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Ruthenium complexes featuring cooperative phosphine-pyridine-
iminophosphorane (PNN) ligands: synthesis, reactivity and 
catalytic activity.  

 Thibault Cheisson, Louis Mazaud, and Audrey Auffrant* 

The coordination to ruthenium(II) centres of two phosphine-pyridine-iminophosphorane ligands LR 

(PPh2CH2(C6H3N)CH2N=PR3, R= Ph or Cy)  differing by the nature of the substituent of the P=N phosphorus was explored. 

Coordination to [RuCl2(PPh3)3] afforded complexes [RuLRCl2(PPh3)] that were succesfully deprotonated at the acidic 

phosphinomethyl position. With LCy, coordination led to a mixture of two isomers. Complexes [RuLRHCl(PPh3)] were 

similarly obtained from [RuHCl(PPh3)3]. The stability of these complexes depends on the ligand substitution pattern; with 

LPh a CH activation process took place, while [RuLCyHCl(PPh3)] was thermally stable. Deprotonation of this latter complex 

was achieved and gave a catalytically competent species for the accceptorless dehydrogenative coupling of alcohols.  

Introduction 

The development of organometallic complexes incorporating 

active or cooperative ligands has received considerable 

attention.1 In such systems, key elementary bond-breaking 

and/or -forming steps involve both the ligand and the metal, 

the latter not varying its oxidation state during the process. 

Pioneering works of the Noyori group have demonstrated the 

beneficial effect of the presence of an NH bond in the 

coordination sphere of ruthenium complexes to achieve fast 

and efficient transfer hydrogenation of ketones or imines. In 

the key step of the catalytic cycle, the sp2 carbon is reduced by 

a metallic hydride whereas the proton going on the hetero-

atom (N or O) is shuttled by the coordinated amino group.2 

Since then, a variety of catalytic systems involving the 

reversible protonation of a coordinated nitrogen-based moiety 

has been used for (de)hydrogenation processes.3 The reaction 

can also be assisted by the secondary coordination sphere, for 

instance a hydroxyl group.3c,4 Few years ago, Milstein and 

coworkers evidenced another type of cooperativity using 

lutidine-based pincer systems, in which the reversible 

deprotonation of the phosphinomethyl group lead to a 

formally dearomatized pyridine.1d,1g,5 Many variations were 

proposed on this scaffold; the benzylic CH2 group was replaced 

by an oxygen atom6 or an amine function,7 the acridine 

skeleton8 was also used in place of the pyridine one (Chart 1). 

One of the coordinating phosphine was also changed for a 

nitrogen donor such as a pyridine,9 a pyridone,10 or a 

dialkylamine.11 In the latter case, the hemilability of the amine 

group remarkably impacted the outcome of catalytic reactions 

compared to what observed with an analogous PNP ligand.11 

This prompted us to synthesise another type of PNN ligand 

combining a proton responsive phosphinomethyl moiety and 

an iminophosphorane (N=PR3) group. The latter is a strong  

and  donor,12 which is capable of hemilability.13 We 

previously reported the coordination of such a ligand (LPh, 

Chart 1) to palladium centres and evidenced the reactivity of 

the phosphinomethyl arm.14 In this paper, we examine the 

coordination of two iminophosphorane containing PNN pincer 

ligands (LPh and LCy, Chart 1) to ruthenium(II) and the reactivity 

of their ruthenium-hydride complexes. The catalytic 

dehydrogenative coupling of alcohols into esters is also 

reported. 

 
Chart 1: Examples of cooperative PNP, PNNP and PNN ligands 

 

Results and discussion 

Ligands synthesis and structure 

The synthesis of ligand LPh was previously published14 and LCy 

was prepared in a similar one-pot procedure using 2-

(azidomethyl)-6-(chloromethyl)pyridine as the key 

intermediate (Scheme 1). The iminophosphorane function was 

first introduced by a Staudinger reaction using 

tricyclohexylphosphine. The greater bulkiness of the cyclohexyl 

groups increased the kinetic stability of the intermediate 

phosphazide.15 Therefore, the mixture was refluxed to 

complete the extrusion of N2, as confirmed by in-situ 31P{1H} 

NMR spectroscopy showing a singlet at P = 22.3 ppm 
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corresponding to the iminophosphorane. Then, a freshly 

prepared solution of lithium diphenylphosphide in THF was 

slowly added at 0 °C. After 1 h stirring, the formation of the 

phosphine-iminophosphorane derivative was evidenced by 
31P{1H} NMR spectroscopy; two broad signals were observed at 

30.4 and -10 ppm corresponding respectively to the 

iminophosphorane and the phosphine groups. 

Scheme 1: Synthesis of ligand LR.LiCl 

The ligand LCy was isolated in 90% yield as a lithium chloride 

adduct. Two signals corresponding to the benzylic protons 

were observed in the 1H NMR spectrum (THF-d8): a doublet at 

4.62 ppm corresponding to those on the iminophosphorane 

arm (3JP,H = 15.0 Hz) and one broad singlet at 3.94 ppm for 

those on the phosphine arm as determined with 2D 1H-31P 

correlation. The absence of significant 2JP,H is typical of this 

scaffold and was previously documented.14,16 Single crystals 

were obtained by evaporation of a chloroform solution from 

which LCy.LiCl crystallized as a dimer (Figure 1a) with bridging 

chlorides. The lithium cation exhibits a distorted tetrahedral 

geometry (4 = 0.87)17 due to the bidentate coordination of LCy, 

through the pyridine and iminophosphorane moieties. On the 

contrary, the phosphine arm is free without any 

supplementary interaction in the crystal packing. The P=N 

bond length was measured at 1.579(4) Å, which is comparable 

to the bonds measured in the corresponding 

bis(iminophosphorane) derivative (1.574(2) and 1.567(2) Å)13a 

suggesting only a limited interaction with the lithium cation. 

When recrystallized in presence of THF, a solvated monomer 

was observed (Figure 1b). In that structure also, only the 

iminophosphorane and the pyridine are coordinated to the 

lithium cation, the phosphine remaining free. The deformation 

of the tetrahedron around the lithium (4 = 0.86)17  is similar to 

that observed in the dimeric structure as a result of LCy 

geometry (N1–Li1–N2 = 84.1(3)° in LCy.LiCl(THF) and 81.6(4) in 

[LCy.LiCl)2]). There is not much change in the 

iminophosphorane bond length measured at 1.582(3) Å. 

