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The first uncatalyzed preparation of tetraaza[1.1.1.1]m,p,m,p-cyclophanes (symmetrical and un-
symmetrical) gave access to previously unknown N(H)-bridged derivatives that could be further
substituted. NMR studies and theoretical calculations show that these macrocycles adopt an 1,3-alter-
nated conformation.

� 2010 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthesis of aza[14]m,p,m,p-cyclophanes by Pd catalyzed amination.18,20,21
1. Introduction

Cyclophanes have attracted much attention owing to their re-
markable electronic and spectroscopic properties but also as
effective host molecules in molecular recognition chemistry.1,2

Although carbon is the most common bridging element in useful
macrocyclic compounds, such as calixarenes3–5 and cyclophanes,1,2

considerable efforts are now devoted to the synthesis of various
heteroatom-bridged [14]-cyclophanes in order to obtain additional
chemical and physical properties.6–16 Among them, tetraazacyclo-
phanes that contain two p-phenylenediamine units connected by
a m-phenylene unit (i.e., N(R)-bridged [14]m,p,m,p-cyclophanes of
type 1) appeared very attractive for the preparation of stable rad-
icals (R¼aryl or CH3),17–20 hole transport materials21 and/or organic
light emitting diodes (OLEDs).22–24
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The reported syntheses of N(R)-bridged [14]m,p,m,p-cyclo-
phanes 1 (R¼alkyl or aryl) are based on palladium-catalyzed aryl
amination reactions (Scheme 1).18–21 To the best of our knowledge,
the access to the sole alkylated derivative of type 1 (R¼CH3) was
described with an abysmal yield of 0.28% preventing its use in
spintronic application despite a rare stability in the triplet state.19
N(H)-bridged [14]-m,p,m,p-cyclophanes of type 2 are hitherto
unknown although they are much more attractive owing to pos-
sible direct substitutions of the NH sites, which open un-
precedented perspectives in m,p,m,p-azacyclophane chemistry. The
palladium-catalyzed synthesis of molecules 2 could not be per-
formed probably due to the unstability of the p-diaminobenzene
precursors (i.e., primary p-diamines) under these conditions so that
their access is still a challenge of major interest.
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Scheme 2. Synthesis of aza[14]m,p,m,p-cyclophanes 7a–c.
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An alternative route that would: (1) not require the use of
a catalyst, (2) give access to N(H)-bridged aza[14]m,p,m,p-
cyclophanes of type 2, and (3) allow further functionalization of the
macrocycle, would be obviously of great interest to enlarge the
scope of this family of compounds. Herein, we report a synthetic
strategy, that is, based on stepwise nucleophilic aromatic sub-
stitutions (SNAr), assisted by hydrogen bonding interactions for
controlling the conformation of the key intermediates. The new
N(H)-bridged aza[14]m,p,m,p-cyclophanes of type 2 could then be
further directly N-substituted.

2. Results and discussion

The commercially available p-diaminobenzene derivatives were
used as nucleophilic components for which introduction of
substituents could be achieved and because of the possibility to
prepare N(H)-bridged aza[14]cyclophanes of type 2. 1,5-Difluoro-
2,4-dinitrobenzene was identified as their coupling partner of
choice owing to the presence of structural elements for SNAr (the
C–F carbon atoms are strongly electrophile due to the two elec-
tronwithdrawing NO2 groups on the phenyl ring).

The condensation of the substituted diamine 3b with 4 was first
envisaged in order to discuss the regioselectivity of the reaction (i.e.,
the position of the methyl group in the formed product). Thus,
2,5-diaminotoluene 3b was reacted with 4 (1 equiv) in EtOH in the
presence of N(iPr)2(Et) to give the [1þ1] adduct 5, which precipitated
in 84% yield (Scheme 2). Its 1H NMR spectrum shows the NH reso-
nance at 10.07 ppm consistent with the presence of a NH/O2N
intramolecular hydrogen bond. The two doublets at 6.60 and
8.90 ppm correspond to the coupling of the aromatic protons with the
fluoride atom (3J(HF)¼14.5 Hz and 4J(HF)¼8.0 Hz, respectively). We
anticipated that the presence of Me in 3b should ‘activate’ the NH2

