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Abstract. Treatment of the hydrazine salt [Ru(COD)(H,NNH,),][BPh,],
with excess of P(OMe),Ph in acetone gave a homoleptic complex
trans-[Ru{P(OMe),Ph}¢][BPhy],, which was characterized by IR,
3Ip{'H}, 3C{'H}, and 'H NMR spectroscopy, elemental analysis, and

X-ray crystallography. The ruthenium in the complex has distorted
octahedral coordination arrangement and bonded to all the six
P(OMe),Ph molecules through the phosphorus atoms.

Introduction

There is continued interest in research into the coordination
chemistry of Ru''-phosphine complexes due to their wide ap-
plication in homogeneous catalysis.!'! Interest in homoleptic
Ru"-phosphorus donor complexes in particular is not only due
to their rich structural chemistry and reactivity but also to their
unusual redox properties.?! Such complexes often contain
weakly-bonded anions making them highly suitable in mech-
anistic studies.’® They are also very useful as precursors in
synthesis and they may readily give active sites in catalysis."!
In this regard, a vast number of Ru-phosphine complexes
have been prepared including very few reports on homoleptic
Ru'" phosphorus-donor complexes.!*! Such stable and isolable
complexes have been obtained for three molecules of a biden-
tate diphosphine, 1,1-bis(diphenylphosphanyl)ethane, sur-
rounding a Ru'! ion to form hexacoordinate complexes.?=!
Other examples in the literature are for mixed bidentate (L-L)
and monodentate (L) ligands. Reported examples of this type
of homoleptic compounds are for [Ru(P-P),(L),]** [P-P =
dppe; L = P{OMe}; and PMe;].>* So far there has been no
crystal structure report of homoleptic Ru! compounds bearing
only monodentate phosphorus donor ligands. While the inabil-
ity to prepare homoleptic Ru'"-diphosphine complexes with ar-
yldiphosphines has been attributed to steric constraints,’>*! the
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reason for unsuccessful attempts to prepare monodentate
homoleptic Ru™-phosphorus donor complexes remain unrav-
eled. We wish to report herein the successful isolation and
characterization of a homoleptic Ru'' complex with six mono-
dentate phosphine ligands prepared by treatment of the hydra-
zine salt [Ru(COD)(H,NNH,),][BPh,], in acetone with excess
dimethylphenylphosphonite [P(OMe),Ph].

Applications of the polymer [{RuCl,(COD)},] (1) (COD =
cyclo-octa-1,5-diene) as a useful synthetic precursor to a wide
range of ruthenium compounds has been documented.>*! Due
to high insolubility of this polymer in most organic solvents,
reactions with it are usually carried out under extreme condi-
tions, which require filtration steps and long reaction times.[”!
Most often products from these reactions are obtained in mod-
erate to low yields.’® However, suspensions of this polymer in
methanol have been found to react rapidly with hydrazines to
produce clear solutions, from which cationic ruthenium(II)
salts were isolated in quantitative yield on addition of suitable
counter anions.’®! Such derivatives of the polymer contain la-
bile hydrazine groups in solution making them ideal precursors
for the synthesis of an extensive range of ruthenium(Il)
salts.”?!  The most commonly applied among these
hydrazine derivatives is the ruthenium(II) hydrazine salt
[Ru(COD)(NH,NH,)4][BPhy], (2) and we have recently dem-
onstrated the use of readily available and non-regulated hy-
drazine hydrate to produce 2 instead of pure anhydrous
hydrazine usually employed in this reaction.l!%

We have now found that the reaction of 2 with
excess P(OMe),Ph in acetone did not give the Ru'-
bishydrazone salts as reported in the literature!!'™-!?! but a
homoleptic  ruthenium(II)-phosphorus ~ donor  complex
[Ru(P(OMe),Ph)¢][BPhy]> (3). An X-ray diffraction study of a
suitable crystal of 3 was therefore undertaken to confirm the
structure. This complex is the first example ever of a homolep-
tic ruthenium(Il)-phosphorus donor complex. The crystallo-
graphic structure of a homoleptic Ru™-phosphorus donor com-
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plex with two chelating 1,1-bis(diphenylphosphanyl)ethane
and two P(OMe); ligands has, however, been reported.'?!

