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Complexes with an Unusual Bridging Structure
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Reaction of [NBuy][W(CN)(N,)(dppe)z] with [RuCp(ns-p-
FCcH4R)][PFg] gave novel p-aryl isocyanide complexes
[WF{CN(n3-p-CsH4R)RuCp}(dppe),] (3) through the arylation
of the CN ligand concurrent with the loss of the dinitrogen
ligand. The X-ray crystallographic study of 3a (R = H) revealed
the unusual m!m3-p,—~coordination of the phenyl isocyanide
behaving as an iminocarbyne-cyclohexadienyl ligand.

Diversity of coordination modes found in metal isocyanide
complexes has been arousing considerable interest in their
structures and reactivities.! Terminal isocyanide ligands usually
bind to metals in a linear fashion (structure A). However, in
complexes containing strongly wt-donating metal fragments, they
take a bent structure with metal-isocyanide double bond character
induced by the n-back donation from the metal (structure B).2
Now we have prepared a series of novel tungsten-ruthenium
heterodinuclear complexes having bridging aryl isocyanide
ligands by the arylation of an anionic tungsten cyanide with
ruthenium fluoroarene complexes, which show an unique
iminocarbyne structure (structure C).
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Recently we have found that an anionic dinitrogen
isothiocyanato complex [NBuy][W(NCS)(N,)(dppe)2] (dppe =
Ph,PCH,CH,PPh,) reacts with ruthenium fluoroarene
complexes [RuCp(vf-p-FCcH4R)][PFg] (1a, R = H; 1b, R =
Me; 1¢, R = OMe; 1d, R = COOMe; Cp = n>-CsHs) to give
dinuclear p-aryldiazenido complexes [W(NCS){Nz(né-p-
CsH4R)RuCp}(dppe),][PFs] through the bimetallic arylation of
the coordinated dinitrogen.3 In’ contrast, treatment of a
dinitrogen cyano complex [NBu4][W(CN)(N,)(dppe),] (2) with
complexes 1 in THF at room temperature led to the arylation of
the CN ligand concurrent with the loss of the dinitrogen ligand.
Repeated recrystallization from CH,Cl,-hexane gave novel u-
aryl isocyanide complexes [WF{CN(n3-p-C¢H4R)RuCp}-
(dppe)2] (3) as dark red crystals in 51-19% yields (eq 1).
Although electrophilic alkylation of metal cyanides is a well-
established route to isocyanide complexes,4 the above reaction is
noteworthy in that it provides a direct access to p-aryl isocyanide
ligands which bridge two metal centers through the isocyanide
carbon and the wt-coordinated arene ring.

Interestingly, complexes 3 showed no IR absorption
diagnostic of terminal isocyanide ligands (v(N=C), 2200-1700
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cm-1).5.6 Further spectroscopic characterization of 3 was
frustrated by their limited solubility and peak broadening in the
1H NMR spectrum in spite of their diamagnetism confirmed by
ESR and magnetic susceptibility measurements. However, the
molecular structure of 3a- CH,Cl, (R = H) was unambiguously
determined by the X-ray crystallographic study as shown in
Figure 1.7 ‘

The most striking structural feature of 3a is the unusual
n!:m3-p,—coordination of the phenyl isocyanide, which behaves
as an iminocarbyne-cyclohexadienyl ligand. The W(1)-C(1) and
C(1)-N(1) bond distances (1.841(8) and 1.348(9) A,
respectively) and the W(1)-C(1)-N(1) bond angle (169.5(6) °)
clearly indicate that 3a can be regarded as a tungsten-carbyne
complex. In this context, the N(1)-C(2) bond has double-bond
character which is reflected on the N(1)-C(2) distance (1.321(9)
A) and the C( 1)-N(1)-C(2) angle (125.5(8) ). On the other
hand, the phenyl group is coordinated to the ruthenium in an 13-
fashion.8 The Ru-C(2) distance (2.551(8) A) is significantly

Figure 1. Molecular structure of 3a- CH,Cl,. Phenyl groups
of the dppe ligands are omitted.
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longer than the other Ru-C distances (2.14-2.24 A), showing
almost no bonding interaction. The interplanar angle between the
C(3)-C(2)-C(7) plane and the pentadienyl plane is 22.5°. All
these structural parameters are in full agreement with the
formulation of 3 depicted in eq 1. Such deformation of the aryl
isocyanide ligand can be accounted for by the combined effects
of both strong m-donation from the tungsten center and
stabilization of the resulting negative charge on the aryl ring by
the ruthenium center.

The aryl isocyanide ligands in complexes 3 exhibited a
nucleophilic reactivity as is observed with low-valent transition
metal isocyanide complexes.® Protonation of 3, prepared in situ
from 1 and 2, with excess HPFg¢ yielded the corresponding
W(VI)-Ru(Il) aminocarbyne-hydride complexes [WHF{CNH-
(m®-p-CsH4R)RuCp}(dppe),]1[PF¢], (4) as an orange powder or
crystals (eq 2).5.10 Complexes 4 were characterized by the 1H
NMR signals of WH and NH which appear at 6 2.3-3.0 as a
quintet and 6.5-6.9 as a broad peak, respectively. The molecular
structure of 4¢ (R = OMe) was further confirmed by the X-ray
diffraction study.11 The bond distances and angles around the
W-C-N moiety (W-C, 1.803(7) A; N-C, 1.368(8) A; W-C-N,
174.8(6) °) are typical of a tungsten-aminocarbyne complex, 9b.c
and the arene ring is bound to the ruthenium as a planar me-
ligand. It should be noted that the structure of 4 in solution is
fluxional at room temperature, judging from the 31P{1H} NMR
spectrum showing only one doublet as well as the above-
mentioned quintet WH signal in the 1H NMR spectrum.
Complex 3a also reacted with Mel at room temperature to give
the corresponding N-methylated aminocarbyne complex
[WF{CNMe(n5-C¢Hs)RuCp}(dppe),]I (5), which was charac-
terized spectroscopically.5.12
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The present study has revealed that aryl isocyanide in a
dinuclear complex containing both m-donating and electron
withdrawing metal centers behaves as an unusual m!:n3-imino-
carbyne-cyclohexadienyl ligand. Current efforts are being
devoted to developing novel reactivities of the unique isocyanide
ligands.
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