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ABSTRACT: The green synthesis of asymmetric star-shaped
2,5-dimethoxyphenylamino-1,3,5-triazine derivatives using mi-
crowave irradiation in the absence of solvent is described. The
title compounds have been characterized, and their properties
as donor—acceptor (D—A) systems have been studied by UV—
vis, fluorescence spectroscopy and electrochemical studies.
The formation of excimers and the aggregation of these star-
shaped triazine systems have been demonstrated.

: aromatic, aliphatic amines
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Bl INTRODUCTION

The use of enabling and green technologies to improve the
preparation of valuable substances remains a challenge. The
main issues in contemporary organic synthesis concern
improvements in the efficiency, milder conditions, selectivity,
and the avoidance of toxic reagents and the formation of
byproducts. From this point of view, the development of new
1,3,5-triazine derivatives in materials and supramolecular
chemistry has recently gained importance. The s-triazine ring
has shown excellent potential for the formation of noncovalent
bonds," which involve the nitrogen lone-pairs (coordination
and H-bonds), the ¢ backbone (anionic—¢ and electron rich—c
interactions), and/or the heteroaromatic z-electrons (m—m
stacking).

Melamine derivatives have important applications in several
fields, such as medicinal chemistry,” catalysis,” the synthesis of
polymers,” or as components of host—guest,”® and super-
structure assemblies.” In materials chemistry, 1,3,5-triazine
derivatives have been used as acceptors (A) in star-shaped
systems. Attractive examples of A-z-D structures that contain
the s-triazine core include tetrathiafulvalene,® thiophene,9
ferrocene,'’ 1,2,3-triazole,"’ s‘cyrylbenzene,12 2—pyridyl,13 and
bisphenylaminobenzene'* units as donors (D). A careful choice
of the donor substituents allows the optoelectronic properties
to be tuned, thus making these materials suitable for use in
luminescent liquid crystals.,”’15 redox active chromophores,8

-4 ACS Publications  © 2015 American Chemical Society

3405

photovoltaic devices,”'*'® two photon absorption (TPA)

materials,'” and blue phosphorescent OLEDs."®

We describe here the preparation of new star-shaped
derivatives of s-aminotriazines with 2,5-dimethoxyaniline as
the donor system, using the green methodologies described by
our group, i.e., microwave irradiation and solvent-free
conditions.

B RESULTS AND DISCUSSION

Synthesis of Triazines 3a—e. The most important method
for the synthesis of aminotriazines is the nucleophilic
displacement of chloro-substituents from cyanuric chloride.
The substitution of these chloro-substituents can be controlled
by the reaction temperature, and they can be replaced in a
stepwise manner. In general, monosubstitution occurs below or
at 0 °C and disubstitution at room temperature, whereas
trisubstitution requires high temperatures and long reaction
times,'”*’ and may give low yields.”' Conditions for the third
substitution depend on the strength of the nucleophile, the
steric characteristics of the substituents in the nucleophile and
the triazine ring, and the nature of the solvent. Microwave
irradiation has proven to have a very positive effect on the third
substitution reaction as yields can be improved and reaction
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times shortened. For instance, we previously described the
preparation of trisubstituted 1,3,5-triazines from 2-chloro-4,6-
disubstituted triazines in high yield using microwave irradiation
as the heating method.””

The introduction of an amino group requires ammonia and
temperatures of 100—105 °C for 8 h in a closed vessel or the
preparation of 2,4-dichloro-6-aminotriazine and reaction with
amines at high temperatures.”> Under such harsh conditions,
microwave irradiation has proven to be very efficient for the
reduction of reaction times, and as a consequence, decom-
position of reagents and products is avoided, isolation
procedures are simplified, and yields are higher.**

The new star-shaped triazine derivatives were obtained by
using 2,5-dimethoxyaniline (2) as the nucleophile. The
methoxyl groups enhance the donor character of the system,
and this modifies both the optical and the binding properties.
The target compounds 3a—e were synthesized as shown in
Scheme 1.

Scheme 1. Green Synthesis of Star-Shaped Triazines 3a—e
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The reaction conditions were optimized with the disub-
stituted triazine la, which was previously prepared by our
group”® (Table 1). 2,5-Dimethoxyaniline (2) was used in 2-fold
excess as it was used as a nucleophile, a hydrochloride acceptor,
and as the liquid phase to homogenize the reaction mixture.*®
Reactions were optimized with times of 5—15 min and
temperatures from 100 to 150 °C using a monomode
microwave reactor. The best results were obtained in the
absence of solvent, and 90% yield was obtained in only 15 min
at 150 °C (entry 1 vs 3, Table 1). The results obtained on
extending the method to other amines as nucleophiles are
gathered in Table 1 (entries 4—7), and it was found that
microwave irradiation is the best methodology to carry out
successfully the third substitution reaction in terms of yield,
mildness of the conditions, and sustainability. The presence of
numerous hydrogen bond donors and acceptors means that
these compounds exhibit very promising binding properties.

