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The reaction of imidazole with an excess of pyrrole in the
presence of tetrabutylammonium hydroxide affords, in high
yield by a self-assembly process, tetrabutylammonium imid-
azolate–dipyrrole, as shown by an X-ray structure analysis.
The two pyrroles form hydrogen bonds with the two nitrogen
atoms of the imidazole anion, and the tetrabutylammonium

Introduction

For many decades metal-free carbanions with tetraalkyl-
ammonium counterions, which serve as reagents for a vari-
ety of reaction types, were considered to be “naked”
anions,[1] in contrast to traditional compounds such as
organolithium or Grignard reagents. However, in a series of
papers describing the X-ray structure of such reagents, we
demonstrated that this is not the case.[2] Rather, the α-meth-
ylene units of the tetraalkylammonium cations form strong
hydrogen bonds to the negatively charged atoms of the
carbanions, and, in most cases, supramolecular dimeric spe-
cies are involved. Indeed, quantum mechanical calculations
of the tetramethylammonium cation, (CH3)4N+, clearly
indicate that the positive charge is not localized on the N
atom as organic chemists usually write, but is in fact delo-
calized over the four C atoms and the 12 H atoms, and
the nitrogen is essentially neutral.[2f] Along these lines, it is
interesting to point out that ab initio calculations of a com-
plex between (CH3)4N+ and a neutral compound, namely
benzene, suggest strong binding forces arising from charge-
quadruple and charge-polarizibility,[3a] as later postulated
in certain peptides,[3b] and that Ph3P+CH3 forms hydrogen
bonds to furan in clathrates.[3c]

We have reported the solid-state structures of a number
of metal-free carbanions, including tetrabutylammonium
salts of CH-acidic compounds such as malonic acid dies-
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counterion also forms hydrogen bonds to the same nitrogen
atoms, with the formation of a structurally unique supra-
molecular compound.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

ters,[2a] nitriles,[2a,2b] lactones,[2c] ketones,[2d] 2-nitropro-
pane,[2e] sulfones,[2f] and even 9-ethylfluorene.[2e] The only
compound that comes close to being truly “naked” is the
tetrabutylammonium salt of cyclopentadiene.[2e] The X-ray
structure of a phenyl-stabilized trifluoromethylsulfonyl
carbanion with a tetrabutylammonium counterion was re-
ported to involve very weak anion–cation interactions (C–
H···O).[4] In recent years, the chemistry of these reagents
has been expanded to include new metal-free carbanions
and their use in a variety of applications such as Michael
additions, alkylations, and aza-Henry reactions,[5] many un-
der the conditions of phase-transfer catalysis.[5f–5h,6,7] Tetra-
alkylphosphonium salts of such carbanions have also been
reported,[5i] although X-ray structural studies appear to be
rare.[1k] Tetraalkylammonium halides,[8] sulfides[9] and even
complex anions such [FeCl4]–[nBu4N]+[10] constitute ion
pairs, which interact with one another through hydrogen
bonds. Strong hydrogen-bond networks also exist in the
case of nitrogen-centered anions, as in the case of the carbaz-
olide anion, which was shown to interact with the tetrabu-
tylammonium counterion.[11] Structural knowledge of all of
these compounds is important in its own right, especially
with a focus on different types of hydrogen bonding,[12] but
it is also important when attempting to understand asym-
metric phase-transfer catalysis[5f–5i,6,7] and various types of
metal-free anionic polymerization.[9,13,14]

Interestingly, if a potential proton donor is included in
the anionic system, which results in the formation of strong
H-bonds as in the case of the phenolate/phenol pair, hydro-
gen bonding still occurs with the tetrabutylammonium
counterions.[15] Here we describe the synthesis and crystal
structure of tetrabutylammonium imidazolate, which is
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doubly stabilized as a result of two hydrogen bonds origi-
nating from two neutral pyrrole molecules by way of self
assembly. As will be demonstrated, this complex anionic
species is further stabilized by hydrogen bonds with the tet-
rabutylammonium counterion, which leads to the structur-
ally unusual supramolecular compound 3 (Scheme 1).

Scheme 1. Preparation of tetrabutylammonium imidazolate–dipyr-
role 3.

Results and Discussion

Reaction of a mixture of imidazole (1) and excess pyrrole
(2) in THF with a solution of tetrabutylammonium hydrox-
ide in methanol, followed by removal of the solvent and
drying under vacuum in the presence of P2O5, resulted in a
solid material in essentially quantitative yield. The material
was dissolved in DMF and recrystallized at –20 °C, which
provided colorless crystals in 73% yield. These proved to
be suitable for an X-ray structure analysis. The triclinic unit
cell contains two crystallographically independent struc-
tures of 3, which we label here as molecules I and II. The
structures are shown in Figures 1 and 2, respectively.

