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Synthesis and Skeletal Transformation of Cyanamido(2-)- and Cyanamido(1-)-Bridged
Ruthenium Complexes with Hexamethylbenzene Ligands
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A series of cyanamido-bridged di- and tetraruthenium
complexes with 1°-C¢Mey ligands have been synthesized, and
their interconversion reactions have been investigated. Facile
interconversion between the wy-kN,kN and -k N,kN' coordi-
nation modes of NCNH ligands at a dimetallic core has been
observed for the first time.

In spite of the increasing interests in multinuclear transition
metal complexes with nitrogen-based bridging ligands,' use of
cyanamide anions (NCN?~ and NCNH™) in the construction
of polymetallic systems remains in the early stage of develop-
ment.” Physicochemical properties and reactivities of this series
of complexes have been investigated only recently because of the
lack of systematic synthetic methods. In our previous study, we
have synthesized group 9 (Ir, Rh, and Co) and group 8 (Ru)
cyanamido-bridged complexes with ancillary Cp* (Cp™: n°-
CsMes) ligands and revealed their reactivities including unique
skeletal transformations.> To develop novel coordination struc-
tures with cyanamido ligands, we have now examined synthesis
of NCN- and NCNH-bridged multinuclear ruthenium complexes
with 1°-CsMeg ligands (Scheme 1), which provides the first

example of facile interconversion between the (L,-kN,kN and
M2k N, kN’ coordination modes of NCNH ligands.

When [(7°-C¢Meg)RuCl, ], is allowed to react with 4 equiv
of NaNCNH in MeOH or THF at room temperature, the triply
bridged dinuclear complex [{(77°-CsMeg)Ru(,-NHCN-N,N)}»-
(42-NCN-N,N)] (1) is obtained in 78-79% yield.® Complex 1
exhibits two IR absorptions at 2196 (m) and 2050 (s)cm™!
assignable to the NCN stretching vibrations and only one
"HNMR signal due to the CsMeg protons at § 2.10 in CD;0D.
The molecular structure of 1.2MeOH has been determined by a
preliminary X-ray diffraction study to confirm that the two
ruthenium centers are triply bridged by two NHCN-N,N and one
NCN-N,N ligands, where the short terminal N—C bond distances
(1.05-1.13 A) clearly indicate that these three bridges can be
regarded as cyanamido(1-) or cyanamido(2-) ligands. It should
be noted that structurally confirmed complexes with a ,-
NHCN-N,N (cyanamido(1-)) ligand have scarcely been reported
so far, although there have been known several complexes with
-NCNH-N,N’ (carbodiimido(1-)) type bridges.?

Treatment of complex 1 with CF;COOH in MeOH at room
temperature results in the formation of the new NCNH-bridged
complex [(7%-CsMeg)Ru(jL,-NHCN-N,N')(CF;C00)], (2) in
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Scheme 1. Reagents or conditions: (a) NaNCNH (4 equiv), THF or MeOH, rt, 78-79%; (b) CF3COOH (10 equiv), MeOH, rt, 63%;
(c) +-BuOK (slight excess), CH,Cly, rt; (d) HoNCN (slight excess), CH,Cl,, tt, 29%; (¢) K;NCN (3 equiv), toluene, 90 °C, 25%;
(f) toluene, 100°C, 42%; (g) [(n°-CsMeg)RuCly], (0.75 equiv), CH,Cl,, 1t, 73%; (h) Na,NCN (excess), CH,Cl,, rt, 32%.
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Figure 1. ORTEP drawing of 2 with thermal ellipsoids drawn
at 50% probability level. Hydrogen atoms (except for H(1) and
H(1)*) are omitted for clarity.