NMR Spectroscopy. All compounds were characterized by
NMR spectroscopy (‘H, °C, gHSQC, and COSY). At 25 °C,
the '"H NMR spectra of the title compounds showed broad
signals, a finding that has been explained as being due to a
restricted rotation of the amino—triazine bond. This process
was previously studied by our group and others.””*’~*” At 80
°C, rotation is a rapid process, and signals consistent with a
single compound were observed (Figures S1 and Sla in the
Supporting Information). For this reason, the NMR spectra
were recorded at 80 °C in solutions in DMSO.

Table 1. Synthesis of Triazines 3a—e under Solvent-Free

Conditions
(ON
H:Cso NH

AL
RN R
. o,
Entry” R t (min) Yleld‘,(/o)
1 W 5 80
N.
5 s
2 \; 10 85
3 3a 15 90
)
4 15 95
3b
SNH
5 15 90
OCH;
3¢

150 °C, 200 W. “Isolated yields.

Optical Properties. The normalized UV and PL spectra of
triazines 3a—e were recorded in dichloromethane at room
temperature (Figure 1 and Table 2). The maximum absorption
wavelengths are located in the UV region, at around 300 nm,
and are attributed to m—n* transitions due to the high
extinction coefficients."’

Two absorption bands at around 259 and 305 nm were
observed for triazines 3d and 3e, which contain aliphatic
amines, while a band at 271—277 nm and a shoulder at 305 nm
were observed for 3a—c, which contain aromatic amines as
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Figure 1. Normalized absorption spectra of triazines in CH,Cl, [1075
M], 3a (o-PyrazolylC¢H,, black line), 3b (PhNH, red line), 3c (p-
CH;OC(H,NH, blue line), 3d (piperidino, green line), and 3e
(morpholino, magenta line).
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Table 2. Spectroscopic Data for Triazines 3a—e in CH,CI,
[107° M]

j'abs (nm) j'f[uoresc j“excit Stokes shift
entry prod [log €] (nm) (nm) (em™) (o
1 3a 277 [490] 340 283 6602 0.0011
398 283,
337
2 3b 271 [4.16] 343 284 7745 0.0007
305 [4.35]
3 3c 272 [443] 330 280 6461 0.005
3d 259 [4.54] 340 270, 3375 0.003
306
305 [4.27] 405 283,
339
S 3e 259 [4.59] 340 271, 3375 0.0012
305 [437] 396 (sh) 304

substituents. A red shift was observed in the absorption spectra
of aromatic derivatives 3a, 3b, and 3¢ (4 &~ 270 nm) in
comparison to aliphatic compounds 3d and 3e (4 = 259 nm),
and this is consistent with the higher level of conjugation in
aromatic triazine derivatives.”” The more marked bathochromic
shift in 3a (4 = 277 nm) can be attributed to the presence of an
intramolecular hydrogen bond between the pyrazole nitrogen
and the aminotriazine, which increases the planarity of the
system and therefore the conjugation. It is clear that the optical
properties can be tuned by the donor substituent attached to
the triazine ring. The Stokes shifts are higher for the aromatic
derivatives, but they are not high enough to show the presence
of charge transfer bands.

The emission spectra of triazines 3 showed emission bands
with maxima at around 340 nm. Moreover, a band or an intense
shoulder was also observed at around 400 nm due to the
presence of excimers in solution (Figure 2 and Table 1). The
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Figure 2. Normalized PL spectra of triazines in CH,Cl, [10™° M]. 3a
(0-PyrazolylC¢H,, black line), 3b (PhNH, red line), 3c (p-
CH;0C¢H,NH, blue line), 3d (piperidino, green line), and 3e
(morpholino, magenta line).

emission wavelengths in excimers appear at higher wavelengths
than the emission in the excited monomers. The formation of
excimers was confirmed by recording the PL spectra at different
concentrations in CH,Cl, (Figures 3 and S3e).”’ At lower
concentrations, intense bands above 340 nm (emission of the
excited monomer) and a shoulder at ca. 400 nm were observed.
At higher concentration (107> M), the situation was reversed,
with the spectrum containing an intense band close to 400 nm
(emission of the excimers) and a shoulder at 340 nm, which is
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Figure 3. Normalized PL spectra of triazine 3e in CH,Cl, at different
concentrations. 107> M (black line), 10™* M (red line), and 10~ M
(blue line).

consistent with the existence of associations in the excited state.
The low photoluminescence quantum yield (PLQY) values
obtained for theses derivatives can be explained by the low-
lying n — & transitions, which favor intersystem crossing
processes.32’33

The emission spectra of triazine 3a in different solvents

(hexane, CH,Cl,, and MeOH) are given in Table 3 and Figure

Table 3. Emission Maxima of Triazine 3a in Different
Solvents

DCM
339

MeOH
398

hexane

348

solvent

A (nm)

e CH,CI,

Normalized emission

M 1
500 600

J
400
Wavelength (nm)

Figure 4. Normalized fluorescence spectra of 3a in hexane (red line),
dichloromethane (black line), and methanol (blue line).

