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The reactivity of isolobal molybdenum carbonylmetalates containing a 2-boratanaphthalene, [Mo(#°-2,4-MeCqHsg-
BMe)(CO)s]~ (5a) and [Mo(1°-2,4-MeCyHgBNIF-Pr,)(CO)s]~ (5b), a 1-boratabenzene, [Mo(#°-3,5-Me,CsH3BN/-Pr)-
(CO)s]™ (8), or a functionalized cyclopentadienyl ligand, the new metalate [Mo(#-CsH4Ph)(CO)s]~ (7) and [Mo(»°-
CsH4NMe,)(CO)s]~ (9), toward palladium (I and Il) or platinum (I and II) complexes, such as trans-{PdCI,(NCPh),],
[Pd2(NCMe)g](BF4),, trans-{PtCly(PEts),], and [N(n-Bu)4], [Pt,Cly(CO),], has been investigated, and this has allowed
an evaluation of the influence of the zz-bonded ligands on the structures and unprecedented coordination modes
observed in the resulting metal—-metal-bonded heterometallic clusters. The new 58 CVE planar-triangulated
centrosymmetric clusters, [MoaPda(#7%-CsHaPh),(CO)s(PEts),] (11), [M0aPdy(175-2,4-MeCgHgBNI-Pr,)(CO)s) (12), [Moy-
sz(ﬂ5-3,5-M62C5H3BNi-Prz)z(CO)s] (13), [M02Pd2(7’]5-C5H4NMEQ)z(CO)s(PEQ)z] (15), [MOzptz(ﬂs-C5H4NMEZ)z(CO)G-
(PEt3),] (16), and [Mo,Pty(175-CsHsNMe,)2(CO)g] (20), have been characterized by single-crystal X-ray diffraction.
Their structural features were compared with those of the 54 CVE cluster [Re,Pd,(1°-C4H4BPh),(CO)e)] (4), previously
obtained from the borole-containing metalate [Re(#°-C4H4BPh)(CO)s]~ (2), in which a 2e—3c B—Cips,—Pd interaction
involving the 7-ring was observed. As an extension of what has been observed in 4, clusters 12 and 13 present
a direct interaction of the boratanaphthalene (12) and the boratabenzene (13) ligands with palladium. In clusters
11, 15, 16, and 20, the s-ring does not interact with the palladium (11 and 15) or platinum centers (16 and 20),
which confers to these clusters a geometry very similar to that of [Mo,Pd,(17°-CsHs)o(CO)e(PEts);] (3b). The
carbonylmetalates [Mo(zz-ring)(CO)s] ~ are thus best viewed as formal four electron donors which bridge a dinuclear
d®~d® unit. The orientation of this building block in the clusters influences the shape of their metal cores and the
bonding mode of the bridging carbonyl ligands. The crystal structure of new centrosymmetric complex [Mo(7°-
CsH4Ph)(CO)3], (10) was determined, and it revealed intramolecular contacts of 2.773(4) A between the carbon
atoms of carbonyl groups across the metal-metal bond and intermolecular bifurcated interactions between the
carbonyl oxygen atoms (2.938(4) and 3.029(4) A), as well as intermolecular C—H- -5 (C=C) interactions (2.334-
(3) and 2.786(4) A) involving the phenyl substituents.

Introduction for further organometallic synthesis. For example, this was
used for the preparation of the first complex containing a

. X . ; _ ) heterometallic metaimetal bond. A considerable number
important ligands in organometallic chemistry, and it has of dinuclear and cluster complexes have since been obtained

been associated with a number of metals to form a wide rangeg oo cyclopentadienyl-containing reagents, such asfv(
of neutral or anionic reagents that have been used, in tum’C5H5)(CO)3]* (M = Cr, 1a M = Mo, 1b; M =W, 10

The cyclopentadienide anion, {ds)~, is one of the most

: We have previously used the isolobal analogy between the
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bonding behavior of the corresponding metal-centered or- Consistently, the first metal cluster with a boratanaphthalene
ganometallic nucleophiles of two adjacent columns of the ligand, [MoPd(°-2,4-MeGH:BMe),(COX(PE%)] (6),> was
Periodic Classification, such as and [Ref>-C;H,BR)- prepared fronbaand shown to contain a planar, triangulated

(CO)l™ (2.2 metal core with a center of symmetry in the middle of the
5 5 Pd—Pd bond, similar to that in thg®>CsHs derivatives,3.3
@T @B—"“
I

O
O O
1a M=Cr 2
1b M= Mo
1ic M=W Me

This was applied to the study of heterometallic metal
metal-bonded complexes and clusters and led to the discovery
of unprecedented bonding situations. Thus, we found that
the 58 cluster valence electron (CVE), planar, triangulated

[M2Pch(17°-CsHs)2(CO)(PER)2] (M = Cr, 3a; M = Mo, 3b;
M = W, 30) clusters do not have direct analogues in the

Although the original reaction of the 1,2-dimethoxyethane
(DME) lithium salt of5a (Li-5a-2DME) with trans[PdCh-

borole series since, despite its planar triangulated metal coreqNCPhY] yielded a product with a deep blue color, charac-

characterized by the presence of 5 metaktal bonds, the
[RexPdh(175-C4H4BPh)(CO))] (4) cluster contains only 54
CVE? In this most unusual cluster, the borole ligand not
only binds to rhenium in the usua? manner but also to the
adjacent palladium via a 268c B—Cjps—Pd system.

R
oo ék‘:/oé\ H

,,,,,,, O “Pd=———Re
/ c’,C‘ P /—<_\\/
EtyP B
3a M=Cr 4
3b M=Mo
3c M=W

The intriguing similarities and differences between clusters
3 and4 led us to extend our studies to the borole-containing
carbonylmetalates, [HFg{-C,H,BPh)(CO}]~ 5¢ and [Fe-
(7°-C4H4BPh)(COXCN]~,” and then to the 2-boratanaphtha-
lene derivativeba andb.?

%7 )
o / \
o
X
5a R=Me
5b R = Ni-Pr,

The boron-containing six-membered ring %a and 5b
should behave amionoanioniczz-electron donors, like the
five-membered anionic#f-CsHs)~ ligand and the five-
membereddianionic 6s-electron donor borollide ligand.

(2) Braunstein, P.; Cura, E.; Herberich, GJEChem. Soc., Dalton Trans.
2001 1754.

(3) Bender, R.; Braunstein, P.; Jud, J. M.; Dusausoy|nérg. Chem.
1983 22, 3394.

(4) Braunstein, P.; Englert, U.; Herberich, G. E.; Neuszhil. Angew.
Chem., Int. Ed. Engl1995 34, 1010.

teristic of a metat-metal-bonded complex, perhaps ajAd,
cluster analogous to borole clustrit was too unstable to
be identified.

Intrigued by the 2e-3c B—Cj,sc—Pd bonding in cluster
4, we wondered if a phenyl substituent onradonor ring
system, other than a borole, could bring about this bonding
behavior. This led us to study the reactivity of the phenyl-
substituted cyclopentadienyl derivative [M&{CsH4Ph)-
(CO)]~ (7) toward palladium reagents (see below).

We then considered that a stronger donor substituent than
phenyl, for example, an amino group, on tidoonded ring
of the molybdate reagent should be more efficient in
providing the adjacent palladium centers with enough
electron density and therefore in confering more stability to
the product. Using the amino-substituted boratanaphthalene
reagenthb, we have now been able to structurally character-
ize a M@Pd; cluster in which, unexpectedly, thesystem
of the boratanaphthalene ligand interacts with the Pd centers,
rather than the amino group. We also turned our attention
to related aminoboratabenzene and aminocyclopentadienyl
ligands, and the results of our investigations with the
corresponding isoelectronic carbonylmetalates, [,5-
M92C5H3BNi-Pr2)(CO)3]_ (8) and [MO(?]S-C5H4NM62)-
(COX]~ (9), respectively, are described here.

;: —‘@ @—ng@

“““““ \
o® / o€ c/ \Co
G 0
8 R=Ni-Pr, 9
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Scheme 1.
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[m] = [Cr(n®-CsHs)(CO)a]
[Mo(n®-C5Hs)(CO)4]
[W(n3-CsHs)(CO)3]

M\ /M
X

M = Pd, Pt

X = PRy, Cl, Br, I, n3-CgHs, n3-CgHs,

n3-2-MeC3H,, MeCO,, +-BuCO,
L = phosphine

X = PRy, Cl, n%-CsHs, 13-2-MeC3H,, MeCO,

L = phosphine

A structural comparison of the bonding of the various

considered to be anionic 4-electron donors toward the

carbonylmetalate fragments in their respective clusters hasdinuclear unit BP — M—M < PR;, where M is an ion with
also been performed. Since a localized electron count arounda c® electronic configuration (Scheme 1).

each metal center (18e for Cr, Mo, or W and 16e for Pd or
Pt) in clusters3 and their platinum analogues is not
straightforward, it has been found convenient to consider the
whole anionic bridging moiety:-[Mo(#°-CsHs)(CO)]~ as
formally donating 4 electrons to thesR— Pd(l)—Pd(l) —

PR; or RsP — Pt(1)—Pt(l) — PR; (RsP — d°—d® — PRy)

unit. This confers to this 18e anionic fragment a bonding
behavior related to that observed for the 4-electron donor
bridging phosphido ligandsu{PR,") in some dinuclear
Pd(1®~* and Pt(I) complexésor in trinuclear heterometallic
platinum—molybdenum® and platinum-cobalt* clusters
(Scheme 1). Furthermore, this bridging bonding mode can
also be compared to that of a bridging haligeX™),*>%"

an allyl-ene typej®-cyclopentadienideu¢-(173-CsHs) ), 1820
anzB-allyl (u-(73-CsHs)~ andu-(173-2-MeGHg)7),* 2% or a
carboxylate £-RCQO,") ligand® 2% because they can also be

