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factors Aj =0.0686 and R2 = 0-0912 (all anisotropic 
refinement). The missing fluorine atom could not be 
located in a difference Fourier map and an attempt to 
refine it in a calculated position failed. In addition, the 
four equatorial fluorine atoms refused to remain in a 
plane containing the phosphorus atom; they always 
moved away from the rest of the molecule. Finally, the 
short distance from P to Ru(l) could not be reconciled 
with a P-F-Ru group having a normal P-F distance 
and a weak F to Ru bond. As soon as the axial ligand 
was assigned as PF4O, all these difficulties were 
avoided. With this model the refinement (all aniso­
tropic) converged to Aj = 0.0561 and A2 = 0.0761. 
Analysis of the data showed that two low-angle, weak 
reflections gave a very bad fit and these were removed 
from the data set. Final figures of merit are summa­
rized in Table 1. Further crystallographic data and 
details are available on request.

Abstract : The compound Ru2(PhNNNPh)4 was oxidized in CH2C12 with AgPF6. From a 
CH2C12/(C2H5)2O solution left to evaporate in air for one month blue-green crystals of 
Ru2(PhNNNPh)4OPF4, in which the PF4Oe ion is coordinated to one Ru atom (Ru-O: 
220(1) pm), were obtained. Other principal distances are: Ru-Ru 238.5(2) pm, P-O 
145.5(11) pm, P—F 159(1) pm. Angles in the PF4O® ion are: O-P-F 111.6(4)°, F-P-F (cis) 
82.2(6)°, F-P-F (trans) 136.7(6)°.

The preparation of Ru2(PhN3Ph)4, 1, as 
well as its derivatives, 1(NO)2, l(lBuNC), 
and 1(CO)2 has been reported by Lindsay 
et al.11], but they were unable to obtain 
crystalline material for structural charac­
terization of 1. In this Laboratory, we have 
been able to obtain the similar compound, 
Ru2(pTolN3pTol)4,2, and to characterize 
it structurally as well as in other ways121. 
Based on the reported diamagnetic ground 
states of both 1 and 2 and the long Ru-Ru 
distance we observed121 in 2, viz. 2.417(2) A, 
we previously proposed that 2 (and pre­
sumably 1) have ground states based on 
the electronic configuration cr 27i4<527t* 4, 
which is in contrast to the ground state 
<727i4d2J* 27r* 2 for which we have recently 
provided evidence131 in Ru2(O2CR)4L2 
molecules.

Since the removal of one electron from a 
<727r4<527i* 4 configuration should give a 
<727t4J27t* 3 configuration, we would expect 
a compound containing one of the cations, 
Ru2(RN3R)4®, R = C6HS or p-CH3C6H4, to 
have certain characteristics (e.g., one un­
paired electron, a ti^ti* absorption band 
as well as a d->d*  band). Of particular 
interest, if such a cation could be observed 
free of any axial ligation, the Ru-Ru dis­
tance might be expected to decrease by 
about 7 pm (the basis for this estimate is 
given in Ref.!21), whereas if significant axial 
ligation occurs, the reduction would be less 
drastic. We have attempted the prepara­
tion of some Ru2(RN3R)4X compounds to

test these predictions. In one case, we ob­
tained a product with an additional feature 
of unusual interest, and that is described 
here.

Experimental

AgPF6 was purchased from Strem Chemical Com­
pany and used as received. The preparation of 
Ru2(C6H5NNNC6H5)4 followed a literature method1'1. 
The product was recrystallized from toluene.

Ru2(PhN3Ph)4, 0.595 g (1 mmol) was dissolved in 
20 mL CH2C12. To this a solution of AgPF6, 0.253 g 
(1 mmol) in 5 mL of CH2C12 was added with stirring. 
The color of the reaction mixture changed immediately 
from dark purple to deep green. After stirring at room 
temperature for 30 min the reaction mixture was fil­
tered through a short Celite column to remove precipi­
tated metallic silver. At this point it was concluded that 
the Ru2(PhN3Ph)^ is air stable since monitoring of the 
UV/VIS spectrum over a period of two days did not 
show any change.

Attempts to grow single crystals from different 
solvent mixtures failed at first. A dichloromethane­
ether solution that was left for slow evaporation in air 
for about one month deposited some crystalline mate­
rial. This solid was washed with methanol, which 
removed some green soluble material and the remain­
ing solids were redissolved in dichloromethane and 
layered with ether. A small crop of nicely shaped 
crystals grew in a few days and these were used for 
X-ray study. UV/VIS (CH2C12 solution) zma, = 710 
nm, zmax = 318 nm (this is the spectrum of the actual 
crystals used for the X-ray analysis).

X-ray Crystallography: The crystals were examined 
under a microscope and most of them were single 
crystals. The color was blue-green and the morphology 
was thin rectangular plates. The unit cell dimensions 
and the Laue class (4/m) were confirmed with axial 
photographs. The space group, P4/n (No. 85) was 
uniquely determined from systematic absences. Treat­
ment of the data was routine to our Laboratory. Data 
reduction and refinement were done with an SDP-plus 
package software.