function in ortho position by inductive donor effect (þI). As expected,
the NMR data are in agreement with the formation of a single
regioisomer 5 for which the location of the CH3 group on the phenyl
ring with respect to the NH bridge is in ortho position (only one isomer
could be observed in solution). The assignment of the peaks was
determined by HMQC, HMBC, NOESYand COSY 2D NMR experiments.
More specifically, the NOESY NMR spectrum clearly indicates that the
NH proton is coupled through space with the methyl group.
Figure 1. 1H NMR spectra of 6c (top) and 7c (bottom) in DMSO-d6. The range 0–4 ppm
are omitted for clarity.
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Similarly to the synthesis of 5, molecules 3a–b were reacted
with 4 (0.5 equiv instead of 1) at Cz10�1 to 10�2 M in EtOH to
afford the [2þ1] adducts 6a,b, which precipitated in good yields
(Scheme 2). Their 1H NMR spectra show two down-field NH pro-
tons at d¼9.51 and 9.52 ppm for 6a and 6b, respectively, in agree-
ment with NH/O2N hydrogen bonding interactions that restrict
the rotation of the uncyclized precursors.25 By analogy with 5, the
formation of only one regioisomer of type 6 is controlled by elec-
tronic effect (þI). Molecules 6a and 6b appeared then preorganized
for an efficient cyclization. The macrocyclization from reactions
between 6a or 6b and 4 in refluxing MeCN (Cz10�2 M) afforded
the target molecules 7a and 7b in 84 and 50% yield, respectively
(Scheme 2). These compounds are easily obtained in pure form as
yellow (7a) or orange (7b) solids by precipitation (no need of
purification by chromatography).
The reported stepwise strategy also allowed the synthesis of the
unsymmetrical mixed macrocycle 7c from 5. Indeed, compound 5
could be condensed with 1,4-diaminobenzene at Cz10�2 M in
EtOH to furnish the unsymmetrical intermediate 6c as a brown
solid (70% yield). As expected, its 1H NMR spectrum shows two NH
signals at d¼9.50 and 9.52 ppm in agreement with two H-bonds
that favour the cyclization step. The macrocyclization from
reactions between 6c and 4 in refluxing MeCN gave 7c in 66% yield.
These observations are consistent with SNAr reactions assisted by
H-bonding interactions, which prevent the formation of polymeric
materials or linear oligomers even under low dilution conditions
(Cz10�1 to 10�2 M).

The 1H NMR spectra of 7b and 7c show unusual high-field
chemical shifts. For instance, 7c exhibits two resonances of the
intraannular aromatic protons Ha at d¼5.43 and 5.64 ppm (Fig. 1).

These 1H NMR data suggest that molecules of type 7 adopt
a conformation in which the Ha protons (internal protons) are
located inside the anisotropic shielding cone of the adjacent aro-
matic rings (Fig. 2). This conformation can be described as an
1,3-alternated saddle-shape geometry in which the two
p-substituted phenyl units are tilted to the plane identified by the
four bridging nitrogen atoms. The resonance of the corresponding
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Ha proton in 6c at d¼6.37 ppm further supports the geometry of 7c
(Ha in 6c is poorly influenced by the adjacent aromatic rings due to
a higher degree of freedom).
NHHN

NO2O2N

NHHN

NO2O2N
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Ha

Hb

Hb

Figure 2. View of the 1,3-alternated conformation of molecule 7c.

Figure 5. X-ray diffraction spectrum of 7a.
This geometry, suggested in solution, was also confirmed by
theoretical studies. We performed a simulated annealing calcula-
tion to explore the potential energy surface at SAM1/d27,28 level
with AMPAC package,29 defaults have been used. In a second step,
we characterised the obtained global energy minima by B3LYP/
6-31G(d),30 geometry optimisation, and by frequency calculation
(Gaussian03 package).31 As expected, the obtained geometrical
parameters show that macrocycle 7c has an 1,3-alternated con-
formation in which the two p-substituted phenyl units are tilted to
the plane identified by the four bridging nitrogen atoms by around
62� (for instance, the dihedral angle between atoms
C(7)–N(1)–C(1)–C(2) is of 62.55�, see Fig. 3).
Figure 3. Geometry optimisation of 7c.

