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Betti Bases from 4-(3-Pyridazo)-1-naphthol: Synthesis,
Coordination Behaviour and Unusual Substitution

Reactions

Vanya B. Kurteva,*™ Lubomir A. Lubenov,” Boris L. Shivachev,” Rositsa P. Nikolova,"™ and

Katharina M. Fromm!®

A series of Betti bases from 4-(3-pyridyl)azo-1-naphthol dye,
possessing flexible methylene or more constrained aryl-
methyne spaced NH-containing side-chains, were obtained and
characterized. It was shown by NMR spectroscopy that the

Introduction

Coordination compounds are of great importance both in
industry and academy.” They find applications in medicine
and play a fundamental role in synthetic organic chemistry as
catalysts for various transformations.”’ Silver(l) complexes in
particular are widely studied because of their remarkable
medicinal applications. The antibacterial activity of Ag(l)
complexes, well known for many centuries, is among their
most attractive biological profiles. Numerous examples of
amazingly active complexes with negligible toxicity were
reported and summarized in a number of articles.” The flexible
coordination sphere of silver ions allows the generation of
various supramolecular structures with ligands containing
nitrogen, oxygen, and/or sulphur donor atoms.® Therefore,
enormous efforts are devoted to the development of new
efficient organic ligands.”

Azo colorants represent the largest and most important
group of synthetic dyes® with broad industrial applications,”
mainly due to their intense colour, chemical stability and low
price. Azo-naphthol dyes"” in particular, are among the most
examined dyestuffs due to their optical stability. They play an
important role in analytical chemistry as organic complexing
reagents'"” due to their capacity to form mostly neutral and
hydrophobic complexes with the vast majority of transition
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ligands exist in keto form. The products’ structure was
confirmed by single crystal XRD of a selected sample. A study
on the coordination ability of the ligands with silver(l) was
performed, leading to an unexpected substitution reaction.

metal ions. Several members of this class have also displayed a
variety of biological activity profiles with medicinal applica-
tions.!'?

Multicomponent reactions have been approved recently as
a powerful tool for waste-free atom efficient synthesis of
complex molecules.™™ In particular, the three component
Mannich and Betti condensations represent key protocols for
the construction of amino alcohols. The Betti reaction,™ similar
to the Mannich reaction, using aldehydes instead of
formaldehyde, is typically carried out with 2-naphthol, while
the number of examples using 1-naphtol is limited."

As a part of our study on the synthesis of new polydentate
ligands with potential coordination properties, a series of Betti
bases from azo-naphthol dyes were designed. The general
concept is to combine both fascinating fragments in a common
molecule and to tune the ligands’ coordination ability by
varying the number and type of heteroatoms in the azo-dye
unit and the side-chain. Herein, we present the synthesis of a
series of 4-(pyridin-3-yldiazenyl)naphthalen-1-ol ligands pos-
sessing a 3-pyridyl Betti type substituent at the 2-position of
the naphthyl unit and the examination of their complexation
ability towards Ag(l).

Results and Discussion

Two types of molecules were designed, possessing a flexible
methylene or a more constrained aryl-methyne bridged 3-
pyridyl unit, in an attempt to analyse the influence of steric
hindrance and the type and number of heterocyclic fragments
on the complexation behaviour of the ligands. The general
formula of the ligands is depicted in Figure 1.

The starting 4-(pyridin-3-yldiazenyl)naphthalen-1-ol (1)
was obtained by classical diazo-coupling and was further used
without purification. A sample for analyses was purified by flash
chromatography on silica gel. The NMR spectra in DMSO-d,4
(Figures S1-S6) showed a mixture of two compounds in 83%
and 17% population of the enol and keto tautomer, respec-
tively. To confirm this assignment, the signals in the spectra
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Figure 1. General formula and numbering scheme of the current study
objects.

were compared with those of a series of model compounds.
The enol and keto forms were fixed as OMe and NMe
derivatives by methylation of 1. Additionally, compound 2,
which was expected to exist in the enol form,"” was obtained
by Mannich condensation (Scheme 1). As seen on Figures S19
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Scheme 1. i) piperidine or 3-aminopyridine, (HCHO),, p-TSA, benzene, reflux,
3 h; ii) @) 3-aminopyridine, (HCHO),, DMSO, 85°C, 1.5 h, b) 1, rt, 3 h; iii) 3-
aminopyridine, ArCHO, DMSO, rt, 4-6 days.

and S20, the signals of the major component in the spectra of
1 are fully congruent with those of the model enol compounds
1-OMe and 2.

