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Summary

The novel anion [Rh,;,;H(CO),5s]13~ has been obtained by reaction of the tetra-
anion [Rh,4(CO),s]*~ with acids. Its structure can be related to that of the
parent species, but there are differences in the cluster geometry and in the car-
bonyl stereochemistry. The metal atom polyhedron can be described as an array
intermediate between a cubic body-centered packing and a cubic close-packed
arrangement.

We are currently studying families of high-nuclearity clusters of rhodium
which seem to play an important role as models of small metallic crystallites
covered by ligands. The structures of the anions [Rh;3Hs ,(CO).¢]" (n =2 [1],
3 [2]), containing a “‘twinned cubeoctahedron of metal atoms, a portion of hexa-
gonal close-packed lattice, have been described. We also recently reported the
synthesis and structure of the [Rh,4(CO),s]*~ anion, which contains a portion
.of a body-centered cubic lattice, and on the related species [Rh,5(CO),;13—,
which has a metal atom cluster intermediate between a close-packed and a body-
centered array [3].

We have now obtained the hydride [Rh; H(CO),s]3~ by reaction of the tetra-
ethylammonium salt of the [Rh,4(CO),s]*~ anion (Fig. 1) with acids:

[Rh14(CO)25]4_ +H" > [Rh,,H(CO),s13~ )

The reaction is carried out in acetonitrile containing 10% of water by addition
of a slight excess of a 0.7 M solution of 85% phosphoric acid in the same solvent.
The product can be precipitated by addition of isopropanol and concentration in
vacuum. Crystals suitable for the X-ray analysis were obtained from acetone-n-
hexane by the slow diffusion technique.
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Fig. 1. Structure of the anion [Rh, (CO),1%.

The [Rh;,H(CO),s]* anion can be deprotonated to the parent tetraanion
with potassium t-butylate in acetoniirile.

The IR spectrum of the anion shows the expected shift at higher frequencies
with respect to the parent tetraanion, and presents bands at 1988s and
1965(sh)w em™ in the terminal, and at 1835m and 1805(sh) cm™! in the
bridging COs stretching region in acetonitrile solution. The 'H NMR spectrum in
acetone shows a broad absorpiion at v 41.3 at room temperature.

The same [Rh;,H(CO),s1> anion can be obtained [4] by reaction of
[NEt;].[Rh,sH(CO),4] with [Rh(CO),(MeCN),]BF, in acetonitrile:

+ MeCN,
25°C
This reaction is very important, as permits the stepwise growth from the Rh,;

to the Rh;, and Rh;; clusters by the sequence of reaction 2 followed by reac-
tions 3 and 4 {4]:

[Rh,3H(CO)24]%7 + [Rh(CO),(MeCN),] [RhH(CO),s]~ +CC  (2)

[RhyH(CO):sI*~ + ROT 2555 [Rhy4(CO)Yps]*™ + ROH - ®

+ MeCN,

[Rh14(CO):s}*™ + [RB(CO),(MeCN),1* 7570 [Rhys(CO),)°~ )



Ca4

Further details on the synthesis, reactivity, *H, '3C, ' >Rh NMR and on
'H{'°°Rh} and '3C{!'°*Rh} INDOR results will be reported elsewhere [4,5].

The (NEt,)* salt of the [Rh,,;H(CO),5s]3~ anion has been investigated by X-
ray diffraction®*. Its structure, of C; symmetry, is shown in Fig. 2, while the
metal atom cluster is shown in Fig. 3. The metal—metal distances are reported in
Table 1.

The Rh,, polyhedron is related to that of the parent [Rh,4(CO),5]*~ anion of
C,y idealized symmetry (see Fig. 1) so that only one of the original mirror planes
is retained. The main distortions are as follows: (i) in the tetraanion the central
metal atom exhibited 8 short bonds with the nearest neighbours (mean 2.64 A),
4 intermediate bonds with the lateral capping atoms (mean 3.08 A) and 1 long
bond with the apical capping atom (3.38 A) resulfing in a distorted body-
centered cubic environment; in the present case there are still 8 short bonds
(mean 2.65 A) and the long bond with the apical Rh(9) atom (3.39 &), but of

Fig. 2. A view of the anion [Rh, H(CO),51*>".