(5) Braunstein, P.; Englert, U.; Herberich, G. E.; Neuszhil.; Schmidt,
M. U. J. Chem. Soc., Dalton Tran&999 2807.
(6) Braunstein, P.; Herberich, G. E.; NeusthuM.; Schmidt, M. U.;
Englert, U.; Lecante, P.; Mosset, &rganometallicsl998 17, 2177.
(7) Braunstein, P.; Herberich, G. E.; NeusthuM.; Schmidt, M. U.J.
Organomet. Chenl999 580, 66.
(8) Arif, A. M.; Heaton, D. E.; Jones, R. A.; Nunn, C. Nhorg. Chem.
1987 26, 4228.
(9) Sommovigo, M.; Pasquali, M.; Leoni, P.; Englert, dorg. Chem.
1994 33, 2686.
(10) Pasquali, M.; Sommovigo, M.; Leoni, P.; Sabatino, P.; Bragal.D.
Organomet. Cheml992 423 263.
(11) Leoni, P.; Pasquali, M.; Sommovigo, M.; Albinati, A.; Lianza, F.;
Pregosin, P. S.; Ruegger, B.. Organomet. Chen1995 488 39.
(12) Taylor, N. J.; Chieh, P. C.; Carty, A.J.Chem. Soc., Chem. Commun.
1975 448.
(13) Archambault, C.; Bender, R.; Braunstein, P.; Bouaoud, S.-E.; Rouag,
D.; Golhen, S.; Ouahab, IChem. Commur2001, 849.
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1984 3, 381.
(15) Vilar, R.; Mingos, D. M. P.; Cardin, C. J. Chem. Soc., Dalton Trans.
1996 4313.
(16) DuraVila, V.; Mingos, D. M. P.; Vilar, R.; White, A. J. P.; Williams,
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(17) Jolly, P. W.; Krueger, C.; Schick, K. P.; Wilke, @. Naturforsch.
198Q 35B 926.
(18) Werner, H.; Thometzek, P.; Kger, C.; Kraus, H. JChem. Ber1986
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The isolobal analogy between these bridging fragnténts
encouraged us to explore its extension to ottgMo(s-
ring)(CO)]~ metalloligands in metal clusters, and these
aspects will also be examined here.

Results and Discussion

1. Mixed-Metal Palladium—Molybdenum Clusters. 1.1.
Ph-Substituted Cp Derivatives.Inspired by the fact that
the Re-coordinated phenyl-substituted borole ligand is able
to generate a 2e3c B—Ci,so—Pd system in clusted, we
prepared the new metalate [M&(CsH,Ph)(CO}]~ (7), by
reaction between the sodium phenylcyclopentadienide Na-
(CsH4Ph) and [Mo(CQj], to determine if its phenyl-
substituted cyclopentadienyl ligatidcould give rise to a
related 2e-3c¢ Gpsocp—CipsorimPd bonding interaction. Un-
fortunately, reactions between 2 equiv of the DME solvated
sodium salt of7 (Na-7-2DME) andtrans{PdCL(NCPh}]
or the Pd-Pd complex [Pe{NCMe)](BF ). 4 did not allow
a stable, pure complex to be isolated. Separation of the
reaction mixtures by column chromatography afforded the
new homodinuclear complex [Mg$-CsH4Ph)(CO}], (10).

/@ T &
Ph % o
\ 2/ °
AR
Ph
g (o}
10

The formation of this complex results from a redox
reaction, in agreement with general observations made in
the course of our investigations on the syntheses of the Mo
Pd; clusters containing the Cp ligadddn ORTEP view of
the structure ofl0 is shown in Figure 1 with the main
distances and angles. The Mo distance of 3.2134(8) A
in this centrosymmetric dinuclear complex is close to that

(22) Hoffmann, RAngew. Chem., Int. Ed. Engl982 21, 711.

(23) Riemschneider, R.; Nehring, Rlonatsh. Chem196Q 91, 829.

(24) Murahashi, T.; Nagai, T.; Okuno, T.; Matsutani, T.; Kurosawa, H.
Chem. Commur200Q 1689.
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Figure 1. ORTEP view of the structurd0 with the atom-numbering
scheme. Thermal ellipsoids enclose 50% of the electron density. Selected
bond distances (A) and angles (deg): Mdo’ = 3.2134(8), Me-C(1) =
1.983(3), Mo-C(2)= 1.987(3), Me-C(3)= 1.972(3), C(1)-O(1) = 1.149-

(3), C(2y-0(2) = 1.146(3), C(3Y0O(3) = 1.143(3); Mo-C(1)-0O(1) =
172.1(3), Mo-C(2)—0(2) = 173.4(3), Mo-C(3)—0(3) = 179.1(3).

of 3.235(1) A in [Mo@;>-CsHs)(CO)]..2° The angle between
the mean planes of the cyclopentadienyl ring and its phenyl
substituent is 18.8(1) Short intramolecular contacts, C{1)
--C(2) and C(2)--C(1), of 2.773(4) A are observed between
the carbon atoms of carbonyl groups across the metaktal
bond (Figure 1), which are slightly shorter than those in [Mo-
(17°-CsHs)(CO)l2 (2.796(4) A). Furthermore, intermolecular
bifurcated interactions between the carbonyl oxygen atoms
involve three adjacent molecules with O(1P(2) and O(1)
-O(1) separations of 2.938(4) and 3.029(4) A, respectively
(Figure S-1 of the Supporting Information), while intermo-
lecular C-H---ma(C=C) interactions (2.334(3) and 2.786-
(4) A) involve the phenyl substituents (Figure S-2).

The reaction of N&/-2DME with trans{PdChL(PEt).] or
with [Pd(NCMe)s](BF4)2 in the presence of PEtled to the
formation of the [M@Pd(>-CsHisPh)(COX(PER),] (11)
cluster, X-ray diffraction analysis of which confirmed a
centrosymmetric structure of the type found3n

Ph
Ph

An ORTEP view of the structure dfl is shown in Figure

2 with the main distances and angles. Each Mo atom is
bonded to two asymmetric doubly bridging and one semi-
triply bridging carbonyls. The mean planes of therlbgs

are parallel by symmetry and form a dihedral angiepf
78.9(2) with the metallic plane and an angle of 19.9(2)
with the mean plane of their phenyl substituents (see Table
1 and Scheme 2). A comparison with theCsHs analogue

3b shows that the presence of the phenyl ring does not
influence the orientation of the-bonded ligand;5-CsH4Ph
with respect to the metal core, as shown by the values of
the angles? andy (between the axis passing through the
st-ring centroid (Gng) and the center of symmetry of the
cluster (Gym) and the M(2)M(2) axis; see Table 1 and
Scheme 2). Coordination of the phosphine ligands to

(25) Adams, R. D.; Collins, D. M.; Cotton, F. Anorg. Chem.1974 13,
1086.

Figure 2. ORTEP view of the structurdl with the atom-numbering
scheme. Thermal ellipsoids enclose 50% of the electron density. Selected
bond distances (A) and angles (deg): /il = 2.5836(9), P&-Mo =
2.8128(9), Pt-Mo = 2.8564(8), Pe-P = 2.328(2), Pe-C(1) = 2.374(6),
Pd—C(2) = 2.370(7), Pe-C(3) = 2.283(6), Pt+—C(3) = 2.438(6), Mo
C(1)= 1.955(6), Mo-C(2) = 1.953(6), Mo-C(3) = 2.028(7), C(1)-O(1)
= 1.184(6), C(2)-0O(2) = 1.186(7), C(3)-O(3) = 1.175(7), C(8)-C(9) =
1.479(8); P—Pd—Mo = 63.75(4), Mo-Pd—Mo' = 125.78(3), Ped-Pd—
Mo = 62.03(3), Pe-Mo—Pd = 54.22(3), Pt—Pd-P = 175.76(6), Mo~
C(1)-0O(1) = 166.6(5), Mo-C(2)—0(2) = 159.5(6), Mo-C(3)-0(3) =
158.4(5), Pe-C(1)-0O(1) = 113.0(4), Pe-C(2)—-0(2) = 118.2(5), Pe&-
C(3)-0(3) = 116.4(5), P&-C(3)—0(3) = 118.6(5).

Table 1. Structural Parameters

B (degp y (degp o (degy h ()¢

23 1.95(10) 1.14(1)

3b 74.7(1) 87.19(1) 3.3(2) 0.90(1)

4 88.4(4) 68.33(4) 10.7(7) 1.01(1)

6 81.3(1) 86.06(1) 4.6(1) 0.91(1)
11 78.9(2) 87.05(2) 2.9(2) 0.89(1)
12 89.3(1) 74.72(2) 8.7(2) 1.06(1)
13 87.69(5) 68.99(1) 6.81(7) 1.10(1)
15 82.7(1) 85.14(3) 5.6(1) 0.86(1)
16 86.8(3) 86.54(3) 6.5(1) 0.83(1)
20 89.7(2) 75.87(1) 7.3(3) 1.02(1)

a5 = angle between the metallic plane and the mean plane defined by
the carbon atoms of the-ring (Scheme 2)? y = M(2)—Csym—Ciing angle
(Scheme 2)¢6 = angle between the mean plane defined by the carbon
atoms of thes-ring and the plane defined by the carbon atoms of the
carbonyls. h = shortest distance between M and the C(1)C(2)C(3) plane
(Scheme 6).
palladium is much favored over the formation of a3z
Cipsocy—Cipsopi—Pd bonding system.

