C6

JOM 23292PC

Preliminary Communication

Journal of Organometallic Chemistry, 445 (1993) C6-C9

Reactions of Ru; clusters with functional
phosphines: formation of w,-acyl
and p,-imidoyl complexes

Chris J. Adams, Michael 1. Bruce and Olaf Kiihl

Jordan Laboratories, Department of Physical & Inorganic Chemistry,
University of Adelaide, Adelaide, S.A. 5001 (Australia)

Brian W. Skelton and Allan H. White

Department of Chemistry, University of Western Australia, Nedlands,
W.A. 6009 (Australia)

(Received September 14, 1992)

Abstract

Reactions of Ru, clusters with tertiary phosphines containing func-
tional groups have given complexes containing pj-acyl and p;-im-
idoyl ligands, which have been characterised by single crystal X-ray
studies in the cases of Ru,(u-H)p3-O=CCcH ,PPh, X u-dppmXCO),
and Ru,(u-HXu5-CPh=NC¢H ,PPh,XCO),, respectively.

The chemistry of tertiary phosphines containing
functional groups is currently of great interest, since
their complexes are perceived as being potential cata-
lyst precursors, particularly if the functional group can
provide a weakly bonded donor atom which can pro-
tect a vacant site on the metal atom. These studies
have been extended to ruthenium and osmium cluster
complexes, an early demonstration of their potential
being the facile dehydrogenation reactions undergone
by derivatives of diphenyl(2-styryl)phosphine, PPh,-
(C¢H ,CH=CH ,-2) [1]. More recently, we have reported
reactions of the ketophosphine PPh,(CH,COPh) [2]
and have begun a study of transformations of related
N- and O-functional groups [3]. Common to all these
systems is the ready deprotonation of the functional
group to give a ligand which either bridges a M-M
bond or caps the M, cluster [4].

In examining the reactions of the phosphino-al-
dehyde PPh(C,H,CHO-2) and the phosphino-imide
PPh,(C,H ,N=CHPh-2), we have found further facile
transformations of the initially-formed hydrido clusters
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into complexes containing examples of w;-acyl and
w4-imidoyl ligands capping Ru; clusters.

The reaction between Ru,(u-dppm)}CO),, (1;
Scheme 1) and PPh,(C,H,CHO-2) afforded a mixture
of dark red Ru,(u-dppmXCO)s{PPh,(C,H,CHO-2)}
(2) and the hydrido cluster Ru,(u-HXu-PPh,CH,-
COXp-dppmXCO), (3), which was readily charac-
terised from its spectroscopic properties [5*] and by a
single-crystal X-ray structure determination, which will
be reported elsewhere [6]. After further heating of its
solution in refluxing toluene for 10 min, changes in the
IR »(CO) spectrum indicated that 3 had been con-
verted into a third complex (4) by loss of one CO
ligand, as confirmed by its FAB mass spectrum [5*].
The structural identity of 4 was not clear from the
spectroscopic properties (the possibility of the forma-
tion of a p;-C4H, complex by decarbonylation was
canvassed), so a single-crystal X-ray structure determi-
nation was undertaken [7*].

A molecule of 4 is depicted in Fig. 1(a) and impor-
tant bond parameters are noted in the caption. A
triangular Ru, core has one edge bridged by the dppm
ligand, the third P atom being attached to the third Ru
atom,; all P atoms occupy equatorial sites. The deproto-
nated phosphine ligand is attached by P(3) to Ru(3),
while a benzoyl group caps the cluster, being bonded
via the C(3) and O(3) atoms. The geometry of the
u4-C—O unit is of interest, it being bonded in a 20-,m- ||
fashion, reminiscent of u;-alkynes. The Ru(1,3)-C(3)
and Ru(1,2)-O(3) separations are 2.21(3), 2.04(2) and
2.16(2), %.09(2) A, respectively; with a C-O distance of
1.40(3) A, the similarity between the wp,-OCR group
and the isoelectronic p;-C,R, ligand is further en-
hanced.

While there are many examples of cluster complexes
containing edge-bridging x-OCR ligands, the ©,-OCR
group has been found only rarely. An early example
was Os,;W(u,-OCCH,C H,Me-4XCO),,(n-CsHy),
which was obtained from Os,(u-H),(CO),, and W(=C-
CH Me-4XCO),(n-CsH,) [8]; the iron cluster
Fe;(1;-OCRXCO), is also known [9]. In both, the acyl
C-0O bond is easily broken, by heat and by elec-
trophilic attack, respectively [9,10].

* Reference number with asterisk indicates a note in the list of
references.
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Scheme 1

Similar reactions between 1 and PPh,(C,H,N=
CHPh) proceeded via 5, the analogue of 2; this com-
plex will be fully described elsewhere [6]. However,
further heating of 5 in refluxing cyclohexane (1 h)
resulted in direct conversion to 6, which was charac-
terised from its spectroscopic data [5*] and an X-ray

structural determination [7*] as a direct analogue of 4,

namely Ru;(u-HXu,-CPh=NCH ,PPh,Xu-dppm)-
(CO).

