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The first examples of bismacrocyclic derivatives of 2,3,6,7,10,11-hexaphenyl-1,4,5,8,9,12-hexaazatriphenylene are described. They are obtained

by the condensation of a linear trisbenzil precursor with hexaaminobenzene.

1,4,5,8,9,12-Hexaazatriphenylene (HAT) derivatives are disk- The appealing feature of these planar ligands is that they
shaped aromatic molecules that are receiving considerableprovide a symmetrical array of three bidentate diimine
attention because of their easy synthetic accessibility, chelating sites, which renders them unique systems on which

diversity in peripheral functionality, electron deficiency,
coordination properties, ang-complexation ability. As a
result of such versatility, HATs were exploited in a variety
of applications, including discotic liquid crystdisself-
assembled organogéls;type semiconductirigand magnetic
materials’} photoprobes and photoreagents of DNAo-
rescent dye&and octupolar nonlinear optical chromophotes.
The coordination chemistry of HATs is particularly righ.
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to base the generation of solid-state infinite coordination
networks with intriguing topologiesHATs also allowed
building of discrete, low-nuclearity metal complexes with
well-defined nanoscale architectufds light of these data,

it occurred to us that HAT derivatives in which the
phenanthroline-type subsites would be laterally bridged
through the ortho positions to the nitrogen atoms could
represent attractive building blocks for the generation of
ordered structures with controlled nuclearity and topography
and new topology® Indeed, such systems could provide
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multivalent architecturésfeaturing the remarkable coordina-
tion properties of macrocyclic phenanthrolines, according to
the pioneering work by Sauvage and co-workérs.

Here, we report the synthesis of three related tritopic
ligands,1R (R = benzyl, methyl) an@Bn, as first examples
of macrocyclic HAT derivatives in which only two of the

Actually, there are very few reports to date dealing with the
synthesis of nonsymmetrical HAFg4

HAT derivatives are classically obtained from the con-
densation of benzil-tygeprecursors with hexaaminobenzene
(HAB) in a 3:1 benzil/lHAB molar ratid® Although this route
affordsCs symmetrical derivatives in generally good yields,

three phenanthroline-type sites are each included in a lateraiit has also been utilized to produce unsymmetrical species,
macrocycle. Pentaethyleneglycol chains were used to con-such as 2,3-diphenyl- and 2,3,6,7-tetraphenyl-hexaazatriphen-

struct both 30-membered rings of the bismacrocydBs
(Figure 1)*2
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Figure 1. Structures of bismacrocycldBn and 1Me.

The crown subunits i2Bn contain methyl 3,5-dihydroxy-
benzoate moieties which were shown recently to allow the
anchoring of functional groups laterally to the ring of a
rotaxane structure (Figure ) Moreover, as a result of their
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Figure 2. Structure of bismacrocycl2Bn.

bismacrocyclic structure, compoundsR and 2Bn are
nonsymmetrical, which is quite rare in the HAT series.
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ylenel4@ Their formation involved competing condensation
reactions between twao-diketone derivatives and HAB,
which inevitably led to a complex mixture of produéta.
Two strategies can be envisaged for the synthesis of the
nonsymmetrical macrocyclic systehR and2Bn. The first

one is based on a one-pot macrocyclization procedure starting
from a preformed HAT precursor bearing six reactive
peripheral functionalities. In that connection, a tris-crown-
ether derivative of triphenylene was obtained upon reaction
of hexahydroxytriphenylene with an appropriate ditosylate
under high dilution condition¥’

Whereas this route might be useful for the synthesis of
electron-deficient HAT analogues of the triphenylene system,
we surmized that its implementation under the statistical
conditions needed to access partially cyclized species, such
as ligandslR and2Bn, would not be convenient. Therefore,
we turned our attention toward an alternative strategy
involving the use of linear precursoR and4Bn, in which
three benzil units are covalently linked by two flexible
spacers (Schemes 1 and 2). Here, the stepwise creation of
the six imine bonds, leading to the formation of the HAT
core and the concomitant construction of the two lateral
macrocycles, was reasoned to imply the wrapping of one
molecule of 3R or 4Bn around the HAB nucleus in a
sequence of one bimolecular and two intramolecular con-
densations.

