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Abstract

The reaction of [Ru3(CO)12] with bis(diphenylphosphino)amine (dppa) in the presence of sodium benzophenone leads to
[Ru3(CO)10(dppa)] in quantitative yield, while the same reaction carried out in refluxing toluene also produces the disubstituted
product [Ru3(CO)8(dppa)2]. Both products were characterized spectroscopically and by X-ray crystallography. The five-membered
rings, formed by the coordinated ligand and the two metal atoms, show distorted envelope conformations. There are significant
differences in the P�N bond lengths of each dppa ligand in the disubstituted cluster while they are totally symmetric in the
monosubstituted derivative. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

The coordination chemistry of bis(diphenylphos-
phino)amine (dppa), Ph2PN(H)PPh2, has attracted the
attention of some research groups [1] interested in the
spectroscopic and physical properties of complexes con-
taining this ligand, similar to the more studied bis(-
diphenylphosphibo)methane (dppm). This is partly due
to the fact that some theoretical studies [2] suggested a
greater ring strain in dppa derivatives than in the
corresponding dppm ones. This strain should be less
important when dppa coordinates to two metal centers,
but then a different electronic distribution in the
polynuclear compound might be expected. In addition,
the greater acidity of the NH proton may also induce
other reactions.

As far as we are aware, not many dppa-substituted
carbonyl clusters have been prepared. Moodley and
co-workers [3] reported the synthesis of [Ru3(CO)10(m-
Ph2PN(Et)PPh2)], containing a related ligand, prepared
by photochemical activation of [Ru3(CO)12]. CoPd2 and
Pd4 complexes of dppa and other related ligands have
also been described [4,5].

As part of a study of the reactivity of diphosphine-
substituted clusters, we have prepared and character-
ized spectroscopically and by X-ray crystallography,
the dppa mono- and disubstituted derivatives of
[Ru3(CO)12]. The results of these experiments are re-
ported herein.

2. Results and discussion

The reaction of [Ru3(CO)12] with one equivalent of
dppa in refluxing toluene, yields two products in 60%
(1) and 30% (2) yields. Some ruthenium carbonyl is also
recovered.
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Fig. 1. Molecular structure of [Ru3(CO)8(dppa)2] (1) and of [Ru3(CO)10(dppa)] (2).

Product 1 is red with an infrared spectrum showing
carbonyl stretching frequencies1 similar to those ob-
served in [Ru3(CO)8(dppm)2] [6]. Proton NMR spec-
troscopy shows two triplets of equal intensity that
suggest two different NH groups. Both signals are
shifted to lower fields than those of the free ligand (3.8
ppm). The 31P-NMR spectrum of 1 consists of an
AA%XX% spin system centered in 69.66 ppm. The spec-
troscopic evidence suggests 1 to be [Ru3(CO)8(dppa)2].

Compound 2 shows an infrared spectrum similar to
that of [Ru3(CO)10(dppm)] [7] in the carbonyl region.
The proton NMR shows a triplet in 4.7 ppm also
thought to be due to a NH proton and is shifted to an
even lower field than those in 1. The 31P-NMR shows a

singlet (d 69.6 ppm) shifted to a higher frequency than
the one in the free ligand (d 42.5 ppm). Thus, com-
pound 2 is proposed to have the formulation
[Ru3(CO)10(dppa)].

Comparing the spectroscopic data of both com-
pounds, we can appreciate that the 2J(P�H) constant is
higher in 1 than in 2 but lower than in the free ligand.
That of 2 is also lower than the corresponding value in
free dppa. This might be an indication of a higher
electron density in the P�N�H fragment in 1 than in 2
but lower in both 1 and 2 than in the free ligand.

Table 1
Selected bond lengths (A, ) and angles (°) for 1 and 2

21

Bond lengths
2.823(2) 2.8546(10)Ru(1)�Ru(2)
2.833(3)Ru(1)�Ru(3)
2.8223(13)Ru(2)�Ru(3)

2.8287(11)Ru(1)�Ru(1a)
2.8545(10)Ru(2)�Ru(1a)

Ru(1)�P(2) 2.304(3)
2.303(3)Ru(2)�P(1)
2.292(3)Ru(1)�P(4)
2.293(3)Ru(3)�P(3)

2.307(2)Ru(1)�P(1)
1.688(4)1.660(10)P(1)�N(1)

1.728(9)P(2)�N(1)
1.674(10)P(3)�N(2)
1.724(9)P(4)�N(2)

Bond angles
P(1)�N(1)�P(2) 127.6(6)

126.2(6)P(3)�N(2)�P(4)
127.1(5)P(1)�N(1)�P(1a)

