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The coordinative behaviour of two bis(hydrazone)triazine-based ligands in the presence of Pb(II) was
investigated. Free ligand, pincer-like and stick-like complexes’ X-ray structures are described. The ligands
adopt a pyridine-like coordinative behaviour for Pb(II)/ligand molar ratio equal to 1/2 and 1/1, and
a pyrimidine-like coordinative behaviour for Pb(II)/ligand molar ratio equal to 2/1. The complexation
processes are reversible and may be modulated by external stimuli. They generate conformational and
motional behaviour through interconversion of three entities, free ligand, pincer and stick complex.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The structural information contained in a ligand molecule may
be implemented in different ways on binding of metal cations,
depending on the coordination geometry of the cations, acting as
processing algorithm, and on environmental effects (interaction
with solvents, counterions).1,2 When two or more coordinative
behaviours are possible or plausible, and if the manifestation of one
of them is exclusive of the others, the former is dominant and the
latter(s) is (are) recessive.1a,2e From another point of view, these
complexation processes may induce large shape changes in the li-
gand, thus generating molecular nanomechanical motions, such as
contraction/extension of ligand strands.3

We investigated herewith such processes in systems involving
the interaction of one kind of metal ion with a triazine-derived
hydrazone (hyz) based ligand strand 1.

The triazine group can be seen as the superimposition4 of two
six-membered heterocyclic rings: pyrimidine (pym) and pyridine
(py) (Fig. 1). A 4,6-disubstituted triazine ring constitutes the central
unit of the bis(hydrazone) ligands 1a,b dealt with here. This struc-
tural duality, that keeps both pyrimidine and pyridine structural
.

All rights reserved.
features, determines the behaviour of the ligand in the presence
of metal ions.

We reported that 1 equiv of such a ligand reacted with 1 equiv of
Co(II) and presented dual behaviour modulated by the solvent,
leading to a pincer-like complex (in acetonitrile) or to a mixture of
pincer-like and grid-like complexes (in nitromethane).4 Partial con-
versions of the grid into pincer (in acetonitrile) and of the pincer into
the grid (in nitromethane) were performed. Thus, depending on the
nature of the solvent, the ligand adopted either a py-like behaviour in
acetonitrile or a mixed py- and pym-like behaviour in nitromethane.
We report here the results obtained for the binding of Pb(II) to li-
gands 1a,b at various metal/ligand molar ratios, in different solvents.

2. Results and discussion

2.1. Synthesis and structure of the ligands 1

The two ligands 1a,b studied here result from the double con-
densation (Fig. 2) of the corresponding bishydrazines 2a,b with
pyridine-2-carboxaldehyde in ethanol at 30 �C.

The two bis(hydrazino)triazines, 2a and 2b, were obtained by
reaction of the corresponding dichlorotriazine 3a,b with methylhy-
drazine. 2,4-Dichloro-6-phenyl-1,3,5-triazine 3a was obtained by
reaction of 2,4,6-trichloro-[1,3,5]-triazine with phenylmagnesium
bromide. 2,4-Dichloro-1,3,5-triazine 3b was formed by reacting
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Figure 1. The disubstituted triazine (trz) unit seen as a superposition of pyrimidine (pym) and pyridine (py) units.
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Figure 2. Synthesis of ligands 1a,b by a double condensation reaction.
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N-cyanochloroformamidine (obtained from sodium dicyanamide
and hydrochloric acid) with chloromethylene-dimethyl-ammonium
(prepared in situ by reaction of POCl3 with dimethylformamide).

The two ligands 1a,b were characterized by 1D (1H and 13C) and
2D (1H–1H COSY and 1H–1H NOESY) NMR spectroscopies. The
transoid conformation of the A–B bond in the sequence Nsp2–A–B–
Nsp2 is known to be strongly favoured over the cisoid one.3,5 In
1a,b, there are two such Nsp2–A–B–Nsp2 sequences and there is no
ambiguity concerning the transoid conformation of Npy–C2py–
Chyz–Nsp2hyz bond. The conformation of the sequence Nsp2hyz–
Nsp3hyz–Ctrz–Ntrz would, in principle, be difficult to establish
because there are two Nsp2 atoms bound to the same Csp2 atom in
the triazine ring and two transoid conformations are possible. Li-
gand 1a showed in the crystal a ‘linear’ conformation6 similar to
that adopted by the pyridine based ligands.7 In the solid state
molecular structure of ligand 1b, one half of the ligand adopts the
‘linear’ py-mode where the sequence Nsp2hyz–Nsp3hyz–C4trz–
N3trz is transoid, the other half of the ligand presenting the pym-
mode where Nsp2hyz–Nsp3hyz–C2trz–N1trz is transoid. In both
cases, there is a cisoid arrangement of the Nsp2hyz with one of the
triazine nitrogen sites. The bond lengths and angles in the two li-
gands 1a and 1b have very similar values and both ligands are al-
most planar (Fig. 3).
Figure 3. X-ray crystallographic solid state molecular structures of ligands 1a and 1b.
2.2. Structural NMR and X-ray analysis of Pb(II) complexes