4. A study of the solvatochromism was inconclusive. First, the
bathochromic shift found in MeOH can be explained by the
ability of this solvent to form hydrogen bonds, a situation that
favors charge separation and reduces the energy gap between
fundamental and excited states. However, formation of
excimers is clear in CH,Cl,, which is a solvent that promotes
aggregation of the triazines.”*

Aggregation Studies. The absorption spectra and
excitation spectra at 400 nm of triazines 3a and 3d (entries 1
and 4, Table 2) (Figures S1d and S4d) are not superimposable,
and as a consequence, it can be assumed that aggregates are

formed in solution.”> Consequently, self-assembly assays were
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carried out on the synthesized triazines by dynamic light
scattering (DLS) in CH,Cl, (Figures S, S2e, S4e, and SSe). The
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Figure 5. Dynamic light scattering (DLS) of 3a in CH,Cl, (107> M).
Hydrodynamic diameter = 130 nm.

hydrodynamic diameters of these 2,4-dimethoxyphenylamino-
1,3,5-triazines 3 were in the range from 43 nm for 3d R =
piperidine) to 296 nm for 3b (R = Ph) (Table 4), and this
showed the influence of different substituents connected to the
triazine ring.

Table 4. Hydrodynamic Diameters of Triazines 3 in CH,Cl,
(1072 M)

3a
130

3b
296

3d
43

3e
171

product
hydrodynamic

diameter (nm)

Electrochemical Properties. The relative donor and
acceptor behavior of triazines 3a—e was compared by carrying
out electrochemical measurements. The redox potentials of the
molecules were measured by Osteryoung square wave
voltammetry (OSWV) and by cyclic voltammetry (CV). All
of the measurements were performed in DMSO containing
tetrabutylammonium hexafluorophosphate (0.1 M) as a
supporting electrolyte. Ferrocene was used as an external
reference. Redox data for all of the compounds are collected in
Table S.

Table 5. Redox Potentials (V vs the Ferrocene/Ferrocenium
Couple Fc/Fc*) of the Processes Observed by OSWV*

prod B Bl B E, B
3a —3.85 —323 0.66 0.87 1.14
3b -3.32 —3.02 0.61 0.99
3c —3.41 —3.06 0.70°
3d —327 —2.96 0.65
3e -329 —2.99 0.58

“Measured on 2 X 10~ M solutions in DMSO); the Ag/AgNO; (0.01
M) electrode was used as a reference and checked against the Fc/Fc*
couple; glassy carbon electrode; Pt counter electrode; 20 °C, 0.1 M
Bu,NPF, and scan rate = 100 mVs™". Process corresponding to the
overlap of two peaks.

In the anodic window, the contribution of each donor
substituent can be observed. The OSWV traces for molecules
3a—e are depicted in Figure 6. The value and the number of
oxidation potentials are influenced by the electron richness. In
all of the compounds, the first oxidation potentials, at
approximately 0.6—0.7 V, are nonreversible and are attributed

3408
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Figure 6. OSWVs for molecules 3a—e in DMSO containing 0.1 M
Bu,NPF. 3a (black line), 3b (red line), 3¢ (blue line), 3d (grean line),
and 3e (magenta line).

to the 2,5-dimethoxyphenyl group. For molecules 3d—e, this is
the only active species in the anodic window. The only
difference is that the value is slightly lower in 3d. Further
oxidations were observed in molecules 3a—c, which contain
additional aromatic donor substituents. An additional oxidation
process was evident for molecules 3b and 3c, where the
aromatic donor is not fully conjugated with the triazine core. In
these systems, the oxidation potentials of the substituent are
consistent with the donor strength. The lower electron donor
group (phenyl) is oxidized at 0.99 V, and the higher (p-
methoxy) is oxidized at 0.7 V together with the 2,5-
dimethoxyphenyl group. Two further oxidation peaks were
observed for triazine 3a. This compound has the largest planar
structure and has two extra oxidation potentials, one for each of
the o-pyrazolylphenyl groups. The oxidation of the first
substituent influences the oxidation potential of the second.
This situation is consistent with the existence of electronic
communication through the triazine bridge. Molecule 3a is
therefore an example of a mixed valence system in its oxidized
state.”

In the cathodic region, the reduction processes are attributed
to the triazine core. The lowest reduction potentials were
observed for compound 3a, in which triazine is more electron
rich due to the extended conjugation. In compounds 3b—c, the
acceptor ability of the triazine is preserved by the interruption
of the conjugation with the substituents. The reduction
potentials of the molecules with a large aromatic structure
(3b—c) are barely higher than that in the molecules with
aliphatic substituents (3c—d).

The electrochemical measurements indicate a clear correla-
tion between the electron-richness and the acceptor ability of
the triazine. The results show that a lack of conjugation has a
low impact on the reduction potentials. The conjugation of
donor substituents leads to a decrease of 200 mV in the
reduction potentials. In addition, the conjugation of several
donors with the triazine core leads to the formation of a large
conjugated structure in which the triazine behaves as a bridge.