A molecule of 6 is shown in Fig. 1(b); significant
bond parameters are given in the caption. The triangu-
lar Ru, core is capped by the us-imidoyl ligand, again
in the 20,7 || mode, with Ru(2,3)-C(3) and Ru(1,3)-
NQ3) distances of 2.06(1), 2.19(1) and 2.03(1), 2.11(1) A,
respectively. The u-dppm ligand unusually occupies
axial coordination sites on Ru(1) and Ru(2), while P(3)
from the substituted tertiary phosphine is attached to
Ru(3) in an equatorial site.

In this case, there are several analogous complexes
containing p,-RN=CR’ ligands, most being obtained
by hydrogenation of cluster-bound nitrile [11] or isoni-
trile ligands [12], or from the reactions of cyclic tertiary
amines with Ru, and Os; clusters [13,14].

Comparison of the two structures reveals some in-
teresting differences. In 4, the dppm occupies equato-

(00)371/ \‘ (CO)s

(00),&!—:(
QH\
(°C)7U lﬂu(co)z

thP\/ PPh,

N C

\‘Hu/
(cop
(OC),Ru Ru(CO),
\

PP PP

®

rial sites on the Ru—Ru vector which is also bridged b
0(3). As a result, this vector is shortened to 2.673(4) A
(cf. 2.834(1) A in Rus(u-dppmXCO),, [15). In 6, the
dppm is coordinated in a_xial sites, bridging the longest
Ru-Ru vector [2.870(6) A] which is also bridged by the
C(3)-N(3) group and probably also by the hydride
atom. Atom P(3) is coordinated to Ru(3) in 4, which is
o-bonded to C(3); in 6, the corresponding Ru atom is
n*bonded to the C(B3)-N(3) moiety. The cluster-
bonded H atoms were not located directly: in 4, the
likely position is bridging Ru(2)-Ru(3) [2.918(3) Al
(which vector is also bridged by the C-O moiety); in 6,
it is likely that the H atom bridges Ru(1)-Ru(2). These
locations are supported by the characteristic splaying
of the CO groups about the H-bridged Ru—Ru vectors:
in 4, Ru(2)-Ru(3)-C(32) 112.2(9), Ru(3)-Ru(2)-C{22)
110(1)°; in 6, Ru(1)-Ru(2)-C(21) 108.9(5), Ru(2)-
Ru(1)-C(11) 118.7(5)°.

This convenient synthesis of both u- and u-acyl
and -imidoyl complexes from the appropriate func-
tional phosphines (which are themselves readily avail-
able [16]) will allow further study of their chemistry
which will be described in due course. So far, we have
not been able to obtain complexes analogous to 4 and 6
from either Ru,(CO),, or Os,(CO),,. As expected, the
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greater reactivity of the ruthenium carbonyl complexes
has precluded the isolation of the simple CO-substitu-
tion products Ru;(CO),(PR ;) although their implica-
tion in the reaction sequence is shown by the successful
preparation of the osmium analogues and their smooth
conversion, albeit under harsher reaction conditions
(refluxing xylene, 7 h), into Os(u-HXu-PPh,C.H,-
CX-2XC0),, (X = O or N=CPh),

Fig. 1(a). A molecule of Ru;(u-HXu;-O=CC¢H PPhXpu-
dppmXCO), (4) oblique and normal to the Ru, plane showing
atom-numbering system. Significant bond parameters: Ru(1)-Ru(2)
2.673(4), Ru(1)-Ru(3) 2.806(4), Ru(2)-Ru(3) 2.918(3), Ru(1)-P(1)
2.309(8), Ru(2)-P(2) 2.341(8), Ru(3)-P(3) 2.306(9), Ru(1)-0(3)
2.16(2), Ru(2)-0(3) 2.09(2), Ru(1)-C(3) 2.21(3), Ru(3)-C(3) 2.04(2),
C(3)-0(3) 1.40(3) A; Ru(3)-P(3)-C(311) 103.7(8), C(312)-C(3)-0(3)
119(2)°.

(b)

Fig. 1(b). A molecule of Ru ;(su-HXp;-CPh=NCH,PPh,Xy-dppm)

(CO); (6) obligue and normal to the Ru; plane showing atom-num-
bering system. Significant bond parameters: Ru(1)-Ru(2) 2.870(6),
Ru(1)-Ru(3) 2.770(2), Ru(2)-Ru(3) 2.794(3), Ru(1)-P(1) 2.315(5),
Ru(2)-P(2) 2.383(5), Ru(3)-P(3) 2.309(4), Ru(1)-N(3) 2.03(1),
Ru(3)-N(3) 2.11(1), Ru(2)-C(3) 2.06(1), Ru(3)-C(3) 2.1%1), C(3)-
N(3) 143(2) A; Ru@3)-P(3)-C(311) 102.3(5), C(312)-N(3)-C(3)
121(3), C(341)-C(3)-N(3) 121(1)°.
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