Scheme 3. Synthesis of N-methylated aza[14]m,p,m,p-cyclophane 8.
Interestingly, the 1H NMR spectrum of 7b in DMSO-d6 at room
temperature shows four resonances at 5.08, 5.10, 5.562 and
5.564 ppm integrating for 0.5H, in agreement with the presence of
two conformational isomers depending on the relative location of
the two methyl groups pointing to the same (syn) or opposite
direction (anti). This observation was supported by theoretical
calculations, which showed that the two conformers can co-exist in
solution because they are almost degenerated in energy (1.4 kJ/
mol) (Fig. 4).
Figure 4. Geometry optimisation of the two conformers (syn and anti) of 7c.
It is noteworthy that the parent N(H)-brided cyclophane 7a
could not be characterized in solution due its lack of solubility even
in DMSO. This result would suggest the formation of a supramo-
lecular polymer for which the p-substituted phenyl rings interact
intermolecularly with: (i) the dinitro substituted rings via strong
p–p interactions based on donor/acceptor principle, and/or (ii) the
p-substituted phenyl bridges. This hypothesis was supported by
X-ray powder diffraction studies of 7a, which revealed the presence
of several peaks consistent with an organized arrangement of the
molecules in different directions (Fig. 5).
Introduction of one (7c) or two (7b) substituents (Me) on such
phenyl units leads to soluble molecules due to the breaking of the
supramolecular network. The N-methyl analogue 8dwhich could
be prepared in 65% yield by alkylation of 7a with MeI in refluxing
DMF (Scheme 3)dis also insoluble. This observation supports that
molecule 8 leads in the solid-state to the formation of a supramo-
lecular polymer similar to that of 7a (the presence of N-Me sub-
stituents do not disturb the p stacking).
Interestingly, molecule 1 for which R¼CH3 is soluble in organic
solvents (CHCl3 and AcOEt).19 This drastic difference of the solu-
bility between 1 (R¼CH3) and 8 can be explained by a ‘pseudo’
change of the nitrogen hybridation. Indeed, the bridging nitrogen
atoms are sp3 for 1 (R¼CH3) preventing strong p–p interactions
due to their flexibility. In contrast, they are strongly conjugated
with the nitro groups in 8 and as such, can be viewed as ‘pseudo’
sp2 nitrogen atoms by analogy with related tetranitro-tetraazacy-
clophanes.26 As a result, compound 8 is a more rigid macrocycle,
which favours the orientation of the phenyl rings for optimal p–p
interactions. This experimental assumption has been supported by
theoretical calculations performed on the analogous 7c, which
showed that nitrogen N(1) is ‘pseudo’ sp2 hybridized, making
a bond of 1.36 Å length with C(7), and of 1.42 Å with C(1). A similar
behaviour has been observed for N(2), N(3) and N(4) (Fig. 3).

The electronic properties of these new macrocycles were
examined on 7c (the most soluble) by cyclic voltammetry as well as
UV–vis spectroscopy. The redox potentials were measured in
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a 0.1 M solution of tetrabutylammonium hexafluorophosphate
(TBAPF6) in DMF using a Ag/AgCl reference electrode and a plati-
num working electrode (1.6 mm2).

The voltammogram of 7c exhibited an irreversible oxidation wave
at 1.270 V consistent with an EC mechanism due to a chemical evo-
lution after formation of the cation radical [7c]þ� (Fig. 6). As expected,
molecule 7c appeared much more difficult to oxidize than the
N(R)-bridged azacyclophanes 1 described in the lit.18,19 due to the
presence of the four nitro groups. In contrast, as electron-poor mac-
rocycle, 7c isdto the best of our knowledgedthe first example of
tetraaza[1.1.1.1]m,p,m,p-cyclophanes that could be reversibly reduced
(at�0.978 V). By analogy with related azacyclophanes,11,19 the access
to useful anion radicals might be now envisaged owing to the stabi-
lization of the charge by delocalization over the macrocycle.
Figure 6. Cyclic voltammogram of 7c in DMF at 25 �C.
The UV–vis spectrum of 7c showed two major absorption peaks
at 226 (log 3¼3.28) and 343 nm (log 3¼3.54) in MeCN at room
temperature (Fig. 7). The small shoulder lying at the longer wave-
length (near 400 nm) can be assigned to the n/p transition while
the peaks at the shorter l should be caused by the p/p* transitions.
Figure 7. UV–vis spectrum of 7c in MeCN at room temperature.
3. Conclusion