Bl CONCLUSIONS

A new series of asymmetric star-shaped 1,3,5-triazines has been
synthesized using a sustainable, rapid, clean, and selective
method based on the use of microwave irradiation and solvent-
free conditions.

The UV—vis and photoluminescence (PL) spectra as well as
DLS studies showed the aggregation in the ground and excited
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states. The electrochemical and optoelectronic properties can
be tuned by altering the substituent linked to the triazine core.

These new star-shaped triazines can be described as donor
(substitutent)—acceptor (triazine) systems that can be easily
modulated with the electronic character of the substituent
attached to the triazine moiety.

B EXPERIMENTAL SECTION

General. All reagents and solvents were commercially available and
were used without further purification. Thin layer chromatography was
performed on Merck F254 silica gel plates. Flash chromatography was
performed on Merck type 60 silica gel (230—400 mesh). Reactions
under microwave irradiation were performed in a CEM Discover
microwave reactor. Reaction temperatures were measured with an IR
pyrometer. Melting points were determined on a Biichi M-565
apparatus without correction. IR spectra were recorded on a Shimadzu
IR PRESTIGE-21 spectrophotometer.

NMR spectra were recorded on a Varian Inova-500 spectrometer
working at 499.772 MHz for 'H and 125.423 MHz for 3°C NMR, the
internal standard was the signal of the deuterated solvent; ¢ in ppm;
coupling constants (J) in Hz. Mass spectra were obtained by ESI* on a
QSTAR pulsar i from Applied Biosystems, using formic acid (0.1%) in
methanol as the ionizing phase and applying an external calibration to
obtain the exact mass.

DLS experiments were performed with a scattering angle of 90° and
a 635 nm, 35 mW diode laser source to determine the hydrodynamic
diameters. The corresponding solutions (3 mL) were placed in a 1 cm
path length cuvette. Each sample was run 10 times, and each run lasted
5 min at 298 K. The data were fitted using the non-negatively
constrained least-squares (NNLS) algorithm to solve the experimen-
tally measured autocorrelation function.

UV—vis spectra were recorded on a Jasco V-530 spectrophotometer,
and fluorescence spectra were recorded on a Jasco FP-750
spectrofluorimeter using standard quartz cuvettes (1 cm width). In
both cases, spectra were recorded at ambient temperature using
spectroscopic grade dichloromethane. Solutions were prepared by
dilution of a 107 M stock solution of the products.

Quantum yields were determined experimentally using as standard a
solution of anthracene in EtOH (®; = 0.27) and applying the
following equation:™

q)Fsa = (DFst X (Ast/Asa) X (Isa/Ist) X (nsa/nst)z

where sa = sample; st = standard (anthracene in EtOH); A =
absorbance; I = integration of corrected fluorescence spectrum; and n
= refractive index of the solvent.

Reduction (E,.q) and oxidation (E,,) potentials were measured by
cyclic voltammetry and OSWV with an pAutolab II potentiostat in a
conventional three-electrode cell equipped with a glassy carbon
working electrode, a platinum wire counter electrode, and an Ag/
AgNO, reference electrode at a scan rate of 100 mVs™. The E,.q and
E,, values are expressed versus Fc/Fc" as an external reference. In each
case, the measurements were carried out in a deaerated solution
containing 2 mM of a the sample compound in 0.1 M (nBu),NPF, in
dry DMSO as an electrolyte solution.

General Preparation of Triazine Derivatives 3. In a microwave
flask, the appropriate chlorotriazine® (1) (0.25 mmol) and 2,5-
dimethoxyaniline (2) (0.078 g 0.50 mmol) in a 1:2 ratio were
introduced and homogenized. The mixture was submitted to
microwave irradiation at ambient pressure for 15 min at 200 W
(150 °C) without the solvent. The crude product was cooled, washed
with CH,Cl, (5 mL), and filtered through a column on silica gel (10
mm high X 12 mm wide) using ethyl acetate as eluent. The mixture
was washed first with 1 or 0.1 M HCl (S mL) (vide infra) and then
with a saturated solution of sodium carbonate (S mL). The pure
product was filtered off under reduced pressure.

N?-(2,5-Dimethoxyphenyl)-N* N°-bis(2-(1H-pyrazol-1-yl)phenyl)-
1,3,5-triazine-2,4,6-triamine 3a. The title compound was synthesized
from N?,N*-bis(2-(1H-pyrazol-1-yl)phenyl)-6-chloro-1,3,5-triazine-
2,4-diamine (1la) (0.110 g 0.5 mmol) and 2,5-dimethoxyaniline

