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Coordination polymers, especially those containing rigid
m-conjugated chains, are currently attracting considerable inter-
est! Transition metal carbene complexes have been widely
studied? but carbene metal-type polymers have never been
explored. In contrast to the stable phosphinocarbérths,
stable imidazol-2-ylidenésiave proved to be excellent ligands
for transition metal$. Thus, it was of interest to try using 1,2,4-
triazole-3,5-diylideneX) as a building block for organometallic
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Figure 1. Calculated bond length (&) and relative energies (kcal Aol
for 1-5.

1,2,4-triazol-3-ylideneq) recently reported by Ender@rigure
1). Due to the interaction between the vacant carbene p-orbital
and the nitrogen lone pairs, bis(carbefé3 indeed calculated

polymer synthesis, and here, we report the solid state structureto be planar. It presents some aromatic chardcter shown

of a bis(carbene)silver(l) polymer.

To check that bis(carbenes) of typare rigidz-conjugated
systems, we first performeab initio calculation€ The parent
compoundL is a true minimum on the potential surface, although
as expected higher in energy than the triazole isorersand
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by comparing the geometry df with those of the conjugated
triazoles2—3 and nonconjugated triazofe Consequently, the
carbene lone pairs are in the plane of the ring, which is
particularly interesting when considering the construction of
m-conjugated organometallic polymers.

The obvious potential precursors for bis(carberlesh are
the dicationic heterocycle$ab.® A single-crystal X-ray

HC.  CHg] 2*
/N—N 6a: R = iPr
N . 6b: R = Me
H—C\N/C Ho2X XGRS0,
|
R
6a,b

diffraction studyl® of 6b (Figure 2) reveals that the carben
nitrogen and nitrogennitrogen bond lengths are half way
between those for single and double bonds, and all the
subst}st\uents are in the plane of the ring (maximum deviation
0.13 A).

By analogy with Wanzlick's synthetic strate§y2 equiv of
silver(l) acetate was treated withe in refluxing thf for 2 h
(Scheme 1). After filtration, an extremely light-sensitive white
powder was obtained. Single crystals/afsuitable for an X-ray
diffraction study® were obtained at 30 °C from an acetonitrile/
ether solution. The view of the solid-state structure (Figure 3)
shows the polymeric nature afa. There is no interaction
between the metal and the anion (nearest distance: Ag(2)F(2)
=3.18 A). The silver atoms are essentially linearly coordinated
with C—Ag—C bond angles of 17518C¢°. The Ag—C bond
lengths [2.086(4)2.090(4) A] and the NC—N angles [103.9-
(3)°] are very similar to those observed for the imidazol-2-
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Figure 2. Crystal structure of6b and anisotropic displacement
parameters depicting 50% probability. The triflate anions have been
omitted for clarity. Selected bond lengths (A) and angles (deg} N1
C1, 1.296(7); N:N2, 1.370(5); N2C2, 1.305(6); CEN3, 1.326-

(6); C2—N3, 1.337(6); C+N1-N2, 107.5(4); C2N2—N1, 107.3(4);
N1—-C1-N3, 109.1(5); N2-C2—N3, 108.4(4); C+N3—C2, 107.7-

(5).

Figure 3. Crystal structure of7a and anisotropic displacement
parameters depicting 50% probability. The uncoordinated triflate anions
and acetonitrile molecules have been omitted for clarity. Selected bond
lengths (A) and angles (deg): AgL1, 2.086(4); Ag2-C2, 2.090(4);
N1-C1, 1.320(5); CEN3, 1.370(5); N+N2, 1.373(5); N2-N3,
1.368(5); C2-N2, 1.318(5); C+Ag1—C1A, 174.7(2); C2Ag2—C2A,
180.0(1); Nx-C1—-Ag1, 126.0(3); N3-C1—-Ag1, 130.1(3); N2-C2—