 
  

Figure 1. Thermal ellipsoids plots of [LCy.LiCl]2 (a) and LCy.LiCl(THF) (b); hydrogen atoms 

were omitted, cyclohexyl and phenyl groups were depicted in a wire-frame model for 

clarity. Only one of the two independent molecules of LCy.LiCl(THF) present in the 

asymmetric unit is presented. Selected bond lengths (Å) and angles (°): [LCy.LiCl]2: N1–

P1 1.579(4), N1–Li1 2.05(1), N2–Li1 2.17(1), Li1–Cl1 2.31(1), Li1–Cl1’ 2.38(1); P1–N1–Li1 

130.5(4), N1–Li1–N2 81.6(4), N1–Li1–Cl1 126.8(5), N1–Li1–Cl1’ 114.0(5), N2–Li1–Cl1 

123.0(5), N2–Li1–Cl1’ 108.8(4), Li1–Cl1–Li1’ 78.1(4), Cl1–Li1–Cl1’ 101.9(4). LCy.LiCl(THF): 

N1–P1 1.583(3), N1–Li1 2.014(6), N2–Li1 2.2114(7), Li1–Cl1 2.284(6), Li1–O1 2.002(6); 

P1–N1–Li1 129.1(2), N1–Li1–Cl1 129.2(3), N2–Li1–Cl1 119.6(3), N1–Li1–N2 84.1(2), O1–

Li1–Cl1 110.2(3), O1–Li2–N1 102.4(3). 

Synthesis and deprotonation of ruthenium dichloride complexes 

Coordination of LPh and LCy with various RuII precursors was 

next attempted with mixed results.‡ Reaction between LPh.LiCl 

and [RuCl2(PPh3)3] was rapid at room temperature. After 1 h 

in-situ 31P{1H} NMR spectroscopy showed the appearance of 

four signals: two doublets at 39.1 (2JP,P = 34.0 Hz) and 44.7 

ppm (3JP,P = 19.5 Hz) and a doublet of doublets at 54.3 ppm 

(JP,P = 34.0 and 19.5 Hz) corresponding to [RuLPhCl2(PPh3)] (1Ph) 

(Figure S1) as well as one singlet at -5 ppm characteristic of 

free triphenylphosphine. The reaction mixture was filtered and 

the filtrate was evaporated. The triphenylphosphine was 

removed by washing with light petroleum ether to deliver 

complex [RuLPhCl2(PPh3)] in 88% yield. The 1H NMR spectrum 

of 1Ph at room temperature was poorly defined with 

broadened resonances. At -60 °C, in CDCl3, two AMX systems 

were observed showing that the benzylic protons located on 

the iminophosphorane and phosphine arms are diastereotopic 

(Figure S2). At this temperature, the complex has no planar 

symmetry in solution (C1), which can be explained by: (i) an 

apical position of the PPh3 ancillary ligand, or (ii) a loss of 

planar symmetry due to the coordination of the 

triphenylphosphine in the equatorial plane. The latter 

hypothesis was confirmed by X-ray diffraction studies on single 

crystals obtained by diffusion of n-pentane into a concentrated 

benzene solution (Figure 2a).  



The ruthenium atom is at the centre of a distorted octahedron 

imposed by the meridional coordination of the pincer ligand. 

The N2−Ru1–N1 and P1–Ru1–N1 angles were measured at 

75.6(1) ° and 80.98(7) ° respectively. The chlorine atoms 

occupy the apical positions and the triphenylphosphine is 

coordinated trans to the pyridine. This structure can be 

compared to a reported ruthenium(II) complex featuring a 

tetradentate PNNP ligand, in which the supplementary 

phosphine moiety is directly linked to the amine function 

(Figure 1).18 The bond lengths and angles measured around the 

ruthenium atom were similar to those reported in this 

structure. However, the distortion from planarity is larger in 

1Ph, the pyridine ring is deviated by 21.3° from the main 

coordination plane (P1−N1−N2−P3) to compare with 3.6° in 

the [RuCl2(PNNP)] precedent, and P2 is distant by 1.17 Å from 

this plane (Figure 2b). These deformations explain well the 

marked magnetic non-equivalence observed by 1H NMR 

spectroscopy at -60 °C for the benzylic protons H6a/6b and H7a/7b 

(see Figure S2). The interconversion between the two 

conformations is believed to be hindered by the coordinated 

PPh3 ligand and explains the low resolution of the proton NMR 

spectrum at room temperature. Comparable fluxional 

behaviours were often observed in the subsequent complexes. 
Figure 2: Thermal ellipsoid plots of [RuLPhCl2(PPh3)] (1Ph): (a) perspective; (b) In 
the P3N1⃗⃗ ⃗⃗ ⃗⃗⃗⃗ ⃗⃗  ⃗ direction (with PPh3 ligand omitted). Unless depicted, hydrogen atoms 
were omitted; some phenyl groups were depicted in a wire-frame model for 
clarity. Selected bond lengths (Å) and angles (°): N2–P2 1.600(2), N2–Ru1 
2.249(2), P1–Ru1 2.2537(7), N1–Ru1 2.103(2), P3–Ru1 2.3545(7), Cl1–Ru1 
2.4168(7), Cl2–Ru1 2.4169(7); N2–Ru1–P1 156.42(6), N1–Ru1–P3 171.64(7), Cl1–
Ru1–Cl2 175.74(3), N2–Ru1–N1 75.6(1), P1–Ru1–N1 80.98(7), P3–Ru1–N2 
100.78(6), P3–Ru1–P1 102.80(3), N1–Ru1–Cl1 88.47(7), N2–Ru1–Cl1 91.10(6), 
P1–Ru1–Cl1 85.20(3), P3–Ru1–Cl1 99.22(3), N1–Ru1–Cl2 87.29(7), N2–Ru1–Cl2 
88.19(6), P1–Ru1–Cl2 93.78(3), P3–Ru1–Cl2 85.03(3). 

Similarly, LCy was coordinated to [RuCl2(PPh3)3]. After 

extraction in dichloromethane, two sets of signals were 

observed in the 31P{1H} NMR spectrum (Figure S3) indicating 

the presence of two isomers differing by the relative position 

of the ancillary PPh3. After workup, the mixture of isomers 

[RuLCyCl2(PPh3)] (1Cy) was obtained in 65 % yield. Single crystals 

of the cis-chloride isomer were obtained by diffusion of light 

petroleum ether to dichloromethane solutions (Figure 3). The 

different chemical environment of the chlorine atoms is 

evidenced by a difference in Ru−Cl bond lengths, Ru1−Cl2 is 

longer than Ru1-Cl1 (2.4730(1) vs 2.4354(8) Å) because of the 

stronger trans influence of PPh3. As for 1Ph, there is a strong 

deformation compare to an ideal octahedron as the angles 

N1−Ru1−N2 and P2−Ru1−N2 were measured at 77.9(1) and 

82.65(7)° respectively. Moreover, the apical position of the 

triphenylphosphine tilts the N1−P1 bond away from the mean 

coordination plane, P1 being located at 0.94 Å. Finally, the 

trans isomer can be selectively extracted in toluene-d8 (Figure 

S4) and characterized by 1H NMR spectroscopy at -40°C 

demonstrating a C1 symmetric complex as observed for 1Ph.  

