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1,3-Diphenyl-1, 3-propandionatobis( triphenylanti-
mony Jdiphenylrhodium(IIl)dibenzene,  [Rh(DPD)-
(SbPh3),Ph,] -2(CeHs) has been isolated as the
product of the reaction between the Rh{I) complex
1,3-diphenyl- 1, 3-propandionatodicarbonylrhodium(1),
[Rh(DPD)(CO),], and triphenylantimony in acetone
and in n-hexane medium. The crystal and molecular
structure was determined from single crystal X-ray
diffractometer data. The unit cell is triclinic with a =
19.083, b = 13.167, ¢ = 13.536 A, a = 81.81°, B =
111.59°, v = 100.49°, Z = 2 and space group Ps. The
structure was refined to a R-value of 0.079 for 6637
contributing reflections. The coordination poly-
hedron can be described as a slightly distorted octa-
hedron in which the Rh-atom is coordinated by two
phenyl groups, two oxygen atoms of a chelate ring,
which are in cis position to one another, and two
antimony-atoms of the two SbPhy ligands, which are
in trans positions.

Introduction

The crystal and molecular structure of 1,3-
diphenyl-1,3-propandionatobis(triphenylantimony)di-
phenylrhodium(III) dibenzene, [Rh(DPD)(SbPh,),-
(Ph),]-2(C¢He), was determined as part of a study of
the substitution and oxidative addition reactions of
rhodium(I) complexes of the type [Rh(LL'YCO),],
LL' = singly charged bidentate ligands such as the g-
diketone DPD = 1,3-diphenyl-1,3-propandione in the
present case and SbPh; = triphenylantimony.

Complexes of the type [Rh(LL)(CO),] give sub-
stitution reactions where only one carbonyl group is
substituted by triphenylphosphine and triphenyl-
arsine [1-3] and where both carbonyl groups are
substituted by triphenylphosphite [4].

Bonati and Wilkinson [1] reported the six<oordi-
nated Rh(I)<complex [Rh(acac)SbPh;);CO] to be
the substitution product of the reaction between
[Rh(acac)(CO),] and SbPh; where acac = 1,3-
dimethyl-1,3-propandione, while Garrou and
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Hartwell [5] reported the fivecoordinated Rh(I)-
complex [Rh(acac)(SbPh;),CO]. The best way to
solve this discrepancy was to determine the molecular
structure of the substitution product.

Unfortunately the substitution product of the
reaction between [Rh(acac)(CO),] and SbPh; has not
yet been recrystallized so as to yield single crystals
suitable for X-ray diffraction, Subsequently the §-
diketone was changed from acac to the mentioned
DPD which yielded ideal crystals of the title com-
pound. The subsequent structure determination
revealed a six-coordinated Rh(IITl)<complex of which
the crystal and molecular structure is presented.

Experimental

The Rh(I) f-diketone complex [Rh(DPD)(CO),]
was prepared from RhCl;-3H,0, N,N-dimethylfor-
mamide and 1,3-diphenyl-(1,3)-propandione by
methods described previously [2, 6]. The title com-
pound was prepared from [Rh(DPD)(CO),] and
SbPh; (1:3.5 mol ratio) by following a method
identical to that prescribed by Garrou and Hartwell
[5] for their compound [Rh(acac)(SbPhs),CO]. Car-
rying out the experiment in the presence or absence
of an inert atmosphere (argon) and in a hexane or an
acetone medium yields the same product, namely the
title compound. The complex was recrystallized from
petroleum ether mixtures with boiling points 40—60
°C and 60—80 °C in a 50:50 volume ratio.

Crystal data: C,sHz30,8b,Rh, molecular mass
1342.24, triclinic, space group P, a = 19.083, b =
13.167, ¢ = 13.536 A, o =81.81°, $=111.59°, v =
100.49°, Z = 2, doy. = 1.44 g cm 2, u(Mo Ka) =
11.81 cm™,

Three dimensional intensity data were collected
with a Philips PW 1100 four circle single crystal X-ray
diffractometer using graphite monochromated Mo Ka
radiation (A = 0.7107 A) for 8 values between 3° and
23°. Three reflections were used as standards and
were re-measured after every 60 reflections. No de-
composition of the crystal was detectable during the
data collection. A total of 8589 reflections were
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measured, of which 6637 were considered as con-
tributing refleections, The data were corrected for
Lorentz and polarization effects. A crystal with
dimensions 0.1 X 0.2 X 0.2 mm? was used for the
data collection.