1.2. Boratanaphthalene DerivativesAfter studying the
reaction of Li5a-2DME with trans{PdCL(NCPh}] in the
presence of PEgtwhich yielded [MoPdy(r>-2,4-MeGHe-
BMe),(CO)(PE®%),] (6), we examined the reaction of the
amino-substituted reagent-bb-2DME with the dinuclear
complex [Pd(NCMe)](BF4). in which the palladium is
already in thet| oxidation state, as in the desired product,
which should limit or suppress undesirable redox side-
reactions. This led to the new cluster [BRab(15-2,4-
MeCgHeBNi-Pr),(CO)] (12) whose structure was deter-
mined by X-ray diffraction. An ORTEP view of the structure
of 12 is shown in Figure 3 with the main distances and
angles. Although we anticipated the presence of a3e
B—N-—Pd bonding, related to the 28c B—C—Pd system

Inorganic Chemistry, Vol. 45, No. 15, 2006 5855



Scheme 2. Representation of the Anglg¢gsandy
_ mring
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Csym: symmetry center of the molecule
B: angle between the metal plane and the mean
plane defined by the carbon atoms of the nt-ring
Scheme 3. Two Dispositions of theneselsomer of12 Resulting in
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encountered ir4, it is now them-system of the aromatic

Croizat et al.

M(1)

v
ME2)--®  M@)
(2) b (2)

sym

¥: M(2)-Csym-Cring angle

arrangements of the molecule. This superposition may
equally well include the two racemic isomers. The planar
geometry around the nitrogen atom of the iB; group is
shown by the sum of the angles around N of 368(ihich

is consistent with a partial boremitrogen double bond
(B—N = 1.413(6) A)2® There is no interaction between this
group and the Pd centers. Each Mo center is bonded to one
terminal and two semi-bridging carbonyls, as observed for
cluster4. The mean planes defined by the carbon atoms of
the boratanaphthalene ligands are, by symmetry, parallel to
each other and form a dihedral angtg,of 89.3(1) with

the metallic plane (see Table 1). The total valence electron

ligand that donates electron density to the palladium centers..qnt of this cluster is 58e, when including the two electrons
The molecular structure possesses crystallographic cen-ynated to each Pd center by the boratanaphthaleystem.
trosymmetry and displays disordered aminoboratanaphthalene 1 3 Amino-boratabenzene DerivativesWe then con-
ligands. This disorder relates to the bonding of the metal 10 gijereq it to be of interest to examine a similar reaction using
the two enantiotopic faces of the planar chiral boratanaph- ina amino-substituted boratabenzene analogugbpfMo-
thalene and is illustrated for the meso isomer in Scheme 3.(775_3 5-MeCsHaBNi-Pr)(CO)]~ (8),2” which is much less
The apparent lateral symmetry of the metal-to-ligand |j ey 1o lead to an interaction between the aromatie©
bonding results from the superposition of the two alternative system and the Pd centers. The reaction of 2 equiv of the
DME-solvated lithium salt o8B (Li-8-2DME)?’ with [Pd,-
(NCMe)](BF,), in toluene produced the tetranuclear cluster
[Mo,Pd(175-3,5-MeCsH3BNi-Pr),(CO)] (13), and its crystal
structure determination established the presence of-8Re
B—N—Pd bonding.

§"®:B\—uf-m
S

Mo~ Pd, 0
Figure 3. ORTEP view of the structurd2 with the atom-numbering oC ‘\COO‘ C
scheme. Thermal ellipsoids enclose 50% of the electron density. For the 8\ C\ E/CO
disorder of the aminoboratanaphthalene ligands, see text. Selected bond Fd=——Mo
distances (A) and angles (deg): Pid = 2.892(1), Pe-Mo = 2.666(1), PN e
Pd—Mo = 2.959(10), Pe&-C(11) = 2.407(5), Pe-C(12)= 2.210(4), Pe- i_prz,\]_‘B/_ Z
C(1) = 2.227(4), Pe-C(2) = 2.229(5), Me-C(1) = 2.010(4), Mo-C(2)
= 2.007(4), Me-C(3) = 2.001(5), C(1)O(1) = 1.167(5), C(2)-O(2) =
1.170(5), C(3y0O(3)= 1.135(5), B-N = 1.413(6); Pt+—Pd—Mo = 64.19- 13

(2), Mo—Pd—Mo' = 118.38(2), Pe-Pd—Mo = 54.20(3), Pd-Mo—Pd =

61.62(2), Mo-C(1)—O(1) = 163.5(4), Mo-C(2)—0(2) = 163.7(5), Mo-
C(3)-0(3) = 179.9(5), Pe-C(1)-~O(1) = 118.8(3), Pd-C(2)-0(2) =
118.5(4), B-N—C(16) = 123.5(3), B-N—C(19) = 122.2(3), C(16}N—
C(19) = 114.3(3).

5856 Inorganic Chemistry, Vol. 45, No. 15, 2006

An ORTEP view of the structure df3 is shown in Figure
4 with the main distances and angles. TheRRl distance
of 2.488(2) A is shorter than the 2.59(2) A observed in the
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Figure 5. ORTEP view of the structure df5 with the atom-numbering

scheme. Thermal ellipsoids enclose 50% of the electron density. Selected
Figure 4. ORTEP view of the structure df3 with the atom-numbering 208n0d75d(|§;ar'13cdengA): %ngei?gle;d(_%eg)'z 320(2:) ZPZ_QCC:)((]?)) ':P; 3l\gc2>(;)
scheme. Thermal ellipsoids enclose 50% of the electron density. Selectedp'd_c(z) Z5 395(4) p'd_c(g,) Z 370(4)' Pd—d(3) =2 480(4) Mo—’

bond distances (A) and angles (deg):—##l = 3.015(1), Pt-Mo = 2.676- C(1)= 1.972(4), Mo-C(2) = 1.977(4), Mo-C(3) = 2.033(3), C(1}-O(1)
(1), Pd-Mo = 2.877(2), Pd-N = 2.304(2), PdB = 2.488(2), Pe-C(1) = 1.170(4), C(2r0(2) = 1.165(4), C(3)-0(3) = 1.169(4), C(8)N =
=2.199(2), P4-C(2) = 2.186(2), Mo-C(1) = 2021(2), Mo-C@)=2.020- 1 s e M) =00l o e o e, Papd—
(2), Mo—C(3) = 1.964(2), C(1} O(1) = 1.173(3), C(2) O(2) = 1.163(3).  \15 = 61 68(4), Pe-Mo—Pd = 54.29(5), Pt-Pd—P = 173.69(3), Mo-
C(3)-0(3) = 1.175(3), B-N = 1.470(3); Pd-Pd—Mo = 60.39(4), Mo- C(1)-0(1) = 157.4(3), Mo-C(2)—0(2) = 164.8(3), Mo-C(3)-0(3) =
Pd-Mo' = 114.35(4), Pd-Pd-Mo = 53.96(4), PdMo—Pd = 65.65(4), 159 9(3) ‘Pa-C(1)-O(1) = 121.0(3), Pd-C(2)-O(2) = 115.8(3), Pe-
Mo—C(L)—O(1) = 164.4(2), Mo-C(2)—O(2) = 163.3(2), Mo-C(3)-O(3) CEO0) = 117.50). PH-CO-0@) - 118503}, CEN-C©) =
= 178.0(2), Pd-C(1)-O(1) = 117.0(2), Pe-C(2)-0(2) = 117.8(2), 119.0(3), C(8)N—C(10) = 117.8(4), C(9-N—C(10) = 117.0(3).

N—Pd—Mo = 91.55(6), B-N—Pd= 79.09(11), B-N—C(11)= 116.8(2),
B—N—C(12) = 120.3(2), C(113N—C(12) = 112.8(2).
[Mo(#5-CsHyNMe2)(COY2 (14) (IR (CH,Cl,) »(CO): 1938s,

) ) 1898s cn?).
case of4. The N-Pd distance is 2.304(2) A. The angg,
between the mean plane defined by the carbon atoms of the o o
boratabenzene ring and the metal plane is 87.89&e MegN/@ c /C cO
Table 1). Because of its coordination to palladium, the Mo ﬁho/
environment of the nitrogen atom is not planar (sum of the C/ | C \ NMe,
angles around N 349.9(4)). Each molybdenum is bonded ° g o @/
to a terminal carbonyl ligand and to two doubly bridging 14

carbonyls. When the ligand;5-3,5-M&CsH3BNi-Pr, is

considered as a neutral moiety, it formally donates 5 electrons However, when the reaction was performed in the presence
to the Mo and 2 to the adjacent Pd centers. This provides aof 2 equiv of PEj, the reaction mixture became violet
total electron count of 58 for this cluster, similar to that in instantaneously, characteristic of a cluster of tgpedeed,

3 but in contrast to the situation i the new cluster isolated, [MBd(7°-CsHsNMe;),(CO)-

) o ) . (PE®B)2] (15), was shown by X-ray diffraction to adopt a
1.4. Amino-Cp Derivatives. For comparison with the  centrosymmetric structure.