Figure 3: Thermal ellipsoid plots of [RuLCyCl2(PPh3)] (1Cy). Hydrogen atoms were 
omitted; cyclohexyl and phenyl groups were depicted in a wire-frame model for 
clarity. Selected bond lengths (Å) and angles (°): N1–P1 1.609(3), N1–Ru1 
2.245(3), P2–Ru1 2.2603(8), N2–Ru1 2.045(2), P3–Ru1 2.2817(8), Cl1–Ru1 
2.4354(8), Cl2–Ru1 2.4730(1); N1–Ru1–P2 159.61(7), N2–Ru1–Cl1 171.88(7), P3–
Ru1–Cl2 174.58(3), N1–Ru1–N2 77.9(1), P2–Ru1–N2 82.65(7), Cl1–Ru1–N1 
96.42(7), Cl1–Ru1–P2 83.17(3), N2–Ru1–P3 99.06(8), N1–Ru1–P3 91.93(7), P2–
Ru1–P3 97.25(3), Cl1–Ru1–P3 86.87(3), N1–Ru1–Cl2 89.40(6), N2–Ru1–Cl2 
86.36(7), P2–Ru1–Cl2 83.17(3), Cl1–Ru1–Cl2 87.76(3). 

We previously demonstrated that palladium complexes of LPh 

were susceptible of benzylic deprotonation  to the 

phosphine fragment.14 Hence, deprotonations of 1Ph and 1Cy 

were investigated with potassium hexamethyldisilazane 

(KHMDS, Scheme 2).  

Scheme 2: Coordination of LPh and LCy to [RuCl2(PPh3)3]  and benzylic 
deprotonation 

In all cases, the solutions turned from orange to red. The 

31P{1H} NMR spectrum of [RuLPh*Cl(PPh3)]˧ (2Ph) in C6D6 (Figure 

S4) showed three signals: a doublet at 34.9 ppm (3JP,P = 19.5 

Hz), a doublet of doublets at 51. 8 (3JP,P = 19.5 and 2JP,P =56.5) 

and a doublet at 83.5 ppm (2JP,P = 56.5 Hz), which were 

assigned respectively to the iminophosphorane, the 

diphenyphenylphosphino group and the triphenylphosphine 

ligand. The deprotonation induces only small changes in the 



chemical shifts of these first two P nuclei whereas PPh3 is 

largely deshielded (P ~ 40 ppm), this chemical shift and the 

magnitude of 2JP,P are comparable to what observed in cis-1Cy 

suggesting an apical position of this ligand relative to the 

pincer moiety. The 1H NMR spectrum evidenced the partial 

loss of aromaticity in the pyridine ring with signals at 6.35, 

6.09, and 5.23 ppm. The benzylic proton of the phosphine arm 

was observed at 3.70 ppm as a doublet (2JP,H = 3.5 Hz), 

integrating for one proton confirming the locus of the 

deprotonation. Interestingly, the benzylic protons on the 

iminophosphorane arm gave an ABX pattern integrating for 2 

protons between 3.85 and 4.05 ppm. Resolution of this signal 

(Figure S6) indicated very different 3JP,H constants (41.0 and --

6.0 Hz) for the two diastereotopic protons. This large magnetic 

non-equivalence further suggested a large tilting of the 

iminophosphorane moiety out of the mean coordination 

plane, confirming the apical location of the PPh3 ligand.  This 

complex was not stable in solution for an extended period 

precluding the recording of its 13C NMR spectrum. 

The 31P{1H} and 1H NMR spectra of 2Cy are very similar to those 

of 2Ph. The phosphorus nuclei resonated as a doublet at 79.2 

ppm (2JP,P = 52.0 Hz) for the PPh3 group, a doublet of doublet 

at 47.0 ppm (JP,P = 52.0 and 21.5 Hz) for the CHPPh2 moiety 

and a doublet at 53.9 ppm (3JP,P = 21.5 Hz) for the 

iminophosphorane (Figure S7). The deshielding of the PV atom 

is due to the modification of substituents. As previously, 1H 

NMR spectroscopy evidenced the dearomatization of the 

pyridine with signals between 5.4 and 6.5 ppm. The benzylic 

protons appeared as two doublets of doublet at 4.20 and 3.78 

ppm whereas the vinylic proton on the phosphine arm 

resonated at 4.35 ppm as a doublet. The similarity of the NMR 

data supports an analogous structure for 2Ph and 2Cy. For the 

latter, single crystals were obtained allowing an X-ray 

crystallographic analysis (Figure 4a).  

The Ru atom lies in a strongly distorted square pyramidal 

geometry (5 = 0.4)19 with the pincer ligand and the chloride 

anion in the equatorial plane and the triphenyphosphine trans 

to a vacant site in the apical position, as anticipated from NMR 

data. The distances to ruthenium do not change much upon 

deprotonation. The benzylic deprotonation is confirmed by the 

localization of only one proton on C7 and the loss of 

aromaticity of the pyridine ring as evidenced by the alternation 

of long and short bonds. This also induces a shortening of the 

P2-C7 and C7-C5 measured at 1.747(4) and 1.383(6) Å 

respectively compared to 1.855(3) and 1.504(4) in 1Cy. The 

distortion to the square pyramid geometry is mostly generated 

by the iminophosphorane moiety. The N=PCy3 fragment is 

located in the hemisphere opposite to the PPh3, with N1 and 

P1 respectively at 0.76 and 2.24 Å from the mean Ru1–Cl1–

N2–P2 plane. Contrary to 1R, the mean coordination plane is 

now nearly coplanar with the dearomatized pyridine ring plane 

(Figure 4b).  

 

Synthesis and reactivity of ruthenium hydride complexes 

In order to develop cooperative catalysts from those 

ruthenium complexes, the introduction of a metallic hydride 

was attempted. Reaction of NaBH4 or KBEt3H with 1Ph or 1Cy 

gave intractable mixtures of compounds. Similarly, reaction of 

1R (in presence of a base) or 2R (R = Ph, Cy) under H2 failed. We 

therefore turned our attention to a ruthenium precursor 

containing a hydride. We first used [RuHCl(CO)(PPh3)3] but the 

coordination is accompanied by the formation of phosphine 

oxide due to the aza-Wittig reaction between the coordinated 

N=P moiety and CO.20 [RuHCl(PPh3)3] was then employed. Its 

reaction with LPh in toluene or benzene was rapid leading to a 

new compound [RuLPhHCl(PPh3)] (3Ph, Scheme 3) characterized 

in 31P{1H} NMR by a doublet of doublet centred at 72.0 ppm 

(2JP,H = 36.0 and 16.0 Hz) assigned to the phosphine group, and 

two doublets at 59.7 and 41.1 ppm corresponding respectively 

to PPh3 and the iminophosphorane (Figure S8). 
Figure 4: Thermal ellipsoid plots of [RuLCy*Cl2(PPh3)] (2Cy): (a) perspective; (b) in 
the Ru1N2⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  direction H6a, H6b and, H7 were located on the density map and 
isotropically refined. Hydrogen atoms, unless depicted, were omitted; some 
cyclohexyl and phenyl groups are depicted in a wire-frame model for clarity. 
Selected bond lengths (Å) and angles (°): N1–P1 1.614(4), N1–Ru1 2.181(3), P2–Ru1 
2.260(1), N2–Ru1 2.034(3), P3–Ru1 2.200(1), Cl1–Ru1 2.421(1), N2–C1 1.360(5), 
C1–C2 1.361(6), C2–C3 1.407(7), C3–C4 1.357(7), C4–C5 1.424(6), C5–N2 
1.392(5), C5–C7 1.383(6), P2–C7 1.747(4), C7–H7 0.92(5); N1–Ru1–P2 149.9(1), 
N2–Ru1–Cl1 174.3(1), N1–Ru1–N2 78.6(1), P2–Ru1–N2 81.6(1), Cl1–Ru1–N1 
96.1(1), Cl1–Ru1–P2 102.32(4), N2–Ru1–P3 94.6(1), N1–Ru1–P3 94.6(1), P2–Ru1–
P3 96.47(4), Cl1–Ru1–P3 89.04(4). 