The structure was solved using the X-ray 72
system of programs on a Univac 1100 computer. The
Rh and Sb atoms were located from a three dimen-
sional Patterson synthesis. The positional parameters
of the non-hydrogen atoms were deduced from suc-
cessive Fourier and difference-Fourier synthesis. Six
cycles of blocked-cascade matrix least-squares refine-
ment of all the positional and isotropic thermal param-
eters resulted in an R value of 0.079. Four addi-
tional cycles of refinement with anisotropic thermal
parameters converged R to 0.071. A significance test
carried out with the theory of linear hypothesis (as
described by Hamilton [7]) showed that the decrease
in R due to anisotropic refinement was insignificant.
We therefore used the isotropic refined parameters to
determine the molecular structure. In the final stage
of refinement no parameter shifted more than 0.3 g,
where ¢ is the standard deviation of the parameter.

The atomic scattering factors for Rh, Sb, O and C
were taken from ref. [8]. The final difference-Fourier
maps contained no significant peaks. Final positional
and isotropic thermal parameters are listed in Table I.

Results and Discussion

The molecular structure of [Rh(DPD)SbPhj),-
Ph,]-2(C¢Hg) and the system of numbering the
atoms is shown in Fig. 1. Bond lengths and bond
angles are given in Tables II and III respectively.

The six atoms Sb(1), Sb(2), O(1), O(2), C(44) and
C(74) form a slightly distorted octahedron with the
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TABLE II. Selected Interatomic Distances (A) with Standard

Deviation.

Rh-0(1) 2.132(10) C(2)-C(3) 1.374(23)
Rh-0(Q2) 2.161(12) C(1)-C4) 1.525(26)
Rh-Sb(1) 2.551(2) C(2)-C(14) 1.530(22)
Rh—Sb(2) 2.588(2) Sb(1)-C(34) 2.133Q21)
Rh-C@44) 2.036(16) Sb(1)-C(54) 2.132(17)
Rh-C(74) 2.059(18) Sb(1)-C(84) 2.118(15)
0(2)-C(1) 1.290(20) Sb(2)-C(24) 2.120(17)
0(1)-C(2) 1.249(23) Sb(2)-C(64) 2.147(19)
C(1)-C@3) 1.380(23) Sb(2)—-C(94) 2.118(17)

Fig. 1. Molecular configuration and atom numbering scheme
for Rh(DPD)(SbPh3),Ph, *(CgHg),.

TABLE 1I1. Setected Bond Angles (deg.) with Standard Deviations.

Sb(1)-—Rh—Sb(2) 172.1(1)
0(1)-Rh-C(44) 175.9(7)
0O(2)-Rh-C(74) 171.9(5)
O(1)-Rh-0(2) 86.8(4)
0O(2)-Rh-8b(1) 89.9(3)
O(1)-Rh-Sb(1) 96.1(3)
Sb(1)-Rh~-C(44) 86.0(4)
C(44)-Rh-0(2) 89.7(6)
0(2)-Rh-Sb(2) 92.2(3)
C(44)-Rh—-Sb(2) 86.4(4)
Sb(2)-Rh-0(1) 91.7(3)
0O(1)-Rh-C(74) 85.5(5)
Sb(1)-Rh-C(74) 88.2(4)
C(44)-Rh—C(74) 98.1(7)
Sb(2)-Rh—-C(74) 90.7(4)
Rh—-Sb(1)-C(84) 117.5(5)
C(84)—Sb(1)-C(54) 102.8(6)
Rh—Sb(1)-C(54) 113.3(5)

C(54)-8b(1)~C(34)
C(34)-8b(1)~C(84)
C(34)—Sb(1)-Rh
Rh-8b(2)-C(64)
C(64)-8b(2)-C(94)
C(94)-8b(2)-C(24)
C(24)—Sb(2)~Rh
Rh-8b(2)-C(94)
C(64)—-5b(2)~-C(24)
Rh-0(2)-C(1)
Rh-O(1)-C(2)
0(2)-C(1)-C(3)
0(1)--C(2)-C(3)
C(1)-CB)-C2)
o(2)-C(1)-C4)
C(3)-C1)-C4)
0(1)-C(2)-C(14)
C(3)-C(2)-C(14)

