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The coordination polymer {p-C6H4[CH2OCH2C(pz)3]2-
Ag2(BF4)2}n contains two opposite chirality metallohelicates,
formed by a κ2, κ1 bonding arrangement of each tris(pyrazo-
lyl)methane unit, that are linked with the bitopic ligand into

Helical structures have received increasing attention be-
cause of their structural similarities to nucleic acids and
proteins. Potential applications, such as asymmetric cata-
lysis and nonlinear optical materials,[1] have also increased
the interest in the synthesis and characterization of these
types of structures. Helical organization has been driven by
the formation of covalent bonds in metal complexes[1a,2]

and intermolecular forces, mainly hydrogen bonding.[3]

Most known structures consist of discrete molecules or
ions,[1a,1b,4] although examples of coordination polymers with
helical structures are also known.[2,5] We report here a
unique supramolecular architecture formed by using a new
bitopic ligand to link two different metallohelicates having
opposite chirality.

We are developing supramolecular chemistry using a new
class of multitopic ligands, formed from linking two or
more tris(pyrazolyl)methane units[6] in a single molecule, a
study made possible by our recent progress on the prepara-
tion and reaction chemistry of tris(pyrazolyl)methane li-
gands.[7] Our first example is p-C6H4[CH2OCH2C(pz)3]2 (1,
Scheme 1). This ligand was designed to have the unique
capability of linking metals into chiral polymer chains with
a κ2, κ1 bonding arrangement while also linking these
chains with the flexible side arms of a 1,4-bis(ethoxymeth-
yl)benzene bridge.

The reaction of p-C6H4[CH2OCH2C(pz)3]2 with AgBF4

in a 1:2 ratio in THF yields {p-C6H4[CH2-
OCH2C(pz)3]2Ag2(BF4)2}n (2), a coordination polymer that
contains two types of bridged helical chains. Crystals of 2
suitable for X-ray diffraction[8] were grown by vapor-phase
diffusion of Et2O into an acetonitrile solution. The left side
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2D sheets. The 3D supramolecular structure is formed by
C−H···F weak hydrogen bonds that also order the solvent mo-
lecules.

Scheme 1. 1,4-Bis[tris(pyrazolyl)ethoxymethyl]benzene

of Figure 1 shows a drawing of one of the two polymer
chains. Each Ag(1) is three-coordinate, κ2-bonded to a tris-
(pyrazolyl)methane unit in one ligand and κ1-bonded to a
second from a different ligand, forming polymer chain 1.
The polyhedron involving the Ag(1) atom is a flattened tri-
gonal pyramid [sum of the N2Ag(1)2N bond angles 5
347°], with a significant distortion caused by the restricted
angle [83.43(11)°] of the κ2-bonded ligand.

The right side of Figure 1 shows a drawing of the poly-
mer chain formed by Ag(2). Each Ag(2) is four-coordinate.
As with Ag(1), each silver(I) is κ2-bonded to one tris(pyra-
zolyl)methane unit and κ1-bonded to a second, forming
polymer chain 2. In addition, there is an acetonitrile molec-
ule bonded to each Ag(2). The polyhedron involving the
Ag(2) atom is a distorted tetrahedron with a large distor-
tion caused by the restricted angle [77.40(11)°] of the κ2-
bonded ligand. The CH3CN molecules bonded to the Ag(2)
atoms are alternatively above and below the chain, as pic-
tured (see also Figure 3b).
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Figure 1. (a) Partial structure of 2 showing the polymeric chain
formed by Ag(1); selected bonds (Å) and angles (deg.) are as fol-
lows: Ag(1)2N(11) 2.269(3), Ag(1)2N(21) 2.283(3), Ag(1)2N(31*)
2.196(4), N(11)2Ag(1)2N(21) 83.43(11), N(11)2Ag(1)2N(31*)
127.50(13), N(21)2Ag(1)2N(31*) 136.16(12); (b) the polymeric
chain formed by Ag(2); selected bonds (Å) and angles (deg.) are as
follows: Ag(2)2N(41) 2.405(3), Ag(2)2N(51) 2.380(3),
Ag(2)2N(61*) 2.292(3), Ag(2)2N(81) 2.206(4), N(41)2Ag(2)2
N(51) 77.40(11), N(41)2Ag(2)2N(61*) 107.07(11), N(41)2
Ag(2)2N(81) 103.48(12), N(51)2Ag(2)2N(61*) 102.77(11),
N(51)2Ag(2)2N(81) 124.19(13), N(61*)2Ag(2)2N(81) 128.28(12)

Figure 2 shows a space filling model of the backbone of
both silver chains. In both cases the arrangement of the
backbone is helical, but the chirality of each is opposite.
Both helices are generated around crystallographic 21 screw
axes along the a axis of the unit cell. For both, the distance
between every other silver atom is equal and identical to
the length of the a axis of the unit cell, 10.282 Å, making
the pitches of both helicates identical.

Figure 2. Space filling representation of the backbone of both silver
chains, showing the helical arrangement; for the sake of clarity all
atoms not directly related to the backbone chains have been omit-
ted; the acetonitrile molecule is also excluded in the Ag(2) case

Figure 3a is a view perpendicular to the network formed
by the alternating helical chains. The helical chains are con-
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nected by the 1,4-bis(ethoxymethyl)benzene bridging units
with the ether groups in each ligand oriented on opposite
sides of the aromatic ring. Although this part of the net-
work is two dimensional, the structure has thickness. Fig-
ure 3b is the view in the same alignment of chains as in
Figure 3a, viewed parallel to the network, showing two U-
shape channels formed between the silver strands by the
1,4-bis(ethoxymethyl)benzene bridge. The dimensions of
the channels are 5.8 3 3.6 Å, measured between the two
methylene groups directly bonded to the phenyl ring and
between these methylene groups and the central methine
carbon atoms from the tris(pyrazolyl)methane units. There
is also a cavity formed along the strand formed by the
three-coordinate Ag(1) because of the parallel orientation
of the flattened trigonal pyramids.