Results and Discussion

Treatment of the hydrazine salt 2 with excess P(OMe),Ph
in refluxing acetone for 19 h gave in good yield a product of
stoichiometry [Ru(P(OMe),Ph)s][BPh,],. The complex was of
limited stability and was therefore stored in an inert atmo-
sphere. The complex is soluble in CHCI;, CH,Cl,, DMF, and
DMSO solvents but not in methanol, ethanol, hexane, pentane,
THEF, and diethyl ether.

Spectroscopic Analyses

In order to study the bonding mode of ligand to metal in the
new compound, the IR and the 'H NMR spectra of both the
precursor 2 and those of complex 3 were compared. The com-
plex has a new v(Ru—P) band at 528 cm~',!'3! while all the
other characteristic IR bands observed in 2!!%! were completely
absent. The 'H NMR spectrum of 3 contains a singlet at § =
3.26 ppm, which was assigned to the protons on the methoxy
groups of P(OMe),Ph but lacks the proton resonances of coor-
dinated COD and hydrazine. The phenyl protons on the BPh,
molecule were observed as multiplets in the expected ratio of
2:2:1 between 6.80-7.2 ppm, while those on the P(OMe),Ph
were also observed as multiplets between 7.30-7.90 ppm. The
13C spectrum of 3 in DMSO gave a series of lines in the region
122-136 ppm, which were assigned to the aromatic carbon
atoms of the phenyl rings, while the presence of methoxy car-
bon atoms were observed as a single line at 6 = 57.22 ppm.
The 3'P{'H} NMR spectrum of 3 is a singlet at 6 =
154.81 ppm, which indicates that all the phosphorus atoms in
the complex are chemically equivalent.!'#! The 3'P chemical
shift of free P(OMe),Ph has been reported at &
+165.09 ppm.!*>! The coordination shift is therefore 11 units
upfield when the free P(OMe),Ph becomes coordinated to the
ruthenium in [Ru{P(OMe),Ph}¢]** complex.

X-ray Crystallography Diffraction Analyses

Crystals of [Ru{P(OMe),Ph}¢][BPhy], (3) suitable for X-
ray diffraction studies were obtained by a slow diffusion of
diethyl ether into a solution of the complex in CH,Cl,. The
structure consists of two tetraphenylborate anions (not shown)

Figure 1. ORTEP view of the structure of the [Ru{P(OMe),Ph}¢]**
cation with numbering scheme adopted. The BPh,~ anions and hydro-
gen atoms are omitted for clarity. Ellipsoids are shown at the 50 %
probability level.

and a cation shown in the ORTEP diagram in Figure 1. The
structure shows six P-bonded P(OMe),Ph ligands coordinated
in a distorted octahedral arrangement to the central Ru?* cation
with two BPh, anions outside the coordination sphere. The
average Ru—P-C bond angle of 127.28(14)° in 3 indicates that
the P(OMe),Ph ligands bind to the ruthenium with the phenyl
ring significantly bent. The P-Ru-P angles between mutually
trans P(OMe),Ph ligands are 176.52, 171.72, and 171.9(4)°.
The angles around the ruthenium atom are all close to 90°
(mean = 87°) in line with the octahedral coordination arrange-
ment. The six phenyl rings in the structure have the average
C—C bond length of 1.393(6) A and C—C—C bond angles of
120.1°, which are within the accepted values of 1.394 A and
120° for phenyl rings.['! Mean P-O and O-C distances are
1.596(3) and 1.450(5) A and are normal.!'”! The mean Ru-P
distance in 3 (2.3714 A) (Table 1) is signicantly longer than the
average Ru—P bond length of 2.31 A reported for 14 sterically
crowded complexes containing trans-[Ru(dmpe),] moie-
ties!* 181 suggesting some steric crowding in 3.1>#! In solution,
the hydrazone groups probably become destabilized due to the
dominant steric interactions of the P(OMe),Ph ligands, which
explains the formation of the homoleptic complex 3 in prefer-

Table 1. Major bond lengths /A and bond angles /° of the ruthenium complex [Ru{P(OMe),Ph}][BPhy],.