Reaction of ligand 1a with 1 equiv of Pb(II) in acetonitrile results
in a complex having a well-defined 1H NMR spectrum that indicates
free rotation of the phenyl ring. Generally, in grid-like complexes of
related ligands where the phenyl rotation is impeded,8 two kinds of
protons G and H are observed by 1H NMR. This is not the case here.
The spectrum obtained is symmetric and the NOE correlations in-
dicate that in solution the conformation of the coordinating ligand
corresponds to a pincer-like complex (Fig. 4).
The NOE correlations (D,E) and (E,F) confirm the passing from
the transoid conformation of the C4trz–Nsp3hyz, C2trz–Nsp3hyz
and Chyz–C2py bonds in the free ligand to their cisoid conforma-
tion as a consequence of coordination by Pb(II). Thus, for a metal/
ligand molar ratio 1/1, Pb(II) generates, in acetonitrile, a pincer-like
complex, as was also the case for Co(II).

The X-ray structure of the Pb(II) pincer-like complex of ligand
1a, crystallized from acetonitrile, has been determined and it
confirmed the pincer-like structure proposed on the basis of the 2D
NMR. The crystal contains two crystallographically distinct types of
dimers of pincers, but the conformations of the ligand are almost
identical in both of them. The two pincers of a dimer are identical.

In the first type of pincer two triflate anions are coordinated to
the Pb(II) cation in an axial mode at less than 2.7 Å (Fig. 5). The
distance between the Pb(II) and a third O atom (O5, not shown in
Fig. 5) that belongs to a triflate of the second pincer (not shown in
Fig. 5) of the dimer (not shown in Fig. 5) is about 2.93 Å. Pb–N and



Figure 5. Solid state molecular structure of the first type of Pb(II) pincer complex of ligand 1
top view and numbering of the atoms.

Table 1
Lengths of the coordination bonds in the Pb(II) pincer complexes of ligand 1a

Crystallized from CH3CN Crystallized from CH3NO2

First type (Fig. 5) Second type (Fig. 6) (Fig. 7)

Bond Length (Å) Bond Length (Å) Bond Length (Å)

Npy Pb1–N6 2.73 Pb2–N15 2.69 Pb1–N6 2.71
Npy Pb1–N9 2.70 Pb2–N18 2.73 Pb1–N9 2.74
Nhyz Pb1–N8 2.66 Pb2–N14 2.63 Pb1–N5 2.61
Nhyz Pb1–N5 2.67 Pb2–N17 2.67 Pb1–N8 2.67
Ntrz Pb1–N3 2.57 Pb2–N12 2.54 Pb1–N3 2.54

Pb1–O4 2.70 Pb2–O7 2.84 Pb–O1 2.40
Pb1–O1 2.56 Pb2–O8 2.84 Pb1–O2 2.81
Pb1–O5 2.93 Pb2–O13 2.45

Figure 6. Solid state molecular structure of the second type of Pb(II) pincer complex of liga
atoms.

Figure 4. 1H–1H NOESY spectrum (300 MHz, 25 �C) of the complex Pb1a(OTf)2 in CD3CN.
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Pb–O distances are listed in Table 1. The Pb–Pb distance in this
dimer is 6.55 Å.

The second type of Pb(II) pincer-like complex of ligand 1a,
crystallized from acetonitrile (Fig. 6), is very similar to the first type
of pincer. The ligand is almost planar and coordinates in a penta-
dentate mode. Two pincers are bound by two triflate anions that act
as bridging ligands thanks to oxygen atoms, to form a dimer. Each of
the two pincers presents an additional water molecule bound to
Pb(II), thus the coordination number of Pb(II) is equal to 8. The
lengths of the coordination bonds are given in Table 1.