In summary, we described the first metal-free synthesis of
tetraaza[1.1.1.1]m,p,m,p-cyclophanes, which allowed the access
to unprecedented N(H)-bridged derivatives 7a–c (symmetrical
and unsymmetrical). This preparation has been achieved by
SNAr assisted by hydrogen bonding interactions, which
preorganize the intermediates for an efficient cyclization (no
polymerization observed even under low dilution conditions). In
addition to the NH bridging sites that can be further directly
substituted (8), the potential presence of four NH2 functions (by
reduction of the NO2 groups) open new pespectives as electro-
nrich molecules for the preparation of high-spin organic mate-
rials,19 as new hosts in supramolecular chemistry2,5,32,33 and/or
as new N-donor ligands in coordination chemistry34–39 (possible
further substitutions). The new macrocycles 7 adopt in solution
an 1,3-alternated conformation (1H NMR analysis), which was
further supported by theoretical calculations. Such compounds
could be also easily and reversibly reduced (electrochemical
studies). This observation opens new perspectives for this class
of macrocycles (1, 2 and 7) because it should now be possible to
use them as n-dopable materials for the generation of radicals
anions as conductive species,40 or for the formation of iono-
metallic phases.41

4. Experimental

4.1. General remarks

Commercial analytical-grade reagents were obtained from
commercial suppliers and were used directly without further
purification. Solvents were distilled under argon prior to use and
dried by standard methods. 1H and 13C NMR spectra were recor-
ded in DMSO-d6 with a AC250 Bruker spectrometer, operating at
250 and 62 MHz, respectively. HMBC, HMQC NOESY and COSY 2D
NMR spectra were recorded in DMSO-d6 with AC400 or AC500
Bruker spectrometers. Chemical shifts are reported in d units, in
parts per million (ppm). Splitting patterns are designed as s,
singlet; d, doublet; m, multiplet; br, broad. Elemental and MS
analyses were performed by the Spectropole of Marseille. ESI
mass spectral analyses were recorded on a 3200 QTRAP (Applied
Biosystems SCIEX) mass spectrometer. Cyclic voltammetric (CV)
data were acquired using a BAS100 Potentiostat (Bioanalytical
Systems) and a PC computer containing BAS100 W software
(v2.3). A three-electrode system with a Pt working electrode
(diameter 1.6 mm), a platinum counter electrode and an Ag/AgCl
(with 3 M NaCl filling solution) reference electrode was used.
Tetrabutylammonium hexafluorophosphate, was used as
received. The compound was studied at 1.10�3 M in DMF/TBAH
0.1 M. and cyclic voltammogram recorded at a scan rate of
100 mV s�1. Ferrocene was used as internal standard. The dif-
fraction powder measurements were realized in transmission
mode by using an INEL diffractometer equipped with a linear
detector INEL CPS 120. The powder was disposed into a glass
capillary of 1 mm in diameter. The radiation length was 1.5418 Å
corresponding to Cu Ka.

4.2. Synthesis and characterization of the intermediates

4.2.1. N1-(5-Fluoro-2,4-dinitrophenyl)2-methylbenzene-1,4-diamine
(5). To a solution of 1,5-difluoro-2,4-dinitrobenzene 4
(m¼200 mg, 0.98 mmol, 1 equiv) and diisopropylethylamine
(v¼0.83 mL, 4.9 mmol, 5 equiv) in 10 mL of EtOH, was added
2,5-diaminotoluene 3b (m¼116 mg, 0.98 mmol, 1 equiv) at room
temperature. The mixture was then stirred at under reflux for
6 h and the reaction was monitored by TLC. The obtained pre-
cipitate was isolated by filtration and washed with hot water
and cold ethanol affording 5 as a brown solid in 84% yield
(m¼205 mg).

1H NMR (250 MHz, DMSO-d6): d ppm 2.07 (s, 3H, CH3), 5.16 (br s,
2H, NH2), 6.60 (d, 1H, 3JHF¼14.5 Hz, aromatic H), 6.66 (d, 1H,
3JHH¼8.3 Hz, aromatic H), 6.90 (m, 2H, aromatic H), 8.90 (d, 1H,
4JHF¼8.0 Hz, aromatic H), 10.07 (br s, 1H, NH); 13C{1H} NMR
(62 MHz, DMSO-d6): d ppm 17.34 (s, CH3), 102.70 (d, 2JCF¼26 Hz,
HC–CF), 114.24, 122.08, 124.41, 124.88, 127.10, 127.44, 127.67, 146.36,
148.90, 149.11 (s, aromatic C), 158.79 (d, 1JCF¼302 Hz, C–F); MS
(ESI): 307 [MþH]þ; calculated for C13H11N4O4F: C 50.98, H 3.62, N
18.29; found: C 51.27, H 3.74, N 18.27.