The syntheses of the linear precursors mainly involve
nucleophilic substitution reactions of phenols on primary
iodides using conventional procedures. CompaoBBd was
obtained in four steps according to a convergent approach,
using 4,4'-dihydroxy-benzil (5) and its monobenzyl-substi-
tuted derivative (6) as starting building blocks (Scheme 1).
In the case 0BMe, a divergent route was followed (Scheme
1). The two terminaé.-diketone functionalities iBMe were
constructed in a stepwise manner, subjecting the bisiodo-
phenyl-terminated benzil-cored precurséyxtp a palladium-
catalyzed cross-coupling reaction under Sonagashira condi-
tions followed by the oxidation of the resulting bisacetylenic
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Scheme 1. Synthesis of the Linear Precurs@Bn and 3Me?
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a5: 4,4'-dihydroxy-benzil. dppp: 1,3-bis(diphenylphosphino)propane.

compound 10) with PdCL in DMSO. The synthetic strategy CompoundslR and 2Bn were fully characterized biH
toward compound4Bn was similar to that used foBBn and*C NMR spectroscopies, electrospray ionization mass
(Scheme 2). Cyclizations were carried out atl® mM spectrometry, and elemental analyses. The mass spectra in
concentration with respect to the linear precursors, with 1 methanol containing ammonium acetate (3 mM) revealed a
equiv of HAB, in acetic acid. The solutions were refluxed peak atm/z= 1372.1, 1219.7, and 1584.0 faBn, 1Me,

for 16 h under an argon atmosphere. After a few hours, TLC and 2Bn, respectively, corresponding to the monocharged
indicated in all cases the formation of a single, fast-running species [M+ H]*. In the case ofiMe, the adduct [M+
species displaying the characteristic fluorescence emissionNH4]™ atm/z= 1237.2 could also be detected. Peaks at lower
of the HAT nucleus. Simple column chromatography allowed Vvalues ofm/zcould be assigned to doubly charged species
us to isolate pure samples of the bismacrocyclic HARs  [M + 2H]*", [M + H + NH4]**, and [M + 2NH,**. The

and 2Bn as yellow solids. The formation of very polar H NMR spectra oftlR and2Bnin CDCl; were observed to
byproducts was also noticed. They consisted presumably ofPe very close to those of their parent linear precursgms,
open-chained and cyclic oligomeric species and were not@nd4Bn, respectively. The main changes were observed for
characterized. Compounds$n, 1Me, and2Bn were ob- the shape and position of resonance patterns of the aromatic
tained in 12, 25, and 6% yields, respectively. The reaction Protons as a consequence of the conversion atitiketone
conditions were not yet optimized. However, we observed 9r0UPS into imine-containing aromatic moieties. In the
that decreasing the reaction time to 6 h gave an improved aliphatic region, a downfield shifo = +-0.06 ppm) could

yield (18%) of1Bn, which may reflect the sensitivity of the D€ observed for the resonance signal of ¢herotons® in
benzyl group in refluxing acetic acid. the polyoxyethylenic units of bothBn and1Me relative to

. o . . the corresponding linear compoun8Bn and 3Me. Simi-
The use of the high dilution technique can be envisaged, P 9 P
bqt the poor stability of HAB may represent a limitation to (18) Rodgers, D. ZJ. Org. Chem1986,51, 3904—3905.
this end!® (19) For atom numbering, see Supporting Information.
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Scheme 2. Synthesis of the Linear PrecurséBn
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larly, a downfield shift A6 = +0.12 ppm) was also observed method, which involves the condensation of a linear trisbenzil
for the aromatic protonsl,o of the methyl 3,5-dihydroxy-  precursor with HAB acting as both a reagent and a template,
benzoate moieties in the crown subunit28h.'° This effect allows the construction of bismacrocycles with different
common to the three compounds is diagnostic of the substituent groups and macrocyclic chains. Further extensions
formation of the cyclized structures in which the hydrogen of this work are directed to improve the reaction conditions,
atoms of the crown chains are exposed to the deshieldingsynthesize new derivatives, including trismacrocyclic species,
effect of the HAT plane®*C NMR spectroscopy turned out  and investigate the coordination properties of the described
to be more informative with respect to the structure and gnd related bismacrocyclic HATS.

symmetry of moleculeslR and 2Bn. For example, the

spectrum ofLBn did not show any carbonyl resonances and Acknowledgment. We thank the French Ministry of

instead presented the signals characteristic of the quaternary-q,,cation and Ecole Doctorale Sciences Chimiques (ED 250,
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the situation with the averagézy, symmetrical hexabenzyl-
substituted model compound, the carbon atoms of the HAT
unit became anisochronousiBn, which is a consequence
of the lowering of symmetry fronCs, to C,,. The same
features were observed fa@Me and 2Bn.

In summary, we report a simple approach to building HAT
derivatives laterally bridged with two macrocyclic units. The 0L0600250

Supporting Information Available: Synthetic procedures
for new compounds, numbered figures andand**C NMR
spectra of moleculesR and2Bn. This material is available
free of charge via the Internet at http:/pubs.acs.org.

1314 Org. Lett, Vol. 8, No. 7, 2006