In the case of Co(II), the self-assembly of the complex is mod-
ulated by the nature of the solvent: the lesser coordinating one
(nitromethane) increases the fraction of grid, while the more co-
ordinating solvent (acetonitrile) gave the pincer.4 With this in
mind, we crystallized the complex of 1a with Pb(II) from nitro-
methane. Determination of the solid state molecular structure
revealed a pincer-like complex similar to those above described. In
the case of the Co(II) pincer, the smaller metal ion induced a helical
pitch of the ligand,4 while here, as Pb(II) is appreciably larger, the
ligand is almost planar. The axial positions are occupied by a water
molecule and by the oxygen of a triflate. The difference between the
Pb–Owater and Pb–Otriflate bonds is about 0.4 Å (Table 1 and Fig. 7).
The coordination number of Pb(II) is 7 and the cation is slightly out
of the ligand plane.
a crystallized from acetonitrile; only one pincer of the dimer is shown: (a) side view; (b)
In all three pincer-type complexes of ligand 1a, the average Pb–
N distances increase in the sequence: Pb–Ntrz (2.55 Å)<Pb–Nhyz

(2.65 Å)<Pb–Npy (2.72 Å). The Pb–O distances lie between 2.39 Å
and 2.93 Å.

For ligand 1b, the replacement of the phenyl ring of 1a by
a hydrogen should not change the coordinative capacities. Indeed,
the molecular structure in the solid state of the complex obtained
from 1 equiv of 1b and 1 equiv of Pb(II) in acetonitrile, is a dimer of
pincers, similar to that formed by 1a in similar conditions and can
be described as [Pb2(1b)2(mCF3SO3)2(H2O)2]2þ (Table 2 and Fig. 8).
The two pincer-like complexes contained in the dimer are slightly
different and are connected by two bridging triflate anions.

The coordination distances in the Pb(II) complexes of ligands 1a
and 1b are similar. For the Pb(II) pincer-like complex of ligand 1b,
nd 1a crystallized from acetonitrile: (a) side views; (b) top view and numbering of the



Figure 7. Pincer of ligand 1a crystallized from nitromethane: (a) side views; (b) numbering of the atoms.
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the average Pb–N distances increase in the following order Pb–Ntrz

(2.62 Å)<Pb–Nhyz (2.69 Å)<Pb–Npy (2.74 Å), while for the stick-like
complex of the same ligand the order is Pb–Npy (2.54 Å)<Pb–Nhyz

(2.60 Å)zPb–Ntrz (2.61 Å).
Treatment of ligand 1b with 2 equiv of Pb(II) or of the pincer of

this same ligand with 1 equiv of Pb(II) gives a dinuclear linear stick-
like complex,9 X-ray crystal structure of which has been de-
termined. One Pb(II) cation is partially out of the plane. Each of the
two Pb(II) cations are coordinated by three sp2 N atoms (Npy, Nhyz,
Table 2
Length of the coordination bonds in the dimeric Pb(II) pincer complex of ligand 1b, crys

Pb(II) pincer of 1b

Pb1 Pb2

Bond Length (Å) Bond Length (Å)

Npy Pb1–N9 2.79 Pb2–N15 2.73
Npy Pb1–N6 2.71 Pb2–N18 2.74
Nhyz Pb1–N5 2.69 Pb2–N14 2.67
Nhyz Pb1–N8 2.69 Pb2–N17 2.70
Ntrz Pb1–N3 2.61 Pb2–N12 2.63

Pb1–O1 2.44 Pb2–O2 2.46
Pb1–O3 2.81 Pb2–O4 2.89
Pb1–O6 2.96 Pb2–O7 2.80

Figure 8. Solid state molecular structure of the Pb(II) pincer dimer complex [Pb2(1b)2(mCF3SO
in each of the two pincers of the dimer.
Ntrz) and by three oxygen atoms from triflate anions. The ligand
length is about 18.1 Å and the Pb–Pb distance is about 6.9 Å. In the
solid state, the dinuclear sticks are connected by triflate anions and
generate a polymeric architecture (Table 2 and Fig. 9).

2.3. Multiple coordination behaviour

Two types of coordinative behaviour of ligands 1a,b may be
considered here: solvent-dependent and stoichiometry-dependent.
tallized from acetonitrile, and in the corresponding stick-like complex

Pb(II) stick of 1b

Pb1 Pb2

Bond Length (Å) Bond Length (Å)

Pb1–N6 2.55 Pb2–N9 2.54

Pb1–N5 2.65 Pb2–N8 2.55

Pb1–N2 2.62 Pb2–N3 2.61
Pb1–O1 2.58 Pb2–O8 2.81
Pb1–O7 2.51 Pb2–O12 2.67
Pb1–O4 2.70 Pb2–O10 2.51

