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An efficient method for the synthesis of asymmetric tripodal
ligands from aryl aldehydes and (2-hydro-xybenzyl-2-pyri-
dylmethyl)amine was developed. It has the advantages of
short reaction times, high yields and a simple methodology.
The title ligands were characterized using a combination of
'"H NMR, *C NMR, FT-IR and H RMS spectroscopies. The
structures of some of the ligand were confirmed by single-
crystal X-ray diffraction.

Nitrogen-rich tripodal ligands and their derivatives form stable
complexes with a wide range of metal ions and their study
continues to be of interest to researchers.! Their versatile
coordination modes lead to diverse roles in biological, catalytic
These ligands have been
investigated for use as catalysts in the sequential oxidation and

and photoactive applications.

asymmetric alkylation of alcohols by Ru®* complexes.”> They
have also beenused as photochemotherapeutic agents in nuclear
medicine, using Fe**, Cu®*" or V*' chelates;® Some of the ligands
have been linked to suitable photosensitizer molecules, such as
anthracenyl or ferrocene for activation by near FT-IR light, to
enable greater tissue penetration.

Numerous complexes containing the basic N,N-bis-(2-
pyridylmethyl)amine (DPA, Fig. 1) tripodal ligand has been
included, and metal complexes containing this ligand have been
synthesized, and metal complexes containing this ligand exhibit
a wide variety of unusual physical and chemical properties.*
The denticity and donor types of these ligands determine the
the corresponding metal
complexes.” Asymmetric substitution of the pyridyl units by a
? and the selective

structures and reactivities of
phenoxyl unit changes the reactive site,’
introduction of substituents on different units enables fine
control of the steric and electronic properties of the ligand.
However, previously reported asymmetric methods suffer from
drawbacks such as long reaction times, low yields, high

temperature, and large numbers of side products. The
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development of a new and effective methods for introducing
asymmetry into tripodal ligands using
environmentally friendly reagents is therefore needed. To the

inexpensive and

best of our knowledge, there have been few reports on the
synthesis of asymmetric nitrogen- and oxygen-rich tripodal
ligands.’®® Here, we focus on asymmetric tripodal ligands in
which one ligand arm differs from the others, introducing the
possibility of geometric isomers.

Organic reactions assisted by microwave irradiation have
attracted considerable attention in recent years.” Modern
scientific microwave equipment can be used to control many
reaction parameters such as temperature, pressure and reaction
times accurately. Numerous microwave-assisted organic
reactions have been performed,® including Michael additions,
acylation and alkylation reactions, condensations, enzymatic
catalysis, rearrangements, and
regioselective cycloadditions.

The commonest of the method for the tripodal ligand
synthesis is alkylation of DPA with 9-(chloromethyl)anthracene,

using triethylamine as base’. Usually, a large excess of one

oxidations and reductions,

reagent and a long reaction time are needed to ensure high
yields and to avoid undesired by-products. However, the
preparation of 9-(chloromethyl)anthracene is inconvenient and
expensive,and  silica gel column chroma -tography using

CH,Cl, as eluant is used for product purification.

/N " / /N HO
DPA

HBPA
Fig. 1 Structures of DPA and HBPA.
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Secondary amines react readily with aromatic aldehydes to
form enamines, which can then be reduced with appropriate
reductant; this is an atom economic reaction'?, and therefore is
in line with the philosophy of green chemistry. We therefore
used this reaction, with microwave irradiation as the heat
source, to prepare new asymmetric tripodal ligands.

The desired product was isolated in high yield from the
reaction using methanol(5 mL) as the solvent and NaBH;CN as
a reductant, under microwave irradiation (60 C, 300 W initial
power) for 15 time(Table 1, entry 1). Further investigation
showed that increasing the temperature to 70 or 80 ‘C (Table 1,
entries 2 and 3) did not significantly changes the yield. When
the reaction time and power were reduced (5 min and 100W),
lower yields were obtained(Table 1, entries 4 to 7). The opti

Table 1 The reaction of HBPA with 9- anthracene formaldehyde”

H + Microwave Irradiation
N A N
7 HO |
CHO Ho

HBPA - 5
Entry Time(min) Temp.('C) Power(W) Yield(%)
1° 15 60 300 97
2° 15 70 300 97
3 15 80 300 97
4° 5 60 300 NR
5° 10 60 300 78
6° 15 60 100 NR
7° 15 60 200 56
8¢ 15 60 300 NR
94 15 60 300 NR
10”¢ 15 60 300 95
11/ 15 60 300 94

% Yield of isolated yields. bNaBHCN3 as a reductant. © NaBH; as a
reductant. NaBH(OAC); as a reductant. ¢ 10 mmol of materials for
each other. f 20 mmol of material for each other.
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-mum reaction time and power for synthesizing 5 were there -
fore 15 min and 300W, respectively. When NaBH, and
NaBH(OAC); was used as reductant under the same conditions,
the product was not obtained(Table 1,entries 8 and 9).
Additionally, increasing the material to 10 mmol or 20 mmol
led to minor decrease in the yield (Table 1, entries 10 and 11).
however, the yields were still satisfactory.

