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Abstract-The reaction of the tridentate rigid ligand PNP (2,6-bis(diphenylphosphinomethyl)pyridine) with 
RuCI,(PPh,), led to the formation of two new ruthenium(I1) complexes, RuC12(PNP)(PPh,) (1) and 
[RuCl(MeCN)(PNP)(PPh,)]Cl (2), which were analytically and spectroscopically characterized. The X-ray 
diffraction study of 1 shows that the PNP ligand coordinates Ru in a meridional mode, and reveals some steric 
congestion within the complex. Copyright cl 1996 Elsevier Science Ltd 
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Homogeneous catalysis by transition metal complexes 
provides mild and selective routes to various chemicals 
of industrial importance [l] and the search for new 
efficient catalysts remains an important objective. 

Ruthenium complexes have received considerable 
interest as catalysts for the hydrogenation of various 
substrates, particularly in the enantioselective 
reduction of ketones and alkenes [2]. We have been 
interested in the use of tridentate ligands for such cata- 
lytic reactions and have reported recently the synthesis 
of a family of C,-symmetric chiral tridentate diphos- 
phine ligands [3]. The coordination chemistry of the 
simplest achiral member of this family, 2.6-(diphe- 
nylphosphinomethyl)pyridine (hereafter designated 
PNP), has been well studied, but with few applications 
of the obtained complexes in catalysis [4-71. As a result 
of the rigid backbone and fused five membered ring 
chelation about the metal centre. this PNP ligand 
should in preference form meridional rather than facial 
complexes. This is noteworthy because when the chiral 
C-symmetric ligand analogues are used, the C, axis 
can be preserved in the mer but not in theftic arrange- 
ment. This will be important in enantioselective reac- 
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tions, as the number of diastereoisomeric forms of 
catalytic intermediates will thus be limited and permit 
greater stereocontrol of the reaction [8]. 

PhzP i’Ph, 

PNP 

We report here the synthesis and characterization 
of two new ruthenium(l1) complexes bearing the PNP 
ligand, including a structure analysis by X-ray 
diffraction methods. 

EXPERIMENTAL 

General 

All experiments were carried out under a nitrogen 
or argon atmosphere, using a vacuum line or Vacuum 
Atmospheres glovebox equipped with Dri-Train HE- 
493 inert gas purifier. Conductivity measurements 
were performed with a WTW LF535 apparatus. ‘H 
(300 MHz) and “P(‘H) (121.5 MHz, broadband 
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decoupled) NMR spectra were recorded in CDCI, on 
a Bruker AC300 instrument and referenced to Me,Si 
and 85% aqueous H,PO,, respectively. FT-IR spectra 
were recorded on a Perkin-Elmer 1600 Series spec- 
trometer on KBr pellets. FAB MS spectra and elemen- 
tal analyses were carried out by the corresponding 
facilities at the Centre de Recherche de Chimie, Univ- 
ersite Louis Pasteur, Strasbourg. Methylene chloride 
and acetonitrile were distilled under nitrogen over cal- 
cium hydride, and pentane over sodium. PNP [4] and 
RuC12(PPh,)? [9] were prepared following literature 
methods. 

Preparation of‘RuCl,(PNP)(PPh,) (1) 

A solution of PNP (100 mg, 0.210 mmol) and 
RuCI,(PPh,), (210 mg, 0.219 mmol) in 20 cm3 CH$l, 
was refluxed for 15 min. The orange solution obtained 
was left at 0 C for 24 h, and 1 precipitated as orange 
crystals that were collected by filtration, washed with 
pentane and dried in vacua. Yield : 94%. FAB MS m/z 
(assignment, relative intensity) : 909.0 (M+, 66%), 
874.0 ([M-Cl]+, 45%), 838.1 [M-2Cl--HI+, 28%) 
647.0 ([M-PPh,]+, loo%), 612.0 ([M-Cl-PPh,]+, 
59%), 576.0 ([M-2CI-H-PPh,]+, 72%). ‘H NMR 
6 (ppm): 7.57-7.00 and 6.9G6.83 (m, 38 H, H,,,,), 
4.54 (t, 4H, CH,). 