4.2.2. N,N0-(4,6-Dinitro-1,3-phenylene)dibenzene-1,4-diamine
(6a). To a solution of p-phenylenediamine 3a (m¼353 mg,
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1.96 mmol, 2 equiv) and diisopropylethylamine (v¼0.85 mL,
4.9 mmol, 5 equiv) in EtOH was added 1,5-difluoro-2,4-
dinitrobenzene 4 (m¼200 mg, 0.98 mmol, 1 equiv). The mixture
was then stirred for 24 h under reflux affording 6a (precipitate),
which was isolated by filtration as a brown solid (m¼320 mg, 86%
yield).

1H NMR (250 MHz, DMSO-d6): d ppm 5.15 (br s, 4H, NH2), 6.24
(s, 1H, NH–C]CH–C–NH), 6.51 (d, 4H, Jortho¼8.65, aromatic H), 6.90
(d, 1H, Jortho¼8.65, aromatic H), 9.01 (s, 1H, O2N–C]CH–C–NO2),
9.51 (br s, 2H, NH); 13C{1H} NMR (62 MHz, DMSO-d6): d ppm 93.44,
113.45, 123.46, 124.70, 125.20, 127.90, 146.18, 146.48 (aromatic C);
MS (ESI): 381 [MþH]þ; calculated for C18H16N6O4: C 56.84, H 4.24,
N 22.10; found: C 56.51, H 4.25, N, 21.60.

4.2.3. N,N0-(4,6-Dinitro-1,3-phenylene)bis(2-methylbenzene-1,4-di-
amine) (6b). To a solution of p-phenylenediamine 3b (m¼431 mg,
1.96 mmol, 2 equiv) and diisopropylethylamine (v¼0.85 mL,
4.9 mmol, 5 equiv) in EtOH was added 1,5-difluoro-2,4-di-
nitrobenzene 4 (m¼200 mg, 0.98 mmol, 1 equiv). The mixture was
then stirred for 24 h under reflux affording 6b (precipitate), which
was isolated by filtration as an orange solid (m¼310 mg, 77%
yield).

1H NMR (250 MHz, DMSO-d6): d ppm 2.01 (s, 6H, CH3), 4.94 (br
s, 4H, NH2), 6.33 (s, 1H, NH–C]CH–C–NH), 6.56 (d, 4H, Jortho¼
8.09 Hz, aromatic H), 6.80 (m, 4H, aromatic H), 9.02 (s, 1H,
O2N–C]CH–C–NO2), 9.52 (br s, 2H, NH); 13C{1H} NMR (62 MHz,
DMSO-d6): d ppm 17.36 (CH3), 93.97, 114.00, 121.76, 123.18, 124.08,
125.47, 126.40, 128.54, 145.09, 146.70; MS (ESI): 409 [MþH]þ; cal-
culated for C20H20N6O4: C 58.82, H 4.94, N 20.58; found: C 58.77, H
4.97, N 20.21.

4.2.4. N1-(4-Amino-2-methylphenyl)-N3-(4-aminophenyl)-4,6-di-
nitrobenzene-1,3-diamine (6c). To a solution of p-phenylenediamine
3a (m¼117.6 mg, 0.65 mmol, 1 equiv) and diisopropylethylamine
(v¼0.65 mL, 3.26 mmol, 5 equiv) in MeCN was added 5 (m¼306 mg,
0.65 mmol, 1 equiv). The mixture was then stirred for 8 h under
reflux to afford 6c (precipitate), which were isolated by filtration as
an orange solid (m¼180 mg, 70% yield).