3409

(2) (0.078 g 0.50 mmol) in a 1:2 ratio, following the general
procedure and washing the mixture with 1 M HCI. Filtration under
vacuum afforded pure 3a as a white solid (0.126 g, 90%). mp 178—180
°C (decomp.). "H NMR (500 MHz, 80 °C, DMSO) § 3.67 (s, 3H),
3.79 (s, 3H), 6.53 (d, ] = 1.8 Hz, 2H,), 6.59 (dd, J = 8.8, 2.9 Hz, 1H),
6.94 (d, J = 8.8 Hz, 1H), 7.23 (t, ] = 7.7 Hz, 2H), 7.35 (t, ] = 7.9 Hz,
2H), 7.53 (d, ] = 7.6 Hz, 2H), 7.69 (d, ] = 2.6 Hz, 1H), 7.81 (d, ] = 1.1
Hz, 2H), 7.87 (s, 1H), 8.15 (d, ] = 2.6 Hz, 2H), 8.19 (d, ] = 8.1 Hz,
2H), 9.44 (s, 2H). C NMR (125 MHz, 80 °C, DMSO) § 56.30,
§7.21, 106.65, 107.83, 108.33, 111.71, 123.53, 123.55, 124.28, 127.07,
128.18, 130.66, 130.79, 131.44, 140.47, 143.54, 152.99, 163.71, 163.80.
IR (Neat) v 3398, 1575, 1506, 1417, 1217, 1049 cm™". HRMS (ESI+)
[M + HJ* caled for C,oH,,N;,0, 547.2318; found, 547.2336. [2 M +
HJ*: 1093.4601.
N2-(2,5-Dimethoxyphenyl)-N*,N®-diphenyl-1,3,5-triazine-2,4,6-tri-
amine 3b. The title compound was synthesized from 6-chloro-N%N*-
diphenyl-1,3,5-triazine-2,4-diamine (1b) (0.74 g, 0.25 mmol) and 2,5-
dimethoxyaniline (2) (0.078 g, 0.50 mmol) in a 1:2 ratio, following the
general preparation and washing the mixture with 1 M HCI. Filtration
in vacuum afforded pure 3b as a white solid (0.099 g, 95%). mp 176—
178 °C (decomp.). 'H NMR (500 MHz, 80 °C, DMSO) & 3.71 (s,
3H), 3.83 (s, 3H), 6.62 (d, ] = 8.8 Hz, 1H), 6.96 (d, ] = 8.8 Hz, 1H),
7.02 (t, ] = 6.3 Hz, 2H), 7.28 (t, ] = 6.8 Hz, 4H), 7.73 (d, ] = 7.3 Hz,
4H), 7.77 (s, 1H), 7.83 (s, 1H), 9.20 (s, 2H). 3C NMR (125 MHz, 80
°C, DMSO) § 56.33, 57.26, 108.20, 109.90, 112.66, 121.53, 123.10,
129.00, 129.49, 14029, 144.57, 154.26, 164.47, 164.67. IR (Neat) v
3392, 1514, 1417, 1398, 1230, 1049 cm™". HRMS (ESI+) [M + H]*
caled for Cp3H,3N¢O, 415.1882; found, 415.1880.
N2-(2,5-Dimethoxyphenyl)-N*,N®-bis(4-methoxyphenyl)-1,3,5-tri-
azine-2,4,6-triamine 3c. The title compound was synthesized from 6-
chloro-N? N*-bis(4-methoxyphenyl)-1,3,5-triazine-2,4-diamine (1c)
(0.89 g, 0.25 mmol) and 2,5-dimethoxyaniline (2) (0.078 g, 0.50
mmol) in a 1:2 ratio, following the general procedure and washing the
mixture with 1 M HCI. Filtration under vacuum afforded pure 3c as a
white solid (0.107 g, 90%). mp 180—181 °C (decomp.). 'H NMR
(500 MHz, 80 °C, DMSO) 6 3.69 (s, 3H), 3.75 (s, 6H) 3.83 (s, 3H),
6.56 (d, J = 8.8 Hz, 1H), 6.86 (d, ] = 8.8 Hz, 4H), 6.93 (d, ] = 8.8 Hz,
1H), 7.47 (s, 1H), 7.58 (d, ] = 8.8 Hz, 4H), 7.90 (s, 1H), 8.90 (s, 2H).
13C NMR (125 MHz, 80 °C, DMSO) § 54.98, 55.19, 56.18, 106.30,
108.05, 111.32, 113.40, 122.18, 128.85, 132.46, 142.83, 153.19, 154.70,
163.74, 164.01. IR (Neat) v 3419, 3394, 1512, 1409, 1236, 1026 cm ™.
HRMS (ESI+) [M + H]* caled for CysH,,N4O, 475.2094; found,
475.2108.
N-(2,5-Dimethoxyphenyl)-4,6-dipiperidino-1,3,5-triazin-2-amine
3d. The title compound was synthesized from 2-chloro-4,6-
dipiperidino-1,3,5-triazine (1d) (0.070 g 0.25 mmol) and 2,5-
dimethoxyaniline (2) (0.078 g, 0.50 mmol) in a 1:2 ratio, following
the general procedure and washing the mixture with 0.1 M HCL
Filtration under vacuum afforded pure 3d as a white solid (0.084 g,
85%). mp 202—206 °C (decomp.). '"H NMR (500 MHz, 80 °C,
DMSO) 6 1.56 (m, 8H), 1.65 (m, 4H), 3.71 (s, 3H), 3.74 (t, ] = 5.5
Hz, 8H), 3.82 (s, 3H), 6.61 (dd, ] = 9.2, 3.3 Hz, 1H), 6.97 (d, ] = 9.2
Hz, 1H), 7.89 (d, J = 3.3 Hz, 1H), 8.55 (s, 1H). 3C NMR (125 MHz,
80 °C, DMSO) & 23.59, 24.92, 44.30, 55.18, 56.43, 106.73, 108.35,
112.16, 127.71, 142.97, 152.98. IR (Neat) v 2933, 2848, 1589, 1504,
1022 cm™'. HRMS (ESI+) [M + H]" calcd for C,;H;NO, 399.2508;
found, 399.2492.
N-(2,5-Dimethoxyphenyl)-4,6-dimorpholino-1,3,5-triazin-2-
amine 3e. The title compound was synthesized from 2-chloro-4,6-
dimorpholino-1,3,5-triazine (le) (0.071 g, 025 mmol) and 2,5-
dimethoxyaniline (2) (0.078 g, 0.50 mmol) in a 1:2 ratio, following the
general procedure and washing the mixture with 0.1 M HCI. Filtration
under vacuum afforded pure 3e as a white solid (0.080 g, 80%). mp
201-206 °C (decomp.). "H NMR (500 MHz, 80 °C, DMSO) § 3.61
(m, 8H), 3.69 (m, 11H), 3.80 (s, 3H), 6.51 (dd, ] = 2.9, 8.8 Hz, 1H),
6.92 (d, J = 8.8 Hz, 1H), 7.48 (s, 1H), 7.92 (d, ] = 3.4 Hz, 1H). °C
NMR (125 MHz, 80 °C, DMSO) 6 43.32, 55.16, 56.23, 65.93, 106.10,
106.46, 111.38, 129.04, 142.30, 152.95, 163.63, 164.57. IR (Neat) v
3414, 1575, 1506, 1255, 1114, 1043 cm™". HRMS (ESI+) [M + H]*
caled for CoH,,N¢O, 403.2094; found, 403.2092.

