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Summary: Attempted metalation of the dimer [CyNHAs-
(µ-NCy)]2 (1) with ZnMe2 gives the novel complex [{MeAs-
(NHCy)(NCy)}ZnMe]2 (2), a reaction formally involving
transfer of a Zn-bonded Me group to the As(III) center,
rather than the anticipated deprotonation of the CyNH
groups. 2 has an unusual ladder structure in the solid
state, composed of a central (ZnMe)2 dimer unit coordi-
nated by two [MeAs(NHCy)(NCy)]- anions.

In recent years the coordination chemistry of anionic
ligands containing group 15/nitrogen frameworks has
been a focus of a number of studies.1,2 Imido anions,
such as [E(NR)3]3- (E ) As, Sb) and [E2(NR)4]2- (E )
P, As, Sb, Bi), are readily prepared by various synthetic
routes. These include the condensation reactions of
E(NMe2)3 with primary amines (RNH2) and their lithi-
ates (RNHLi)1 and the deprotonation of [E(NHR)3] and
[(RNH)E(µ-NR)2]2 with organo alkali metal reagents.2
Such anions are usually stable in transmetalation
reactions, the reactions of the alkali metal derivatives
with a variety of transition and main group metal
sources providing a simple strategy for the assembly of
a broad range of heterometallic cages, containing well-
defined mixed-element stoichiometries.1-3 So far, our
studies in this area have mainly concerned imido
ligands of the heavier group 15 elements (E ) Sb and
Bi).1a However, we have recently become interested in
the corresponding P and As ligands.4 Reported here is
a study of the reaction of the dimer [(CyNH)As(µ-NCy)]2
with ZnMe2, a reaction that follows an entirely different

course to the simple deprotonation pathway previously
encountered in the synthesis of this class of compounds.2

Previously, it had been shown that deprotonation of
the dimeric arsazene [(DippNH)As(µ-NDipp)]2 (Dipp )
2,6-iPr2C6H3) with [Zn{N(SiMe3)2}2] gives [Zn{As-
(NDipp)2}2], containing the [As(NDipp)2]- anion.5 The
starting material in our study, [(CyNH)As(µ-NCy)]2 (1)
(Cy ) cyclohexyl), was prepared by the 1:2 reaction of
As(NMe2)3

6 with CyNH2, the dimeric nature of 1 being
confirmed by (EI) mass spectrometric investigations
([MH]+ m/z ) 541).7 Surprisingly, however, the reaction
of 1 with ZnMe2 does not give the target complex [{As2-
(NCy)4}(ZnMe)2], containing the [As2(NCy)4]2- dianion
(Scheme 1).8 Instead, the product is [{MeAs(NHCy)-
(NCy)}ZnMe]2 (2), resulting from an unexpected alter-
native to simple deprotonation, the formal transfer of
the Zn-bonded Me group to the As(III) center (Scheme
1).9 Initial evidence for the unusual nature of 1 was
apparent in IR and 1H NMR spectroscopic studies. The
IR spectrum indicated that the N-H protons of the
CyNH groups had been retained, while the 1H NMR
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spectrum showed the presence of two, 1:1 Me environ-
ments (δ -0.28 for the Zn-Me and δ 1.45 for the As-Me
groups). The difference in the behavior of 1 with ZnMe2
and [(DippNH)As(µ-NDipp)]2 with [Zn{N(SiMe3)2}2]5

may (in part) be accounted for by the greater steric
demands involved in the latter reaction. In situ variable-
temperature 1H NMR studies of the reaction mixture
reveal that the transfer reaction from Zn to As is,
however, relatively slow even at 70 °C. One possible
mechanism involves Me-addition to and opening of the
dimer 1.10 However, this process appears to be less likely
thermodynamically than the alternative of deprotona-
tion and the formation of the target complex [{As2-
(NCy)4}(ZnMe)2].11 A more plausible explanation may
involve addition of Me to the As(III) centers of [{As2-
(NCy)4}(ZnMe)2] itself, followed by reprotonation with
1 (this may account for the relatively low yields of 2
obtained, 16.5-35.5%).12

A low-temperature X-ray crystallographic study of 213

reveals that the complex has an unusual “four-rung”
ladder structure in the solid state, resulting from the
association of two crystallographically independent
[{MeAs(NHCy)(NCy)}ZnMe] ring units (Figure 1). Lad-

der structures of this type are more common for s-block
metal complexes,14 such as the lithium amido and
phosphido complexes [{H2C(CH2)4NLi}2‚TMEDA]2 [TME-
DA ) (Me2NCH2)2]15 and [LiPtBu2‚THF]4,16 and have
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Scheme 1