The structure was solved by the direct methods part 
of the SHELXS-86 program package [4l It revealed the 
dinuclear molecule on a special position (fourfold axis). 
A few cycles of least squares refinement and a differ­
ence Fourier map showed additional electron density 
on the fourfold axis that was at first assumed to be the 
PF6® anion. The P atom behaved well under refine­
ment. However, one of the axial F atoms was missing, 
and the moiety was refined as PF5 to give agreement

Table 1. Crystal Data for [Ru2(Ph2N3)4]OPF4.

Formula Ru2PF4ON12C48H40
Formula weight 1110.0
Space group P4/n
Systematic absences hkO: h + k / 2n
«[A] 13.370(3)
MÂ] 13.370(3)
c[A] 12.671(5)
a [deg] 90
J?[deg] 90
7 [deg] 90
^[A3] 2265(1)
Z 2
Scalcfe/Cm3] 1.628
Crystal size [mm] 0.2 x 0.25 x 0.05
0(MoKa) [cm-1] 7.554
Data collection instrument CAD-4
Radiation (monochromated MoKœ (Â« = 0.71073 A)

in incident beam)
Orientation reflections,

number, range (20) 25,15 <20 <27
Temperature [°C] -80
Scan method co-20
Data collection range, 20 [deg] 4, 50
Number of unique data, total 1644, 1292

with Fo2 > 3<r(F02)
Number of parameters refined 157
Trans, factors, max., min. 0.9911,0.9233
Ra) 0.0504
*w> 0.0647
Quality-of-fit indicator0) 1.768
Largest shift/esd, final cycle 0.02
Largest peak [e/Â3] 0.65

a) R=E||FO|-|FC||/T|FO|.
b) Rw = [Sw(|Fo| - IFeDVSwIFol2]112; w = l/u2(|Fo|).
c) Quality-of-fit

= Pw(|Fo| - |Fc|)2/(Nobs - Nparameters)]'/2.

The novel molecule is depicted in Fig. 1, 
and the principal interatomic distances 
and bond angles are listed in Table 2. The 
molecule has crystallographic 4-fold sym­
metry and the P-O-Ru(l)-Ru(2) chain is 
strictly linear. The central Ru2N8 group has 
essentially (but not exactly) D4h symmetry. 
The Ru-Ru distance, 238.5(2) pm is about 
as expected. While the loss of one it*  elec­
tron might be expected to shorten it by ca. 
7 pm from that in the parent neutral mole­
cule, which would lead to a value of ca. 235 
pm, the presence of a strongly coordinated 
axial ligand weakens the a bond and causes 
an increase, resulting in the larger observed 
value.

Unexpectedly, the most interesting fea­
ture of this structure is the presence of a 
PF4O® ion as the axial ligand. The pres­
ence of this species is proposed on the basis
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of X-ray crystallographic data and deduc­
tions therefrom.

It does not appear that the PF4Oe ion 
(nor its analogs, AsF4Oe and SbF4Oe) has 
previously been obtained in an isolable 
chemical compound. While there is some 
evidence for its formation in negative-ion 
mass spectra[5], thermodynamic considera­
tions were said to indicate141 that it is 
distinctly unstable (by 76 kcal mol-1) to the 
following disproportionation process:
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2 PF4Oe ->■ PF6e + PF2O2®

Experimental studies have either support­
ed this conclusion171 or have, at the very 
least, failed to provide evidence for the ex­
istence181 of the PF4Oe ion. Experimental 
results for related arsenic and antimony 
systems show that by loss of HF from 
[AsF5(OH)]e and [SbF5(OH)]e only poly­
meric substances are obtained '"I

Presumably the PF4Oe ion in our com­
pound arose by partial hydrolysis of the 
PF6® ion over the long period of time re­
quired to obtain the crystalline product, 
during which the solution was exposed to 
ordinary laboratory air that contained 
moisture. The resulting PF4Oe ion may in­
deed be unstable, as indicated by earlier 
studies, in a simple ionic compound such 
as CsPF4O, but it is able to exist in this 
compound by virtue of being coordinated 
strongly.
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Fig. 1. The [Ru2(PhNNNPh)4]OPF4molecule. Atoms are represented by their ellipsoids of 
thermal displacement except for the carbon atoms, which are shown as arbitrarily small 
circles for clarity.

Table 2. Selected bond distances [A] and bond angles [deg] for [Ru2(triazen)4]POF4. Numbers in parentheses are 
estimated standard deviations in the least significant digits.

Ru(l)-Ru(2) 
Ru(l)-O 
Ru(l)-N(l)

2.385(2)
2.201(10)
2.038(6)

Ru(2)-N(3)
P-O 
PF

2.013(6)
1.455(11)
1.590(11)

N(l)-N(2) 
N(l)-C(10) 
N(2)-N(3)

1.297(8)
1.414(9)
1.321(8)

Ru(2)-Ru(l)-O 180.00(0) N(3)-Ru(2)-N(3) 176.1(3) Ru(l)-N(l)-N(2) 124.7(4)
Ru(2)-Ru(l)-N(l) 87.2(2) N(3)-Ru(2)-N(3) 89.9(2) N(l)-N(2)-N(3) 115.7(6)
N(l)-Ru(l)-N(l) 174.3(2) O-P-F 111.6(4) Ru(2)-N(3)-N(2) 124.4(5)
N(l)-Ru(l)-N(l) 89.9(2) F-P-F 136.7(6) Ru(2)-N(3)-C(20) 122.9(5)
Ru(l)-Ru(2)-N(3) 88.0(2) F-P-F 82.2(6)
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