyl acetate, filtrated, and dried in vacuum.
The knownMSI3PW42 is prepared by treating the zwitterionic solid
(15mmol) with HPW (5mmol) in 30mL of water/methanol (1:1) at
50 �C for 24 h. After, the solvent is concentrated under vacuum and
a white solid precipitates. The solid is washed with ethyl ether and
dried in vacuum affording the desired product in quantitative yield.
3.2. General procedure for the Hantzsch reaction

A sealed Schlenk tube containing 0.5 mL of BMI$NTf2, 1.00 mmol
of the aldehyde, 2.00mmol of the 1,3-dicarbonyl compound,1.00 of
NH4OAc, and MSI3PW (5 mol %) was allowed to react at 90 �C for
4 h. Substrates were purified by chromatographic column eluted
with mixtures of hexane/ethyl acetate or, whether the product
precipitates in the reaction medium, it is filtered and washed with
cold ethanol.
3.3. General procedure for the Hantzsch reaction

A sealed Schlenk tube containing 0.5 mL of BMI$NTf2, 1.00 mmol
of the aldehyde, 1.00 mmol of the amine, and 1.00 mmol of the
ketone andMSI3PW (5mol %) was allowed to react at 30 �C for 20 h.
Substrates were purified by chromatographic column eluted with
mixtures of hexane/ethyl acetate.

3.3.1. 1,4-Dihydro-2,6-dimethyl-4-phenyl-3,5-diethyl-ester-3,5-
pyridinedicarboxylic aciddDHP(a). 1H NMR (300 MHz DMSO-d6
and d in ppm) 1.30 (6H, t, J 7.0 Hz, OCH2Me), 2.24 (6H, s, Me), 3.96
(2H, q, J 7.0 Hz, OCH2Me), 3.98 (2H, q, J 7.0 Hz, OCH2Me), 4.84 (1H, s,
CH), 7.20e7.06 (5H, m, Ph) and 8.79 (1H, s, NH). 13C NMR (75 MHz,
DMSO-d6) 167.4, 148.6, 147.8, 128.2, 127.8, 126.3, 102.3, 59.4, 18.7,
14.6, and 7.2.

3.3.2. 1,4-Dihydro-4-(3-hydroxyphenyl)-2,6-dimethyl-,3,5-diethyl
ester-3,5-pyridinedicarboxylic aciddDHP(b). 1H NMR (300 MHz
DMSO-d6 and d in ppm) 2.23 (6H, t, J 7.0 Hz, OCH2Me), 2.50 (6H, s,
Me), 3.98 (4H, q, J 7 Hz, OCH2Me), 4.00 (4H, q, J 7 Hz, OCH2Me), 4.81
(1H, s, CH), 7.11e6.94 (5H, m, Ph), 8.77 (1H, s, OH) and 9.37 (1H, s,
NH). 13C NMR (75 MHz, DMSO-d6) 167.5, 157.4, 149.8, 145.6, 129.1,
129.0, 128.5, 108.3, 102.2, 59.4, 18.7, 14.6, and 7.2.

3 .3 .3 . 1,4-Dihydro-2 ,6-d imethyl - , 3 ,5-d ie thyl es te r,3 ,5-
pyridinedicarboxylic aciddDHP(c). 1H NMR (300 MHz DMSO-d6
and d in ppm) 1.16 (6H, t, J 7.0 Hz, OCH2Me), 2.08 (6H, s, Me), 3.33
(1H, s, CHaHb), 3.05 (1H, s, CHaHb), 4.03 (4H, q, J 7.0 Hz, OCH2Me)
and 8.25 (1H, s, NH). 13C NMR (75MHz, DMSO-d6) 167.5, 146.9, 97.4,
59.3, 18.4, 14.8, and 7.2.

3.3.4. 9-(1,3-Benzodioxol-5-yl)-3,4,6,7,9,10-hexahydro-1,8(2H,5H)-
acridinedionedDHP(d). 1H NMR (300 MHz CDCl3 and d in ppm)
2.00 (4H, m, CH2CH2CH2), 2.31 (4H, m, CH2CH2CH2), 2.60 (4H, m,
CH2CH2CH2), 4.72 (1H, s, CH), 5.8 (2H, s, OCH2O) and 6.66e6.78 (3H,
m, Ph), 7.26 (1H, s, NH). 13C NMR (75 MHz, CDCl3) 195.7, 166.9,
149.3, 148.2, 134.8, 128.6, 122.8, 121.3, 111.1, 104.9, 60.1, 50.6, 40.8,
36.9, 32.7, 29.4, 27.0, 19.4, 14.1, and 11.9.