*Crystal data. C ,H, N,O,;Rh,;, moL wt. 2532.7, monoclinic crystals, space group P2, /m (No. 11), with
a 13.656(3), b 18.321(4), c 15.387(3) A, 8= 103.32(2)°, Z = 2, U = 3746 A3. The structure was solved
by conventional Patterson and Fourier methods and refined by block-matrix least-squares, on the basis
of 2811 significant independent reflections, up to an actual R value of 10.1%. The anion was found to
lie on a crystallographic mirror plane; one of the cations lies in a general position, while another one is
located on the mirror plane and leads to considerable disorder.



Fig. 3. The metal atom cluster of the anion [Rh, H(CO),;1>~ with the atom numbering.

TABLE 1
METAL—METAL DISTANCES (A) WITHIN THE ANION [Rh, H(CO),;1°~

Rb—Rh distances from the
central metal atom

Rh(0)-Rh(Q1) 2.616(4) Rh(2)-Rh(6) 2.790(4)
Rh(0)—Rh(2) 2.680(5) Rh(2)—Rh(7) 2.803(4)
Rh(0)—Rh(3) 2.696(5) ° Rh(3)>-Rh(5) 3.003(4)
Rh(0)—Rh(4) 2.681(5) Rh(3)>-Rh(8) 2.730(5)
Rh(0)—RR(5) 2.612(4) Rh(3)-Rh(9) 2.843(5)
Rh(0)—Rh(6) 2.658(4) Rh(4)>—RR(6) 2.794(4)
RR(0)—Rh(7) 3.225(3) Rh(4)—Rh(8) 2.749(5)
Rh(0)—RhR(8) 2.861(4) RER(5)—Rh(6) 3.352(5)
Rh(0)—RhR(9) 3.389(5) RB(5)—RR(7) 2.718(4)
- Rh(5)—RRh(8) 2.696(4)

Rb—Rh surface distances Rh(5)—-Rh(9) 2.765(4)
Rh(6)—Rh(7) 2.804(3)

Rh(1)—Rh(2) 3.101(5) Rh(6)>—Rh(8) 2.738(4)

Rh(1)-Rh(5) 2.952(4) Rh(3) --- Rh(4) 3.697(5)
Rh(1)-Rh(7) 2.697(3)
Rh(1)—Rh(9) 2.724(5)

the other four contacts two become shorter (mean 2.86 &) and two longer
(mean 3.22 A). (ii) The Rh—Rh surface distances are similar in the two cases ex-
cept for two contacts: Rh(1)—Rh(2) and Rh(3)—Rh{4) are equivalent in the
tetraanion (3.33 A) while in the present anion the former is shorter (3.10 &) and
the latter is longer, and definitely non-bonding (3.70 A).

These distortions result in a structure which can be described as intermediate
between a bce array (atoms Rh(0), Rh{1), Rh{2), Rh(7), Rh(7'), Rh(5), Rh(5'),
Rh(6), Rh(6') and Rh(9)) and a ccp array (two layers: Rh(5), Rh(5"), Rh(6),
Rh(6'), Rh(9), Rh(0) and Rh(3), Rh(4), Rh(8), Rh(8")).

Differences are present also in the carbonyl stereochemistries of the two an-
ions. In the hydridic species there are 10 terminal CO groups, 11 symmefric edge-
bridging groups and 4 asymmetric edge-bridging groups (between Rh(3) and
Rh(8), Rh(8) and Rh(8'), short Rh—C 1.84 &, long Rh—C 2.24 &; between
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Rh(9) and Rh(5), Rh(9) and Rh(5'), short Rh—C 2.04 A, long Rh—C 2.31 ).
The mean values of the Rir—C and C—O bonds for the terminal groups are 1.76
and 1.18 A, and for the symmetric bridging groups are 1.97 and 1.21 A.
Although we have no direct evidence for the position of the hydridic atom,
we suggest that it is located on the face Rh(3,4.8,8') i.e. in a distorted (100) sux-
face hole of the ccp moiety, as can be inferred from the lengthening of the
Rh(3)~Rh(4) contact with respect to the parent species. The observed bce—>ccp
interconversion can be related to the presence of this interstitial hydride atom,
since similar transformations occur also in binary hydrides of transition
metals [6].
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