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Abstract

The structure of the [Rus(CO);;]?~ dianion was deter-
mined from an X-ray single-crystal structurc determi-
nation of bis(methyltriphenylphosphonium) p-carbonyl-
1:2k2C-decacarbonyl-1x°C,2x> C,3x* C-triruthenium-
(3 Ru—Ru) dichloromethane solvate, [(CoHs)3:(CH3)P],-
[Ru3(CO);,]-CH;,Cl,, and was found to contain a single
bridging CO ligand between two Ru atoms. This result
supports the IR and '*C NMR spectroscopic studies
reported earlier [Nagel, Bricker, Alway & Shore (1981).
J. Organomet. Chem. 219, C9-12; Bhattacharyya, Nagel
& Shore (1983). Organometallics, 2, 1187-1193].

Comment

The structure of the [Fe;(CO);;1>~ dianion was shown
to contain both bridging and capping CO ligands (Lo et
al., 1980). However, its closest analogue [Ru3(CO);12~
appears to contain only a single bridging CO lig-
and based on IR and '*C NMR spectroscopic studies
(Nagel et al., 1981; Bhattacharyya et al., 1983). The
structure of [Rusz(CO);;]°>~ has now been determined
and it supports the interpretations of the spectroscopic
data. We report herein the structure of [Ph3(CH3)P),-
[Ru3(CO);1]-CH,Cl,, (I), obtained from a single-crystal
X-ray diffraction analysis.
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The molecular structure of the [Ru3(CO);;]?>~ dianion
is shown in Fig. 1. It consists of a single symmetrically
bridging CO ligand between atoms Rul and Ru3. The
Rul and Ru3 atoms each have three terminal CO
ligands. In contrast, Ru2 has four terminal CO ligands.
The bridging CB—OB bond distance is 1.200(5) A,
which is similar to that observed in the monoanion
[(u-H)Ru3(CO)y; ]~ [CB—OB 1.180(12) A; Johnson et
al., 1979]. Due to the bridging CO l(i)gand, the distance
between Rul and Ru3 is 2.7759 (6) A, which is shorter
than those for Rul—Ru2 [2.8787 (6) A] and Ru2—
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Ru3 [2.8744 (6) A], two non-bridged Ru—Ru bonds.
The asymmetrically capping CO ligand observed in
[Fe;(CO); 1%~ is obtained from an Fe atom that has
no bridging CO ligand connected to it. In the case
of [Ru3(CO),,1?~, this CO ligand is in a terminal
position. The [RU3(CO)II]2_ dianion is isoelectric and
isostructural with the neutral Co,Ru(CO);; complex
(Roland & Vahrenkamp, 1985).

Fig. 1. The molecular structure of the |Ru;((‘()),.]2* dianion shown
with 50% probability displacement ellipsoids.

Experimental

K:[Ru3(CO);1] was prepared according to the literature
method of Bhattacharyya er al. (1983). [Ph3(CH;)P)z-
[Ru3(CO)11]-CH,Cl, was synthesized by the metathesis re-
action of K;[Ruz(CO);;] with [Ph3(CH3)P]Br in mixed
CH,CIL,/THF solvent. Single crystals were obtained from a
hexane-layered methylene chloride/THF solution at 238 K.

Crystal data

(Ci19H15P)2[Ru3(CO) 1y ]-- Mo Ka radiatéon
CH.Cl; A=071073 A

M, = 1250.85 Cell parameters from 25

Monoclinic reflections

P2)/n 0 =12-15°

a=9.486(1) A p=1.106 mm™'

b=121276(4) A r=213(HK

¢ =25.266(4) A Rectangular

B =94.92(1)°
V = 5081 (2) A®
Z=4

D, = 1.635 Mg m~>
D, not measured

Data collection
Enraf-Nonius CAD-4

0.3 x 0.3 x 0.2 mm
Maroon

7020 reflections with

diffractometer I > 20(])
w-26 scans Rin = 0.022
Absorption correction: Omax = 25°

+ scan (North et al., h=0—11

1968) k=0—25

Tin = 0.718, Trax = 0.801 [ =-29 — 29
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30 (Cy9H,3P)2[Ru3(CO),,]-CH,Cl,