63% yield concomitant with the loss of one NCNH, molecule.
The IR (3276 (m), 2134 (s), and 1676 (s)cm™') and '"HNMR
(8 1.99) data are in full agreement with the formulation, and the
structural details have been unambiguously established by X-ray
crystallography (Figure 1). Interestingly, the coordination mode
of the NHCN ligands is changed from (,-NHCN-N,N to [iy-
NHCN-N,N' to form a parallelogramic shaped [Ru,(NCN),]
core, although the geometry around the ruthenium centers
remains a three-legged piano-stool structure. The HN-C bond
distance (1.281(6) A) is considerably longer than the N-C bond
distance (1.173(6) A), indicating that the NCNH ligand should
be regarded as a cyanamido(1-) bridge rather than a corbodi-
imido(1-). Each carboxylato ligand forms an intramolecular
hydrogen bonding with the respective NCNH ligands
(0Q2)~H(1), 2.41(6)A). To the best of our knowledge, this
reaction provides the first example of structural change between
the (,-NHCN-N,N and p,-NHCN-N,N’ coordination modes.
On the other hand, reaction of 1 with a strong base, +-BuOK,
in CH,Cl, also gives rise to formal elimination of NCNH,; to
produce the air- and moisture-sensitive deep-blue complex [(17°-
CsMeg)Ru(i4,-NCN-N,N)], (3) in good yield. Deprotonation of
a NCNH ligand in 1 should give rise to an anionic diruthenium
intermediate, where the dissociation of a NCNH™ anion to form
2 is probably facilitated by the negative charge. The molecular
structure of 3 with two w,-NCN-N,N bridges has been
determined by a diffraction study and is consistent with its
spectral data (IR, 2061 (s)em™'; 'THNMR, § 1.81) (Figure 2).
The [Ru,;N;] core in 3 is strongly puckered with a dihedral angle
of 118.3(1)° between the two Ru,N planes, and the two
cyanamido ligands are oriented in a syn stereochemistry. The
pyramidalized geometry of the bridging nitrogen atoms suggests
that they act as a 2e donor. Consequently, the diruthenium core
potentially unsaturated, and in full accordance with this
situation, the Ru—Ru distance (2.7892(4)A) manifests the
presence of a metal-metal bonding interaction.” Although
related ruthenium amido/imido complexes® and the isoelec-
tronic diiridium complex [Cp*Ir(it,-NCN-N,N)],>® have been
reported in the literature, the structural diversity of the
cyanamido-bridged [(17°-CsMeg)Ru] complexes is outstanding;
three distinct types of diruthenium complexes with cyanamido
ligands of different coordination modes are readily accessible.
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Figure 2. ORTEP drawing of 3 with thermal ellipsoids drawn
at 50% probability level. Hydrogen atoms are omitted for clarity.

Figure 3. ORTEP drawing of 4.-MeOH with thermal ellip-
soids drawn at 50% probability level. Solvating MeOH and
hydrogen atoms are omitted for clarity.

Complex 3 can also be generated by treatment of 2 with
t-BuOK in CH,Cl,, although poor solubility of 2 prevents
complete conversion. It should be pointed out that the
coordination mode of the cyanamido bridge is changed again
during this reaction. Interestingly, 3 can be converted back to 1
on reaction with NCNH; in 29% yield. The ready interconver-
sion of complexes 1-3 may be viewed as a unique feature of the
cyanamido ligands.

Complex 3 is further utilized as a unit to construct
complexes with higher nuclearity. When 3 is heated in toluene
for 3 days, dimerization of the Ru, core takes place to form the
C;-elongated cubane-like complex [(17°-C¢Meg)Ru(pt3-NCN-
N,N,N')3{(17%-CsMeg)Ru}3(143-NCN-N,N,N)] (4) in 42% vyield.
Complex 4 shows two IR absorptions at 2074 (m) and 2025
(s)em™! assignable to the NCN stretching vibrations, and its
"HNMR spectrum exhibits two signals at § 2.04 and 1.91 in the
intensity ratio of 3:1 assignable to the C¢Mes protons. The
molecular structure of 4 determined by X-ray crystallography
shows that the three NCN ligands lying in parallel with each
other bridge the four ruthenium centers with a 3-kN,kN,kN’
coordination mode, while the fourth adopts a [3-kN,kN,kN
mode (Figure 3). These NCN bridges can be viewed as
carbodiimido(2-) and cyanoimido(2-) ligands, respectively.
This result makes a striking contrast with our previous findings
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Figure 4. ORTEP drawing of 5.4CH,Cl, with thermal
ellipsoids drawn at 50% probability level. Solvating CH,Cl,
and hydrogen atoms are omitted for clarity.

that the thermal dimerization of diiridium complex [Cp*Ir(ji,-
NCN-N,N)], leads to the regular cubane complex [Cp*Ir(jiLs-
NCN-N,N,N)]4.%° This difference is presumed to result from the
steric size of C¢Meg ligands; the more compact cubane core is
not suitable for binding four C¢Meg ligands. Complex 4 is also
synthesized directly by the reaction of [(17°-CsMeg)RuCl,], with
K,NCN in toluene at 90 °C.

Finally, the reaction of 3 with [(1°-C¢Meg)RuCl,], has been
revealed to give another tetraruthenium complex [{(1°-CsMes)-
Ru}»{(3-NCN-N,N,N")(1°-C¢Meg)RuCl, },] (5) as green crys-
tals. A diffraction study of 5 indicates that the [Ru,;N,] core in 3
is not largely deformed by the ligation of two [(1°-CsMeg)-
RuCl,] units (Figure 4), while the V(NCN) value of 5 (2108
cm™") which is 47 cm™! higher than that of 3 is in agreement
with the change of coordination mode from [,-NCN-N,N to
13-NCN-N,N,N'. As expected, 5 is transformed back to 3 by
treatment with Na,NCN in CH,Cl,.

In conclusion, we have demonstrated that the cyanamido-
bridged [(7°-C¢Meg)Ru] complexes display remarkable struc-
tural diversity and interconvertibility, and structural change
between the ,-NHCN-N,N and ,-NHCN-N,N' coordination
modes has been confirmed structurally for the first time.
Investigation into further transformation of the cyanamido-
bridged complexes are now in progress.
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