3)2(H2O)2]2þ: (a) side view of the dimer; (b) and (c) top views and numbering of atoms



Figure 9. Solid state molecular structure of the dinuclear Pb(II) stick complex of ligand
1b (triflate anions were omitted for clarity).
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For a Pb(II)/1 molar ratio of 1/1, the nature of the solvent has no
influence on the coordinative behaviour of ligand 1b, as both in
acetonitrile and nitromethane the pincer-like complex is formed. On
the other hand, with Co(II), nitromethane induces the formation of
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signals in the bottom spectrum is weak.
both pincer- and grid-like complex while acetonitrile stabilizes the
pincer-like complex. The coordination plasticity required for un-
dergoing structural adaptation in response to solvent nature, al-
though contained in the ligand, is thus not observed for Pb(II) for an
equimolar metal/ligand ratio. Only the py-mode is observed, while
for Co(II) the solvent-dependent dual mode is expressed (Fig. 10).

This dual complexation behaviour results from the fact that the
triazine unit in the ligands 1a,b may operate either in a py-like or in
a pym-like coordination mode, one of them being dominant and
the other recessive, depending on conditions (nature of the metal
ion, solvent, and stoichiometry).

The structural plasticity of ligands 1 translates into their diverse
coordinative behaviour depending on the nature of cation, of the
solvent but also, for the same cation and solvent, on the M(II)/L
stoichiometry variations. With this latter aspect in mind, we in-
vestigated the behaviour of ligands 1a,b in presence of an in-
creasing amount of Pb(II).

Titration of ligand 1a by Pb(II) triflate has been followed by 1H
NMR (Fig. 11). For a molar ratio Pb(II)/1a 1/2, a well-defined
nding on M(II)/L ratio
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Figure 12. 1H–1H NOESY spectrum of complex [Pb(1a)2]2þ in CD3CN.



Figure 13. Successive formation of double-pincer and pincer-like Pb(II) complexes by ligand 1a at Pb(II)/1a molar ratios 1/2 and 1/1.

J. Ramı́rez et al. / Tetrahedron 64 (2008) 8402–8410 8407
spectrum has been recorded and it should correspond to the
complex cation [Pb(1a)2]2þ. Such double pincers were previously
described for a quinquepyridine ligand.10 At a molar ratio of 1/1, the
pincer-like complex [Pb1a]2þ above characterized has been ob-
served. Further addition of Pb(II) slowly produced changes in the
NMR spectrum, thus showing a certain kinetic stability of the
pincer-like complex. The excess Pb(II) finally transforms the pincer
most likely into the stick-like complex [Pb21a]4þ, that precipitates
and cannot be observed by 1H NMR. However, the formation of its
analogue complex [Pb21b]4þ (see above) supports the assignment
of the stick structure to this complex, which is less soluble due to
the phenyl ring.

For the complex observed at 0.5 equiv of Pb(II), the NOESY
spectrum (Fig. 12), confirms that 1a acts as pentadentate ligand.
The NOE correlation between the protons of methyl group F and the
proton G in the ortho position of the phenyl ring, between the
methyl group F0 and the protons A, B and C of pyridine strongly
suggest the positioning of the ligands as in a double-pincer com-
plex. The conversion of ligand 1a first into the double-pincer and
subsequently into the pincer-like complex are represented in Fig-
ure 13. Considering the ability of ligand 1a to adopt either a py- or
a pym-like coordination mode, at Pb(II)/1a molar ratio of 1/2 and 1/
1, it acts solely in py-mode and the preference for the py-mode is
conserved at Pb(II)/1a 1/1, independently of the solvent. The pym-
like behaviour is recessive. In comparison, with Co(II), both the py-
and pym-like modes are observed simultaneously.4 Thus, from 2/1
to 1/1 stoichiometry there are two successive py-like steps (Fig. 10).
From 1/1 to 1/2, the mode changes from py-like (pincer7) to pym-
like (stick9), so the dual behaviour is not simultaneous, but suc-
cessive (Fig. 13).
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Also the couple Pb(II)/1b displays a stoichiometry-dependent
behaviour. NMR titration of ligand 1b by Pb(II) triflate in CD3CN is
shown in Figure 14. At Pb(II)/1b molar ratio of 1/1 and 2/1, the
pincer-like and stick-like complexes, respectively, formed. Thus,
from 1/1 to 2/1, the coordinative behaviour changes from a py-like
to a pym-like mode, in a successive dual sequence. At 0.35 equiv
Pb(II) (zPb(II)/1b 1/3), a well-defined spectrum is obtained. Al-
though crystallization attempts were unsuccessful, on the basis of
the NMR titration and of the NOESY spectrum indicating the co-
ordinated, pincer-like conformation of 1b, we can assume that this
complex corresponds to [Pb(1b)3]2þ.
2.4. Motional dynamic behaviour