The starting naphthol 1 was submitted to a Mannich
reaction with 3-aminopyridine using standard conditions in
refluxing benzene. Surprisingly, the bis-substituted product 3
was isolated instead of the desired ligand 4 (Scheme 1). This
problem was solved by performing the reaction in a two-step
one-pot protocol with first the formation of the imine at 85°C
in DMSO, then the condensation reaction at room temperature.
The products were characterized by 1D and 2DNMR spectro-
scopy and turbo spray mass spectrometry. Compound 4
possesses very limited solubility even in DMSO-d,, and "*C and
2D spectra could not be recorded in a reasonable time scale at
room temperature. Unfortunately, the 'H spectra at variable
temperature (Figure S34) showed that at 300 K and 328 K, the

pattern is similar, while at 358 K the product is partially
decomposed. The signals in the proton spectrum of 4 were
assigned by comparison with those of the better soluble side-
product 3 (Figures S27-532). The latter is possible because the
spectra of both compounds show identical chemical shifts and
patterns, e.g. broad signals for azo-bridged 3-pyridyl and a part
of the naphthyl ring protons (Figure 2).
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Figure 2. '"HNMR spectra of 3 (brown) and 4 (green) in DMSO-d, at room
temperature.

As compound 3 is an example of a pure keto tautomer, and
comparting the signals in the spectra of 4 with those of the
model compounds, we can assume that the product 4 exists in
DMSO solution in the keto form. The structure of the ligand 4
was confirmed by single crystal XRD of the corresponding
perchlorate (Figure 3 and Table S1)."® The free bases however
could not be crystallized in our hands from numerous tested
solvents and solvent systems.

The aryl-methyne spaced compound group 5 (Scheme 1)
was designed with the idea to restrict partially the flexibility of
the side-chain. The ligands were obtained by a three-
component Betti condensation between crude 1, 3-amino-
pyridine and aromatic aldehyde in good overall yields of up to
56% in two steps. Ligands 5a-5c were synthesised in order to
study the influence of an additional heteroatom on the
complexation properties, in particular phenyl vs 3-thiophenyl
vs 3-pyridyl, while 5d and 5e were designed in an attempt to
improve the ligands’ solubility. Unfortunately, all compounds
possess only limited solubility. The NMR spectra of the products
at room temperature showed broad signals for a significant
part of the protons due to slow exchange between two sides,
which assignment was not reliable. For that reason, 1D and 2D
spectra of ligand 5a were recorded at 343 K. The proton
resonances were fully assigned based on the interactions in
COSY and NOESY experiments and on the effects in selective
NOE spectra at 298 K (Figures S41-S56). The carbon resonances
were partially assigned from HSQC and HMBS spectra (Figur-
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Figure 3. ORTEP view of 4 perchlorate with the atomic numbering scheme;
ellipsoids are drawn at 50% probability, hydrogen atoms are shown as small
spheres with arbitrary radii. The solvate acetonitrile molecule is disordered
over two positions with major orientation at 70% (minor component is
shown as dashed lines).

es S39 and S40). Some of the quaternary carbon atoms could
not be explicitly assigned and are not given.

A comparison between proton resonances of 5a and its
methylene bridged analogue 4 (Figure 4) showed that only CH-
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Figure 4. 'H spectra of 3 (brown) and 5a (green) in DMSO-d, at room
temperature.

6" and CH-3 signals are slightly shifted downfield and upfield,
respectively, and are more broadened in the Betti base with
respect to methylene bridged compound.