Preparation of [RuCl(MeCN)(PNP)PPh,)]Cl (2) 

A solution of PNP (100 mg, 0.210 mmol) and 
RuCl,(PPh,)? (210 mg, 0.219 mmol) in 20 cm3 CH,CN 
was refluxed for 30 min. The dark yellow solution 
obtained was left at 0°C for 24 h, and a small crop of 
crystals of 1 precipitated. After filtration, the filtrate 
was concentrated and left again for 24 h at O’C. Fine 
yellow crystals were collected by filtration, washed 
with pentane and dried in vacua. Yield : 85%. Found : 
C, 64.2 ; H, 4.6 ; N, 2.8. Calc. for C,,H,,N,P,CI,Ru : 
C, 64.4; H, 4.8; N, 2.9%. FAB MS m/z (assignment, 
relative intensity): 915.1 [M-Cl]+, 19%), 874.1 
([M-Cl-CH,CN]+, lOO%), 838.1 ([M-H- 
ZCl-CH,CN] +, 46%) 612.0 ([M-Cl- 
CH,CN-PPh,] + / 73%) 576.0 ([M-H- 
2Cl-CH,CN-PPh,] +, 87%). ‘H NMR 6 (ppm): 
7.75-7.09 and 6.90-6.84 (m, 38 H, H,,,,), 4.86 and 
4.53 (2dt, 2 x 2H, CH,), 1.73 (s, 3H, CH,CN). 

RESULTS AND DISCUSSION 

The reaction of PNP with a slight excess of 
RuCI,(PPh,), in refluxing methylene chloride leads 
to the neutral complex RuCl,(PNP)(PPh,) (1) as an 
orange, air-stable, diamagnetic crystalline solid in 
excellent yield. Two IR bands (KBr pellet) are 
observed at 1599 and 1565 cm-’ which are charac- 
teristic of a coordinated pyridine [4]. In addition, a 
weak band at 328 cm-’ is indicative of two mutually 
trans chlorides, according to the interpretation given 
by Bianchini and coworkers for an analogous 
ruthenium complex [IO]. The “P{‘H} NMR spectrum 

of 1 in CDCl, exhibits a doublet at 35.3 ppm and a 
triplet at 41.8 ppm (‘Jpp = 28.6 Hz), these chemical 
shifts falling in the range expected for coordinated 
PNP and PPh, ligands [7,11]. The two PNP phos- 
phorus atoms are thus chemically equivalent and 
coupled to the phosphorus of a triphenylphosphine 
located in a cis position, as indicated by the magnitude 
of the coupling constant. 

The ‘H NMR spectrum shows a triplet at 4.54 ppm 
attributed to the methylene protons (Fig. I (a)). This is 
typical of an A2A;XX’ system where each proton is 
virtually coupled to the two equivalent phosphorus 
nuclei ( 1 *JHpt4JH, 1 = 9.7 Hz). Such a situation has 
been frequently described in the literature concerning 
other PNP coordination compounds [6,7] and is charac- 
teristic of a meridional coordination, where the two 
protons of each CH, moiety are chemically equivalent. 
Therefore the molecule possesses a plane of symmetry 
that comprises the three donor atoms of PNP, so that 
PPhl necessarily lies tram to the pyridine nitrogen. 

The X-ray diffraction study of 1. CH,CN confirms 
this interpretation (Fig. 2) [12]. Selected bond dis- 
tances and angles are given in Table 1. 1 appears as a 
monomeric complex with a somewhat distorted octa- 
hedral geometry around the ruthenium. Importantly, 
it is confirmed that the PNP hgand coordinates the 
metallic center in a tridentate meridional mode, with 
the triphenylphosphine ligand tram to pyridine. It is 
probable that the alternative cis configuration would 
be unstable because of an increased steric hindrance 
between the phenyl groups on the three phosphorus atoms. 