amino-boratabenzene reag@rénd to compare the bonding

of the phenyl-borole ligand id with that of a related Cp o JE
derivative, we used the metalate Li[MB{CsHiNMey)- SN /
(CO)]-2DME (Li-9-2DME)?’ It was prepared by reaction ""fco“(\g NV,
of Li(CsHsNMe;) with [Mo(CO)g] in refluxing DME and Me,N C\: /Oc\ i

reacted with [PANCMe)](BF,), in THF at—78°C. A deep- ° M_M°\§

blue solution was instantaneously formed, suggesting the EtP o°

formation of a mixed-metal complex, but unfortunately, 15 M= Pd

various workup procedures only led to the formation of 16 M =Pt

palladium (black) and of some red homodinuclear complex ) ) o
An ORTEP view of the structure df5 is shown in Figure

5 with the main distances and angles. The angléetween
(26) élle;l, F| H.F;{Ijerénhard, %.; WaFfsolg, E%. G, %%r;rgir, L.; Orpen, A. the mean plane of the amino-cyclopentadienyl! ligand and
., laylor, R.J. em. S0C., Ferkin lrans. ) . .
(27) Auvray, N.; Baul, T. B.; Braunstein, P.; Croizat, P.; Englert, U.; the metal plane '? 82.7(1Xsee Table 1)' The sum of the
Herberich, G. E.; Welter, RDalton Trans.2006 2950. angles around N is 353.8(10)
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2. Mixed-Metal Platinum—Molybdenum Clusters

In view of the difficulty or impossibility of isolating some
of the desired palladium-containing clusters because of their
high lability or instability, we decided to explore the behavior
of platinum analogues since platinum complexes and clusters
are generally more stable than their palladium counterparts.
By analogy with the successful use of pAdCMe)](BF4)2
in the synthesis of heterometallic palladium clusters (see
above), we decided first to prepare an analogous homodi-
nuclear Pt(l) complex and explore its reactivity with the
carbonylmetalates. The selective reduction of a Pt(ll) precur-
sor into a Pt(l) complex often remains an interesting
challenge. Although homodinuclear Pt(l) complexes contain-
ing phosphine or isonitrile ligands are kno##t? we did
not consider them to be suitable candidates since the strong
phosphorusplatinum or carborplatinum bonds, respec-
tively, would not allow coordination of a weaker donor
function in the final cluster. Preliminary experiments using
[N(n-Bu)4]o[PCl4(CO)]%° and Lir9-2DME were unsuccess-
ful (see below). A desirable precursor with labile ligands

coordinated to the metals would be fRCMe)](BF.). but Figure 6. ORTEP view of the structure dff6 with the atom-numbering

this complex has not been described in the literature. We scheme. Thermal ellipsoids enclose 50% of the electron density. Selected
. L (8), Pt—Mo = 2.826(2), PtP = 2.275(3), Pt C(1) = 2.243(9), P+C(2)

and [Pt(NCMe)](BF,),, following a procedure similar to that = 2.324(9), P+C(3) = 2.43(1), Mo-C(1) = 2.00(1), Mo-C(2) = 1.97-

described for the synthesis of [[FNCMe)](BF,),.2* How- (1), Mo—C(3) = 2.032(9), C(1)-O(1) = 1.16(1), C(2)-0(2) = 1.18(1),

ever, no reaction occurred at room temperature and decom-C(3)~0(3) = 1.16(1), C(8)-N(2) = 1.35(1); Pt-Pt-Mo = 62.76(4), Mo-

" . . Pt-Mo' = 123.52(6), PtPt—Mo = 60.76(4), PtMo—Pt = 56.48(6),
position to platinum metal was observed upon heating (even py_pi—p = 172.28(6), Mo-C(1)-O(1) = 149.3(8), Mo-C(2)-0(2) =
upon changing reaction conditions, solvents, temperature,162.9(8), Me-C(3)-0(3) = 164.7(8), P£C(1)—-O(1) = 127.4(8), Pt
etc.). Although Smiis a convenient and mild one-electron C(2)-0(2)=116.7(7), Pt C(3)-O(3) = 116.4(7), C(8} N—C(9) = 118.6-

reducing agent which changes color from purple to yellow (10). C(8)-N-C(10)= 119.7(10). C(%yN-C(10)= 115.6(10).

upon oxidation to Sm(IlIj}*?its reactions wittrans{PtCl- and angles. This cluster adopts a centrosymmetric structure,

(NCPh)] or trans{PtCl(NCMe)] in the corresponding  gimilar to that of its palladium analogues and to that of

organonitrile as a solvent at20 °C, followed by the addition e 58 CVE, planar, triangulated cluster [MRiy(75-CsHs)z-

of NH,4PF, .dlid not lead to the desired I_thlPt(I) complex. (COX(PE%),].3 Each Mo atom is bonded to three asym-

Decomposition to Pt metal was again observed at room metrically doubly bridging carbonyls, whereas two asym-

temperature. metrically doubly bridging and one semi-triply bridging
_Whgn the complex [N{(-Bu)4]2[P1.Cl4(CO),] was react_ed carbonyls were observed 16 and [Mo,Pt(175-CsHs)2(CO)s-

with Li-9-2DME in THF at—78 °C, a deep-blue solution  (pgg),] 3 The coordination environment around the nitrogen

was obtained (ca. 1 h), but at higher temperature, rapid a1om is almost planar (sum of the angles around N of 354-

formation of platinum black and df4 was observed. This 3)).

color change suggests, like in the reaction of,{R€CMe)]- These results show that coordination of the phosphine

(BF4)2 with Li-9-2DME in the absence of phosphine, that ligands to palladium is much favored over a2 Gpsocy—

cluster formation occurs but we cannot determine if it is N_—pg bonding situation.

accompanied by coordination of the amino-Cp ligand to the 3 Suggested Mechanism for the Formation of the

d” metal centers. Possible reaction intermediates are discussefheterometallic Clusters.Formation of the heterotetranuclear

below. ] ) ) clusters by reactions of the dinuclear precursor complexes
Whentr@ns-[PtCIz(PEtg)z] was reacted with 2 equiv of Li [Pcb(NCMe)](BF.4)2 and [N(Q-Bu)4][PLCl4(CO);] (in which

9-2DME én THF at room temperature, the stable cluster the —d° bond present in the product already exists) with

[Mo2Pt(17>-CsHaNMe)o(COX(PEE)7] (16) was obtained and  the various carbonylmetalates could occur according to

characterized by X-ray diffraction. An ORTEP view of the  gcheme 4. Substitution of the MeCN or Cl ligands, respec-

structure ofl6is shown in Figure 6 with the main distances tively, would lead to deeply colored and reactive linear

[m]—d°—d°—[m] intermediates ([m}= Cr(°-CsHs)(CO),

(28) Mtller, T. E.; Ingold, F.; Menzer, S.; Mingos, D. M. P.; Williams, D.

J.J. Organomet. Chenl.997, 528 163. Mo(#7°-CsHs)(CO), or W(°-CsHs)(CO)). These would
(gg) garro,u, E. E(?heemdsﬁ' 198ng 35, C1h71 Soc. Dalion Transs? rearrange upon addition of phosphiri&b(6, 11, 15, and
(30) Sasgin, . L Goodiellow, R. J. Chem. Soc., Daton Tran 3 16) or through direct coordination of the metalate rifg (
(31) Ogoshi, S.; Morita, M.; Inoue, K.; Kurosawa, H.Organomet. Chem.

2004 689, 662. (33) Bender, R.; Braunstein, P.; Jud, J.-M.; Dusausoy|nérg. Chem.
(32) Molander, G. A.; Harris, C. RChem. Re. 1996 96, 307. 1984 23, 4489.
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Scheme 4. Suggested Mechanism for the Formation of the Heterotetranuclear Clusters

N\ |

—M@) M) — [m]™

] N

[mI™

B 7] [m]
/‘_\‘ \> N
[m]——M(2) M(2)' [m L M) M(2)' L
L U - [m]

[m] = Cr(n®-CsHs)(CO)s, Mo(n®CsHs)(CO)s, W(n3-CsHs)(CO)s
M(2) = M(2)' = Pt or Pd
L = phosphine, CO

and13) and lead to the stable tetranuclear clusters (Schemesynthesize it from [Pgdba)] and [Pt(NCMe)](BF4). and

4). It is interesting to note that similar deeply colored from [Pt(dba}] and [Pd(NCMe)](BF),, but no reaction was

intermediates have also been observed in the reactionsobserved.

between carbonylmetalates [mand the &-d° precursor However, when the strongggrt-butylisocyanide was used

complex [Pd(u-dppm}Cl;] and were suggested to have a in place of the acetonitrile ligands, the reaction between 2

linear metal core, [m}d°—d°—[m], which rearranges into a  equiv of [Pt(CN-Bu)4[PFs]. and [Pd(dba}], followed by

spike-triangular structure by insertion of the fragment [m] the addition of 4 equiv of-BuUuNC in CH.Cl,, produced the

into a Pd-P bond343> new heterobimetallic complex [PdPt(&Bu)e](PFs)2 (17).
When the heterotetranuclear clusters discussed here are

prepared from the &mononuclear precursor complexes, f'ﬁu t—ﬁu 2+
trans{PtCLL ;] andtrans{PdCLL,] (L = PRs, PhCN), it has C C

been previously envisioned thatrans[m]—Pt(or Pd)l.—

[m] chain complex is formed first33When L= phosphine FBUNC—Fd RI——ONEBu | (PFe),
ligands, its instability resulting from the steric bulk of L (flat G ﬁ

or rodlike L ligands give stable chain complexes), would Neu tBu

result in homolytic cleavage of a [mPt (or Pd) metat

17

metal bond and lead to two radical fragments *[iaujd { -
[m]—Pt (or Pd}*. Their homocoupling yields the [m]m]
dinuclear complex and the [afPd or Pt) clusters?33

4. Syntheses of Mixed-Metal Complexes and Clusters

The reaction between 19-2DME and17in THF at—78
°C, after the reaction mixture was stirred overnight and the
temperature brought to ambient, yielded a black precipitate
from Heterodinuclear Precursors.We also envisioned the  of palladium metal and an orange compound that was isolated
synthesis of heteropolymetallic MedPt clusters with the  from the solution. It was not the expected tetranuclear cluster

hope of increasing the stability of the products by introducing but the linear trinuclear complésans{(#5-CsHsNMe),(OC)-
Pt while maintaining the high reactivity characteristic of Pd Mo,Pt(CN--Bu),] (Mo—Pt—Mo) (18).2

derivatives.

