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Boron difluoride dipyrromethenes bearing configurationally different amine groups on a meso-phenyl
ring were prepared and crystallized. The ortho- and para-amino groups allow the phenyl group to
inductively release greater electron density into the dipyrromethenes resulting in relatively strong inter-
molecular hydrogen-bonding with the terminal BF2 groups, whereas the meta-analog formed weaker
hydrogen-bonds. The intensities of the 1H NMR peaks in concentrated solutions all increased with
F-decoupling.

� 2008 Elsevier Ltd. All rights reserved.
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The chemistry of inter- and intramolecular interactions that re-
sult in the self-assembly of supramolecules is attracting consider-
able interest in many diverse areas of chemistry, physics,
engineering, and crystal design.1–8 Within the framework of supra-
molecular chemistry, dipyrromethene analogs have recently been
seen as an interesting group of ligands and several of our studies
in related areas have been reported.9–12 In this Letter, we report
the structures of various self-assemblies generated through inter-
molecular hydrogen-bonding between o-, m-, or p-amines on
meso-aryl groups and BF2 chelates of dipyrromethenes. We antici-
pated that delocalization of an amine lone pair on a meso-aryl
group would inductively increase electron density into the
dipyrromethene and at boron making the fluorine atoms better
donors. The near orthogonality of the phenyl and dipyrromethene
chromophores suggests that resonance delocalization will be at a
minimum and that inductive effects will play a dominant role.

NO2-substituted aryldipyrromethanes 1–3 were prepared from
nitrobenzaldehyde and 2-methylpyrrole by general synthetic
methods.13 The NO2-substituted aryldipyrromethene 4 was pre-
pared from 40-nitrobiphenyl-4-carbaldehyde and 2-methylpyrrole
followed by oxidation with 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone. Upon treatment of acetonitrile solutions of each dipyrro-
methene with triethylamine and boron trifluoro-etherate, com-
pounds 5–8 were isolated by column chromatography on silica
gel. The title compounds 9–12 were obtained by reducing 5–8 with
hydrazine and palladium carbon. The structures were determined
by X-ray diffraction analysis (Scheme 1).14–17
ll rights reserved.
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).
The molecules of 9 show two different patterns of hydrogen-
bonding (Fig. 1). Pattern A (top of Fig. 1) shows hydrogen-bonding
between the two amines and the two boronic fluorides of four
neighboring molecules, closely approximating the corners of a
square. The lengths of these hydrogen-bonds are 2.098 Å for a
and 2.502 Å for b. Pattern B (bottom of Fig. 1) has strong NH–F
F F F F
4 8 12

Scheme 1. Synthetic routes for 9, 10, 11, and 12.
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Figure 1. Intermolecular hydrogen-bonding patterns of compound 9 (a = a0 , b = b00); pattern A (top) pattern B (bottom).

Table 1
Selected bond angles and distances

Compound F–H distances (Å) H–N distances (Å) F–N distances (Å) F–H–N angles (�)

9 F3–H6B 2.15 H6B–N6 0.88 F3–N6 2.90 N6–H6B–F3 142.7
F1–H3B1 2.50 H3B–N3 0.91 F1–N3 3.31 N3–H3B–F1 148.7
F2–H3A2 2.10 H3A–N3 0.88 F2–N3 2.97 N3–H3A–F2 171.6

10 F1–H43 2.44 H4–N3 0.88 F1–N3 3.26 F1–H4–N3 156.1
F2–H44 2.59 F2B–N3B 3.52 F2–H4–N3 150.5
F2–H35 2.81 H3–N3 0.90 F2A–N3A 3.39 F2–H3–N3 136.1

11 F4–H3A6 2.24 H3A–N3 0.89 F4A–N3 3.02 F4–H3A–N3 180.0
F4–H3B7 2.37 H3B–N3 0.88 F4B–N3 3.10 F4–H3B–N3 132.0
F1–H6A8 2.24 H6A–N6 0.92 F1–N6 2.95 F1–H6A–N6 132.5

12 F1–H2 2.30 H2–N3 0.87 F1–N3 2.90 F1–H2–N3 126.6
F2–H1 2.49 H1–N3 0.88 F2–N3 3.00 F2–H1–N3 118.3

1a and 2b for the pattern A (top) in Figure 1; 3c, 4b and 5a in Figure 2; 6b, 7a, and 8c in Figure 3.

Figure 2. Intermolecular hydrogen-bonding patterns of compound 10 (a = a0 = a00 , b = b0 = b00 , c = c0 = c00).

Figure 3. Intermolecular hydrogen-bonding patterns of compound 11 (a = a0 , b = b0 , c = c0).
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Figure 4. Intermolecular hydrogen-bonding pattern of compound 12.
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hydrogen-bonding using only a single H-atom of the amine and
here the hydrogen-bond distance is 2.148 Å. These two different
patterns are also found in the crystal structure of 11 (Fig. 3) with
hydrogen-bond distances of 2.369 Å, 2.235 Å, and 2.242 Å for a, b,
and c, respectively. Delocalization of the ortho- and para-amino
groups into the aromatic systems should result in a similar induc-
tive effect on meso-position of the conjugated dipyrromethene
moiety and indeed, the two systems show similar hydrogen-bond-
ing motifs and similar bond lengths, Table 1.

On the other hand, the meta-amine of 10 (Fig. 2) formed weak
NH–F hydrogen-bonds, (Table 1). Compound 12, containing a
biphenyl-amino group, showed hydrogen-bond lengths similar to
those in 9 and 11, where both H atoms on the phenylamines make
hydrogen-bonds with one BF2 chelate of a neighboring molecule
(Fig. 4).

Table 1 shows selected bond distances and angles relating to
the hydrogen-bonding motifs found in the crystal structures. Since
all three structures exhibit different hydrogen-bonding motifs a
detailed comparison is not warranted. However, it is clear, as
shown by the N–H and F–N distances that compound 10 which
contains the m-amino group has a relatively weaker hydrogen-
bond.

The hydrogen-bonds in solution were confirmed by 19F-decou-
pled 1H NMR spectroscopy.18 The differences between 19F-cou-
pled and 19F-decoupled 1H NMR spectra for CD2Cl2 solution of
9–12 are shown in Figure 5. To maximize intermolecular hydro-
gen-bonding, highly concentrated solutions were used for the
NMR analysis. The highest upfield signals shown in Figure 3a,
Figure 5. 1H NMR (CD2Cl2) spectral changes of the amino group upon 19F-decoupling: bef
in. S is the solvent peak.
c, e, and g, based on the 19F-coupled 1H NMR spectra, represent
the amino-Hs on the meso-aryl groups. The signals appeared at
3.82, 3.87, 4.11, and 3.88 ppm for compounds 9, 10, 11, and 12,
respectively. As shown in Figure 5b, d, f, and h, the amine-H sig-
nals increased when 19F-decoupled. While the chemistry of boron
dipyrromethene complexes have been widely studied,19–21 their
macromolecular structure is also proving to be an interesting as-
pect of their chemistry.

The ability to determine hydrogen-bond strength using bond
distances is contentious. An intramolecular-inductive effect into
dipyrromethene moieties, as a result of resonance delocalization,
can influence intermolecular hydrogen-bonding networks. The
simple systems described in this Letter have provided an introduc-
tion to the generation of self-assemblies using intermolecular
hydrogen-bonding within dipyrromethenes. Studies on more com-
plex systems are continuing.
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