The conversion of compounds 1a and 1b from their shape in the
pincer-like complexes to their shape in the stick-like complexes
Pb(II) represents a metal ion induced modulation of nano-
mechanical motions of extension/contraction type.3 Reversible
motion may be generated by successive complexation/decom-
plexation steps via implementation of a competing ligand and ex-
ternal stimuli. The binding of Pb(II) by the ligands 1a,b is
sufficiently labile to allow complexing of Pb(II) by a stronger ligand
such as tris(2-aminomethyl)amine, tren.11 Indeed, by adding
1 equiv of tren to the complex [Pb21b]4þ, the shape of the ligand
was converted from the extended form in the stick-like complex
[Pb21b]4þ to the curved form in the pincer-like complex [Pb1b]2þ

(Fig. 15). In terms of amplitude, depending on the reference protons
considered, this conversion represents a variation from 10.6 Å (for
the proton on C6py) to 9 Å (for the proton on C5py) or 7.2 Å (for the
proton on C4py) (Fig. 16). These processes represent a reversible
interconversion between the two complexes and induce the
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Figure 15. Interconversion of Pb(II) complexes of ligand 1b modulated by the ligand
tren N(CH2CH2NH2)3 in CD3CN.



Figure 16. Quantitative expression of distances in extension/contraction molecular motions of pincer and stick Pb(II) complexes of the ligand 1b.
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motional changes corresponding to the changes in shape of ligand
in the two states.

Subsequent protonation of tren will produce the release of Pb(II)
cations that will coordinate again with the ligand thus generating
the complex existing prior to tren addition. Indeed, after the
formation of the pincer-like [Pb1a]2þ complex, addition of 0.5 equiv
of tren led to encapsulation of Pb(II) ions, thus producing the
double-pincer complex [Pb1b2]2þ. Thereafter, addition of 1.5 equiv
of CF3SO3H to the solution resulted in the regeneration of the
pincer-like complex (Fig. 17). These processes represent a pro-
tonation-induced, tren-mediated reversible interconversion of the
two coordination architectures.

3. Conclusions

The two triazine-based ligands 1a,b present a dual complexa-
tion behaviour towards Pb(II) cation, consisting in their ability to
3.03.54.04.55.05.56.06.57.07.58.08.59.0

δ (ppm)

2 1a

2

2

tren

[Pb tren]2+ 

3 H+

(trenH3)
3+

+

+

Figure 17. Proton-modulated reversible interconversion of pincer-like and double-
pincer complexes of ligand 1a mediated by the competing ligand tren, in CD3CN. Due
to the low solubility of the free ligand 1a in CD3CN, the intensity of its signals in the
bottom spectrum is weak.
act in a py-like mode or in a pym-like mode depending on the
Pb(II)/ligand molar ratio. Moreover, the process may be controlled
by external stimuli. As a result, the ligands undergo changes in
shape, representing nanomechanical molecular motions of exten-
sion/contraction type that may be reversibly modulated via exter-
nal stimuli. Finally, the dependence of ligand behaviour on the
nature of the cation gives access to diverse multiple coordinative
modes as well as to specific motional changes.
4. Experimental section

4.1. General

2,4-Dichloro-6-phenyl-1,3,5-triazine,12 2,4-dichloro-1,3,5-tri-
azine13 and Pb(OTf)2

14 were prepared as previously described. The
following reagents were purchased from commercial sources:
CH3NO2 (Aldrich), CD3CN, CDCl3 (Eurisotop).

Solution 1H (400 MHz) and 13C (100 MHz) NMR spectra were
recorded with a Bruker Ultrashield Avance 400 instrument and 1H
(300 MHz) NMR, COSY, NOESY spectra were recorded on a Bruker
AM 300 spectrometer. The solvent signal was used as an internal
reference for 1H NMR (CD2HCN, d¼1.94 ppm; CHCl3, d¼7.24 ppm)
and 13C NMR (CHCl3, d¼77.2 ppm) spectra. The following notation is
used for the 1H NMR spectral splitting patterns: singlet (s), doublet
(d), triplet (t), multiplet (m). 2D NMR used experiments were: COSY
(Correlation Spectroscopy) and NOESY (Nuclear Overhauser En-
hancement Spectroscopy).