1H NMR (250 MHz, DMSO-d6): d ppm 2.03 (s, 3H, CH3), 4.94 (br
s, 2H, NH2), 5.19 (br s, 2H, NH2), 6.37 (s, 1H, NH–C]CH–C–NH), 6.53
(dd, 4H, Jortho¼8.6 Hz, Jmeta¼3.3 Hz, aromatic H), 6.77 (dd, 1H, Jortho¼
8.36 Hz, Jmeta¼2.36 Hz, aromatic H), 6.85 (d, 1H, Jmeta¼2.36 Hz,
aromatic H), 6.92 (d, 1H, Jortho¼8.36 Hz, aromatic H), 9.00 (s, 1H,
O2N–C]CH–C–NO2), 9.50 (br s, 1H, NH), 9.52 (br s, 1H, NH); 13C{1H}
NMR (62 MHz, DMSO-d6): d ppm 17.36 (CH3), 94.08, 114.04, 114.09,
121.72, 122.95, 124.11, 124.14, 125.34, 125.50, 126.04, 128.55, 144.98,
146.42, 147.01, 147.24 (aromatic C), only 16 peaks instead of 19 could
be observed due to signal overlap; MS (ESI): 395 [MþH]þ; calcu-
lated for C19H18N6O4$1/3H2O: C 57.00, H 4.70, N 20.99; found: C
57.08, H 4.57, N 20.72.
4.3. Synthesis and characterization of the N(H)-bridged
macrocycles 7a–c

4.3.1. General procedure for the synthesis of 7a–c. To a solution of
6a–c in MeCN in the presence of diisopropylethylamine (5 equiv)
was added 1,5-difluoro-2,4-dinitrobenzene 4 (1 equiv). The mix-
ture was then stirred for 24 h under reflux to afford a precipitate of
7a–c, which was isolated by filtration.

4.3.2. Characterization of 7a–c.
4.3.2.1. 8,10,19,20-Tetranitro-1,6,12,17-tetraaza[14]cyclophane
(7a). Yellow solid (m¼105 mg, 84% yield): MS (ESI): 543 [M�H]þ;
calculated for C24H16N8O8: C 52.95, H 2.96, N 20.58; found: C 52.44,
H 3.07, N 20.22.
4.3.2.2. 3,15-Dimethyl-8,10,19,20-tetranitro-1,6,12,17-tet-
raaza[14]-cyclophane (7b). Orange solid (m¼140 mg, 50% yield): 1H
NMR (250 MHz, DMSO-d6): d ppm 2.38 (s, 6H, CH3), 5.08 (s, 0.5H,
Ha), 5.10 (s, 0.5H, Ha), 5.562 (s, 0.5H, Ha), 5.564 (s, 0.5H, Ha), 7.20
(m, 6H) aromatic H, 9.08 (m, 2H, Hb), 9.78 (m, 4H, NH); MS (ESI):
573 [MþH]þ; calculated for C26H20N8O8$1/3H2O: C 53.98, H 3.60, N
19.37; found: C 53.61, H 3.63, N 18.97.

4.3.2.3. 3-Methyl-8,10,19,20-tetranitro-1,6,12,17-tetraaza[14]cy-
clophane (7c). Orange solid (m¼112 mg, 66% yield); 1H NMR
(250 MHz, DMSO-d6): d ppm 2.09 (s, 3H, CH3), 5.43 (s, 1H, Ha), 5.64
(s, 1H, Ha), 7.12 (m, 7H, aromatic H), 9.02 (s, 1H, Hb), 9.04 (s, 1H, Hb),
9.68 (br s, 1H, NH), 9.70 (br s, 1H, NH), 9.72 (br s, 1H, NH), 9.96 (br s,
1H, NH); MS (ESI): 557 [M�H]þ; calculated for C25H18N8O8$1/
3H2O: C 53.20, H 3.33, N 19.85; found: C 53.09, H 3.33, N 19.44.

4.4. Synthesis and characterization of the N(R)-bridged
macrocycle

4.4.1. N,N0,N00,N%-Tetramethyl-8,10,19,20-tetranitro-1,6,12,17-tetraa-
za[14]cyclophane (8). To a stirred solution of 7a (m¼250 mg,
0,46 mmol, 1 equiv) in 10 mL of anhydrous DMF was added
potassium carbonate (m¼634 mg, 4,60 mmol, 10 equiv) under an
Ar atmosphere. The solution turns immediately into a dark red
colour and is left at room temperature for 20 min. To this red so-
lution was added methyl iodide (v¼242 ml, 3,68 mmol, 8 equiv) and
the obtained solution was then stirred overnight at 80 �C affording
8, which was isolated by filtration as an orange solid and washed
with MeCN (m¼208 mg, 65% yield).