 

The 1H NMR spectrum showed a characteristic doublet of 

doublet at –16.6 ppm (2JP,H =31.5 and 22.5 ppm) in C6D6. The 

magnitude of these JP,H coupling constants and their similarity 

indicated an hydride cis to the two phosphine groups and a 

triphenylphosphine therefore in apical position.  

Complex 3Ph is not stable and evolved slowly in solution to a 

new product. The reaction was finished within a week at room 

temperature or overnight in refluxing toluene. The obtained 

complex 4 was characterized by three 31P{1H} NMR signals: two 

doublets at 53.3 and 48.4 ppm (2JP,P = 31.0 Hz) and a singlet at 

48.2 ppm (Figure S9). The latter was assigned to the 

iminophosphorane group thanks to 31P-1H and 13C-1H 

correlation spectra. 



 

Scheme 3: Reaction of LR with [RuHCl(PPh3)3] and further reactivity 

The 1H NMR spectrum lacks any hydride resonance and is very 

complicated, revealing a largely dissymmetric structure. When 

the reaction was conducted in a sealed tube, the formation of 

H2 was evidenced by a signal at 4.50 ppm in the 1H NMR 

spectrum. Fortunately, single crystals were obtained allowing 

understanding the structure of 4 by X-ray diffraction analysis 

(Figure 5).  

Figure 5: Thermal ellipsoid plot of 4. Hydrogen atoms and 1.5 benzene molecules were 

omitted; some phenyl groups are depicted in a wire-frame model for clarity. Selected 

bond lengths (Å) and angles (°): N1–P1 1.612(2), N1–Ru1 2.193(2), P2–Ru1 2.2821(8), 

N2–Ru1 2.094(2), P3–Ru1 2,3087(8), Cl1–Ru1 2,5412(7), C9–Ru1 2,072(3); N1–Ru1–P2 

157.49(7), N2–Ru1–P4 173.08(7), C9–Ru1–Cl1 172.69(8), N1–Ru1–N2 76.6(1), P2–Ru1–

N2 80.94(7), P2–Ru1–P3 104.23(3), N1–Ru1–P3 98.26(7), Cl1–Ru1–N1 88.08(7), Cl1–

Ru1–P2 91.65(3), Cl1–Ru1–N2 86.35(7), Cl1–Ru1–P3 88.88(3), C9–Ru1–N2 88.9(1), C9–

Ru1–N1 85.4(1), C9–Ru1–P3 95.34(8), C9–Ru1–P2 80.94(7). 

The solid-state structure of 4 shows a cyclometalated complex 

resulting from CH activation at an iminophosphorane phenyl 

substituent and concomitant loss of H2.21 The ruthenium 

centre adopts a distorted octahedral geometry, with N2–Ru–

P3 and N1–Ru1–P2 angles at 172.8(1) and 157.25(8)°. 

Noteworthy P2, P3, N1, N2 and Ru1 are almost coplanar, the 

maximum distance to the mean coordination plane being 

0.175 Å. However, because of the cyclometalation, the 

iminophosphorane is markedly distorted; Ru1–N1–P1 is 

measured at 111.4(1)° and P1 is 1.47 Å from the mean 

coordination plane, which is almost perpendicular to the plane 

defined by the N1, P1, C9, and Cl1 atoms, the angle measures 

89.4°. Such a distortion is proposed to limit the magnetic 

coupling between P1 and P2 and therefore cancelling out the 
3JP,P coupling, as observed experimentally (Figure S9). The 

newly formed C9–Ru1 bond, measured at 2.072(3) Å, is trans 

to the chloride anion, which therefore experiences a large 

trans influence and is further pushed away from the metal 

than in 1Ph (Cl1–Ru1 at 2.5412(7) vs 2.4168(7) Å). 

Resulting from the lack of any symmetry, the 1H and 13C NMR 

spectra of 4 were difficult to fully assign. However, extensive 
1H, 31P, and 13C correlation NMR experiments allowed the 

characterization of the key features: (i) the protons  to the 

phosphine are diasterotopic and appear as an AMX system 

with two doublets of doublets at 3.69 (2JH7a,H7b = 15.5 Hz, 2JP,H7 

= 8.0 Hz) and 4.18 ppm (2JH7a,H7b = 15.5 Hz, 2JP,H7b = 11.5 Hz). (ii) 

Those of the iminophosphorane arm also give an AMX system 

with a broad pseudo triplet at 4.00 ppm (2JH6a,H6b = 17.5 Hz, 
3JP1,H6= 16.0 Hz), whereas the other resonance was localized at 

6.69 ppm (2JH6a,H6b = 17.5 Hz, JP1,H6b ~ 39 Hz) (Figure S10) This 

unusual chemical shift for benzylic protons, as well as the large 

non-equivalence in the 3JP,H coupling constants are reminiscent 

of those observed in 2R and seem characteristic of ‘out of the 

plane’ deformation of the N=P bond. (iii) All protons of the 

cyclometalated ring are shielded, the chemical shifts varying 

between 6.35 and 7.40 ppm. (iv) The 13C NMR spectrum of the 

cyclometalated ring were assigned, in particular the metallated 

carbon C9 was observed at 191.2 ppm in the 13C{31P} spectrum. 

This value is in good agreement with those reported by 

Urriolabeitia’s group for cyclometalated ruthenium-

iminophosphorane complexes.22  Cyclometallation reactions at 

the acidic protons of an iminophosphorane P-substituents 

were previously documented.23 4 appeared inert when placed 

under H2 in THF for 1 day or when reacted with hydrid sources 

(catecholborane, pinacolborane or triphenylsilane) at 50 °C for 

48 h.  

