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Polynuclear transition-metal complexes with nitrogen-based Scheme 1 @

bridging ligands such as nitrido, imido, cyano, and azido have o o

recently been attracting considerable attention not only because of C;/‘{‘N_CEN_}_CP«

their structural diversity but also in connection with their unique a ||:| H H“,T b

physicochemical properties including semiconductivity and mag- " —— NHo 0 -

netism! Although cyanamides (NCNR and their deprotonated Cp‘-lf.;—NEC—MF: i

forms, cyanamide (NCNR?® and cyanoimide or carbodiimide “ o

(NCN2")* anions, have been known to behave as potential bridging 1a

ligands in dinuclear complexes, their use in the synthesis of cp* '\q\é N

complexes with higher nuclearity still remains to be exploftéd. N:C:N’l'{ Core /h\//c/'\l _cp*

Here we describe the synthesis of an NCNH-bridged macrocyclic cP'—/NZCZN \I Mozy _° '[\!N/ |'

tetrairidium complex and its skeletal transformations into NCN- \N:C:NX'XCP, N/}“|>N\

bridged cuboidal complexes. "ép, N o Con
When the dinuclear iridium complex [Cp*Irgb (Cp* = , 30"

n°-CsMes) was treated with 2 equiv of sodium hydrogencyanamide
at room temperature, the NCNH-bridged tetrairidium complex  *Reagents and conditions: (a) 2 Na(NCNH), rt; (b) 4 NEt (c)
[CPHIrCI(-NCNH-N,N)]« (18) was obtained in 86% yield (Scheme ~ P~Yene: reflux.

1). Complexla exhibits one strong IR absorption at 2211 ¢m
assignable to the asymmetric stretching vibration of the NCNH
moiety, while the IR absorption at 3221 cfand thelH NMR
signal atd 3.57 are assignable to the NH group. These observations
suggest thafla has a highly symmetrical structure composed of
Cp*IrCI(NCNH) units. The®C{'H} NMR signals at) 10.2 (Me),

85.7 (Cp* ring carbons), and 129.6 (NCNH) also support the

symmetrical structure ofa assignable to NH groups are observed, while each ofHHEMR

The molecular structure of [Cp*l-NCNH-N,N')]4C7Hg resonance due to the Cp* protoris1.53, 1.58) and th&C{H}
(1b-C7Hg), which is readily obtained by the halogen exchange of \ur signals of the Med 9.6, 9.0), Cp* ring ¢ 83.9, 82.5), and
la with excess sodium iodide in 51% yield, has been established \cN carbons ¢ 131.5, 144.6) appears as a pair of peaks with the
by X-ray crystallography.As depicted in Figure 1, the complex jntensity ratio of 1:3. These data indicate that comp2econsists
has a characteristic 16-membered macrocyclic structure with an g¢ two distinct types of Cp*Ir and NCN units in the ratio of 1:3.
approximates, symmetry. Each iridium center adopts a three-legged Tpe |R absorptions at 2043 (m) and 2105 (s)érassignable to
piano-stool structure, where the-INH and Ir—N bond distances  the NCN stretching vibrations are also in agreement with the
are 2.12 (mean) and 2.03 (mean) A, respectively. Th&\8 and formulation.
C—N bond distances at 1.31 (mean) and 1.14 (mean) A, respec- The molecular structure &0.5GHsg has unambiguously been
tively, as well as the essentially lineardN—C (168 (mean)) and  determined by an X-ray analysis (Figure®IJhree linear NCN
N—C—NH (174 (mean)) arrangements suggest that the NCNH |igands (\-C—N, 176.6 (mean)) lying in parallel with each other
bridge is better described as a hydrogencyanamiep(igand bridge the four iridium centers with @g-«N,xN,«N' coordination
(N=C—NH") rather than a hydrogencarbodiimide{l ligand mode. Within these bridges, all the-XC bond distances and the
(N"=C=NH) 3acef Although a few NCNH-bridged dinuclear  Ir—N—C bond angles fall in the range of 1:20.26 A and 118.8
complexes have been reported in the literatéféne 16-membered 125.3, respectively. On the basis of these metric features, the three
(M-NCNH), tetranuclear complex is unprecedented. Related met- NCN ligands are regarded to adopt the carbodiimieg(&tructure
allacyclic structures have only been found in polymeric dicyanamide (N-=C=N~) as the dominant canonical form. The fourth NCN
ligand caps three iridium atoms with:g-«N,«N,«N coordination
*To whom correspondence should be addressed. E-mail: ishii@chem. mode, where the N(7C(4) and N(8)-C(4) bond distances at
$E#g;ejhica#§dress: Department of Applied Chemistry, Graduate School of Sciencel'305(7) and ]_"177(7) A’ respe‘?t'vely’ indicate that this NCN ligand
and Engineering, Tokyo Institute of Technology, O-okayama, Meguro-ku, Tokyo can be described as cyanoimide{2(N=C—N?2"). As a whole,
152-8552, Japan. the Ir,(NCN), core forms an elongated cubane-like skeleton with