MS (ESI): 601 [MþH]þ; calculated for C28H24N8O8$CH3CN$1/
2 K2CO3: C 51.54, H 3.83, N 17.74; found: C 51.69, H 3.39, N 18.25.
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1. Vögtle, F. Cyclophane Chemistry; Wiley: Chichester, 1993.
2. Cyclophanes; Diederich, F., Ed.; The Royal Society of Chemistry: Cambridge:

Cambridge, UK, 1991.
3. Gutsche, C. D. Calixarenes; The Royal Society of Chemistry: Cambridge, UK,

1989.
4. Asfari, Z.; Böhmer, V.; Harrowfield, J.; Vicens, J. Calixarenes 2001; Kluwer

Academic: Dordrecht, 2001.
5. Vicens, J.; Harrowfield, J. Calixarenes in the Nanoworld; Springer: Dordrecht,

2007.
6. Bogdan, N. D.; Grosu, I. Curr. Org. Chem. 2009, 13, 502.
7. König, B.; Fonseca, M. H. Eur. J. Org. Chem. 2000, 2303.
8. Katz, J. L.; Feldman, M. B.; Conry, R. R. Org. Lett. 2005, 7, 91.
9. Sliwa, W. Chem. Heterocycl. Compd. 2004, 40, 683.

10. Matsumiya, H.; Terazono, Y.; Iki, N.; Miyano, S. J. Chem. Soc., Perkin Trans. 2 2002,
1166.

11. Ishibashi, K.; Tsue, H.; Sakai, N.; Tokita, S.; Matsui, K.; Yamauchi, J.; Tamura, R.
Chem. Commun. 2008, 2812.

12. Morohashi, N.; Narumi, F.; Iki, N.; Hattori, T.; Miyano, S. Chem. Rev. 2006, 106,
5291.

13. Ito, A.; Ono, Y.; Tanaka, K. New J. Chem. 1998, 779.
14. Ito, A.; Ono, Y.; Tanaka, K. J. Org. Chem. 1999, 64, 8236.
15. Fukushima, W.; Kanbara, T.; Yamamoto, T. Synlett 2005, 2931.
16. Tsue, H.; Ishibashi, K.; Takahashi, H.; Tamura, R. Org. Lett. 2005, 7, 2165.
17. Sakamaki, D.; Ito, A.; Furukawa, K.; Kato, T.; Tanaka, K. Chem. Commun. 2009,

4524.
18. Hauck, S. I.; Lakshmi, K. V.; Hartwig, J. F. Org. Lett. 1999, 1, 2057.
19. Ito, A.; Ono, Y.; Tanaka, K. Angew. Chem., Int. Ed. 2000, 39, 1072.
20. Yan, X. Z.; Pawlas, J.; Goodson, T.; Hartwig, J. F. J. Am. Chem. Soc. 2005, 127, 9105.
21. Xu, M.; Yi, C.; Yang, C.-J.; Wang, J.-H.; Liu, Y.-Z.; Xie, B.; Gao, X.-C.; Wang, P.; Zou,

D.-C. Thin Solid Films 2008, 516, 7720.



M. Touil et al. / Tetrahedron 66 (2010) 4377–43824382
22. Gao, X.; Xu, M.; Yang, C. C.N. Patent 101,088,992, 2007.
23. Jung, S.Y.; Park, J.E.; Jung, J.H.; Baek, Y.G.; Kim, J.Y.; Ju, S.H.; Yang, J.U.; Baek, G.G.

K.R. Patent 2,008,071,664, 2008.
24. Akashi, N.; Kato, H. J.P. Patent 2,007,214,364, 2007.
25. (a) Ferguson, J. S.; Yamato, K.; Liu, R.; He, L.; Cheng Zheng, X.; Gong, B. Angew.

Chem., Int. Ed. 2009, 48, 3150; (b) Touil, M.; Lachkar, M.; Siri, O. Tetrahedron Lett.
2008, 49, 7250; (c) Pasini, D.; Ricci, M. Curr. Org. Synth. 2007, 4, 59; (d) Huc, I.
Eur. J. Org. Chem. 2004, 17; (e) Li, Z.-T.; Hou, J.-L.; Li, C.; Yi, H.-P. Chem.dAsian J.
2006, 1, 766.