Figure 3. View perpendicular (a) and parallel (b) to the sheets
formed by the alternating silver chains

Figure 4 shows that the 2D network (viewed as in Fig-
ure 3b) formed by the helical chains and the connecting or-
ganic bridges is arranged into a 3D supramolecular struc-
ture by weak C2H···F hydrogen bonds. One of the two
nonequivalent BF4

2 ions makes four hydrogen bonds with
two of the 2D sheets forming the 3D architecture. Two of
the bonds, one to each sheet, are very short at 2.262 and
2.290 Å. The average C2H···F bond length of 2.326 Å is
significantly shorter than the sum of the van der Waals radii
for H and F atoms (2.54 Å)[9] and other known cases of
this type of interaction,[10] where the reported values are
close to 2.5 Å. The second BF4

2 ion makes two hydrogen
bonds, one to each of two sheets, at a distance of 2.302 and
2.353 Å.
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Figure 4. Two sheets held together through C2H···F bonds, for-
ming a 3D architecture

An additional important structural feature is that the
solvent molecules are held between the helical layers in a
very ordered fashion by weak hydrogen bonds, an unusual
observation for helical superstructures.[1a] As pictured in
Figure 4, each diethyl ether molecule is bonded through one
terminal methyl group to the BF4 counter-ion that makes
four hydrogen bonds (C2H···F separation is 2.362 Å, with
the corresponding angle of 142.48°) and also through the
ether oxygen atom to a coordinated acetonitrile (C2H···O
separation is 2.557 Å with corresponding angle 5 150.05°).

We plan to develop these chiral polymers as useful mat-
erials in the field of stereospecific synthesis or asymmetric
catalysis.[11] The dual chiral material reported here is made
using inexpensive and readily available materials. The po-
tential applications of our compounds are increased by the
observation of the ordered solvent molecules. Future work
will determine the influence of the solvent and the counter-
ion on the overall structure. We are also studying the divers-
ity of the supramolecular structures that arise from small
changes in the structure of the ligand (for example, by using
ortho-xylene in the bridge instead of para-xylene).

Experimental Section

p-C6H4[CH2OCH2C(pz)3]2 (1): α,α9-Dibromo-p-xylene, p-(BrCH2)2-
C6H4, (2.64 g, 0.010 mol) and tris-2,2,2-(1-pyrazoyl)ethanol,[7] HO-
CH2-C(pz)3, (4.88 g, 0.020 mol) were dissolved in dry THF
(125 mL). This solution was added dropwise to a suspension of
NaH (1.5 g) in dry THF (300 mL) under an inert atmosphere. The
mixture was stirred under reflux for 24 h and then allowed to cool
at room temperature. Enough water (150 mL) was added dropwise
to consume the excess NaH and dissolve the resulting NaBr and
NaOH. The THF/water mixture was extracted with ethyl ether (3 3

100 mL), the combined organic extracts were washed with 100 mL
saturated NaHCO3 solution, with 100 mL saturated NaCl solution
and finally with 100 mL water. The organic layer was dried over
anhydrous Na2SO4, filtered and the solvent removed under vacuum
to afford the desired compound as a white-yellow powder (5.38 g,
0.0091 mol, 91%). M.p. 1282129 °C. 1H NMR (300 MHz, [D6]ace-
tone): δ 5 7.59, 7.49 (m, 3,3 H, 3,5-H pz), 7.18 (s, 2 H, C6H4), 6.35
(m, 3 H, 4-H pz), 5.11 (s, 2 H, OCH2Ph), 4.54 [s, 2 H,
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OCH2C(pz)3]. C30H30N12O2 (590.6): calcd. C 60.96, H 5.08; found
C 61.06, H 4.98.

{p-C6H4[CH2OCH2C(pz)3]2Ag2(BF4)2}n (2) AgBF4 (0.195 g,
1.0 mmol) was dissolved in THF (15 mL) under an inert atmo-
sphere. With vigorous stirring, a solution of p-
C6H4[CH2OCH2C(pz)3]2 (0.295 g, 0.50 mmol) in THF (15 mL) was
added dropwise during a 10 min period. A white precipitate ap-
peared as the mixture was stirred for 3 h. The THF was removed
by cannula filtration, the white precipitate washed with THF (2 3

10 mL) and then vacuum dried to afford 0.475 g of solid identified
as {p-C6H4[CH2OCH2C(pz)3]2Ag2(BF4)2(THF)}n, m.p. 1632166
°C with decomposition. 1H NMR ([D6]acetone): δ 5 7.82, 7.77 (m,
3,3 H, 3,5-H pz), 7.09 (s, 2 H, C6H4), 6.57 (m, 3 H, 4-H pz), 5.02
(s, 2 H, OCH2Ph), 4.67 [s, 2 H, OCH2C(pz)3], 3.62 (m, 2 H, CH2O
THF), 1.92 (m, 2 H, CH2 THF). C30H30Ag2B2F8N12O2·C4H8O
(1051.1): calcd. C 38.81, H 3.64; found C 38.86, H 3.55. ES1/MS:
calcd. for [C30H30N12O2Ag]1 697.1666; found 697.1683.
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