1 Compound 1. [Ru3(CO)8(dppa)2] was prepared by reaction of 0.1
g of [Ru3(CO)12] (0.1564 mmol) and 0.0580 g of (PPh2)2NH (0.15
mmol) in 50 ml of toluene heated to reflux for 2 h. The reaction
mixture was dried under vacuum and the residue separated on a
chromatographic column using 60:30:10: hexane–acetone–CH2Cl2 as
eluent. Some [Ru3(CO)12] was recovered together with compound 1
(60% yield). After changing the eluent to CHCl3 an additional
compound was separated and identified as [Ru3(CO)10(dppa)] (2)
(30% yield). Compound 1, n(CO) (CH2Cl2) cm−1: 2045 (s), 1974 (sh),
1910 (w). 1H-NMR (ppm) [2J(H�P) (Hz)]: 7.04–7.19 (m), 4.04 (t)
[6.08], 3.98 (t) [5.98]. 31P-NMR (ppm) 69.66 (AA%XX%). Compound 2.
n(CO) (CH2Cl2) (cm−1) 2082 (m), 2014 (vs), 2000 (s), 1979 (sh), 1961
(m). 1H-NMR (ppm) [2J(H�P) (Hz)]: 7.40–7.20 (m), 4.7 (t) [4.9].
31P-NMR (ppm): 65.6. [Ru3(CO)10(dppa)] (2) can also be prepared by
the use of Bruce’s catalyst [13]. [Ru3(CO)12] (0.050 g) was dissolved in
10 ml of THF and 5–6 drops of Ph2CO− were added and finally
0.0303 g of (PPh2)2NH was also added to the solution. An immediate
change of color was observed and after addition of some 8 to 10 more
drops of catalyst, the mixture was stirred at room temperature for 5
min. The solution was then concentrated and crystals, suitable for
X-ray diffraction study, were obtained from a chloroform solution.
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Crystals of both 1 and 2 were studied by X-ray
diffraction2 and the results are shown in Fig. 1. Consis-
tent with spectroscopic evidence, the structure of 1,
consists of an Ru3 triangle with two of the edges
bridged by dppa ligands. The metal triangle and the
two five-membered metallacycles are close to forming a
plane. A least-squares calculation of the best planes
formed by the nine atoms was carried out and the
largest deviations from planarity are 0.01423 [P(1)] and
0.1315 A, [N(1)]. The coplanarity of the rings formed by
dppa bridging a metal–metal edge had already been
observed in [CoPd2(m3-CO)2(m2-{(Ph2P)2N(CH3)}3]PF6

[4] and in [Ru3(m3-E)2{m2-P,P %-(PPh2)2NH}(CO)7] (E=
S, Se) [8] but it is important to establish that the
dppa-bridged edge is very long in the last compound
and presumably does not hold a metal–metal bond,
thus allowing larger flexibility of the metallacyclic ring
formed. Non-planarity has also been observed in
[Ru4(m3-E)2{m2-P,P %-(PR2)2NH}(CO)9].

Two of the metal–metal distances in 1 are identical
while the third one, bridged by one of the dppa ligands,
is only slightly longer (2.823(2) versus 2.833(3) A, ) (see
Table 1). These values are very similar to those de-
scribed for the ‘supported’ metal–metal bonds in
[Ru3(CO)8(dppm)2] [9]. All Ru�P bonds in 1 are equiva-
lent and are also similar to those in the dppm analogue.

Bond parameters within the dppa ligand show some
interesting trends. Both ligands have a P�N bond
longer than the other one within the same dppa frag-
ment (1.728(9) and 1.660(10) A, in one ligand and
1.724(9) and 1.674(10) A, in the other, values shorter
and longer than the one observed in the free ligand
(1.692(2) A, )), although the large standard deviations in
the values in 1 do not allow a clear difference to be
assured. Similar behavior was observed in [Pd4(m-
Cl)2(m-dppm)2(m-dppa)2](PF6)2 [4] but no significant dif-
ferences are observed in either [Co2Pt(m3-CO)-
(CO)6(m-dppa)] [10], [Ru3(CO)10{m-Ph2PN(Et)PPh2}]
[3], or [Pt(dppa)2][BF4]2 · MeCN [2].

Five water molecules were found in the unit cell of 1
and an analysis of non-bonding distances shows the
existence of a short contact (2.457 A, ) between the

hydrogen atom bonded to N(2) and the oxygen atom of
one of the water molecules. This interaction might be a
factor of influence in the almost planar conformation
adopted by the metal–ligand cycles.

Crystals of 2 show crystallographically imposed sym-
metry and only half of the molecule is present in the
asymmetric unit. As proposed, the structure consists of
a triangle of ruthenium atoms with one of the edges
bridged by a dppa ligand. The edge supported by the
chelate ligand is slightly shorter than the other two
(2.8287(11) versus 2.8545(10) A, ), which are equivalent.
This trend is similar to that observed in the structures
of [Ru3(CO)10(dppm)] [11] and of [Ru3(CO)10{m-
Ph2PN(Et)PPh2}] [3], although the difference between
Ru�Ru distances is not as large as that observed in the
second compound.

The chelate ring in this structure is twisted. The
P(1)�Ru(1)�Ru(1a)�P(1a) torsion angle is 20.35°. Phos-
phorus–ruthenium distances are similar to those in 1
and in the Ph2PN(Et)PPh2 derivative, although they are
longer than in [Ru3(CO)10(dppm)]. This could be ex-
plained in terms of lower backbonding towards the
phosphorus atom. P�N distances are somewhat longer
than those in the free ligand [12] and within the range
of those observed in other dppa complexes [5,10].

3. Supplementary material

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic
Data Centre, CCDC nos. 136343 for compound 1 and
136342 for compound 2. Copies of this information
may be obtained free of charge from: The Director,
CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(Fax: +44-1223-336-033; e-mail: deposit@ccdc.
cam.ac.uk or www: http://www.ccdc.cam.ac.uk).
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