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Abstract—Silver(I) nitrate and 2,2’-biimidazole (H,biim) crystallize from an aqueous solution to afford a
single-strand helix, as evidenced by X-ray crystaliography. This assemblage is based on an approximate cis
conformation of H,biim acting in concert with the preferred linear two-coordinate nature of the ligated silver(l)

atom. © 1997 Elsevier Science Ltd
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Our initial interest in the silver chemistry of 2,2’-biimi-
dazole (H,biim, 1) was spurred by a report describing
the preparation of its disilver salt, Ag,biim [1]. It was
hoped this compound would be a viable alternative
(i.e. lower toxicity) to the dithallirm salt of H,biim
[2a], which has been used as a precursor in meta-
thetical reactions involving halo-bound metal centers
[2a-d].

Attempts were made to prepare Ag,biim as pre-
viously described: H,biim was solubilized in dilute
HNO; (aq) and 2 equiv. of silver(I) nitrate added
directly as a solid, resulting in the formation of a white
precipitate.t This precipitate can be resolubilized if
the solution is made sufficiently acidic. Likewise, if the
initial solution is too acidic no precipitate is formed
on the addition of AgNQ,. In either case, golden col-
umnar crystals are deposited upon slow evaporation
of the respective solutions. IR analyses of the initial
precipitate and the deposited crystalline compound

* Author to whom correspondence should be addressed.

t Anal. Found: C, 24.0; H, 2.0; N, 22.9; Ag 35.9. Calc.
for CgHeAgNO,: C, 23.7; H, 2.0; N, 23.0; Ag, 35.5%. 'H
NMR (100 MHz, D,0): § 4.82 (2H, s, C—H), 7.38 (1H, s,
N—H).
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are identical, both showing the characteristic N—H
stretch (3141-2810 cm ™!, m) of H,biim and the ionic
nitrate absorption (1360 m~', s), clearly indicating
that neither product is the desired disilver salt, but
rather a complex involving both AgNO, and H,biim.
Elemental analyses and solution conductivity studies
confirm this and imply an empirical formula com-
mensurate with a 1:1 AgNO;: H,biim stoichiometry,
which has been reported [3].
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Fig. 1. Asymmetric unit (50% ellipsoids) showing the two major species resulting from the libration about Ag. Cla is bound
toaClbria2—y,x—y+1,z—1/3;ClbtoaCl avia—x+y+1,2—x,z+1/3.

X-ray crystallography was employed to better
understand this complex.* The asymmetric unit con-
sists of two imidazolyl moieties, one silver atom and
one nitrate group. Although of no chemical signifi-
cance, in order to obtain an acceptable crys-

*Crystal data: M = 304.03, trigonal, space group P3,,
a=10.147(2), b = 10.147(2), c = 7.765 A, V = 692.3(3) A%,
Z=3, D, =2188 g cm™’, F(000) =444, u(Mo-
K,) =2.179mm™~", T = 288(2) K. Two octants of data were
collected on a crystal of dimensions 0.45x 0.30 x 0.25 mm
with a Siemens P3 diffractometer using graphite mon-
ochromated X-radiation (1 = 0.71073 A) operating in the
6/20 mode from 232 to 2501° (—12<h<12,
—12<k <12, —9<7<9). Unitcell parameters were
based on a least-squares fit of 40 reflections with
8.1 < 8 < 15.3°. Absorption corrections (semi-empirical
from -scans) were applied (7, = 0.855; T, = 1.000).
All non-hydrogen atoms were allowed anisotropic thermal
motion. Hydrogen atoms were placed at idealized positions
(C—H 0.96 A, N—H 0.90 A) and were assigned isotropic
thermal of Ufeq) = 80. The structure was solved using
SHELXL-PC™ [4] and refined on F° by a full-matrix least-
squares method wusing the weighting scheme w=
[6*(F2)+ (0.205P)>+0.0252P] 7!, where P = (F2+2F2)/3
with SHELXL-93 [5] to a final R, = 0.0134 (wR, = 0.0336;
S = 1.149). The largest difference peak and hole were 0.169
and —0.290 ¢ A3, respectively.

tallographic agreement factor, the asymmetric unit
was deconvoluted into two major moieties (“a” and
“b’’) which appear to librate about a nearly isotropic
silver atom (Fig. 1).

The single-strand helical nature of this structure is
very surprising for its sheer simplicity (Fig. 2). Recent
literature demonstrates that the current thrust of
supramolecular chemistry is based on either higher
order helices (double or triple strands) [6] or intricate
arrangements of intertwined threads [7]. The overall
(at least most common) theme tying these assemblies
together is that the point of metal-ligand contact is
based on either the imidazolyl or pyridyl moiety, these
being incorporated into monomeric or oligomeric
units. So it should come as no surprise that H,biim
can be the foundation upon which supramolecular
assemblies may be constructed.

The bond distances and angles of the complexed
H,biim are unexceptional and compare well with the
free ligand [8]. Of note is the dihedral angle between
the two imidazole rings. The free ligand is found to
crystallize in a trans disposition, as expected, but
in the title complex H,biim takes on a cis conform-
ation with a dihedral angle of 23.2(2)°. This
angle presumably minimizes the proton—proton
(N—H - - - H—N) and silver-silver interactions, whilst
preserving the favourable pi overlap between the two
bridging atoms of the aromatic rings, albeit somewhat
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Fig. 2. View of the unit cell illustrating the right-hand nature of the helix. Displayed atoms are of arbitrary size; hydrogen
atoms omitted for clarity.

reduced from the optimum coplanar arrangement [9].
This cis conformation constrains neighboring silver
atoms into fairly close contact, Ag—Ag' = 3.0029(6)
A, (I = —x+y+1., —x+2, z+1/3) resulting in a
Ag'—Ag—Ag' 2= —1y+2, x—p+1, z—1/3) angle
of 127.90(2)". The geometry about the silver atom is
best described as linear  two-coordinate
[N{(1B)—Ag—N(2A) = 162.32(11)°]. The angles
about the nitrate anion sum to 360°, within exper-
imental error and the N—O bond lengths range from
1.19(2) [N(3b)—O(2b)] to 1.27(2) [N(3a)—O(2a)].
The planar nitrate moieties (“a” and “b’") are tilted
by 57.3(3) and 56.1(3)° with respect to the
N(1B)—Ag—N(2A) plane and the nitrate’s oxygen
atoms contact the silver atom most closely at distances
of 2.79(1), 2.73(1), 2.77(1), and 2.81(1) A for Ola,
02a. Olb, and O2b, respectively. Overall, the basic
structure i1s quite similar to that seen in the related
monomeric complex [Ag(im),NQO;} (im = imidazole)
[10].

Supplementary material

Tables of atomic coordinates, thermal parameters,
observed and calculated structure factors, as well as
selected distances and angles (9 pages) are available
from the authors upon request.
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