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Dedicated to Professor Heinrich Nöth on the occasion of his 85th birthday

Recrystallization of silver pentacyanocyclopentadienide Ag[C5(CN)5] from N,N-dimethylform-
amide (DMF) gives the polymeric 1 : 1 complex [Ag{C5(CN)5}(DMF)] (1). The Ag+ cation is co-
ordinated by three N atoms of three different [C5(CN)5]− anions and two O atoms of two DMF
molecules. Each [C5(CN)5]− is coordinated via three neighboring CN groups to three different Ag+

ions, while each DMF molecule bridges two Ag+ ions via its O atom. Treatment of NiCl2·6H2O,
CoCl2·6H2O or ZnCl2 with Ag[C5(CN)5] in DMF gives the DMF complexes [M(DMF)6][C5(CN)5]2
(M = Ni, 2; Co, 3; Zn, 4). The complexes 2 and 3 were characterized by X-ray diffraction and show
octahedral [M(DMF)6]2+ cations with O-coordinated DMF molecules. The [C5(CN)5]− anions show
ideal pentagonal symmetry.
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Introduction

The cyclopentadienide anion [C5H5]− and its penta-
alkyl-substituted derivatives [C5R5]− (R = Me, Et, i-
Pr) coordinate usually to most metals via their π sys-
tems in an η5 fashion due to the high electron density
in the carbon ring [2 – 5]. When the electron-donating
alkyl groups are substituted by electron-withdrawing
substituents like halides or ester groups either no co-
ordination occurs at all upon treatment of appropri-
ate metal precursors (R = halide) [6] or coordination
via the donor atoms present in the substituent domi-
nates [7]. For the preparation of η5-coordinated com-
plexes of these electron-poor cyclopentadienides either
the substituents have to be introduced to already η5-
coordinated ligands or special experimental tricks have
to be applied. Thus, it was possible to prepare η5 com-
plexes of [C5F5]−, [C5Cl5]−, [C5Br5]−, [C5I5]− [8],
and [C5(COOR)5]− [9]. However, no example of η5

coordination of the pentacyanocyclopentadienide lig-
and [C5(CN)5]− (PCC) has been proven so far. The

“decacyanoferrocene” reported over 40 years ago most
likely contains Fe2+ coordinated to one or more N
atoms of the polynitrile ligand. No structural stud-
ies have been reported [10, 11]. Recently, some inter-
esting reports on the coordination chemistry of this
elusive ligand appeared in the literature, which all
showed only coordination via one or more nitrile func-
tions [12 – 16]. This prompts us to publish the results
of some of our studies on the coordination behavior of
the PCC ligand, which were partially reported by us at
the 31st ICCC in 1996 [17].

Results and Discussion

Recrystallization of Ag[C5(CN)5] from dimethyl-
formamide gives brownish-yellow needles of the
mono-solvato complex [Ag{C5(CN)5}(HCONMe2)],
([Ag(PCC)(DMF)]), 1, which slowly become opaque
when taken out of the solvent. However, when left in
contact with a drop of solvent, they can be examined
by X-ray diffraction. Fig. 1 shows an ORTEP-3 view of
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Fig. 1. ORTEP-3 view of the asymmetric unit of 1 (30% prob-
ability ellipsoids) with important distances.

Fig. 2. Coordination sphere of the Ag+ ion in crystals of 1
(distances in Å). Symmetry operators: (i) x− 1, y, z; (ii) x,
y+1, z; (iii) 1− x, −y, 1− z.

the asymmetric unit of 1, which contains one formula
unit of [Ag(PCC)(DMF)].

However, the Ag+ ion is coordinated addition-
ally to two symmetry-related PCC anions as well as
one symmetry-related DMF molecule, thus producing
a distorted square-pyramidal coordination sphere of
the metal atom (Fig. 2).

As a consequence of this, the PCC anion acts as
a bridging ligand. First, via N1 and N5 two inversion-

Fig. 3. Top view of the 14-
membered ring formed by two
inversion-related molecules in
1 (left); side view of the 14-
membered ring in 1 (right).

Fig. 4 (color online). Ribbon structure of 1 as viewed along
the crystallographic b direction.

related molecules form a 14-membered ring, which is,
however, not planar (Figs. 3a and 3b).

The intra-ring distance of the two Ag1 ions is
7.571(1) Å, the distance between the two PCC ring
planes is 0.921 Å. Second, these rings are bridged
along the b direction via N1 and N4 to give a ribbon-
like structure (Fig. 4).