Reasoning that CH activation would be more difficult at the sp3 

carbons of LCy, we attempted its coordination with 

[RuHCl(PPh3)3]. A mixture of isomers (in approximate 1:2 ratio) 

is formed after one night at room temperature as evidenced 

by 31P{1H} NMR spectroscopy of the crude reaction mixture 

(Figure S11). The major isomer exhibits three 31P resonances in 

THF-d8; a broad apparent doublet at 68.0 (2JP,P = 37.0 Hz) a 

doublet at 65.2 (2JP,P = 37.0 Hz) and a doublet at 51.8 (3JP,P ~ 7.5 

Hz) assigned respectively to the PPh2, PPh3 and P=N groups 

thanks to 2D experiments. In 1H{31P} NMR spectrum, the 

benzylic protons of the phosphinomethyl arm were seen as 

doublets at 3.88 and 4.09 ppm (2JH,H = 16.0 Hz) and those of 

the iminophosphorane side gave two doublets at 4.85 and 4.75 

ppm (2JH,H = 15.0 Hz). The hydride of this major complex 

resonates at -14.6 ppm. The minor isomer shows in 31P{1H} 

NMR spectroscopy a doublet of doublet at 77.9 ppm (JP,P ~ 34 

and 16 Hz), a doublet at 58.2 ppm (JP,P ~ 36 Hz) and a doublet 

at 54.4 (JP,P ~ 16 Hz). For this complex, the benzylic protons 

resonate at 5.41 and 3.63 for those on the phosphinomethyl 

arm and at 4.75 and 4.85 ppm for those close to the 

iminophosphorane. The hydride of this minor complex was 

observed at -15.6 ppm (Figure S13).  

Crystals of one of the isomer were obtained from a 

concentrated toluene solution and analysed by X-ray 

diffraction (Figure 6). This complex presents a distorted 

octahedral geometry around the Ru centre with the hydride 

and chlorine atoms in apical positions trans to each other. The 



triphenylphosphine is trans to the pyridine ligand at 2.276(1) Å 

from the metal, a much shorter bond compare to that 

measured in [RuLCyCl2(PPh3)] in which it faces a chloride. The 

Ru1-Cl1 bond is longer (2.603(2) Å) than those of the 1Cy 

because of the stronger trans influence of the hydride. It is 

also slightly longer that the Ru-Cl bond length measured in the 

phosphine-pyridine-amine [RuHCl(PNN)(CO)] complex 

(2.5831(13) Å) in which the chloride is also trans to the 

hydride.24 As observed in other solution- and solid-state 

structures of this family of compounds, the phosphorus atom 

of the iminophosphorane function namely, P2, is pushed away 

from the mean coordination plane N1–N2–P2–P3 (1.41 Å). 

Figure 6. Thermal ellipsoids plot of [RuLCyHCl(PPh3)] (3Cy); HRu1 was located on the 

density map and refined isotropically. Hydrogen atoms, unless depicted were omitted, 

cyclohexyl and phenyl groups are depicted in a wire-frame model for clarity. Only one 

of the two independent molecules 3Cy occurring in the asymmetric unit is presented. 

Selected bond lengths (Å) and angles (°): N1–P1 1.612(3), HRu1–Ru1 1.57(5), N1–Ru1 

2.269(3), P2–Ru1 2.217(1), N2–Ru1 2.107(4), P3–Ru1 2.276(1), Cl1–Ru1 2.603(1); N1–

Ru1–P2 154.61(9), HRu1–Ru1–Cl1 175(2), P3–Ru1–N2 176.3(1), N1–Ru1–N2 75.3(1), P2–

Ru1–N2 82.0(1), Cl1–Ru1–N1 87.32(9), Cl1–Ru1–P2 102.51(4), N2–Ru1–Cl1 86.3(1), N1–

Ru1–P3 105.70(9), P2–Ru1–P3 97.70(4), Cl1–Ru1–P3 90.18(4), N1–Ru1–HRu1 89(2), N2–

Ru1–HRu1 96(2), P2–Ru1–HRu1 82(2), P3–Ru1–HRu1 87(2). 

Besides the presence of two isomers, solutions of 3Cy have 

good thermal stability and were stable for days with no 

apparent sign of degradation validating our hypothesis. With a 

stable ruthenium hydride complex in hand, we next attempted 

its benzylic deprotonation. Addition of one equivalent of 

KHMDS to a THF solution of 3Cy led to the formation of the 

dearomatized complex 5 (Scheme 3). Notably the mixture of 

3Cy isomers gave a sole product (in THF-d8) which is 

characterized by three 31P{1H} resonances (figure S12): two 

doublets at 99.8 (2JP,P = 60.0 Hz), and 51.5 (3JP,P = 15.0 Hz), and 

a doublet of doublet at 64.0 ppm (JP,P = 60.0 and 15.0 Hz 

corresponding respectively to the triphenylphosphine, the 

CHPPh2 and the iminophosphorane groups. The hydride 

appears at –12.2 ppm as a doublet of doublet (2JP,H = 50.0 and 

14.5 Hz). Selective decoupling experiments allowed assigning 

the largest 2JP,H constant to the coupling with PPh3, which is 

therefore trans to the hydride (Figure S13). Complex 5 showed 

limited stability for a prolonged time in solution. Reasoning 

that in situ generation and the presence of a substrate may 

increase its lifetime, we investigated its catalytic behaviour for 

the dehydrogenative coupling of alcohols to esters. Alcohols 

(neat or in toluene) were refluxed in presence of 0.1 mol % of 

[RuLCyHCl(PPh3)] and 0.2 mol % of KHMDS for 24 h. The 

conversion was determined by 1H NMR analysis of the crude 

mixture. Results are summarized in Table 1. This acceptorless 

dehydrogenative coupling was quite efficient with aliphatic 

alcohols however low conversion was observed with 4-

chlorobenzyl alcohol. Nevertheless, this iminophosphorane 

based catalyst is not as efficient as other ruthenium catalyst 

featuring an amine based PNN ligand.24-25 This may be due to 

the crowding of the metal coordination sphere because of the 

presence of the triphenylphosphine. 

Table 1: Catalytic acceptorless dehydrogenation of alcohols. 

Substrate T (°C) Conversion (%)a 

1-pentanol 138 82 

1-hexanol 157 71 

benzyl alcohol 115 71 

benzyl alcoholb 115 76 

4-chlorobenzyl alcoholb 115 26 

a Determined by 1H NMR spectroscopy; b Reaction performed in toluene. 

 

Conclusions  

In conclusion, we described the coordination of two lutidine 

based phosphine-iminophosphorane PNN ligands to 

ruthenium(II) centres. Coordination to [RuCl2(PPh3)3] afforded 

complexes [RuLRCl2(PPh3)] (1R). Formation of two isomers was 

evidenced with LCy. The designed non-innocence of the ligands 

was confirmed when deprotonations of 1R were evidenced at 

the phosphinomethyl arm to yield [RuLR*Cl(PPh3)] (2R). The 

reaction of LR with [RuHCl(PPh3)3] yield [RuLRHCl(PPh3)] (3R). 

The fate of complexes 3R was dictated by the nature of the 

substituent on the phosphorus of the iminophosphorane 

moiety. 3Ph underwent a slow CH activation process leading to 

the cyclometalated complex 4 which proved to be mostly inert. 