Figure 1. Ladder structure of 2. Thermal ellipsoids are
drawn at the 50% probability level. Key bond lengths (Å)
and angles (deg); As(1)-N(1) 1.868(6), As(1)-N(3) 1.894-
(6), As(1)-C(1) 1.955(8), As(2)-N(2) 1.846(6), As(2)-N(4)
1.917(6), As(2)-C(2) 1.93(1), Zn(1)-N(1) 2.135(5), Zn(1)-
N(2) 2.052(5), Zn(1)-N(3) 2.241(7), Zn(1)-C(3) 2.002(8), Zn-
(2)-N(1) 2.053(5), Zn(2)-N(2) 2.141(6), Zn(2)-N(4) 2.220-
(8), Zn(2)-C(4) 1.955(5), N-As-N mean 90.8, As-NH(Cy)-
Zn (within AsN2Zn rings) 90.9, As-N(Cy)-Zn (within
AsN2Zn rings) mean 95.2, N-Zn-N (within AsN2Zn rings)
mean 75.6, N-Zn-N (within Zn2N2 ring) mean 92.4, Zn-
N-Zn (within Zn2N2 ring) mean 87.6, As(1)-N(1)-Zn(2)/
As(2)-N(2)-Zn(1) mean 120.0, N(3)-Zn(1)-N(2)/N(4)-
Zn(2)-N(1) mean 100.6.
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only rarely been observed elsewhere in the periodic
table, e.g., the heterometallic imido/amido Sn(II) ladder
[(MesNHLi‚2THF)2{Sn(µ-Nma)}2] (ma ) 2-MeOC6H4).17

While a number of amido-Zn complexes have been
structurally characterized previously,18 to our knowl-
edge, none of these have ladder structures similar to 2,
and the structure and composition of the complex is
entirely novel.

The As centers within the two independent [MeAs-
(NHCy)NCy)]- anions of 2 have similar, distorted
pyramidal geometries. This geometry and the compres-
sion of the C-As-N and N-As-N angles [range 90.6-
(3)-102.9(3)°] below that expected for pure sp3 hybrid-
ization are typical of As(III) and symptomatic of the
presence of a lone-pair. The As-N bond lengths in these
anions are within the range of values previously ob-
served in imido and amido As(III) compounds, the bonds
made with the µ3-bridging imido-NCy centers [As(1,2)-
N(1,2) mean 1.86 Å] being shorter than those involving
the µ2-bridging amido-NHCy centers [As(1,2)-N(3,4)
1.91 Å]. The central Zn2N2 ring fragment of 2 is almost
rectangular in shape [Zn-N-Zn mean 87.6°, N-Zn-N
mean 92.4°], with each of the Zn centers having similar,
highly distorted pseudo-tetrahedral coordination geom-
etries [the N-Zn-N and C-Zn-N angles about each
falling over a large range of 75.7(2)-132.3(3)°]. The
shortest Zn-N bonds are found within the Zn2N2 dimer
unit, reflecting the high degree of negative charge
carried by the imido-N centers of the [MeAs(NHCy)-
NCy)]- anions. The shortest of all are those connecting
the two [{MeAs(NHCy)(NCy)}ZnMe] units [Zn(1)-N(2)

and Zn(2)-N(1) mean 2.052 Å], while the remaining
Zn-N bonds within the Zn2N2 ring are significantly
longer [Zn(1)-N(1) and Zn(2)-N(2) mean 2.139 Å]. This
pattern of Zn-N bond lengths appears to mirror the
steric effects of the Me and Cy substituents, which are
trans with respect to the shorter Zn(1)-N(2) and Zn(2)-
N(1) bonds but cis with respect to the longer Zn(1)-
N(1) and Zn(2)-N(2) bonds. The very long Zn-N bonds
made with the formally neutral amido-NHCy group of
the [MeAs(NHCy)NCy)]- anions [Zn(1)-N(3) and Zn(2)-
N(4) mean 2.23 Å] are similar to those observed between
neutral Lewis base donor ligands and Zn19 and can be
described as coordinative interactions.

In summary, the results reported here show for the
first time that simple deprotonation of group 15/nitrogen
frameworks, commonly used in the generation of anionic
ligand arrangements, is not the only reaction pathway
available to these systems. The unusual Me-transfer
reaction observed in the formation of 2 may well be a
common feature of reactions involving less basic organo-
metallic or metallo-organic reagents. This reaction has
potentially useful synthetic applications and will be an
interesting area of study in the future.
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