This ribbon structure corresponds to the reported
powder diffraction structure of AgPCC, obtained by
crystallization from acetonitrile [16]. Finally these rib-
bons are connected via the DMF ligands along the a
direction to give a three-dimensional network (Fig. 5).

The reaction of CoCl2 · nH2O with Na[C5(CN)5]
in THF was reported to give [{C5(CN)5}2Co(H2O)2
(THF)2] and [{C5(CN)5}CoCl(THF)2]∞, which con-
tain coordinated solvent and have the PCC ligand
acting as a monodentate or 1,2-(CN)2 bridging lig-
and [13]. When the halide salts NiCl2· 6H2O, CoCl2·
6H2O and ZnCl2 are treated with Ag[C5(CN)5] in
DMF and the formed AgCl precipitate is removed by
filtration, slow evaporation of the solvent gives crys-
tals of 2, 3 and 4 that all become opaque on stand-
ing. When left in contact with DMF, however, they
can be examined by X-ray diffraction. All three com-
pounds have triclinic unit cells with one formula unit of
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Fig. 5 (color online). Three-dimensional network structure
of 1.

[M(DMF)6](PCC)2 in them. The asymmetric unit con-
tains the metal atom on an inversion center, three O-
coordinated DMF molecules and one free [C5(CN)5]
anion. Because the Ni and Zn compounds 2 and 4
have nearly identical cell parameters, the structure of
4 was not fully refined. A view of the [Co(DMF)6]2+

cation of 3 together with the uncoordinated PCC anion
is shown in Fig. 6. Some important bond parameters of
2 and 3 are collected in Table 1.

As can be seen, the metals are centers of slightly
elongated octahedra with bond lengths and an-
gles as usually observed in complexes with these
cations [18 – 21]. The only unusual feature is the rather
widespread distribution of the M–O–C angles in the
cobalt compound, for which we have no explanation.
As might be expected for a free uncoordinated penta-
cyanocyclopentadienide [22], the geometry of the an-

2 3
M–OC 2.034(2); 2.036(2); 2.057(2) 2.074(1); 2.076(1); 2.109(1)
MO=C 1.230(4); 1.240(4); 1.240(5) 1.233(2); 1.249(2); 1.250(2)
O–M–Ocis 87.7(1)–92.3(1) 86.74(5)–93.26(5)
M–O–C 120.5(3); 122.2(2); 122.8(2) 116.7(1); 121.3(1); 127.4(1)
(C–C)ring 1.390(5)–1.409(4) 1.404(3)–1.409(3)
C–CN 1.416(5)–1.434(5) 1.421(3)–1.427(3)
C≡N 1.126(4)–1.148(5) 1.144(3)–1.150(3)

Table 1. Some important bond parameters
(Å, deg) of 2 and 3.

Fig. 6. ORTEP-3 view (30% probability ellipsoids) of the
cation and anion of 3.

ion is highly symmetrical in both compounds. In the
low-temperature structure of 3 the bond lengths are
identical within one standard deviation, while in the
room-temperature structure of 2 the spread is within
2σ .

Experimental Section

All reactions were performed in air. Ag[C5(CN)5]
was prepared according to the literature [16]. N,N-
Dimethylformamide was obtained in analytical grade from
Aldrich and used as received.

(Pentacyanocyclopentadienido)(N,N-dimethylformamide)-
silver(I), [Ag(PCC)(DMF)], 1

100 mg of Ag[C5(CN)5] were dissolved in ca. 5 mL DMF
with slight warming. Standing of this solution in an open
crystallization vessel for several days produced brownish-
yellow needles that were transferred with a drop of solvent
to a capillary which was sealed afterwards and measured on
a Syntex Nicolet R3 diffractometer. When left in air or put
under vacuum the crystals became opaque; no meaningful
elemental analyses could be obtained.

Hexakis(dimethylformamide)nickel(II)
bis(pentacyanocyclopentadienide), [Ni(DMF)6](PCC)2, 2

A solution of Ag[C5(CN)5] (153 mg, 0.51 mmol) in DMF
(4 mL) was added to a solution of NiCl2 · 6H2O (52 mg,
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Table 2. Crystal structure data of 1–3.