Inversely, 3Cy was stable and can be cleanly deprotonated at 

the phosphinomethyl arm to give the catalytically relevant 

complex [RuLR*H(PPh3)] (5). The latter complex was able to 

catalyse the acceptorless dehydrogenation of alcohols to 

esters with moderate performances. We demonstrated that 

iminophosphorane-based non-innocent ligands can be 

catalytically competent with ruthenium centre and learned 

some design rules to prevent deactivation pathways. Owing to 

the electronic properties of the iminophosphorane function 

and its affinity for hard, first row transition metals, such as 

iron(II) and cobalt(II), we expect such species to be stable and 

powerful catalysts for similar transformations. Studies in that 

direction are currently ongoing in our laboratory. 

Experimental part 

Synthesis 

All experiments, unless otherwise stated, were performed 

under an atmosphere of dry nitrogen or argon using standard 



Schlenk and glove box techniques. Solvents were taken directly 

from a M-Braun MB-SPS 800 solvent purification system. 

[RuCl2(PPh3)3],26 [RuHCl(PPh3)3],27 were prepared according to 

literature procedures. The synthesis of LPh was previously 

described.14 All other reagents and chemicals were obtained 

commercially and used without further purification. Nuclear 

Magnetic Resonance (NMR) spectra were recorded on a 

Bruker Avance 300 spectrometer operating at 300 MHz for 1H, 

75.5 MHz for 13C and 121.5 MHz for 31P. Solvent peaks were 

used as internal references for 1H and 13C chemical shifts 

(ppm).. 31P{1H} NMR spectra are relative to an 85% H3PO4 

external reference. Unless otherwise mentioned, NMR spectra 

were recorded at 300 K Coupling constant are expressed in 

hertz. The following abbreviations are used: br, broad; s, 

singlet; d, doublet; dd, doublet of doublets; t, triplet; m, 

multiple; v, virtual. The spectra were analysed with 

MestReNova software. The labelling used is indicated in Figure 

7. Elemental analyses were performed by the Elemental 

analysis service of the London Metropolitan University (United 

Kingdom). Mass spectrometry experiments were recorded on 

TIMS-TOF mass spectrometer (Bruker, France). Samples are 

prepared in CH3CN and introduced at 5 L. min-1 flow rate into 

the TIMS-TOF-MS using an electrospray ion (ESI) source in 

positive mode. Accurate masses and elemental compositions 

were obtained using the DataAnalysis software. The elemental 

compositions were obtained with a tolerance below 5 ppm 
Figure 7: Labelling scheme (Prime labelling was used only when necessary). 

Synthesis of LCy.LiCl: In a Schlenk flask, PCy3 (513 mg, 1.83 

mmol) was dissolved in THF (10 mL) and a solution of 2-

(azidomethyl)-6-(chloromethyl)pyridine (334 mg, 1.83 mmol) 

in THF (5 mL) was added resulting in a pink solution which was 

refluxed for 2 h to give a yellow solution. In a separate Schlenk 

flask, HPPh2 (344 mg, 1.84 mmol) was dissolved in THF (10 mL), 

the flask was cooled to -78°C and a 1.5 M BuLi solution (1.25 

mL, 1.88 mmol) was added dropwise. The red mixture of the 

anion was stirred for 5 min at - 78°C and then at 0°C for 15 

min. Both Schlenk flasks were cooled to 0°C and the mixture of 

the anion was added via cannula to the other flask in about 20 

min (ca. 1 drop/second). The mixture was then stirred at 0°C 

for 1 h. Volatiles were then evaporated to give an off-white 

solid, that was suspended in pentane (5 mL). After filtration 

and washing with pentane (5 mL), an off-white solid was 

obtained (1.03 g, 90 %).31P{1H} NMR (THF-d8) δ 30.4 (br s, 

N=PCy3), -10.0 (s, PPh2); 1H (THF-d8) δ 7.68-7.56 (m, 4H, H13), 

7.38 (t, 3JHH = 7.5 Hz, 1H, H3), 7.34-7.25 (m, 7H, H4+10+11), 4.32 

(d, 3JP,H = 15.0 Hz, 2H, H7), 3.94 (br s, 2H, H6), 2.32 (dd, 3JHH = 

11.5 Hz, 2JP,H = 24.0 Hz, 2H, H12), 2.03-1.13 (m, 31H, H13+14+15). 

Anal. Calcd for C37H50ClLiN2P2: C, 70.86; H, 8.04; N, 4.47. 

Found: C, 70.76; H, 8.19; N, 4.22. 

1Ph: [Ru(PPh3)3Cl2] (945.1 mg, 0.99 mmol) and LPh·LiCl (600 mg, 

0.99 mmol) were added to a Schlenk flask and benzene (ca. 15 

mL) was condensed in. After warming to room temperature 

and stirring 1 h, the mixture turned to dark brown with a white 

precipitate of LiCl. The solution was filtered; the solid was 

washed with toluene (210 mL). After evaporation of the 

solvents under vacuum, petroleum ether (40 mL) was added. 

After sonication, the precipitate formed was filtered and 

washed with petroleum ether (520 mL) to remove all free 

PPh3 (checked by 31P{1H} NMR of the crude filtrate). The 

precipitate was dissolved in THF (75 mL), the solution volume 

was reduced to about 10 mL and petroleum ether (20 mL) was 

added to induce the precipitation of a solid which was filtered 

and dried overnight under high vacuum to yield 

[RuLPhCl2(PPh3)] (1Ph) as a dark orange powder (883 mg, 0.88 

mmol, 88 %).31P{1H} NMR (C6D6) δ 54.3 (dd, 2JP,P = 34.0 Hz, 3JP,P  

= 19.5 Hz, PPh2), 44.7 (d, 3JP,P  = 19.5 Hz, N=P), 39.1 (d, 2JP,P = 

34.0 Hz, PPh3).1H NMR (CDCl3, - 60°C) δ 8.46-6.36 (m, 43H, 

HAr), 6.23 (vt , 2JH,H = 15.5 Hz, 3JP,H ~ 16 Hz, 1H, H7b) ; 4.71 (dd , 
2JH,H= 15.5 Hz, 2JP,H = 10.0 Hz, 1H, H6a); 4.30 (dd , 2JH,H = 15.5 Hz, 
3JP,H = 23.5 Hz, 1H, H7b), 4.09 (dd , 2JH,H = 15.5 Hz, 3JP,H = 12.5 

Hz, 1H, H6b). Anal. Calcd for C55H47Cl2N2P3Ru: C, 66.00; H, 4.73; 

N, 2.80. Found: C, 65.92; H, 4.90; N, 2.75 

1Cy: [Ru(PPh3)3Cl2] (301.5 mg, 0.31 mmol) and LCy·LiCl (197.4 

mg, 0.31 mmol) were added to a Schlenk flask and benzene 

(10 mL) was introduced, the mixture was stirred overnight. 