26. Konishi, H.; Hashimoto, S.; Sakakibara, T.; Matsubara, S.; Yasukawa, Y.; Mor-
ikawa, O.; Kobayashi, K. Tetrahedron Lett. 2009, 50, 620.

27. Holder, A. J.; Dennington, R. D., III; Jie, C.; Yu, G. Tetrahedron 1994, 50, 627.
28. Dewar, M. J. S.; Jie, C.; Yu, G. Tetrahedron 1993, 23, 5003.
29. AMPAC� 9, 1992–2008 Semichem, Inc. 12456 W 62nd Terrace - Suite D,

Shawnee, KS 66216.
30. Lee, W. C.; Yang, P. R. G. Phys. Rev. B 1988, 37, 785.
31. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.;

Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K. N.; Burant, J. C.;
Millam, J. M.; Iyengar, S. S.; Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.;
Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao,
O.; Nakai, H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken,
V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A.
J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G.
A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.;
Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman,
J. B.; Ortiz, J. V.; Cui, Q; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.;
Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.;
Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A. Gaussian 03, Re-
vision C.02; Gaussian,: Wallingford, CT, 2004.

32. Kang, S. O.; Begum, R. A.; Bowman-James, K. Angew. Chem., Int. Ed. 2006, 45, 7882.
33. Brooks, S. J.; Gale, P. A.; Light, M. E. Chem. Commun. 2005, 4696.
34. Gordon-Wylie, S. W.; Claus, B. L.; Horwitz, C. P.; Leychkis, Y.; Workman, J. M.;

Marzec, A. J.; Clark, G. R.; Rickard, C. E. F.; Conklin, B. J.; Sellers, S.; Yee, G. T.;
Collins, T. J. Chem.dEur. J. 1998, 4, 2173.

35. Hitchcock, P. B.; Huang, Q.; Lappert, M. F.; Wei, X.-H.; Zhou, M. Dalton Trans.
2006, 2991.

36. Hitchcock, P. B.; Lappert, M. F.; Wei, X.-H. Dalton Trans. 2006, 1181.
37. Kilpin, K. J.; Henderson, W.; Nicholson, B. K. Polyhedron 2007, 26, 434.
38. Bezombes, J.-P.; Gehrhus, B.; Hitchcock, P. B.; Lappert, M. F.; Merle, P. G. Dalton

Trans. 2003, 1821.
39. Singh, J.; Hundal, G.; Corbella, M.; Gupta, R. Polyhedron 2007, 26, 3893.
40. Kozaki, M.; Sugimura, K.; Ohnishi, H.; Okada, K. Org. Lett. 2006, 8, 5234.
41. Ghilane, J.; Guilloux-Viry, M.; Lagrost, C.; Simonet, J.; Hapiot, P. J. Am. Chem. Soc.

2007, 129, 6654.


	Unprecedented N(H)-bridged tetraaza[1.1.1.1]m,p,m,p-cyclophanes
	Introduction
	Results and discussion
	Conclusion
	Experimental
	General remarks
	Synthesis and characterization of the intermediates
	N1-(5-Fluoro-2,4-dinitrophenyl)2-methylbenzene-1,4-diamine (5)
	N,Nprime-(4,6-Dinitro-1,3-phenylene)dibenzene-1,4-diamine (6a)
	N,Nprime-(4,6-Dinitro-1,3-phenylene)bis(2-methylbenzene-1,4-diamine) (6b)
	N1-(4-Amino-2-methylphenyl)-N3-(4-aminophenyl)-4,6-dinitrobenzene-1,3-diamine (6c)

	Synthesis and characterization of the N(H)-bridged macrocycles 7a-c
	General procedure for the synthesis of 7a-c
	Characterization of 7a-c
	8,10,19,20-Tetranitro-1,6,12,17-tetraaza[14]cyclophane (7a)
	3,15-Dimethyl-8,10,19,20-tetranitro-1,6,12,17-tetraaza[14]-cyclophane (7b)
	3-Methyl-8,10,19,20-tetranitro-1,6,12,17-tetraaza[14]cyclophane (7c)


	Synthesis and characterization of the N(R)-bridged macrocycle
	N,Nprime,NPrime,Ntprime-Tetramethyl-8,10,19,20-tetranitro-1,6,12,17-tetraaza[14]cyclophane (8)


	Acknowledgements
	References and notes