For crystal structure determinations, the crystals were obtained
by diffusion–recrystallization by using the appropriate solvent and
non-solvent. The crystals were placed in oil, a single crystal was
selected, mounted on a glass fibre and placed in a low-temperature
N2 stream.

4.1.1. Ligands

4.1.1.1. 2,4-Bis{[N-methyl-N0-(pyridin-2-yl)methylidene]hydrazino}-
6-phenyltriazine 1a. A stirred solution of 2a (40.8 mg, 0.16 mmol)
and pyridine-2-carboxaldehyde (32 mL, 0.32 mmol) in ethanol
(5 mL) was heated at 30 �C for 15 h. The white solid that pre-
cipitated was isolated by filtration, washed with ethanol and dried
under vacuum. Yield: 50.8 mg (72%). Mp 231 �C. 1H NMR (CDCl3,
400 MHz): d¼8.62 (d, J¼4.4 Hz, 2H), 8.58 (d, J¼7 Hz, 2H), 8.33 (d,
J¼7.7 Hz, 2H), 8.08 (s, 2H), 7.79 (td, J¼7.3, 1.5 Hz, 2H), 7.59–7.49 (m,
3H), 7.29 (ddd, J¼7.3, 4.8, 1.1 Hz, 2H), 3.88 (s, 6H) ppm. 13C NMR
(CDCl3, 100 MHz): d¼154.7, 149.4, 140.8, 136.5, 136.5, 132.4, 129.0,
128.6, 123.8, 120.6, 31.2 ppm. ES-MS (m/z): 424.2002 (calcd for
[1aH]þ¼[C23H22N9]þ: 424.1993), 430.2092 (calcd for [1aLi]þ¼
[C23H21N9Li]þ: 430.2075), 446.1836 (calcd for [1aNa]þ¼
[C23H21N9Na]þ: 446.1812).
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4.1.2. 2,4-Bis{[N-methyl-N0-(pyridin-2-yl)methylidene]hydrazino}-
triazine 1b

A stirred solution of 2,4-bis(N-methylhydrazino)-1,3,5-triazine
2b (340 mg, 2.0 mmol, 1 equiv) and pyridine-2-carboxaldehyde
(0.38 mL, 4.0 mmol, 2 equiv) in ethanol (30 mL) was stirred at
room temperature for 12 h. The white solid that precipitated was
isolated by filtration, washed with ethanol and Et2O and dried
under vacuum. Yield: 623 mg (89%). Mp 230–231 �C. 1H NMR
(CDCl3, 400 MHz): d¼8.64 (s, 1H), 8.58 (ddd, J¼5.0, 1.6, 0.8 Hz, 2H),
8.20 (d, J¼7.5 Hz, 2H), 8.02 (s, 2H), 7.73 (ddd, J¼7.5, 3.7, 0.8 Hz, 2H),
7.25 (dd, J¼7.3, 1.6 Hz, 2H), 3.75 (s, 6H) ppm. 13C NMR (CDCl3,
100 MHz): d¼164.9, 154.2, 149.5, 148.6, 141.7, 136.7, 123.9, 120.8,
30.9 ppm. ES-MS (m/z): 348.1642 (calcd for [1bH]þ¼[C17H18N9]þ:
348.1680), 354.1726 (calcd for [1bLi]þ¼[C17H17N9Li]þ: 354.1762),
370.1462 (calcd for [1bNa]þ¼[C17H17N9Na]þ: 370.1499). Single
crystals were obtained by liquid/liquid diffusion of CH3CN in
a CHCl3 solution of 1b. The solid state structure was determined by
X-ray diffraction. Crystallographic data: formula: C17H17N9¼1b;
M¼347.40 g mol�1; crystal system: triclinic; space group: P1 (no.
2); a¼8.008(2), b¼10.508(3), c¼10.804(3) Å; a¼96.042(9)�,
b¼109.880(3)�, g¼95.836(4)�; V¼841.0(4) Å3; Z¼2;
rcalcd¼1.372 g cm�3; m¼0.006 mm�1; F(000)¼364; T¼395 K; radi-
ation l¼0.26470 Å; 3.8��q�11.7�; hkl limits: �11, 11/�16, 16/�16,
16; total data: 11007; unique data: 4915; R(int): 0.024; observed
data with I>2s(I): 4379; Nref¼4915; Npar¼303; R¼0.0473;
wR2¼0.1335; GOF¼1.09; min. and max. residual density: �0.25/
0.42 e Å�3.