Then, the benzene was evaporated under vacuum and the 

resulting red powder was suspended in petroleum ether (5 

mL). The solid was collected by filtration and washed with 

petroleum ether (35 mL). Finally the powder was dried under 

vacuum to yield [RuLCyCl2(PPh3)] (1Cy) as a red solid (208 mg, 

0.2 mmol, 65 %). Trans-1Cy: 31P{1H} NMR (Tol-d8) δ 53.7 (d, 3JP,P 

= 16.0 Hz, N=P), 53.2 (dd, 3JP,P = 16.0 Hz, 2JP,P = 33.0 Hz, PPh2, 

34.4 (d, 2JP,P = 33.0 Hz, PPh3).1H NMR (Tol-d8, - 40°C) δ 9.08-

8.53 (m, 4H, HAr), 8.01-6.46 (m, ca. 24H, HAr), 6.28 (m, 2JH,H ~ 15 

Hz, 1H, H6/7), 5.11 (m , 2JH,H = 15.0 Hz, 1H, H6/7), 4.59 (m , 2JH,H 

~15 Hz, 1H, H6/7), 4.34 (m , 2JH,H ~15 Hz, 1H, H6/7), 2.35-0.46 (m, 

33H, HCy). Even at low temperature, signals remained very 

broad and do not allow the accurate determination of the 

coupling constants. HRMS (ESI+) (C55H65Cl2N2P3Ru): 983.3090 

([M-Cl]+; C55H65ClN2P3Ru+; calcd 983.3105); 474.1704 ([M-

2Cl]2+; C55H65N2P3Ru2+; calcd 474.1710) . 

2Ph: In a glove box, KHMDS (8 mg, 40 μmol) and 1Ph (20 mg, 40 

μmol) were mixed in THF-d8
 (0.75 mL) and stirred for 5 

minutes. The solution was filtered and transferred to a J-Young 

NMR tube for spectroscopic analysis. 
31P{1H} NMR (THF-d8) δ 83.5 (d, 2JP,P = 56.5 Hz, PPh3), 51.8 (dd, 
2JP,P = 56.5 Hz, 3JP,P = 19.5 Hz, PPh2), 34.9 (d, 3JP,P = 19.5 Hz, 

N=P); 1H NMR (THF-d8) δ 8.90-8.68 (m, 2H, HAr), 7.77-7.61 (m, 

ca. 6H, HAr), 7.57-7.40 (m, ca. 6H, HAr), 7.26-6.75 (m, ca. 26H, 

HAr), 6.35 (ddd, 3JH,H = 8.5 and 6.5 Hz, 5JP,H = 2.0 Hz, 1H, H3), 

6.09 (d, 3JH,H = 8.5 Hz, 1H, H4), 5.23 (d, 3JH,H = 6.5 Hz, 1H, H2), 

3.94 (ABX, 2JH,H = 15.0 Hz, 3JP,H = -6.0 Hz, 1H, H6b), 3.95 (ABX, 
2JH,H = 15.0 Hz, 3JP,H = 41.0 Hz, 1H, H6a); 3.70 (d, 2JP,H = 3.5 Hz, 

1H, H7). 



2Cy: [RuLCyCl2(PPh3)] (1Cy) (102 mg, 0.1 mmol) and KH (40 mg, 1 

mmol, 10 equiv.) or KHMDS (20 mg, 0.1 mmol, 1 equiv.)  were 

added to a Schlenk flask and stirred in THF (2 mL) for 72 h 

resulting in a dark red solution which was filtered over a pad of 

celite. The addition of petroleum ether (10 mL) led to the 

precipitation of the product. After filtration and washing with 

Et2O (3 mL), the product was dried under vacuum to yield 

[RuLCy*Cl(PPh3)] (2Cy, 54 mg, 55 %). 31P{1H} NMR (C6D6) δ 79.2 

(d, 2JP,P = 52.0 Hz, PPh3), 53.9 (d, 3JP,P = 21.5 Hz, N=P), 47.0 (dd, 
2JP,P = 52.0 Hz, 3JP,P = 21.5  Hz, PPh2). 1H NMR (C6D6) 9.18-9.10 

(m, ca. 3H, HAr), 7.93-7.77 (m, ca. 2H, HAr), 7.78-7.61 (m, ca. 7H, 

HAr), 7.29-7.24 (m, ca. 4H, HAr), 7.04-6.89 (m, ca. 7H, HAr), 6.82-

6.78 (m, ca. 2H, HAr), 6.47-6.33 (m, 2H, H3 and H4), 5.43 (d, 3JH,H 

= 6.0 Hz, 1H, H2), 4.35 (d, 2JP,H = 3.0 Hz, 1H, H7), 4.19 (AMX, 2JH,H 

= 15.5 Hz, 3JP,H = 21.5 Hz, 1H, H6a), 3.78 (AMX, 2JH,H = 15.5 Hz, 
3JP,H = 19.5 Hz, 1H, H6b), 1.96-0.59 (m, 33H, HCy). 

3Ph: In a glove box, [RuHCl(PPh3)3].toluene (25.3 mg, 25 μmol) 

and LPh·LiCl (15.3 mg, 25 μmol) were mixed in C6D6 (0.75 mL) 

and stirred for 30 minutes. The solution was transferred to a J-

Young NMR tube for spectroscopic analysis. 31P{1H} NMR 

(C6D6) δ 72.0 (dd, 2JP,P = 36.0 Hz, 3JP,P = 16.0 Hz, PPh2), 59.7 (d, 
2JP,P = 36.0 Hz, PPh3), 41.6 (d, 3JP,P = 16.0 Hz, N=P).1H NMR 

(C6D6) δ 8.23-6.73 (m, ca. 41H, HAr), 6.57 (d, 3JH,H = 5.5 Hz, 1H, 

HAr), 5.88 (d, 3JH,H = 5.0 Hz, 1H, HAr), 5.32 (bs, 1H, H6a), 4.88 (bd, 

2H, H7 and H7b), 3.70-3.61 (m, 1H, H6b), -16.6 (dd, 2JP,H = 31.5 

and 22.5 Hz, 1H, RuH). 

4: [RuHCl(PPh3)3].toluene (71.3 mg, 70 μmol) and LPh·LiCl (42.7 

mg, 70 μmol) were stirred in toluene (5 mL) resulting in a 

purple solution. The mixture was then refluxed overnight to 

give a dark red solution. The amount of solvent was reduced to 

1.5 mL and petroleum ether (40 mL) was added to enhance the 

precipitation. The resulting red solid was filtered and washed 

with petroleum ether (10 mL). After drying under vacuum, 4 

was isolated as a red solid (38.6 mg, 57 %). 31P{1H} NMR (C6D6) 