* Present address: Department of Applied Chemistry, Faculty of Science and . oo
Engineering, Chuo University, Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan. an approximateéCs, symmetry, one of the iridium corners (Ir(1))

salts M[N(CN}], (M = Mn, Fe, Co, Ni, Cuj*efand tetrameric
silyl- or germylcarbodiimides (FEENCN), (E = Si, Ge)?8
Treatment of the tetrairidium macrocycla with 4 equiv of
triethylamine at room temperature led to the formation of tGe “
elongated cubane-like” tetrairidium complex [CpilgNCN-
N,N,N")s(IrCp*)s(us-NCN-N,N,N)] (2) in 44% yield as the major
product. For comple®, neither NMR signals nor IR absorptions
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Figure 1. ORTEP drawings ofb (left), 2 (middle), and3 (right) with thermal ellipsoids drawn at the 30% (fblb and3) or 50% (for2) probability level.

being separated by the threg¢ NCN-N,N,N' bridges. It should be (2
pointed out that complexes containingt@NCN ligand are very
rare; only theus-«N,«N,«N' coordination mode has been found in
a trinuclear gold complex{[PhsP)Au} ,NCN{ Au(PPh)}][BF4].5¢

When the “elongated cubane” compl2xas heated in refluxing
p-xylene, the regular cubane-type complex [Cpitr(NCN-N,N,N)]4
(3) was obtained in 71% yield. The IR spectrum3®§hows one
absorption at 2110 cm assignable to the NCN stretching vibration.
TheH and'3C{'H} NMR spectra exhibit only one set of Cp* and
NCN signals {H NMR: ¢ 1.44;13C{'H} NMR: 6 8.1 (GMes),
84.4 (CsMes), 129.7 (NCN)). These observations suggest a highly
symmetric structure d, which has further been determined by an
X-ray analysis (Figure 13° The molecule has a crystallographic
D,q symmetry. Each of the four linear NCN ligands caps three
iridium centers with as-«N,«N,«N coordination mode, where the
N(1)—C(1) and N(2)-C(1) bond distances are 1.28(1) and 1.21(1)
A, respectively. The long interatomic distances between the iridium
atoms (3.3670(6) and 3.3909(6) A) exclude any metadtal
bonding interaction. CompleXrepresents the first example of the
cyanoimido(2-)-bridged cubane, although someWj cubane-type
cores have recently been synthesized and received considerable (6)
interest!!

In conclusion, we have synthesized a series of NCNH- and NCN-
bridged tetrairidium complexed—3 and revealed their novel
skeletal transformations from macrocycle to cubane3 via
“elongated cubane2. Although we must await further investigation
to elucidate the reaction mechanisms for these conversions, the
present study has demonstrated that NCNtthd NCN— anions
work as versatile and potential bridging units to construct new
polymetallic systems. Studies on the physicochemical properties
of 1—-3 are also in progress.
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Selected spectral data fbb are as follows!H NMR (CgDg): 0 1.62 (s,
60H, Me), 3.48 (s, 4H, NH)}3C{H} NMR (CsDg): 0 10.6 (s, GMes),
86.7 (s,CsMes), 126.5 (s, NCN). IR (KBr, cml): 3271 (w), 2218 (s,
NCN). Crystallographic data fotb-C;Hs: orthorhombic, space group
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= 6189(5) B, Z = 4, T = 21 °C, R(Ry) = 0.050 (0.050) for 3791
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(10) Crystallographic data fd: tetragonal, space groug2m, orangea =

Supporting Information Available: Experimental and spectro-
scopic details and tables of crystallographic data, positional and thermal
parameters, bond distances and angles, and thermal ellipsoid figures
for complexedlb-C/Hs, 2:0.5GHg, and3 (PDF). X-ray crystallographic
files (CIF). This material is available free of charge via the Internet at
http://pubs.acs.org.
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