Table 2 The reaction of HBPA with some aromatic aldehyde a

| o~ N 4 RCHO —Methanol and NaBH,CN | A N
_N o Microwave Irradiation _N o
HBPA 1-7
Entry RCHO Color Time(min) Yield® (%)
! White 30 83
CHO
NO,
5 © White 30 89
CHO
3 White 20 94
CHO
X
P Yellow 15 93
4 NZ cHo
Pale
5 OOO yellow 15 97

CHO

0 e o

White

Pale
7 Ofg White >0 90
N
H

“Conditons: HBPA (5 mmol), aromatic aldehyde(5 mmol),and
Lnethanol (5mL).
Yield of isolated yields.
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Based on the above results and our intention to us a green
approach in this study, we performed the reaction using a
shorter reaction time and less solvents, an almost quantitative
yield was obtained(Table 1,entry 1). Having established the
optimum conditions for our reaction, a series of aromatic
aldehydes were tested in tripodal ligand synthesis of aromatic
aldehydes and (2-hydro-xybenzyl-2-pyri-dylmethyl)amine
(HBPA) at 300 W in methanol (Table 2). Polycyclic aromatic
aldehydes gave the corresponding products in high yields(Table
2, entries 3 to 7).

The asymmetric tripodal ligands were analyzed by 'H and *C
NMR, FT-IR and HRM spectra (Fig s. S4 - S31 in the ESI).
Single crystals of the 3, 4 and 5 suitable for X-ray diffraction,
was obtained in 1 week by diethyl ether vapor diffusion into
CHCI; solution. The molecular structures of 3, 4 and 5 are
shown in Fig. 2. Crystal data, structure refinement details, and

hydrogen bond interaction are listed in Table S1 - S3 and
Figs.S1 - S3 in ESL

..
®-

o
e & .
o1 N2

21 €25

Fig. 2 X-ray crystal structure and intramolecular hydrogen of 3, 4 and
5; ellipsoids are draw at 30% probability level and H atoms with
arbitrary size.
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The ligand structures belong to monoclinic space group,
P21/c. All bond distances and angles are all within the normal
ranges. There are two intramolecular hydrogen bonds, between
the phenol and pyridine or the tertiary amine present in the
crystal lattices: (a) phenol ring and corresponding tertiary
amine (O1-H---N2 = 152.04°, 2.811A), and phenol ring and
pyridyl ring(O1-H---N1=133.64°, 3.121A), in 3; (b) phenol
ring and tertiary amine (O1-H---N2=152.04°, 2.811 A and O1-
H---N2=154.56°, 3.042 A), and phenol ring and pyridyl ring
(O1-H---N1=126.85°, 2.870 A) in 4 and (c) phenol ring and
tertiary amine (O1-H---N2 = 145.78°, 2.747 A), and phenol
ring and pyridyl (O1-H---N1=135.36°, 2.999 A), in 5.These
hydrogen bonding parameters are comparable to those reported
for other tripodal ligands.'" The dihedral angles in 3 between
the naphthyl group (C15-C24) and either the pyridyl ring (C1-
C5-N1) or the phenol ring (C8-C13-0O1) are 66.33° and 84.31°,
respectively. The dihedral angles in 4 between the quinolyl
group (C15-C24) and either the pyridyl ring (C1-C5-N1) or the
phenol ring (C8-C13-01) are 82.96° and 71.97°, respectively.
The dihedral angles of 5 between the anthryl group (C15-C28)
and either the pyridyl ring (C9-C13-N1) or the phenol ring (C1-
C5-01) are 69.79° and 46.69°, respectively. The phenol ring
(C8-C13-01) and the pyridyl rings (C9-C13-N1) have dihedral
angles of 34.29°, 19.35° and 13.31°in 3,4 and S.

In summary,a fast, atom-economic, high-yielding process for

asymmetric tripodal ligand synthesis under microwave
irradiation is described. Various of aldehydes can be used and
the products are obtained in good to excellent yields. In future
work, the title ligands will be used in the synthesis of metal

complexes and research into their applications.
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Graphical Abstract:

An efficient methods for synthesis of asymmetric tripodal ligands was described by using

microwave irradiation.

N N
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