δ 53.3 (d, 2JP,P = 31.0 Hz, PPh2), 48.4 (d, 2JP,P = 31.0 Hz, PPh3), 

48.2 (s, N=P). 1H NMR (C6D6) δ 7.63-7.54 (m, ca. 6H, HAr), 7.40 

(bd, 3JH,H = 7.5 Hz, H10’), 7.29-6.39 (m, ca. 29H, HAr, H3+4), 6.70 

(not directly  observed, localized with HSQC, H9), 6.69 (dd, 2JH,H 

= 16.0 Hz, 3JP,H = 38.5 Hz, 1H, H6a), 6.46 (br t, 3JHH = 7.0 Hz, 1H, 

H11), 6.35 (t, 3JH,H = 7.5 Hz, 1H, H10’), 6.12 (d, 3JH,H = 7.0 Hz, 1H, 

H2), 4.18 (dd, 2JH,H = 15.5 Hz, 3JP,H = 8.0 Hz, 1H, H7a), 4.00 (dd, 
2JH,H = 16.0 Hz, 3JP,H = 17.5 Hz, 1H, H6b), 3.69 (dd, 2JH,H = 15.5 Hz, 
3JP,H = 11.5 Hz, 1H, H7b). 13C NMR (C6D6) δ 191.2 (JP,C not 

observable, C9’), 170.4 (s, C1), 161.7 (d, 2JP,C = 5.0 Hz, C5), 145.0 

(dd, 3JP,C ~ 13 Hz, 4JP,C ~ 6.5 Hz, C10’), 140.2 (d, 1JP,C = 123.5 Hz, 

C8), 133.2 (s, C3), 132.7 (d,2JP,C = 9.8 Hz, C9), 127,2 (d, 4JP,C ~ 6 

Hz, C11), 118,9 (d, 3JP,C = 13.5 Hz, C10), 118,2 (d, 4JP,C = 9.5 Hz, 

C4), 116.8 (s, C2), 59.9 (s, C6), 47.8 (d, 2JP,C = 26.0 Hz, C7). 20 

others signals in the aromatic region can be detected but not 

assigned. HRMS (ESI+) (C55H46ClN2P3Ru): 929.1913 ([M-Cl]+; 

C55H46ClN2P3Ru+; calcd 929.1933); 464.5967 ([M-Cl]2+; 

C55H46N2P3Ru2+; calcd 464.5966)  . 

3Cy: [RuHCl(PPh3)3].toluene (302.5 mg, 0.3 mmol) and LCy.LiCl 

(186.6 mg, 0.3 mmol) were mixed in toluene (5 mL). After 

overnight stirring, LiCl salt was filtered off, the solution was 

then concentrated to circa 2 mL and the product was 

precipitated by addition of pentane (10 mL). The brown 

precipitate was filtered and washed with pentane (10 mL) and 

dried under vacuum to yield [RuLCyHCl(PPh3)] (3Cy, 241 mg, 

82%) as a mixture of two isomers labelled A for the major and 

B for the minor (A: B ~ 2 : 1). 31P{1H} NMR (THF-d8) δ 77.9 (dd, 
2JP,P ~ 37 Hz and 3JP,P ~ 16 Hz, PPh2(B)), 68.1 (br d, 2JP,P ~ 34 Hz, 

PPh2(A)), 65.2 (d, 2JP,P ~ 37 Hz, PPh3(A)), 58.2 (d, 2JP,P ~34 Hz, 

PPh3(B)), 54.4 (d, 3JP,P ~ 16 Hz, P=N(B)) 51.8 (d, 3JP,P ~ 7 Hz, 

P=N(A)). 1H{31P} NMR (THF-d8): 8.30 (m, 4H, HAr(B)) 8.05 (m, 

4H, HAr(B)), 6.5-7.7 (m, ca 48 H, HAr(A) and HAr(B)), 6.33 (d, 2JH,H 

= 15.5 Hz , H7(A)), 5.41 (d, 2JH,H = 14.5 Hz, 1H, H6a(B)), 4.85 (d, 
2JH,H = 15.0 Hz , 1H, H7a(B)), 4.75 (d, 2JH,H = 15.0 Hz , 1H, H7b(B)), 

4.15 (d, 2JH,H = 15.5 Hz, 1H, H7b(A)), 4.05 (d, 2JH,H = 16.0 Hz, 1H, 

H6a(A)), 3.84 (d, 2JH,H = 16.0 Hz, 1H, H6b(A)), 3.63 (m, H6b(B)), 

1.5-0.21 (m, ca 22H, HCy). ), -14.39 (dd, 2JP,H = 30.4 and 22.6 Hz, 

1H, RuH(A)), -15.62 (dd, 2JP,H = 34.0 and 20.9 Hz, 1H, RuH(B)). 

5: In a glove box, [RuLCyHCl(PPh3)] (3Cy, 50 mg, 50 μmol) and 

KHMDS  (10 mg, 50 μmol) were mixed in THF-d8 (0.8 mL) and 

stirred for 30 minutes. The solution was filtered and 

transferred to a J-Young NMR tube for spectroscopic analysis. 
31P{1H} NMR (THF-d8) δ 99.8 (d, 2JP,P = 60.0 Hz, PPh3), 64.1 (dd, 
2JP,P = 60.0 Hz, 3JP,P =  15.0 Hz, PPh2), 51.1 (d, 3JP,P =  15.0 Hz, 

N=P).1H NMR (THF-d8) δ 8.42 (d, 2JH,H ~ 7.0 Hz and 3JH,H ~ 3.0 

Hz, 2H, HAr); 7.40-7.02 (m, ca. 23H, HAr), 6.59 (dd, 3JH,H = 6.40 

and 8.5 Hz, 1H, H3), 6.51 (d, 3JH,H ~ 8.5 Hz, 1H, H4), 5.47 (d, 3JH,H 

~ 6.5 Hz, 1H, H2), 4.26 (vt, 2JP,H = 15.5 Hz and 2JP,H = 16.5 Hz, 1 

H, H6a), 4.16 (s, H7), 4.02 (vt, 2JH,H = 15.5 Hz and 2JP,H = 16.5 Hz, 

1 H, H6b), 2.00-1.80 (m, 4 H, HCy), 1.68-1.0 (m, 25 H, HCy), 0.91 

(q, 2JH,H ~ 7.5 Hz, 4 H, HCy) -12.2 (dd, 2JP,H = 50.0 and 14.5 Hz, 

1H, RuH). 13C{31P} NMR (THF-d8) :  169.3 (CIV) , 140.5 (CIV) , 

133.8, 133.3, 132.0, 130.6, 129.8, 128.3, 127.0 (CIV),  125.7 (CIV) 

, 126.4, 111.3, 94.2, 69.5, 58.5, 27.2 , 27.0, 26.4,   26.2.  

 

General protocol for dehydrogenative coupling: 3Cy (148 mg, 

0.012 mmol) and the primary alcohol (12 mmol) were mixed in 

a schlenk tube. Next, KHMDS (4.8 mg, 0.024 mmol) was added 

as a solid. The reaction mixture was stirred during 5 minutes 

and the flask was equipped with a reflux condenser. The 

solution was heated to reflux under nitrogen flow for 24 h. For 

entries 3 to 5, the reactions were performed as described 

above but toluene (3 mL) was added. 

 

X-ray crystallography 

Data were collected at 150 K on a Bruker Kappa APEX II 

diffractometer using a Mo-κ (λ=0.71069Å) X-ray source and a 

graphite monochromator. The crystal structures were solved 

using SIR 9728 and refined using Shelxl-97 or Shelxl-2013.29 

ORTEP drawings were made using ORTEP III30 for Windows or 

Mercury.  
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