3.3.5. 3,4,6,7,9,10-Hexahydro-3,3,6,6-tetramethyl-9-phenyl-
1,8(2H,5H)-acridinedionedDHP(e). 1H NMR (300 MHz DMSO-d6
and d in ppm) 1.01 (12H, s, Me), 2.07 (4H, s, CH2), 2.30 (4H, s,
CH2CO), 4.26 (1H, s, CH), 5.93 (1H, s, NH) e 7.47e6.92 (5H, m, Ph).
13C NMR (75 MHz, DMSO-d6) 206.4, 196.5, 187.7, 163.3, 141.5, 128.3,
126.8, 114.8, 47.0, 31.8, and 28.2.

3.3.6. 3-Diphenyl-3-(phenylamino)-1-propanonedBAK(a). 1H NMR
(300 MHz CDCl3 and d in ppm) 3.41(1H, dd, J 16.0, 7.3 Hz, CHaHb),
3.51 (1H, dd, J 16.0, 5.5 Hz, CHaHb), 5.00 (1H, dd, J 7.3, 5.5 Hz, CH),
6.56 (2H, m, Ph), 6.65 (1H, m, Ph), 7.23 (1H, m, Ph), 7.31 (2H, t, J
7.5 Hz, Ph), 7.47e7.42 (2H, m, Ph), 7.46 (4H, m, Ph), 7.56 (1H, t, J
7.5 Hz, Ph), 7.91 (2H, d, J 6.0 Hz, Ph). 13C NMR (75MHz, CDCl3) 198.7,
146.9, 142.9, 136.6, 133.4, 129.1, 128.8, 128.2, 126.3, 117.7, 113.8, 54.7,
46.3.

3.3 .7. 3-[(4-Aminophenyl)amino]-1,3-diphenylpropan-1-
onedBAK(b). 1H NMR (300 MHz CDCl3 and d in ppm): 3.50 (d, J
6.0 Hz, CH2), 5.03 (q, J 6.0 Hz, CH), 6.60 (m, Ph), 7.11 (m, Ph),
7.19e7.62 (m, Ph), 7.80e7.95 (m, Ph). 13C NMR (75 MHz, CDCl3):
196.6, 189.7, 141.6, 133.3, 130.6, 129.3, 128.8, 128.6, 124.7, 124.6,
122.4, 118.8, 113.8, 54.0, and 45.8. This compound was very
unstable.

3 . 3 . 8 . 3 - [ ( 4 - N i t r o p h e n y l ) a m i n o ] - 1 , 3 - d i p h e n y l - 1 -
propanonedBAK(c). 1H NMR (300 MHz CDCl3 and d in ppm) 3.52
(2H, d, J 6.0 Hz, CH2), 5.10 (1H, q, J 6.0 Hz, CH), 5.56 (1H, d, J 6.0 Hz,
NH), 6.51 (2H, m, Ph), 7.26e7.62 (8H, m, Ph), 7.88 (2H, m, Ph), 8.00
(2H, m, Ph). 13C NMR (75 MHz, CDCl3) 196.6, 189.7, 141.6, 133.3,
130.6, 129.3, 128.8, 128.6, 124.7, 124.6, 122.4, 118.8, 113.8, 54.0, and
45.8.

3.3.9. 3-[(4-Aminophenyl)amino]-1-(4-hydroxyphenyl)-3-
phenylpropan-1-onedBAK(d). 1H NMR (300 MHz DMSO-d6 and
d in ppm): 3.41 (CH2), 5.02 (CH), 5.20 (NH), 6.61 (Ph), 6.85 (Ph),
7.07e8.01 (Ph). 13C NMR (75 MHz, DMSO-d6): 162.0, 160.1, 154.1,
149.2, 147.9, 143.9, 139.3, 136.7, 136.6, 136.4, 136.0, 131.3, 130.5,
130.2, 128.7, 128.6, 127.8, 126.6, 123.5, 122.4, 122.2, 122.1, 121.9,
114.2, and 30.6. This compound was very unstable.

3.3.10. 3-(1,3-Benzodioxol-5-yl)-3-[(4-nitrophenyl)amino]-1-
phenyl-1-propanonedBAK(e). 1H NMR (300MHzDMSO-d6 and d in
ppm): 3.76 (CH2), 5.17 (CH), 6.61 (Ph), 7.24 (Ph), 7.35 (Ph), 7.44e8.02
(Ph). 13C NMR (75 MHz, DMSO-d6): 196.5, 153.5, 142.5, 136.4, 135.8,
133.3, 128.6, 128.5, 128.0, 127.1, 126.5, 125.9, 52.2, 45.8, and 30.6.
This compound was very unstable.
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