Therefore, we examined the use of different mixed-metal e
Pd()—Pt(l) complexes as building blocks for cluster syn- /@ C o K
thesis. A dinuclear complex such as [PdPt(NCH(BF4)2, Me.N l °c % /
: : 2 \ Nz
which has not yet been described, would represent an Mo Pt Mo
excellent candidate, by analogy with its dipalladium analogue C/ C"’Co T ; NMe,
which led to the Me@Pd, structures. We attempted to ) o} ﬁ Q/
t-Bu
(34) Braunstein, P.; Guarino, N.; de’kede Bellefon, C.; Richert, J. L. 18
Angew. Cheml987, 99, 77; Angew. Chem., Int. Ed. Engl987, 26,
88. . . -
(35) Braunstein, P.: de M de Bellefon, C.: Ries, Mnorg. Chem1988 Isolation Qf this complex indicates that cleavage of the Pt
27, 1338. Pd bond in the precursor complex has occurred.
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The formation of this complex prompted us to usEns-
[PtCI(NCPh}] as a precursor, with the hope that displace-
ment of the labile PhCN ligand could lead to a-ZBx
Cipsocg— N—Pt interaction. However, the heterometallic linear
complex obtained as the major produtians{(,°-CsHa-
NMe,)2(OCkxMo,Pt(NCPh)] (Mo—Pt—Mo) (19), did not
show any interaction between the Cp-bound amino group

and Pt.
Ph
(o}
N
MeoN \ l C\: /
Mo~ Pt Mo Figure 7. ORTEP view of the structure &0 with the atom-numbering
/ \ I”'CO 1 NMe, scheme. Thermal ellipsoids enclose 50% of the electron density. Selected
oC Co N Q/ bond distances (A) and angles (deg)—Pt = 2.6649(5), PtMo = 2.7448-
(6), Pt—Mo = 2.8388(6), Pt C(11)= 1.865(7), P+ C(1) = 2.452(7), Pt
Ph C(2) = 2.319(7), Mo-C(1) = 2.009(8), Mo-C(2) = 2.041(7), Me-C(3)
19 = 2.024(7), C(1)O(1) = 1.160(9), C(2)-O(2) = 1.155(8), C(3-O(3) =

1.135(8), C(11}0(4) = 1.127(8), C(8-N = 1.357(9); Pt-Pt—Mo =
Formation of this complex was associated with smaller 63.28(2), Mo-Pt-Mo' = 123.02(1), PtPt—Mo = 59.73(2), Pt Mo—Pt

quantities of [M@P&(17°-CsHiaNMey)>(CO)] (20), [(n°- ééf_‘g&(zl)) i tlgef}fé)l,l)mchg?é?%’(g(ch(vléfz?éi) ;1((:5(71.55_((2,(1\? Z
116.9(6), PtC(2)-0(2) = 118.2(5), Pt C(11)-O(4) = 178.4(7), C(8)
CsHaNMe)(OC):MoPt(NCPh)CI] Mo—Pt) (21), and [Mo N—C(9)= 119.9(6), C(8)-N—C(10)= 119.3(7), C(9) N—C(10)= 117 .4-

(7>-CsHaNMe;)(COXCI] (22). (6).
Mezw/@ g 5. Structural Comparison of the Clusters Containing
\ / a Mo(zr-ring)(CO) 3 Fragment. 5.1. Metal Coresln all the
/M\° co Plt"'»,,,g clusters discussed here, the centrosymmetric metal core has

o® 8\/6(;\ g/CO the shape of a parallelogram. It is closest to a lozenge in
Pt Mo 3b,2 6,2 11, 15, 16, and 20 with the Mo—M(2) and Mo-

c/ L&?/NM% M(2)" bond lengths being almost equal and longer than the
0 M(2)—M(2)' distance. FoiBb, 6,2 11 and 15, the Pd-Pd

distance ranges from 2.582(1) @b) to 2.5955(4) A (in6),
The synthesis of these compounds and the crystal structuresind the Me-Pd distances range from 2.8075(5) (if) to

of 19, 21, and22 will be detailed elsewher€&. 2.8815(4) A (in6). In 16 and 20, the PPt distances are
similar (2.650(2) and 2.6649(5) A, respectively), while their
MezN—@ MezN/@ Mo—Pt distances reflect a more regular rhombuslf
O NL NIO (2.7739(8) and 2_.826(2) A) than #0(2.7448(6) and _2.8388-
/ . CI/; N (6) A). The partial coordination of the Mo-boundring to
N & % oc‘ c © the palladium centers in clusted® and 13 results in a
C 0 °© significant elongation of the MePd-bridged bond and in a
Ph 21 29 shortening of the other MePd bond: the Me-Pd bond

lengths are 2.666(1) and 2.959(10) Alidand 2.676(1) and
2.877(2) A in13. These two clusters are therefore best
described as adopting a parallelogram geometry. The nature
of their z-ring significantly affects the PdPd distances
(2.892(1) and 3.015(1) A, respectively). All these metal
metal distances are in the range found for the corresponding
bonds in the literaturéé Interestingly, the shape of the Re

The crystal structure of the 58 CVE clust&® was also
determined by X-ray diffraction. It adopts a planar triangu-
lated geometry. Even if it is not a major product of the
reaction, 20 is very interesting because it is the first Cp-
containing cluster in this family to adopt such a geometry
without any phosphine coordinated to platinum. The origin
of the carbonyl ligands coordinated to platinum is to be found Pd, metal core of cluste#, which contains a “bridging”

in the decomposition of some Mgt CsHiNMe;)(CO) phenylborole ligand, is also closer to a parallelogram than

fragments. to a lozenge, with RePd distances of 2.666(1) and 2.866-

An ORTEP view of the structure @0is shown in Figure (1) A. Its Pd-Pd distance of 2.899(2) A is similar to that
7 with the main distances and angles. Its geometry differs in 124

from that of [MaPt:(175-CsHs)(CO)(PE&),], > each molyb- . . . »

denum being bonded to one terminal and two doubly bridging 5.2. Bonding and_Orlen.tanon of the Moz rlng)((?O)3

carbonyls. This arrangement is however similar to that of Fragments. The various tricarbonyimetalates [Mofing)-
yis. 9 (CO)]~ 1b, 55, 5b, 7, 8, and9 used to prepare clusters are

the carbonyls in cluster 12, and13. The angleg, between .
the mean plane of the amino-Cp and the metal plane is 89.7—related to each other by the isolobal analogy (Scheme 5).

g;o (see Table 1). The sum of the angles around N is 357- (36) Burrows, A. D.; Mingos, D. M. PTransition Met. Chem1993 18,
o 129.
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Because the Ma(-ring)(CO); building block is a recurrent ~ Scheme 6. Distanceh, between the Mo Atom and the Plane Defined
entity in both the precursors and the products, a comparison® e Carbonyl C Atoms

of its bonding mode in the clusters is justified. In all these @
clusters, it adopts a bridging position toward a-LPd-Pd i

— L or L — Pt=Pt— L central fragment, which involves ( Mo

the metal and the carbonyl ligands. Since a localized electron o ) / h\ -
count around the metal atoms cannot be performed in these ° \Oc/co

58e clusters, we will consider the whole bridging moiety
u-[Mo(m-ring)(CO)] ~, as an anionic 18e moiety formally  Scheme 7. o = (d2 — dy)/ds

donating 4 electrons to the + Pd(l)-Pd(l)~— L or L — o
Pt()—Pt(l) < L (L — d°—d® < L) central unit (L= PEg, !

CO) in3b, 6, 11, 15, 16, and20. This is reminiscent of the dy \\dz
situation encountered in a number of complexes containing M(1) M(2)

a L — d°—d® < L unit bridged by more conventional 4e 0.1< a < 0.6= semi-bridging carbonykx < 0.1= bridging carbonyl;
donor ligands (see Scheme 1). This provides the Mo and Pd® = 0.6 = terminal carbonyl.

or Pt centers with their usual electron count of 18e and 16e,
respectively. In12 and 13, the anionic bridging building
block u-[Mo(z-ring)(CO)]~ donates six electrons to the
central Pd(I)-Pd(l) unit when the two additional electrons
given by the pendant functional group of theing are taken
into account. The presence of five metahetal bonds in all
these clusters is consistent with their VEC of 58. The
presence of isolobal Matring)(CO) building blocks in the
Mo,Pd; clusters facilitates a comparison of their orientation - X X . ,
toward the central ¥d° entity. 12, 13 and?20, in which there is no phosphine coordinated