100.9(7)
99.9(5)
119.9(5)
118.8(4)
100.0(6)
102.0(6)
116.4(4)
116.9(5)
100.0(6)
122.709)
127.0(9)
129.5(16)
127.3(15)
125.8(19)
111.7(12)
118.7(16)
114.4(15)
118.3(16)
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coordination atom Rh in the centre. The average
twist angle ¢, as described and defined by Muetterties
and Guggenberger [9], has a value of 52.7° as com-
pared with an ideal octahedron angle of 60° and an
ideal trigonal prism angle of 0°. The deviation from
an ideal octahedron can further be seen by consi-
dering the bond angles between the atoms describing
the coordination polyhedron (Table III). The three
equatorial planes of the octahedron 0O(1), 0(2),
C(44), C(47) and Sb(1), Sb(2), C(44), O(1) and
Sb(1), Sb(2), C(74), O(2) make angles of 88.9°,89.9°
and 89.0° with each other. These planes are planar
within experimental error, except for the last
mentioned with a deviation of 0.15 A of the atoms
from the best plane through the atoms. In each of the
three planes the Rh-atom lies within 0.015 A from
the best plane through the atoms.

Since the chemical environment of the two anti-
mony atoms is identical, the significant difference be-
tween the two Rh—Sb bond distances (2.588 and
2.551 A) cannot be accounted for. Average bond
distances for Rh—P [10] and Rh~As [11] in similar
Rh(IIl)complexes are 2.35 A and 2.44 A respec-
tively.

The chelate ring (Rh, O(1), O(2), C(1), C(2) and
C(3)) is planar, within experimental error. The two
phenyl rings of the §-diketone are not co-planar with
the chelate ring but make angles of 33.4° and 14.1°
with the chelate ring and an angle of 25.0° between
one another.

The ten phenyl rings in the molecule are planar
within experimental error, and the average C—C bond
distance (1.394 A) and average bond angles (120.0°)
are identical to the accepted values for phenyl rings.

The two Sb-atoms are approximately tetrahedrally
surrounded by the Rh-atom and three carbon atoms
of phenyl rings. The mean Sb—C bond distance
(2.145 A) is (as expected) longer than the average
P-C [2] bond distance (1.83 A), and an average
As—C [12] bond distance (1.94 A) in similar com-
pounds where P and As are bonded to phenyl
carbons. The average tetrahedral C—Sb—C angle is
101.0° in comparison with the average tetrahedral
C—Sb—Rh angle of 117.1°.

The absence or presence of atmospheric oxygen
during the preparation of the title compound makes
no difference as to the nature of the final product.
This fact ruled out the possibility that Rh(I) was
oxidized by oxygen. The only other possibility is that
the Rh(I) was oxidized to Rh(III) by the excess
SbPhj present to yield the two phenyl rings bonded
to the Rh-atom with the subsequent reduction of
SbPh;. Chemical kinetics to determine a possible
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reaction mechanism, as well as structure work on
similar compounds, is at present the subject of
further research in order to account for the oxidation
of Rh(I).

The presence of the two benzene molecules is also
difficult to account for, since the complex was
prepared in an acetone medium and recrystallized
from petroleum ether free from aromatic hydrocar-
bons. The two benzene rings are planar within experi-
mental error, and the average C—C bond distance
(1.381 A) and angles (119.9°) are in good agreement
with the accepted values for benzene. The distance
from the C-atoms of these benzene rings to other
atoms in the structure (>>3.80 A) does not indicate
any strong interaction. The relatively high thermal
parameters of these benzene C-atoms (Table I) also
indicate non-bonding. Ugo and co-workers [12]
reported a clathrated benzene molecule in [RhCl-
(COXSbPhj3),]-CsHs, and proved that the compound
did not lose any benzene while being heated at 100
°C and 5 mm Hg for six days or by repeated washing
with ether. The presence of benzene rings in the
structure  of [RhI,Me(PPh;3),]-CsHy was also
reported by Troughton and Skapski [10].
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