DOI: 10.1021/acssuschemeng.5b01136
ACS Sustainable Chem. Eng. 2015, 3, 3405—3411


http://dx.doi.org/10.1021/acssuschemeng.5b01136

ACS Sustainable Chemistry & Engineering

Research Article

B ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acssusche-
meng.5b01136.

NMR spectroscopy, determination of quantum yields,
NMR, UV—vis, fluorescence, IR spectra, and DLS (PDF)

B AUTHOR INFORMATION

Corresponding Authors
*(A.S.-M.) E-mail: Ana.Smigallon@uclm.es.
* (A.dLH.) E-mail: Antonio.Hoz@uclm.es.

Present Addresses

5(J.G.) R&D Department, Crystal Pharma SAU, Gadea
Pharmaceutical Group-AMRI, 47151 Boecillo, Valladolid,
Spain.

”(A.R—C.) Institute of Science and Supramolecular Engineering
(ISIS), University of Strasbourg, 8 Allée Gaspard Monge,
Strasbourg-Cedex 67083, France.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

Financial support is from MINECO of Spain through projects
CTQ2011-22410/BQU and CTQ2014-53600-R and JCCM
through project PEII-2014-002-A.

B DEDICATION

This work is dedicated to Dr. Rajender Varma on the occasion
of his 65th birthday.

B REFERENCES

(1) Mooibroek, T. J.; Gamez, P. The s-triazine ring, a remarkable unit
to generate supramolecular interactions. Inorg. Chim. Acta 2007, 360
(1), 381—404.

(2) Singh, B.; Bhat, H. R;; Kumawat, M. K; Singh, U. P. Structure-
guided discovery of 1,3,5-triazine—pyrazole conjugates as antibacterial
and antibiofilm agent against pathogens causing human diseases with
favorable metabolic fate. Bioorg. Med. Chem. Lett. 2014, 24 (15),
3321-3326.

(3) Safin, D. A, Pialat, A; Korobkov, I; Murugesu, M.
Unprecedented Trinuclear Agl Complex with 2,4,6-Tris(2-pyrimid-
yl)-1,3,5-triazine as an Efficient Catalyst for the Aziridination of
Olefins. Chem. - Eur. ]. 2015, 21 (16), 6144—6149.

(4) Puthiaraj, P.; Pitchumani, K. Palladium nanoparticles supported
on triazine functionalised mesoporous covalent organic polymers as
efficient catalysts for Mizoroki-Heck cross coupling reaction. Green
Chem. 2014, 16 (9), 4223—4233.

(5) Manzano, B. R; Jalén, F. A,; Soriano, M. L.; Carrién, M. C;
Carranza, M. P,; Mereiter, K; Rodriguez, A. M;; de la Hoz, A;
Sanchez-Migallén, A. Anion-Dependent Self-Assembly of Silver(I) and
Diaminotriazines to Coordination Polymers: Non-Covalent Bonds and
Role Interchange between Silver and Hydrogen Bonds. Inorg. Chem.
2008, 47 (19), 8957—8971.