All Ru-P (2.34G2.368 A), Ru-Cl (2.412, 2.426 
A) and Ru-N (2.168(2) A) distances lie within the 
normal range [ 131; in particular, the ruthenium-phos- 
phorus and ruthenium-chloride bond lengths com- 
pare well with the corresponding bond lengths 
observed by Bianchini et al. in the closely related com- 
plex mer-RuClJnPrN(CH,CH,PPh,),] (PPh,) [ 141. 
The values of the P(l)-Ru-N and P(2)-Ru-N 
bond angles (78.60,79.3 1”) are also very close to Bian- 
chini’s data (79.45, 80.69”), or to the value of 80.3(l)’ 
found by DuBois et al. [7] for the N-Pd-P angle in 
the cationic complex [Pd(PNP)(PEt,)]‘+. The 
ruthenium atom lies approximately in the plane 
defined by the nitrogen and the three phosphorus 
atoms, with a deviation of only 0.018 A. The four 
hgands cis to PPh, are all bent away from PPh,, as 
illustrated by the reduced Cl( I)-Ru-Cl(2) angle 
(171.81(3)“) and the even smaller P(l)-Ru-P(2) 
angle (157.90(3)“). A large C1(2)-Ru-P(2) angle 
of 95.49(3)’ is observed, while the Cl(l)-Ru-P(2) 
angle is normal (88.17(3)“). The reason for this is 
probably that Cl(2) is sterically hindered by C(49) 
and therefore bent away from P(2). These con- 
siderations of the bond distances and angles in 
RuCl,(PNP)(PPh,) show that the molecule is steri- 
tally congested, as seven phenyl groups and two chlor- 
ides are forced together in close proximity. In 
comparison, the RuCl,[nPrN(CH,CH,PPh,),](PPh,) 
and [Pd(PNP)(PEt,)]‘+ complexes suffer less steric 
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Fig. 1, ‘H NMR signals of the PNP methylene protons in CDCL ; (a) complex 1; (b) complex 2. 

hindrance, probably because in the first case 
nPrN(CH2CH,PPhJ2 is more flexible than PNP, and 
in the second PEt, is less bulky than PPh, and further, 
the complex bears no axial ligand. 

When the reaction of PNP on RuCI,(PPh& is per- 
formed in acetonitrile instead of methylene chloride 
and at higher temperature (MeCN reflux), yellow 
crystals of 2 are obtained in good yield, 1 now being 
present as a by-product. Like 1, 2 is diamagnetic and 
stable in the air. Its elemental analysis is consistent 
with the formula RuCl,(MeCN)(PNP)(PPh,). The 
value of the molar conductivity of 2 in acetonitrile is 
106 Q-’ cm* mol-’ at a 2 x lOA M concentration, 
which falls within the expected range (92-199 R-’ cm2 
mol ‘) for a 1 : 1 electrolyte in this solvent [15]. The 
FAB-MS spectrum of 2 (NBA matrix) exhibits a sig- 
nal at m/z 915.1 ; this value and the isotope profile 
structure fit a molecular peak [M-Cl]+ formulated 
as RuCI(MeCN)(PNP)(PPh,)+. The IR spectrum of 
2 shows two bands at 2276 and 2351 cm-’ charac- 
teristic of an end-on coordination of the acetonitrile 

ligand [7, 161. Further, the bands in the 15OG-1600 
cm-’ region are very similar to those displayed in the 
spectrum of 1 (1598 and 1562 cm-‘), indicative of a 
coordination of Ru” by the central pyridine moiety. 