Ag2, 126.8(3); N3-C2—Ag2, 129.1(3); N+ C1-N3, 103.9(3); Ct+
N1-N2, 109.9(3); N2-C2—N3, 104.0(3); C2N2—N1, 110.0(3); C2
N3—-C1, 112.2(3).
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ylidene—silver complex [2.067(4)2.078(4) A; 103.6(4y
104.8(45].50 The five-membered rings are planar (maximum
deviation: 0.07 A), and all the bond lengths in the ring are
very close to those of the calculated free bis(carbdnepue

(10) Crystal data fobb: C7H11FeN306S,, M = 411.31, triclinic,P1, a
= 6.373(2) A,b = 10.385(3) A,c = 13.158(4) A,a = 76.44(2}, p =
76.18(2), y = 82.04(3), V = 819.0(4) B, Z = 2, p. = 1.668 Mg n13,
F(000)= 416,A = 0.710 73 AT = 293(2) K,u (Mo Ko) = 0.419 mnr?,
crystal size 0.2x 0.1 x 0.1 mm, 4.8 < 20 < 48.5, 4796 reflections
collected, 2441 independerR = 0.044), refinements of 312 parameters
using 151 restraints, largest electron density residue: 0.42% R (for
F > 20(F)) = 0.057 andvR, = 0.166 (all data) withRy = ¥ ||Fo| — |Fol|/
SIFol andwR = (SW(F? — FAAIW(F?)?)%5 The data were collected
on a STOE-IPDS diffractometer. The structure was solved b%%irect methods
(SHELXS-96}7 and refined using the least-squares metho&4t$ Crystal
data for7a: CgHy3AgF3N30sS (CHCN), M = 437.20, orthorhombid?nma
a=16.737(3) i\,b =24.393(4) Ac=7.911(1) AV =23229.809) &, Z
=8, pc 1.798 Mg n73, F(000)= 1744,A = 0.710 73 AT = 133(2) K, u
(Mo Ka) = 1.424 mn?, crystal size 0.25< 0.25 x 0.15 mm, 4.8 < 20
< 50.58, 30981 reflections collected, 2931 independeRt: (= 0.051),
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to the alternation in the orientation of the rings (two rings with
thei-Pr group on one side of the chain and two rings with the
i-Pr group on the other sidejais a one-dimensional polymer,
in which all the rings are coplanar.

The crystals of7a analyzed by X-ray diffraction study
appeared to be totally unsoluble. However, addition of a small
amount of silver triflate to the suspensiond in acetonitrile
gave an homogeneous solution. Interestingly, the bulk material
is soluble in acetonitrile and according to NMR spectroscopy
both solutions are identical. Note that in contrast to the 1/1
silver triflate/bis(carbene) ratio found in the X-ray analysis of
7a, elemental analyses of the bulk material showed a 2/1 ratio,
in agreement with the ratio of the reagents usedhe'H and
13C NMR spectra of the solutidhrevealed the presence of an
isopropyl group bound to nitrogen and two equivalertMe
groups, which suggested the presence of the bis(carbene)
fragment. The signal for the carbenic carbon appearééat
= 182.9 ppm, very close to that observed for the imidazol-2-
ylidene—silver complex reported by Arduengo (183817agc
= 188.0 andJwngc = 208.6 Hz)*k but no silver-carbon
coupling constant was observed, even at low temperatures.
However, when the’3C NMR spectrum was performed in
acetoneds at 193 K, in the presence C{from KCI),'3the signal
of the quaternary carbon was split into two broad sigrdlg¢
= 200 Hz), while the other signals remained unchanged. These
results as a whole suggest that the sivigis(carbene}silver
unit is present in solution, but as already observed for other
silver complexed? rapid metal exchange occurs. The exchange
process is slowed down in the presence of a coordinating anion
such as Ct.

As expected for such ionic organometallic polym¥fs57a

only exists in the solid state. The synthesis and electronic
properties of polymers featuring coplanar 1,2,4-triazole-2,5-
diylidene fragments and various transition metals are being
investigated. The synthesis of a stable free bis(carbene) of type
1, which would considerably broaden the choice of potential
metal fragments for complexation, is still a challenging but
reasonable project.
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