(6) Santos, M. M.; Marques, 1; Carvalho, S.; Moiteiro, C.; Felix, V.
Recognition of bio-relevant dicarboxylate anions by an azacalix[2]-
arene[2]triazine derivative decorated with urea moieties. Org. Biomol.
Chem. 2015, 13 (10), 3070—3085.

(7) Manzano, B. R;; Jalén, F. A; Soriano, M. L.; Rodriguez, A. M.; de
la Hoz, A.; Sanchez-Migallon, A. Multiple Hydrogen Bonds in the Self-
Assembly of Aminotriazine and Glutarimide. Decisive Role of the
Triazine Substituents. Cryst. Growth Des. 2008, 8 (), 1585—1594.

(8) Garcia, A; Insuasty, B.; Herranz, M. A,; Martinez-Alvarez, R;;
Martin, N. New building block for C(3) symmetry molecules:

3410

synthesis of s-triazine-based redox active chromophores. Org. Lett.
2009, 11 (23), 5398—5401.

(9) Liu, J.; Wang, K; Zhang, X; Li, C,; You, X. Triazine dyes as
photosensitizers for dye-sensitized solar cells. Tetrahedron 2013, 69
(1), 190—200.

(10) Maragani, R.;; Misra, R. Donor—acceptor ferrocenyl triazines:
synthesis and properties. Tetrahedron Lett. 2013, 54 (39), 5399—5402.

(11) Beltran, E.; Serrano, J. L.; Sierra, T.; Gimenez, R. Tris-
(triazolyl)triazine via click-chemistry: a C3 electron-deficient core with
liquid crystalline and luminescent properties. Org. Lett. 2010, 12 (7),
1404—1407.

(12) Dambal, H. K; Yelamaggad, C. V. Technologically promising,
room temperature luminescent columnar liquid crystals derived from
s-triazine core: molecular design, synthesis and characterization.
Tetrahedron Lett. 2012, 53 (2), 186—190.

(13) Machura, B.; Nawrot, L; Kruszynski, R. Synthesis, structure and
luminescence properties of cadmium(II) complexes with 2,4,6-tri(2-
pyridyl)-1,3,5-triazine. J. Lumin. 2014, 146, 64—75.

(14) Liu, J.; Wang, K; Xu, F,; Tang, Z.; Zheng, W.; Zhang, J.; Li, C;
Yu, T.; You, X. Synthesis and photovoltaic performances of donor—z—
acceptor dyes utilizing 1,3,5-triazine as 7 spacers. Tetrahedron Lett.
2011, 52 (48), 6492—6496.

(15) Ghasemian, M.; Kakanejadifard, A.; Azarbani, F.; Zabardasti, A ;
Kakanejadifard, S. The triazine-based azo—azomethine dyes; spectros-
copy, solvatochromism and biological properties of 2,2'-((2,2'-(6-
methoxy-1,3,5-triazine-2,4-diyl) bis(oxy)bis(2,1-phenylene))bis(azan-
1-yl-1-ylidene)bis(methan-1-yl-1-ylidene))bis(4-phenyldiazenyl)-
phenol. J. Mol. Lig. 2014, 195, 35—39.

(16) Do, K.; Choi, H,; Lim, K.; Jo, H.; Cho, J. W.; Nazeeruddin, M.
K; Ko, J. Star-shaped hole transporting materials with a triazine unit
for efficient perovskite solar cells. Chem. Commun. 2014, SO (75),
10971-10974.

(17) Cai, Z.-B; Liu, L.-F.; Zhou, M.; Li, B.; Chen, Y. Synthesis and
photophysical properties of new s-triazine derivatives containing
A—n—D—7n—A quadrupolar branches. Dyes Pigm. 2014, 102, 88—93.

(18) Rothmann, M. M,; Fuchs, E; Schildknecht, C.; Langer, N,;
Lennartz, C.; Miinster, I; Strohriegl, P. Designing a bipolar host
material for blue phosphorescent OLEDs: Phenoxy-carbazole
substituted triazine. Org. Electron. 2011, 12 (7), 1192—1197.

(19) Wuest, J. D.; Lebel, O. Anarchy in the solid state: structural
dependence on glass-forming ability in triazine-based molecular
glasses. Tetrahedron 2009, 65 (36), 7393—7402.

(20) Kog, Z. E. Complexes of iron(III) and chromium(III) salen and
salophen Schiff bases with bridging 1,3,5-triazine derived multidirec-
tional ligands. J. Heterocycl. Chem. 2011, 48 (4), 769—775.

(21) Kumar, S; Bhat, H. R;; Kumawat, M. K,; Singh, U. P. Design
and one-pot synthesis of hybrid thiazolidin-4-one-1,3,5-triazines as
potent antibacterial agents against human disease-causing pathogens.
New J. Chem. 2013, 37 (3), 581—584.