In the three-legged piano stool-type metalate-Blu]- to palladium or platinum (see below). The mean planes
[Mo(15-CsHs)(CO)] (23),% the Mo(CO) moiety is charac- defined by the carbon atoms of the ring and the carbon atoms

terized by an almost perfe@; local symmetry axis, collinear of the three carbonyls are almost parallel. The average value
with the Cs axis Ging—Mo. of the angleg, between these two planes is 4.6(yhich

is close to the) value of 1.95(10)in 23 (see Table 1). This
is also consistent with a conservation of the whole io(

in this work. The anglgs indicates the orientation of this
fragment with respect to the metal core (Scheme 2). For the
palladium cluster8b, 6, 11, and15, its value ranges from
74.7(1) (for3b) to 82.7(1) (for 15). In platinum clusterl6

the value off is 86.3(3}, which is slightly larger than those
for 3b, 6, 11, and15and close to 90 This indicates that6

is more symmetrical than these other phosphine-substituted
clusters. These values are slightly smaller than in clusters

@ ring)(CO) building block, since the parallelism between
N(n-Bu)s M‘o these two planes in the starting metalates is maintained in
o/ \c the final geometries. The angle, between the axis passing
© oC o through Ging and Gym and the M(2)M(2) axis (Scheme 2)
23 reflects the tilt of the Mafg-ring)(CO) fragment with respect

to the d—d° axis. The average value of 86.40(2)r 3b, 6,

The three-legged piano stool environment observed in the1l, 15, and16indicates a highly symmetrical structure. The
Mo(zz-ring)(CO) building block is retained ir8b, 6,2 11, orientation of the Maf-ring)(CO) fragment with respect
15, and 16 but with a marked increase of the-®10—C to the d—d° unit determines the bonding mode of the
angles corresponding to an opening of the “umbrella” formed carbonyl ligands in the clusters. It results in two semi-doubly
by the three carbonyl ligands, which allows the Mo center bridging modes and one semi-triply bridging mode for the
to interact with both Pd or Pt atoms in an almost symmetrical CO ligands for3b, 6, 11, and 15 and three semi-doubly
fashion. The Me-M(2) and the Me-M(2)' bonds are bridging carbonyls fod.6. This is consistent with the values
situated inside the cone defined by the three carbonyl legsof the asymmetry parameter,(Scheme 7§2*°ranging from
of the piano stool. The average sum of the C(Wo—C(2), 0.12 to 0.24. Consequently, the ME(1)—0O(1), Mo—C(2)—
C(1)-Mo—C(3), and C(2>Mo-C(3) angles for these clusters O(2), and Me-C(3)—0(3) angles, which are much smaller
(304(2F) is much larger than the value calculated 28 than 180 (between 149.3(8) and 166.6{h) reflect the
(264.2). Consistently, the shortest average distanigce, interactions between the palladium or platinum atoms and
(Scheme 6), between the molybdenum atom and the planeC(1)O(1), C(2)O(2), and C(3)O(3), respectively. The geom-
defined by the carbon atoms of the three carbonyls is 0.88- etry of the [Mogz-ring)(CO)] fragment in3b, 6, 11, 15, and
(1) A against 1.14(1) A ire3. 16 is therefore best described as being of the three-legged

Two geometrical parameter$,andy, have been chosen piano stool type.
to describe and compare the orientation of the whole bridging  For clusters4, 12, and13, the orientation of the M(1){-
fragment,u-[Mo(z-ring)(CO)], with respect to the metal  ring)(CO) (M(1) = Mo, Re) fragment with respect to the
core and the centraPetd® axis in all the clusters described

(38) Klingler, R. J.; Butler, W. M.; Curtis, M. DJ. Am. Chem. S0d978
(37) Crotty, D. E.; Corey, E. R.; Anderson, T. J.; Glick, M. D.; Oliver, J. 100, 5034.
P.Inorg. Chem.1977 16, 920. (39) Curtis, M. D.; Butler, W. M.J. Organomet. Chen1978 155 131.
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d°—d°® axis is very different from that i8b, 6, 11, 15, and Conclusion
16 because of the interaction of thering, or its substituent,
with palladium. This is best illustrated by a decrease of the

v angle (between 68.33(4) and 74.72(&)r 4, 12, and13 containing boratanaphthalersa@nd5b), boratabenzene),

versus 85.14(3) and 87.19(1for 3b, 6, 11, 15 and16). and cyclopentadienyl7(and9) z-bonded ligands, toward a
There is an opening of the “umbrella” formed by the three canral dinuclear 4-d° fragment in the 58 CVE tetranuclear
carbonyl ligands, as observed in clust8is 6, 11, 15, and  clysters3b, 6, 11, 12, 13, 15, 16, and20. These relationships

In this work, we have provided an overview of the bonding
behavior of isolobal tricarbonylmetalates building blocks

16. Consistently, the distandein clustersl2and13is 1.08- are summarized in Scheme 5 which shows some obvious
(1) A (versus 1.14(1) A in23; Scheme 6 and Table 1). similarities but also significant differences between the
Contrary to the observation made f8in, 6, 11, 15, and16, structures of the resulting heterotetranuclear clusters. Similar
the three-legged piano stool environment in the M)(g)- to cluster3b, the new clusterdl, 15, 16, and20 contain a

(CO)s; building block is not retained id, 12, and13. The substituted cyclopentadienyl ring, whose pendant functional
M(1)—Pd bond is situated inside the cone defined by the group does not interact with the neighboring palladium or
three carbonyls legs of the piano stool, whereas the M(1) platinum centers, even with the good electron-donor amino
Pd bond is situated outside the cone. This confers to thesedroup. Each Mag-ring)(CO); building block behaves as an
M(1) atoms a four-legged piano stool environment formed anionic 4-electron donor toward the centré&t-d® fragment,

by the carbonyls and the Pd atom. The orientation of the f';md the coordination sphe're around the palladium or platinum
M(1)—Cuing axis, with respect to the PePd bond, confers a S completed by phosphinel], 15, and 16) or carbonyl
semi-doubly bridging bonding mode to two of the carbonyls I|ga_nds €0). The ammo-boratgnaphthalene ring in cluster
and a terminal position to the third carbonyl. As a conse- tlhzelsa(rzgrr:;?i(c::tel(ijg;éhimpda":gtlumrézrg# gt?]éhi%?;img?éup
quence, the M(5C(1)—0(1) and M(1)-C(2)—0O(2) angles '

X whereas irl3, the coordination of the amino-boratabenzene
are smaller than 18Qbetween 161(1) and 163.7(%,)sign group with palladium takes place through a3z B—N—

of interactions between the palladium atoms and C(1)O(1) Pd interaction. Ir.2 and13, each 18e anionic [Maf-ring)-

and C(2)O(2), respectively. Moreover, the parameter  (coy)- structural entity brings 4 electrons to the centéat d
(Scheme 4) for C(1)O(1) and C(2)O(2), between 0.11 and g0 fragment and two additional electrons through the
0.15, is consistent with their semi-doubly bridging bonding cgordination of the functional group of the-ring with
mode in4 and12. For 13, a is smaller than 0.1 for both  palladium. Geometry differences have been observed and
carbonyls (0.08 and 0.09), consistent with their doubly discussed for this family of heterometallic clusters, dependent

bridging bonding mode. The geometry of the M¢i-ying)- on the presence or absence of coordination between the

(CO) fragment in4, 12, and13 is therefore best described z-ring and the 8 center.

as being of the four-legged piano stool type. Under similar reaction conditions, the isolobal boratanaph-
Although the metal core of clust@0is similar to that of ~ thalene-, boratabenzene-, and cyclopentadienyl-containing

3b, 6, 11, 15, and 16, the orientation of the Mat-ring)- metalatgs lead to similar tetranuclear triangulated clusters.

(CO), fragment with respect to thédd® axis (Pt-Pt) (y = Except in the case of the boratanaphthalene clugtef

which the geometry is very similar to that of the Cp-
containing clusters3p, 11, 15, 16, and20), the presence of

a boron atom in ther-bonded ligand tends to result in
additional ligand interactions with the adjacent metal center
(12 and 13). Related coordination modes with the Cp-
containing metalloligands were not found.

75.87(1)) is intermediate between that &b, 6, 11, 15, and
16 (y average value of 86.40(2)) and that4n12, and13
(y average value of 70.68(3) Such differences in orienta-
tion appear to be associated to the value of thePd—Pd
or L—Pt=Pt angle, which is itself function of the steric bulk

of L. The r_easor_1$ fora vqlue of only 160-0°® 2_0 are not These studies, aimed at a systematic comparison between
clear at this point. Ther-ring mean plane ir20is almost  ,rganometallic building blocks used in heterometallic cluster
orthogonal to the metal plang & 89.7(2). The opening  gynthesis, provide a better understanding of the relationship
of the umbrella formed by the carbonyls is also observed petween the cluster total electron count, the nature of the
for this cluster, and the distanein this case is 1.02(1) A, puilding blocks, and the molecular structures. When the
which is close to the values reported for clustérd?2, and applications of the planar pPd clusters in homogeneous
13. The orientation of the MeCing axis, with respect to  catalysis (hydrogenation of alkenes and alkynes, oligomer-
the Pt-Pt bond, results in two semi-doubly bridging and one ization of butadiene, photochemical hydrosilations of alkenes,
terminal carbonyls. As a consequence, the angles®(d)— and very recently, cross-coupling reactions of aryl halides
0O(1) (167.6(69) and Mo—C(2)—0(2) (163.7(6)) are smaller ~ and triflates with 13-metal alkylating reagerifs}? and in
than 180, and the values of the paramete(Scheme 4), heterogeneous catalysis (carbonylation of organic nitro
0.22 for C(1)O(1) and 0.14 for C(2)O(2), are consistent with . - . . _

their semi-doubly bridging bonding mode. 120, the (0 E.faoup(itff’k.?aaﬁiﬁgi' o geté"éf'ﬁgi\;rgﬁhw;fggﬁugztﬁ;”any
geometry around the molybdenum is best described as a four- ~ 1999; vol. 2, p 616. _ . _

legged piano stool, similar to the geometries observed for (41) Pittman, C.U., Jr.; Honnick, W.; Absi-Halabi, M. m.; Richmond, M.