4.1.3. 2,4-Bis(N-methylhydrazino)-2-phenyl-1,3,5-triazine 2a
A stirred solution of 2,4-dichloro-6-phenyl-[1,3,5]-triazine

(1.05 g, 4.2 mmol) and methylhydrazine (0.98 mL, 18.3 mmol) in
ethanol (20 mL) was heated to reflux for 2 h. The white solid
that precipitated on cooling was isolated by filtration, washed
with ethanol and dried under vacuum. Yield: 0.45 g (39%). Mp
155 �C. 1H NMR (CDCl3, 400 MHz): d¼8.39 (dd, J¼8.2 Hz,
J¼1.6 Hz, 2H), 7.50–7.40 (m, 3H), 4.57 (s, 4H), 3.40 (s, 6H) ppm.
13C NMR (CDCl3, 100 MHz): d¼170.2, 166.4, 137.3, 131.5, 128.5,
128.3, 37.7 ppm.

4.1.4. 2,4-Bis(N-methylhydrazino)-1,3,5-triazine 2b
To a stirred solution of 2,4-dichloro-1,3,5-triazine (478.5 mg,

2.8 mmol) in dichloromethane (20 mL) cooled at�10 �C was added
methylhydrazine (0.67 mL, 12.5 mmol). The cooling was removed
and the mixture was stirred at room temperature for 19 h. The solid
that precipitated was removed by filtration and the resulting so-
lution was concentrated under vacuum to give 0.50 g of white solid
(93%). Mp 107–108.5 �C. 1H NMR (CDCl3, 400 MHz): d¼8.15 (s, 1H),
4.27 (s, 4H), 3.30 (s, 6H) ppm. 13C NMR (CDCl3, 100 MHz): d¼165.1,
165.0, 37.8 ppm.

4.1.5. Complexes

4.1.5.1. Pb(II) pincer-like complex of ligand 1a from acetonitrile. A
solution of ligand 1a (22.1 mg, 0.052 mmol) and Pb(CF3SO3)2

(26.4 mg, 0.052 mmol) in CH3CN (4 mL) was stirred at 45 �C for 1 h.
1H NMR (CD3CN, 400 MHz): d¼8.95 (d, J¼4.15 Hz, 2H), 8.64–8.60
(m, 4H), 8.16 (td, J¼1.6 Hz, J¼7.8 Hz, 2H), 7.96 (d, J¼7.8 Hz, 2H),
7.75–7.70 (m, 3H), 7.62 (t, J¼7.6 Hz, 2H), 3.99 (s, 6H) ppm. 2D NMR:
COSY, NOESY. Single crystals were obtained by vapor/liquid diffu-
sion of diisopropylether into a CH3CN solution. The solid state
structure was determined by X-ray diffraction. Crystallographic
data: formula: C100F24N36O26Pb4S8¼4Pb1a(CF3SO3)2$2H2O;
M¼3662.72 g mol�1; crystal system: triclinic; space group: P1
(no. 2) a¼13.3650(5), b¼17.8270(8), c¼19.6030(8) Å;
a¼108.878(4)�, b¼102.327(3)�, g¼103.518(2)�; V¼4079.2(3) Å3;
Z¼1; rcalcd¼1.525 g cm�3; m¼4.311 mm�1; F(000)¼1816; T¼173 K;
radiation l¼0.26470 Å; 2.69�q�27.52; hkl limits: �17, 10/�20, 23/
�19, 20; total data: 18,758; unique data: 15,061; R(int): 0.060;
observed data with I>2s(I): 7817; Nref¼15,061; Npar¼838;
R¼0.0736; wR2¼0.2151; GOF¼1.008; min. and max. residual den-
sity: �2.573/2.179 e Å�3.

4.1.6. Pb(II) pincer-like complex of ligand 1a from nitromethane
A solution of ligand 1a (60.60 mg, 0.143 mmol) and Pb(CF3SO3)2

(72.31 mg, 0.143 mmol) in CH3NO2 (27 mL) was heated until com-
plete dissolution. Single crystals were obtained on slow cooling.
The solid state structure was determined by X-ray diffraction.
Crystallographic data: formula: C26H26F6N10O9PbS2¼
Pb1a(CF3SO3)2$CH3NO2$H2O; M¼1007.88 g mol�1; crystal system:
monoclinic; space group: P21/c (no. 14); a¼10.8541(2),
b¼22.1370(3), c¼16.9205(3) Å; b¼118.079(1)�; V¼3587.09(11) Å3;
Z¼4; rcalcd¼1.866 g cm�3; m¼4.915 mm�1; F(000)¼1968; T¼173 K;
radiation: Mo Ka (l¼0.71073 Å); 1.6��q�30.0�; hkl limits: �15, 14/
�31, 28/�23, 23; total data: 28,744; unique data: 10,321; R(int):
0.072; observed data with I>2s(I): 7437; Nref¼10,321; Npar¼462;
R¼0.0530; wR2¼0.1485; GOF¼1.02; min. and max. residual den-
sity: �4.43/2.72 e Å�3.
4.1.7. Pb(II) pincer-like complex of ligand 1b
A solution of ligand 1b (46.49 mg, 0.13 mmol) and Pb(CF3SO3)2