(22) Diaz-Ortiz, A, Elguero, J.; de la Hoz, A,; Jiménez, A.; Moreno,
A.; Moreno, S.; Sanchez-Migallon, A. Microwave-Assisted Synthesis
and Dynamic Behaviour of N2,N4,N6-Tris(1H-pyrazolyl)-1,3,5-
triazine-2,4,6-triamines. QSAR Comb. Sci. 2005, 24 (5), 649—659.

(23) Blotny, G. Recent applications of 2,4,6-trichloro-1,3,5-triazine
and its derivatives in organic synthesis. Tetrahedron 2006, 62 (41),
9507—-9522.

(24) de la Hoz, A.; Loupy, A. Microwaves in Organic Synthesis, 3rd ed.;
Wiley: Weinheim, Germany. 2013.

(25) Diaz-Ortiz, A.; Elguero, J.; Foces-Foces, C; Hoz, A. d. 1;
Moreno, A.; Moreno, S.; Sanchez-Migallon, A.; Valiente, G. Synthesis,
structural determination and dynamic behavior of 2-chloro-4,6-
bis(pyrazolylamino)-1,3,5-triazines. Org. Biomol. Chem. 2003, 1 (24),
4451-4457.

(26) Dimethoxyaniline can be recovered by extraction from silica gel
filtration with a basic ethanol solution.

(27) Ghiviriga, I; Oniciu, D. C. Steric hindrance to the solvation of
melamines and consequences for non-covalent synthesis. Chem.
Commun. 2002, No. 22, 2718-2719.

DOI: 10.1021/acssuschemeng.5b01136
ACS Sustainable Chem. Eng. 2015, 3, 3405—3411


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acssuschemeng.5b01136
http://pubs.acs.org/doi/abs/10.1021/acssuschemeng.5b01136
http://pubs.acs.org/doi/suppl/10.1021/acssuschemeng.5b01136/suppl_file/sc5b01136_si_001.pdf
mailto:Ana.Smigallon@uclm.es
mailto:Antonio.Hoz@uclm.es
http://dx.doi.org/10.1021/acssuschemeng.5b01136

ACS Sustainable Chemistry & Engineering

Research Article

(28) Diaz-Ortiz, A.; Elguero, J.; Foces-Foces, C.; de la Hoz, A;
Moreno, A.; del Carmen Mateo, M.; Sanchez-Migallon, A.; Valiente,
G. Green synthesis and self-association of 2,4-diamino-1,3,5-triazine
derivatives. New J. Chem. 2004, 28 (8), 952—958.

(29) de la Hoz, A.; Sanchez-Migallon, A.; Pelado, B. T.; Ramirez, J. R.
Solvent-free microwave-assisted synthesis of new 2,4-dimethoxybenzy-
laminotriazines. ARKIVOC 2013, 2014 (2), 308—318.

(30) Rothmann, M. M.; Haneder, S.; Da Como, E.; Lennartz, C.;
Schildknecht, C.; Strohriegl, P. Donor-Substituted 1,3,5-Triazines as
Host Materials for Blue Phosphorescent Organic Light-Emitting
Diodes. Chem. Mater. 2010, 22 (7), 2403—2410.

(31) Because excimer formation is dependent on bimolecular
interaction, it is promoted by high monomer density. Low-density
conditions produce excited monomers that decay to the ground state
before they interact with an unexcited monomer to form an excimer.

(32) El-Sedik, M.; Almonasy, N.; Nepras, M.; Bures, F.; Dvotak, M,;
Michl, M,; éermék, J; Hrdina, R. Synthesis, absorption and
fluorescence properties of N-triazinyl derivatives of 2-aminoanthra-
cene. Dyes Pigm. 2012, 92 (3), 1126—1131.

(33) Valeur, B. Molecular Fluorescence Principles and Applications;
Wiley-VCH: Weinheim, Germany, 2001; pp 34—70.

(34) Ruiz-Carretero, A,; Noguez, O.; Herrera, T.; Ramirez, J. R;
Sanchez-Migallon, A.; de la Hoz, A. Microwave-assisted selective
synthesis of mono- and bistriazines with 7-conjugated spacers and
study of the optoelectronic properties. J. Org. Chem. 2014, 79 (11),
4909—4919.

(35) Pop, F.; Riobé, F.; Seifert, S.; Cauchy, T.; Ding, J.; Dupont, N.;
Hauser, A.; Koch, M.; Avarvari, N. Tetrathiafulvalene-1,3,5-triazines as
(Multi)Donor—Acceptor Systems with Tunable Charge Transfer:
Structural, Photophysical, and Theoretical Investigations. Inorg. Chem.
2013, 52 (9), 5023—5034.

(36) Williams, A. T. R; Winfield, S. A; Miller, J. N. Relative
fluorescence quantum yields using a computer-controlled lumines-
cence spectrometer. Analyst 1983, 108 (1290), 1067—1071.

3411

DOI: 10.1021/acssuschemeng.5b01136
ACS Sustainable Chem. Eng. 2015, 3, 3405—3411


http://dx.doi.org/10.1021/acssuschemeng.5b01136