G.; Bender, R.; Braunstein, B. Mol. Catal.1985 32, 177.
4,12 and13. (42) Shenglof, M.; Molander, G. A.; Blum, $ynthesi006 1, 111.

Inorganic Chemistry, Vol. 45, No. 15, 2006 5863



derivatives into isocyanates, catalytic reduction of NO, and
olefin hydrogenatiorff#3-47 are considered, the new related
clusters described in this work may also reveal an interesting
potential for applications.

Experimental Section

General ProceduresReactions were carried out under a nitrogen

Croizat et al.

was stirred for 0.5 h at-78 °C. The mixture was evaporated to
dryness at room temperature; meanwhile, it became dark brown.
The black residue was chromatographed on an alumina column.
Elution with toluene gave a red compound, which was crystallized
from toluene/pentane and identified as [M©CsH4Ph)(CO}]. (10)

(0.28 g, 0.44 mmol, 41%). It has been characterized by IR, X-ray
crystallography, and elemental analysis. Anal. Calcd feyHG-
Mo,0s: C, 52.36; H, 2.82. Found: C, 52.55 H, 2.95%. IR (KBr):

atmosphere using conventional Schlenk techniques. Solvents Were,(co) 1950s, 1920sh, 1899sh, 1886s émiR (CH,Cl,): 1(CO)
dried according to standard procedures. Elemental analyses were;g1ow 1958s 1912br m crh Further elution with toluene and

performed by the Service de Microanalyses, Univérsiteiis
Pasteur, Strasbourg, France.

NMR spectra were recorded on a Bruker Avance 488,(
128.34 MHz;**N, 40.56 MHz) and a Bruker Avance 3084, 300
MHz; 13C{1H}, 75.47 MHz;31P{1H}, 121.49 MHz). Chemical shifts

THF produced no other compounds leaving an important amount
of dark residue on the top of the column.

Preparation of [Mo,Pdy(15-CsH 4Ph),(CO)s(PEt3);] (11). Method
A. Solid trans{PdCL(PE%),] (0.50 g, 1.21 mmol) was added to a

(in ppm) were measured at ambient temperature and are reference&tlrred solution of N&/-2DME (1.27 g, 2.42 mmol) in toluene (50

to external TMS foH and®3C, NaBH, for 11B, HsPOy (84%) for
31p, and DMF for5N. The spectra were measured at 298 K.
Assignments are based on APT and DEPT spectralbindH-
COSY, and!H,’3C-HMQC experiments. The IR spectra were
recorded in the region of 4086100 cnt! on a FT-IR IFS66 Bruker

mL) at room temperature. The solution turned dark blue im-
mediately, stirring was maintained for 1 h, and the solvent was
evaporated to dryness. The black residue was chromatographed on
a alumina column. Elution with toluene/pentane (1:1) gave a red
compound identified by IR a$0. Elution with toluene afforded a

spectrometer. ESI mass spectra were recorded on an Brukerdark-blue compound, recrystallized from toluene/pentane and

micrOTOF mass spectrometer.

The following compounds were synthesized according to litera-
ture procedures or improved synthesesH&Ph23 trans-[PdCh-
(NCPh)],*8 [Pdy(NCMe)](BF4),,2* trans{PdChL(PE%),],*® trans-
[PtChL(PEB),],*® [Pt(CNt-Bu))(PFs)2,*° [Pd(dba)]-CHCIs, trans-
[PtClL(NCPh}],*8 LiMo(#°-2,4-MeGH¢BNi-Pr,)(CO)],? Li[Mo( 7°-
CsHsNMep)(CO)],2” and Li[Mo(17%-CsHzMezBNi-Pr,)(CO)).2”

Preparation of Na[Mo(#°-CsH4Ph)(CO)3]-2DME (7). Freshly
distilled phenylcyclopentadiene (2.50 g, 17.6 mmol) was dissolved
into 100 mL of dry ice-cold THF and added slowly to a stirred
suspension of an excess of sodium hydride (0.50 g, 20.8 mmol) in
50 mL THF kept at—78 °C. This solution was stirred at30 °C
until disappearance of the hydrogen bubbles. The mixture was
filtered through Celite, giving a light orange solution of NgifiG-

Ph). Solid [Mo(CQOj] (4.64 g, 17.6 mmol) was added to this
solution, and the mixture was kept at reflux overnight, cooled to

identified as [M@Pdy(#°-CsH4Ph)(CO)(PES)7] (11) (0.28 g, 0.26
mmol, 43% based on Pd). It has been characterized byHR,
13C{1H}, and3P{1H} NMR, X-ray crystallography, and elemental
analysis. Anal. Calcd. for £gH4sM0,06P,Pd: C, 44.02; H, 4.43.
Found: C, 43.78; H, 4.06%. IR (KBr)»(CO) 1840s, 1807m,
1793sh, 1761m cm. IR (CH,Cl,): »(CO) 1832s, 1795sh, 1775m
cm™1. H NMR(CD.Cly): ¢ 7.44-7.16 (m, 10H, GHs), AA’'XX'
spin system 5.64 and 5.27 (2 pseudotriplets, 8H, Cp), 1.49 (m, 12H,
PCH,CHj), 0.81 (m, 18H, PCHCHS3). 130{1H} NMR (CD.Cly): ¢
241.6 (CO), 133.#125.9 (Ph), 109.3 (1-Cz-CsH,), 90.3 (2-C,
-CsHg) 89.1 (3-C,1-CsHy), 16.9 (virtual t, EH,CHs, |LJ(PC) +
4J(PC) = 20 Hz), 8.2 (s, PCBKCH3). 31P{*H} NMR (CD,Cly): ¢
20.9.

Method B. Solid [Pd(NCMe)](BF,). (0.38 g, 0.60 mmol) was
added to a stirred solution of Na2DME (0.66 g, 1.25 mmol) in
toluene (50 mL) cooled with dry ice«(78 °C). The solution turned

room temperature, concentrated to 50 mL, and precipitated by the yark plue within 1 h, and PE(1804l, 1.22 mmol) was added to

addition of cold pentane (200 mL). The supernatant was removed
by filtration, leaving a brown powder which was washed twice with
pentane (50 mL) and dried in vacuo for 4 h. Yield of -Ra
(2DME): 6.62 g, 72% (12.6 mmol). The product is sensitive to air
and humidity, insoluble in hexane and pentane and soluble in THF.
It has been characterized by IR spectroscopy. IR (DMEO)
1898s, 1792s, 1755m crh

Reaction of Na7-2DME with trans{PdCl;(NCPh),] and
Formation of [Mo(#5-CsH4Ph)(CO)3], (10). Solid trans{PdCh-
(NCPh}] (0.41 g, 1.08 mmol) was added to a stirred solution of
Na-7-2DME (1.13 g, 2.15 mmol) in toluene (50 mL) cooled with
dry ice (=78 °C). The solution immediately turned dark blue and

(43) Braunstein, P.; Bender, R.; Kervennal Qlganometallics1982 1,
1236.

(44) Kawi, S.; Alexeev, O.; Shelef, M.; Gates, B. &.Phys. Chem. B
1995 99, 6926.

(45) Hoost, T. E.; Graham, G. W.; Shelef, M.; Alexeev, O.; Gates, B. C.
Catal. Lett.1996 38, 57.

(46) Kervennal, J.; Cognion, J.-M.; Braunstein, P. French Patent 2 515 640,
1981; U.S. Patent 4478,757, 1982hem. Abstr1982 99, 139487.

(47) Carrion, M. C.; Manzano, B. R.; Jalon, F. A.; Maireles-Torres, P.;
Rodriguez-Castellon, E.; Jimenez-Lopez, JA.Mol. Catal. A2006
252 31.

(48) Hartley, F. ROrganomet. Chem. ReA 197Q 6, 119.

(49) Lai, S.-W.; Chan, M. C. W.; Wang, Y.; Lam, H. W.; Peng, S. M;
Che, C. M.J. Organomet. Chen2001, 617—618 133.

5864 Inorganic Chemistry, Vol. 45, No. 15, 2006

the cold mixture. The solution turned dark violet immediately; it
was stirred for 15 min and filtered through a Celite pad until the
solution was light blue. The solution was concentrated, and the
dark crystals obtained from pentane were identified 8§0.59 g,
0.54 mmol, 90% based on Pd).