(67.63 mg, 0.13 mmol) in CH3NO2 (18 mL) was stirred for 10 min at
room temperature. 1H NMR (CD3CN, 400 MHz): d¼8.94 (d, J¼4.1 Hz,
2H), 8.74 (s, 1H), 8.59 (s, 2H), 8.17 (t, J¼7.8 Hz, 2H), 7.95 (d, J¼7.3 Hz,
2H), 7.74 (t, J¼6.2, 2H), 3.85 (s, 6H) ppm. NMR 2D: COSY and NOESY.
Single crystals were obtained by vapor/liquid diffusion of diiso-
propylether into a CH3NO2 solution. The solid state structure was
determined by X-ray diffraction. Crystallographic data: formula:
C38H34F12N18O14Pb2S4¼2Pb1b(CF3SO3)2$2H2O; M¼1737.45; crystal
system: triclinic; space group: P1 (no. 2); a¼9.0800(2),
b¼13.6285(4), c¼23.3552(6) Å; a¼85.630(1), b¼87.795(2), g¼
78.804(2) Å; V¼2826.06(13) Å3; Z¼2; rcalcd¼2.042 g cm�3;
m¼6.214 mm�1; F(000)¼1672; T¼173 K; radiation: Mo Ka
(l¼0.71073 Å); 1.5��q�29.1�; hkl limits: �12, 12/�14, 18/�28, 31;
total data: 37,832; unique data: 15,027; R(int): 0.068; observed data
with I>2s(I): 9834; Nref¼15,027; Npar¼797; R¼0.0433;
wR2¼0.0961; GOF¼0.97; min. and max. residual density: �2.31/
1.85 e Å�3.
4.1.8. Pb(II) stick-like complex of ligand 1b
Ligand 1b (3.28 mg, 9.4 mmol) and Pb(CF3SO3)2 (10 mg,

19.8 mmol) were stirred in CD3CN (0.65 mL) until complete disso-
lution. 1H NMR (CD3CN, 300 MHz): d¼9.12 (s, 1H), 8.96 (d, J¼4.1 Hz,
2H), 8.83 (s, 2H), 8.25 (t, J¼7.5 Hz, 2H), 8.07 (d, J¼7.5 Hz, 2H), 7.83 (t,
J¼7.0 Hz, 2H), 3.88 (s, 6H) ppm. Single crystals were obtained by
vapor/liquid diffusion of diisopropylether into this solution. The
solid state structure was determined by X-ray diffraction. Crystal-
lographic data: formula: C21H17F12N9O12Pb2S4¼Pb21b(CF3SO3)4;
M¼1358.12; crystal system: monoclinic; space group: P2/c (no. 13);
a¼19.8659(6), b¼13.6821(4), c¼16.3068(4) Å; b¼113.921(2)�;
V¼4051.6(2) Å3; Z¼4; rcalcd¼2.227 g cm�3; m¼8.625 mm�1;
F(000)¼2552; T¼173 K; radiation: Mo Ka (l¼0.71073 Å);
1.5��q�27.5�; hkl limits: �25, 19/�17, 16/�14, 21; total data:
24,074; unique data: 8923, R(int): 0.062; observed data with
I>2s(I): 7181; Nref¼8923; Npar¼502; R¼0.0846, wR2¼0.2236;
GOF¼1.18; min. and max. residual density: �2.69/3.62 e Å�3.

CCDC-680765 (1b), CCDC-680764 (stick-like complex
Pb21b(OTf)4), CCDC-680767 (pincer-like complex Pb1b(OTf)2),
CCDC-681285 (pincer-like complex Pb1a(OTf)2 crystallized from
CH3CN) and CCDC-680766 (pincer-like complex Pb1a(OTf)2 crys-
tallized from CH3NO2) contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from



J. Ramı́rez et al. / Tetrahedron 64 (2008) 8402–84108410
the Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif.
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