4 standard refiections
frequency: 180 min
intensity decay: none

9685 measured reflections
8908 independent reflections

Refinement

Refinement on F* (A/0)max = 0.001

R(F) = 0.033 Apmax = 0.726 € A
wR(F?) = 0.084 Apmin = —0.618 ¢ A™*
S =1.049 Extinction correction: none

8854 reflections
613 parameters
H atoms not refined
w = U[o*(F2) + (0.0445P)
+ 11.2195P]
where P = (F2 + 2F2)/3

Scattering factors from Inter-
national lables for X-ray
Crystallography (Vol. 1V)

Table 1. Selected geometric parameters (A, °)

Rul—Ru3 2.7759 (6) Ru2—C23 1.898 (5)
Rul—Ru2 2.8787 (6) Ru2—C22 1.902 (5)
Ru2—Ru3 2.8744 (6) Ru2—C24 1.936 (5)
Rul—CB 2.069 (4 Ru2—C21 1.937 (5)
Ru3—CB 2.068 (4 Ru3—C32 1.847 (5)
Rul—CI13 1.860 (4) Ru3—C31 1.892 (5)
Rul—CI1 1.882 (5) Ru3—C33 1.944 (5)
Rul—CI2 1.946 (5) CB—08 1.200 (5)
Ru3—Rul—Ru2 61.075(15) OB—CB—Ru3l 137.7.(3)
Ru3—Ru2—Rul 57.697 (14) OB—CB—Rul 137.6 (3)
Rul—Ru3—Ru2 61.228 (15) CI3—Rul—CB 90.8 (2)
Ru3—CB—Rul 84.29(15) Cll—Rul—CB 98.1(2)
CB—Rul—Ru2 8391 (1) CIl12—Rul—CB 143.2(2)
CB—Rul—Ru3 4783 (11) C32—Ru3—CB 89.8(2)
CB—Ru3—Rul 4788 (11) C31—Ru3—CB 96.9 (2)
CB—Ru3—Ru2 84.05(11) C33—Ru3—CB 147.1(2)

No extinction correction was applied. All non-H atoms were
refined anisotropically. The H-atom positional parameters were
calculated assuming ideal geometries around C atoms. The
isotropic displacement parameters for H atoms were set to
Uiso(H) = 1.2Ui50(C) for CH groups in phenyl rings and the
CH: group in CH,Cly, and to Uy = 1.5Ui(C) for CH;
groups. The positional and displacement parameters were fixed
during the refinement.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: XPREP
in SHELXTL (Siemens, 1994). Program(s) used to solve
structure: XS in SHELXTL. Program(s) used to refine structure:
XL in SHELXTL. Molecular graphics: XP in SHELXTL.
Software used to prepare material for publication: XCIF in
SHELXTL.

This work is supported by the National Science
Foundation through grant CHE97-00394.

Supplementary data for this paper are available from the [UCr
electronic archives (Reference: DA1022). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, bis(tetraphenylphosphonium) bis-
(cis-1,2-dicarbomethoxyethylene- 1,2 -diseleno ) palla-
date(II) {alternative name: bis(tetraphenylphosphonium)
bis[dimethyl 2,3-bis(selenido)but-2-ene-1.4-dioato-Se,Se']-
palladate(II)}, (C24H20P)2[Pd(C¢HgO1Se2)2], shows a
similar structure to the telluro, seleno, and sulfido ana-
logues with other transition metals.

Comment

The reaction of activated acetylenes with polychalco-
genide chains is well documented (Bolinger & Rauch-
fuss, 1982). One reaction of interest is that of dimethyl
acetylenedicarboxylate with selenometalates (Ansari et
al., 1989). Whereas many reactions of this type have
been attempted, few of the products have been struc-
turally characterized (Ansari et al., 1990). In addition,
no reactions had been attempted with the use of Group
X selenometalates. By reacting dimethyl acetylenedi-
carboxylate with a selenopalladate species, the title com-
pound, (1), was synthesized.
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This structure possesses similar bond lengths to
the other known cis-1,2-dicarbomethoxyethylene-1,2-di-
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