Preparation of [Mo,Pdx(1°%-2,4-MeCGgH¢BNi-Pr),(CO)g] (12).
Solid [P(NCMe)](BF4), (0.63 g, 1.0 mmol) was added to a stirred
solution of Lir5b-2DME (1.21 g, 2.0 mmol) in toluene (50 mL)
cooled with dry ice £ 78 °C). The solution turned dark blue; then
it was stirred fo 1 h and filtered through a Celite pad which had
been prewashed with toluene. The solution was concentrated and
chromatographed on an alumina column. Elution with toluene/
pentane (1:1) produced two close bands. First, a violet band gave
the meso (R,S) diastereoisomer, identified notably by single-crystal
X-ray diffraction as12 (0.32 g, 0.30 mmol, 30% based on Pd).
Anal. Calcd for GgHeBoM0oN,OgPh: C, 43.34; H, 4.40; N, 2.66.
Found: C, 43.08; H, 4.16; N, 2.94%. IR (GEl,): »(CO) 1961s,
1880w, 1842s cmt. Clear NMR spectra could not be successfully
recorded because of the presence of paramagnetic residues. The
second, a dark blue band, has been identified only by IR since the
compound decomposed quickly, at#d NMR spectra could not
be successfully recorded. IR (@El,): v(CO) 1935s, 1877sh, 1845s
cm L.
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Preparation of [Mo ,Pd,(#5-3,5-Me&;CsH3BNi-Pr3),(CO)g] (13).
Method A. Solid trans{PdCL(NCPh}] (0.23 g, 0.61 mmol) was

Table 2. Crystallographic Data, Data Collection Parameters, and
Refinement Results

added to a stirred solution of 18:2DME (0.74 g, 1.23 mmol) in 10 11 12 13
toluene (30 mL) cooled with dry ice«78 °C). The solution formula GaH1M0,05 CaoHagMOy CagHagBaMOr CasHaeBa-
immediately turned dark blue; then it was stirred b h and PP N2O6P Mo2NOsPth
evaporated to dryness. The black residue was chromatographed oV 642.30 109140 ~ 1053.07 981.01
- . . cryst syst orthorhombic monoclinic triclinic monoclinic
an alumina column. Elution with toluene gave a dark blue space group Pbca P./c P P2,/n
compound, which was recrystallized from toluene/pentane and a (&) 7.577(5) 10.9789(10) 8.833(2) 8.352(5)
identified as [M@Pd:(775-3,5-MeCsH3BNi-Pr,),(CO)] (13) (0.13 b (A) 12.608(5)  14.453(2) 10.101(4) 20.035(5)
g, 0.13 mmol, 43% based on Pd). It has been characterized by IR,C(Ad) 2950'%26‘(5) g%?o“(z) %ﬁi(? 38'331(5)
1H, 1B, and**N (inverse detection) NMR, X-ray crystallography, ;((deeg)) 90.00 105.73(5) 89'.467((5)) 103.05(5)
and elemental analysis. Anal. Calcd fofB46B2M02,N,OsPd: C, y (deg) 90.00 90.00 67.042(5) 90.00
39.18; H, 4.73. Found: C, 39.47; H, 4.82%. IR (KBr){CO) \Z/(A3> 5390-6(19> 2027.4(7) 11007-5(6) ) 1762.3(14)
1922s, 1850s cnt. IR (CH,Cl,): v(CO) 1925s, 1841s cm. 'H crystsize (mf)  0.08x 0.07 0.10x 0.09 0.11x 0.10 0.08x 0.07
NMR (CD.Cly): 6 5.82 (br s (couplings have not been observed), x 0.06 x 0.08 x 0.09 x 0.06
2H, 4-H), 4.23 (br s (couplings have not been observed), 4H, 2-/ color . red violet green green
6-H), 3.62 (septid = 6.6 Hz, 4H, NCH), 2.10 (5, 12H, 3/5-Me),  peeeloom™) 705 Lies 1% e
1.41 (d,3 = 6.6 Hz, MeiPr), 1.33 (d3J = 6.6 Hz, MeiPr). 11B- T(K) 173(2) 1732)  173(2) 173(2)
{H} NMR: 6 48.72.13N NMR (inverse detection):d —308.5. F(000) 1272 1084 522 972
Method B. Solid [PG(NCMe)](BF4); (0.39 g, 0.62 mmol) was &Mt (dea) - 2.29/27.47 2392995 3153316 28115044
added to a stirred solution of 18-2DME (0.74 g, 1.23 mmol) in measured
toluene (30 mL) cooled with dry ice<(78 °C). The solution turned ”°'(.°f>d§‘;?.,) 1771 3259 5167 12226
dark blue; then it was stirred fdl h and then filtered through a ;" params 163 235 251 208
Celite pad. The solution was concentrated and crystallized from Rr1 0.0271 0.0866 0.0516 0.0444
pentane to obtain dark crystals1# (0.54 g, 0.55 mmol, 89% based WR2 0.0719 0.1087 0.1207 0.1410
on Pd). gg:(:/min residual (())gggl lll]é%(/) 0%??%/9 lil6%38
Preparation of [Mo ;Pd,(1%-CsH4NMe,)(CO)s(PEts),] (15). A density (e A3)  —0.946 -1.559  -1.818 —1.504
suspension of [PANCMe)][BF 4], (0.21 g, 0.33 mmol) in THF (5
mL) was added to a stirred solution of-Bi2DME (0.31 g, 0.66 15 16 20
mmol) in THF (20 mL) at-78 °C. The solution immediately turned formula Cszn%’\/'gzﬁ " 032853"/';2’\‘2' szgngozNZ'
dark blue. Triethylphosphine (9@, 0.66 mmol,d = 0.802) was I Lol
added to the solution, which then turned violet. Under constant cryst syst triclinic triclinic triclinic
stirring, the temperature was slowly increased to room temperature Space group P1 P1 Pl
in 3 h. The resulting dark violet mixture was evaporated to dryness, g% S'SQSEB ?bgiggf)l((lj)o) géggg((?)
washed with pentane, and purified by crystallization from &-CH c(R) 11.061(1) 11.0770(10) 9.9960(3)
Cly/heptane mixture. Dark violet crystals 5 were obtained and a (deg) 106.08(5) 108.28(5) 78.1200(15)
characterized by single-crystal X-ray diffraction. Purification by £ (geg) 28-21%5)5 2(7)-183(7525 ‘;Z-gg%oélz)
column chromatography (silica gel pretreated with HEiluene, i’,((Aea?) 923_'35((13,) 911_'43((12-,) 622_80((3))
and then THF/pentane) led to lower yields because of the retention z 1 1 1
of the cluster on the support. Yield: 0.14 g, 41% based on Pd after crystsize (mrf) 0.12x0.10  0.07x 0.07 0.09x 0.09
recrystallization from ChCly/heptane. It has been characterized ., Vio|>;t0.08 violxeto 07 Oraxngém
by IR, *H, 3P, and™®C NMR, X-ray crystallography, electrospray Dealcd (9 cnT9) 1.844 2.191 2.726
mass spectrometry, and elemental analysis. Anal. Calcdzfbtst u (mm-?) 1.752 8.454 12.229
Mo,N,OgP,Pch: C, 37.48; H, 4.91; N, 2.73. Found: C, 37.26; H, l((o’go) 173 o) 178
4.84, N, 2.58%. IR (KBr):»(CO) 1875vw, 1826vs, 1750s cr o limits (deg) 2.33/30.05 3.26/30.18 2.22/30.06
IH NMR (CgDg): 0 AA'MM' system 4.88 and 4.37 (2 pseudo-  no.of datameasured 5185 5286 3650
triplets, 8H, Cp), 2.36 (s, 12H, NME 1.71 (m, 12H, PE,), 0.99 no.ofdatal > 2o(l)) ~ 4039 4338 2911
(m, 18H, PCHCHs). 13C{!H} NMR (CsDe): 0 242.9 (CO), 83.2 o OTparams o oo o
(Cp), 70.3 (Cp), 39.7 (CpNMg, 17.2 (virtual t, EH,CHg, [LJ(PC) WR2 0.1016 0.1465 0.0961
+ 4J(PC) = 20 Hz), 8.1 (s, PChCH3) (Cipso Was not observed}P- GOF _ 1.044 1.050 0.982
{H} NMR (C¢D¢): 0 18.9. MS (ES):m/z (Ire) 1287 (M— 2CO, maé(ér;]nsri]t}rﬁsg%gl 1.053+1.480 2.22842.855  2.5093.237

50%).

Preparation of [Mo ;Pty(5-CsH4NMey),(CO)e(PEts),] (16). A
suspension dfrans{PtClL(PE&),] (0.28 g, 0.56 mmol) in THF (10
mL) was added to a stirred solution of-Bi2DME (0.53 g, 1.12
mmol) in THF (20 mL) at room temperature. After it was stirred
for 2 h, the mixture was filtered, and the solvent was removed in

gave a violet solution 016 (0.026 g, 0.022 mmol). Violet crystals
were obtained from THF/pentane. Yield: 8%. It has been character-
ized by IR,H and®P NMR, X-ray crystallography, and elemental
analysis. Anal. Calcd for £HsgM0,N,O6P,PL: C, 31.96; H, 4.19;

N, 2.33. Found: C, 31.21; H, 4.01; N, 2.30%. IR (KBny(CO)

vacuo. The residue was chromatographed on an alumina column.1832sh, 1798s, 1706s br ct 'H NMR (CDCk): 6 AA'MM’

Elution with toluene gave a red solution &# (trace amount),
followed by an orange solution (trace amount) which was not
identified. Clusterl4 was identified by IR spectroscopy and by
comparison with the corresponding compound with the Cp ligand
in place of CpNMe. Elution with a THF/pentane mixture (1:5)

system 4.97 and 4.43 (2 pseudo triplets, 8H, Cp), 2.63 (s, 12H,
Me), 1.88 (m, 12H, P€y), 0.99 (m, 18H, PCKCHa). 31P{1H}
NMR (CDCl): 6 39.0 (s with19Pt satellitestJ(PtP)= 4323 Hz).
Preparation of [PdPt(CNt-Bu)e](PFs™)2 (17).[Pdx(dbay]-CHCl;
(0.24 g, 0.23 mmol) in CkCl, (20 mL) andt-BuNC (0.076 g, 104
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ul, d = 0.735, 0.92 mmol) were added to a solution of [Pt(CN  parameters. The hydrogen atoms were included in their calculated
Bu)J(PFs)2 (0.37 g, 0.46 mmol) in CECN (20 mL). After the positions and refined with a riding model in SHELXL97.
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