Rul-P1 2.4042(12) P1-0O1 1.600(3) P4-C27 1.824(4)
Rul-P2 2.3498(11) P2-03 1.570(3) P5-C35 1.816(4)
Rul-P3 2.3554(11) P3-06 1.594(3) P6-C43 1.817(4)
Rul-P4 2.3814(11) P4-04 1.556(3) C3-C4 1.412(4
Rul-P5 2.3493(11) P5-09 1.607(3) C3-C8 1.394(4)
Rul-P6 2.3881(11) P6-0O11 1.599(3) C15-Cl6 1.401(4)
P2-Ru—P4 87.72(4) P2-Ru-P4 176.12(4)

P3-Ru-P6 89.47(4) P2-Ru-P6 93.28(4)

P1-Ru-P3 171.72(4) P5-Ru-P6 171.90(4)

P2-Ru-P3 87.72(4) P1-Ru-P2 84.12(4)
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ence to the hydrazone.['®! The arrangement of the tetraphen-
ylborate ions is in agreement with that found in other struc-
tures?®2!1 and no interactions was found between these ions
and the ruthenium(II) core.

Conclusions

The complex [Ru{P(OMe),Ph}¢][BPhy], (3) was synthe-
sized from [Ru(COD)(H,NNH,),][BPh,],. A distorted octahe-
dral structure was assigned to the complex by analyzing ele-
mental, spectral, and single-crystal X-ray crystallographic data.
The X-ray crystallography analysis revealed that complex 3 is
hexacoordinate with six P(OMe),Ph ligands and two tet-
raphenylborate anions outside the coordination sphere. No in-
teraction between the central ruthenium(II) atom and the tet-
raphenylborate anion was observed. Work is in progress to ex-
pand the scope of this research to other monodentate phos-
phines and phosphites and also to extend the study to investi-
gation of the redox and spectroscopic properties of the re-
sulting complexes.

Experimental Section

Synthesis of Hexakis(dimethylphenylphosphonite)ruthenium(II)
bis[tetraphenylborate(-1)]: [Ru(COD)(H,NNH,),][BPhy4],» 2)
(1.26 g, 1.20 mmol) was dissolved in acetone (50 mL). The acetone
was degassed by three freeze thaw-cycles. An excess of dimethylphen-
ylphosphonite (1.30 g, 7.60 mmol) was added and the solution was
refluxed in an argon atmosphere for 19 h. A yellowish precipitate sepa-
rated out of the solution after this period, which was collected and
dried under vacuum to obtain a colorless crystalline solid. The com-
pound was then recrystallized by slow diffusion of Et,O into the solu-
tion of the complex in CH,Cl,. Yield: 1.36 g, 65%. M.p.: decomp
> 240 °C. IR: V = 528 v(Ru-P) cm™'. 'H NMR (CD,Cl,): § = 3.26
(s, OCH3), 6.79-7.20 [m, B(C¢Hs),], 7.30-7.90 (m, C¢Hs) ppm. 3C
NMR (CD,Cl,): § = 122-136 (m, C¢Hs) ppm. 3'P NMR (CD,Cl,):
0 =154.81 ppm. CycH,6B-0;,PgRu: caled. C 65.49; H 6.03 %; found:
C 64.86; H 5.72 %.

Supporting Information (see footnote on the first page of this article):
Experimental procedures as well as details of the X-ray single crystal
structure refinement are given.
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