Compound 1 2 3
Empirical formula C13H7AgN6O C38H42N16NiO6 C38H42CoN16O6

Formula weight 371.12 877.59 877.81
Crystal size, mm3 0.68×0.20×0.13 0.78×0.60×0.55 0.158×0.148×0.095
Temperature, K 298(2) 298(2) 100(2)
Radiation; λ , Å MoKα ; 0.71073
Crystal system triclinic
Space group P1̄ (no. 2)
Unit cell dimensions
a, Å 4.0100(10) 7.992(3) 8.6513(3)
b, Å 11.640(2) 11.875(2) 9.4255(3)
c, Å 14.924(3) 13.212(2) 14.2367(5)
α , deg 87.570(10) 92.070(10) 78.478(2)
β , deg 88.91(2) 92.96(2) 78.4470(10)
γ , deg 88.44(2) 108.17(2) 89.600(2)
Volume, Å3 695.6(3) 1188.0(5) 1113.80(7)
Z 2 1 1
Dcalcd., g cm−3 1.77 1.23 1.31
µ (MoKα ), mm−1 1.5 0.5 0.5
F(000), e 364 458 457
θ range data coll., deg 2.18–22.55 2.31–20.06 2.40–27.53
hkl index ranges −4, ±12, ±16 ±7, ±11, ±12 ±11, ±12, ±18
Refl. collected / unique / Rint 2232 / 1838 / 0.0418 4561 / 2234 / 0.0864 21898 / 5139 / 0.0345
Completeness to θmax, % 99.5 99.6 99.7
Absorption correction semi-empirical from equivalents
Transmission max. / min. 0.8333 / 0.4376 0.7834 / 0.7124 0.746 / 0.681
Data / ref. parameters 1838 / 190 2234 / 294 5139 / 295
Final R1 / wR2 [I > 2 σ(I)] 0.0615 / 0.1641 0.0362 / 0.0825 0.0334 / 0.0808
Final R1 / wR2 (all data) 0.0836 / 0.1996 0.0445 / 0.0866 0.0471 / 0.1075
Goodness-of-fit on F2 1.097 1.103 1.412
Extinction coefficient – 0.067(3) –
Largest diff. peak / hole, e Å−3 2.057 / –1.222 0.235 / –0.241 0.455 / –0.555

0.25 mmol) in DMF (3 mL). The immediately formed pre-
cipitate of AgCl was removed by filtration, and the filtrate
was allowed to evaporate on air for several days. Green crys-
talline blocks formed which were transferred with a drop of
solvent to a capillary that was sealed afterwards and mea-
sured on a SYNTEXNicolet R3 diffractometer. When left
in air or put under vacuum the crystals became opaque; no
meaningful elemental analyses could be obtained. – IR (KBr,
cm−1): ν = 2941w, 2775w, 2267m, 2246sh, 2218s, 1656vs,
1469m, 1422w, 1379m, 1256w, 1117m, 690m.

Hexakis(dimethylformamide)cobalt(II)
bis(pentacyanocyclopentadienide), [Co(DMF)6](PCC)2, 3

A solution of Ag[C5(CN)5] (153 mg, 0.51 mmol) in DMF
(3 mL) was added to a solution of CoCl2 · 6H2O (52 mg,
0.25 mmol) in DMF (3 mL). The immediately formed pre-
cipitate of AgCl was removed by filtration, and the reddish
solution was evaporated in vacuo. The residue was taken
up in ca. 2 mL DMF, and the solution was filtered and left
to stand in air. After a few days beige needles and some

brown blocks had formed. One of the brown blocks was
transferred with a drop of oil on top of a glass fiber and
measured at 100 K with a Bruker D8 venture diffractome-
ter. When left in air or put under vacuum the crystals be-
came opaque; no meaningful elemental analyses could be
obtained.

Hexakis(dimethylformamide)zinc(II)
bis(pentacyanocyclopentadienide), [Zn(DMF)6](PCC)2, 4

A solution of ZnCl2 (74 mg, 0.54 mmol) in DMF
(3 mL) was added to a solution of Ag[C5(CN)5] (161 mg,
0.54 mmol) in DMF (5 mL). The immediately formed pre-
cipitate of AgCl was removed by filtration, and the solution
was evaporated in vacuo. The colorless residue was taken
up in ca. 2 mL DMF, and the solution was filtered and left to
stand in air. Colorless thin needles formed. When left in air or
put under vacuum the crystals became opaque; no meaning-
ful elemental analyses could be obtained. – IR (KBr, cm−1):
ν = 2940m, 2775w, 2221vs, 2211s, 1650m, 1494m, 1469m,
1438m, 1421s, 1376vs, 1252m, 1114m, 686s, 666m.
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Crystal structure determinations of 1–3

The structures of 1 and 2 were solved with SHELX-86, the
structure of 3 with SIR97 [23]. All structures were refined
with SHELXL-97 [24], all contained in the WINGX program
package [25].

Details of the crystal structure determinations are col-
lected in Table 2.

CCDC 926774–926776 contain the supplementary crys-
tallographic 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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