Figure 1. Crystal structure of compound 3 featuring molecule I in
the unit cell.

Figure 2. Crystal structure of compound 3 featuring molecule II in
the unit cell.
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Inspection of Figures 1 and 2 reveals that independent
molecules I and II are quite similar because, in both cases,
the imidazolate anion is stabilized by two neutral pyrrole
units through H-bonds formed with its two N atoms. It is
instructive to focus on some of the bond lengths and angles
involved in the hydrogen bonding of molecules I and II
(Tables 1 and 2, respectively). The N–H···N bond lengths,
with a mean value of 2.84(2) Å (N···N), lie at the shorter
end of the range observed for hydrogen bonds involving
solely nitrogen,[16] and the N–H···N angles are close to the
ideal value of 180°. The N–H bonds of the pyrrole rings
therefore point towards the nitrogen atoms of the imid-
azolate anion. The only significant difference between mole-
cules I and II is the orientation of the two stabilizing pyr-
roles. In molecule I, the two pyrrole units are essentially
coplanar (angle between mean planes: 15°), whereas in
molecule II they are almost perpendicular to one another
(79°). This can be explained in terms of crystal packing
forces, which cause the pyrrole rings to rotate about the N–
H···N bonds.

Table 1. Selected distances and angles in 3 (molecule I) involved in
H-bonding.

Atoms Distance [Å] or angle [°]

N2···N3 2.835(2)
N2–H2 0.91(3)
H2···N3 1.94(3)
N2–H2···N3 166(1)
N4···N5 2.813(2)
N4···H5 1.91(3)
H5–N5 0.93(2)
N4···H5–N5 164(1)

Table 2. Selected distances and angles in 3 (molecule II) involved
in H-bonding.

Atoms Distance [Å] or angle [°]

N7···N8 2.831(3)
N7–H7 0.94(3)
H7···N8 1.90(3)
N7–H7···N8 173(1)
N9···N10 2.866(2)
N9···H10 2.01(3)
H10–N10 0.87(2)
N9···H10–N10 170(1)

The orientation of the anion with respect to the cation
is also essentially identical in both cases; hydrogen bonds
between two α-methylene units of the tetrabutylammonium
counterion and the two N atoms of imidazolate provide fur-
ther stabilization. The measured N···C distances in the case
of molecule I are: N3···C1 3.578(2) Å and N4···C5
3.669(2) Å. In molecule II they are: N8···C28 3.575(2) Å
and N9···C32 3.662(2) Å, which in addition to the almost
linear N···H–C arrangement [163(1)°, 155(1)°, 162(1)°, and
148(1)°, respectively], clearly indicate the presence of hydro-
gen bonds between the anion and cation.

As already pointed out, this latter type of interaction is
typical of tetraalkylammonium salts of CH- and NH-acidic
compounds.[2,11] Thus, N···H–C–N stabilized cation–anion
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interaction is in operation here, even though the imid-
azolate anion is already stabilized by two neutral molecules
of pyrrole.[17]

Conclusions

Reaction of a THF solution of imidazole (1) and excess
pyrrole (2) with a methanol solution of tetrabutylammo-
nium hydroxide, followed by removal of the solvent, led to
a self assembly process that resulted in the formation of
the unique compound, tetrabutylammonium imidazolate–
dipyrrole 3, which was analyzed by X-ray structure analysis.
It proves to be a supramolecular compound in which the
imidazolate anion is stabilized by hydrogen bonds originat-
ing from the two other “partners”, namely the two pyrrole
units. In spite of these interactions, further hydrogen bonds
between the α-methylene units of the tetrabutylammonium
cations and the two N atoms of imidazolate contribute to
the overall stabilization.

Experimental Section
Preparation of Tetrabutylammonium imidazolate–dipyrrole 3: A
mixture of imidazole (1) (335 mg, 5 mmol) and pyrrole (2) (1 g,
15 mmol) in THF (5 mL) was treated with a methanol solution of
tetrabutylammonim hydroxide (5 mL of a 1  solution) (Aldrich).
Subsequently, the solvent was removed at 10–3 mbar. The solid was
placed in a desiccator containing P2O5 and kept there under vac-
uum for 72 h. The solid was taken up in a small amount of DMF
and slowly cooled to –20 °C. After 40 h, colorless crystals (1.6 g,
73% yield) were collected and used for the X-ray structure analysis.

Supporting Information (see footnote on the first page of this arti-
cle): Structural data of compound 3 are presented.

CCDC-715557 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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