The “P{ ‘H} NMR spectrum of 2 resembles very much 
that of 1 (doublet at 3 1.3 ppm and triplet at 42.0 ppm ; 
‘J,, = 26.5 Hz). However the PNP methylene signals 
now appear in the ‘H NMR spectrum as a set of two 
doublets of triplets centered at 4.53 ppm and 4.86 ppm. 
corresponding to an AA’BB’XX’ system [6a] (Fig. 1 (b)). 
The two methylene protons borne by each carbon are 
no longer equivalent, and a gem coupling constant of 
16.9 Hz is observed. Each of them is virtually coupled 
to the phosporus atoms, with slightly different coupling 
constants (12J,p+4JHY( = 8.9 and 9.4 Hz). The plane 
of symmetry observed for 1 (vi& sup@ is lost, indicating 
the presence of two different axial ligands. 

When 2 is allowed to stand in CDCl, for 24 h, 
the solution turns from yellow to orange and orange 
crystals form. “P and ‘H NMR analyses indicate that 
the totality of 2 has been converted into 1 : 

cDc13 + MeCN 

2 
(hypothetical structure) 



294 L. Barloy et al. 
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c (49) c (48)‘( 

C(40) C(41) 
Fig. 2. ORTEP drawing of RuCI,(PNP)(PPh,) * CH$N showing 30% probability thermal ellipsoids and the atom-numbering 

scheme. MeCN and hydrogen atoms are omitted for clarity. 

Table 1. Selected bond distances (A) and bond angles (“) for 1. CHJZN 

Ru-Cl( 1) 
Ru-Cl(2) 
Ru-P( 1) 
Ru-P(2) 
Ru-P(3) 

Cl(l)-Ru-Cl(2) 
Cl(l)-Ru-P(1) 
Cl(l)-Ru-N 
Cl(l)-Ru-P(2) 
Cl(l)-Ru-P(3) 
C](2)-Ru-P(1) 
C](2)-Ru-N 
Cl(2)-Ru-P(2) 
Cl(2)-Ru-P(3) 
P(l)-Ru-N 
P(l)-Ru-P(2) 
P(I)-Ru-P(3) 

2.4122(7) 
2.4263(7) 
2.3682(7) 
2.3641(7) 
2.3401(7) 

171.81(3) 
89.65(3) 
86.24(6) 
88.17(3) 
92.88(2) 
84.20(3) 
87.31(6) 
95.49(3) 
93.76(3) 
79.31(6) 

157.90(3) 
102.90(2) 

Ru-N 
P(l)-C(l3) 
C(l4)-N 
N-C(l8) 
C(l9)-P(2) 

N-Ru-P(2) 
N-Ru-P(3) 
P(2)-Ru-P(3) 
Ru-P(l)-C(13) 
Ru-N-C( 18) 
Ru-P(2)-C(19) 
Ru-P(3)-C(38) 
P(l)-c(l3)-c(14) 
C(l8)-C(l9)-P(2) 
C(l3)-C(14)-N 
N-C(l8)-C(19) 
C(14)-N-C(l8) 

2.168(2) 
1.842(3) 
1.360(3) 
1.355(3) 
1.835(3) 

78.60(6) 
177.62(6) 
99.17(2) 
98.21(8) 

120.4(2) 
97.32(8) 

118.98(9) 
112.0(2) 
108.4(2) 
117.0(2) 
116.7(2) 
118.4(2) 

A straightforward interpretation of this observation CONCLUSION 
is that the chloride anion and the acetonitrile compete 
as a ligand for ruthenium, the competition being in We have prepared and characterized two new 
favour of MeCN when it is used as the solvent, and ruthenium(H) complexes with the PNP ligand where 
in favour of Cl- in a solvent of low polarity such as it is found to be bound in a meridional way to the 
chloroform. metal. An X-ray crystallographic study has shown 

. 
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that the presence of triphenylphosphine as an ancillary 
ligand induces important steric constraints in these 
complexes. Experiments are under way in our lab- 8. 
oratory to study the catalytic properties of these and 
similar complexes and in particular those of the chiral 
analogues of the PNP for asymmetric catalysis. It will 

9. 

be of interest to compare our findings with the closely 10. 
related results reported by Zhang et al. in a publication 
that appeared during the preparation of this manu- 1 I. 
script [ 171. 
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