The structures of the ligands 5b-5e were assigned by
comparison of the NMR spectra with those of 5a. As illustrated
on Fig. 5 on the example of 5b, the signals for the skeleton
protons have identical chemical shifts as those of 5a. This
pattern is valid for all ligands 5.

m-Fh

o-Ph

T T T T T T T T T T T T T T T T T T T T T
8.8 8.7 8.6 8.5 8.4 8.3 8.2 51 5.0 7.9 7.8 7.7 7.6 1.5 7.4 7.3 1.2 T.1 1.0 6.9 som

Figure 5. 'H spectra of 5a (green) and 5b (brown) in DMSO-d at room
temperature.

The coordination ability of compounds 5 towards Ag(l) was
studied using different anions, solvents, and dilutions, while
maintaining a ratio of 1:1 between the ligand and the metal
ion. In all cases a black solid phase was formed upon mixing,
either immediately or after several hours or days depending
mainly on the dilution. The amount of solid always exceeded
the expected mass of Ag(0), which led to the assumption that
coordination took place. Unfortunately, the residues were
completely insoluble in any solvent or solvent system to record
NMR spectra and/or to be recrystallized.

Only in one case did we obtain a crystal appropriate for
XRD analyses using slow evaporation of an extremely diluted
ethanol solution (107> M, 0.05 mmol in 50 ml) of ligand 5b and
silver(l) nitrate. Surprisingly, the analysis showed that instead of
desired silver complex, compound 6 was formed in which the
side-chain pyridyl group was unexpectedly replaced by an
ethyl group (Scheme 2, Figure 6, and Table $1).1"®
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Scheme 2. i) AgNO;, EtOH, rt; ii) CH;CHO, DMF, rt; iii) CH;CHO, EtOH, rt.

The observed transformation could be explained by a
reaction between 5b and acetaldehyde, obtained by oxidation
of a part of ethanol, going most probably via an iminium state.
To confirm this suggestion, the same ligand was submitted to a
reaction with acetaldehyde in DMF, which was used as a
solvent in order to reach a sufficient concentration of 3x107> M
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Figure 6. ORTEP view of 6 with the atomic numbering scheme; ADP are
drawn at 50% probability, hydrogen atoms are shown as small spheres with
arbitrary radii. The thiophene ring sulphur (S33) and C43 atom are disordered
over two positions with major orientation at 53% (minor component not
shown on the drawing).

for the reaction. The isolated product was however identified
by NMR and XRD as compound 7 (Scheme 2, Figures S65-S69,
Figure 7, and Table 51)."® In order to avoid this, the experiment

Figure 7. ORTEP view of 7 with the atomic numbering scheme; ADP are
drawn at 40% probability, hydrogen atoms are shown as small spheres with
arbitrary radii. The thiophene ring sulphur (S33) and C43 atoms are
disordered over two positions with major orientation at 73% (minor
component is shown as dashed lines).

was then performed in ethanol suspension. Among a series of
ethanol-acetaldehyde condensation products, which were iso-
lated by chromatography, compound 6 could be unambigu-
ously attributed in the NMR spectrum of the reaction mixture,
confirming thus the proposed pathway (Fig. S70-74).

Conclusions

A series of Betti bases from 4-pyridylazo-1-naphthol were
efficiently synthesised and characterized in solution and in the
solid state. The compounds can be divided into two groups,
e.g. the ones possessing i) a flexible methylene or ii) a more
constrained arylmethyne bridged 3-pyridyl side-chain. It was
demonstrated that the ligands exist in keto tautomeric form
independently of the type of the spacer group. The study on
the complexation ability of the ligands was unsuccessful due to
the lack of solubility of the formed products. An unexpected
result with side-chain pyridyl group replacement was obtained
and the product was analysed by XRD. A possible pathway was
suggested and synthetically confirmed.

Supporting Information Summary

Supporting Information includes experimental details, charac-
terization and crystallography data of all synthesised com-
pounds and Appendix, containing original NMR and UV
spectra.
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