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_____________________________________________________________________________ 

Abstract 

 

New ionic Schiff-base ligands have been synthesized by condensation of (3-formyl-4-

hydroxybenzyl)triphenylphosphonium and 3-(3-formyl-4-hydroxybenzyl)-1-methyl-1H-

imidazol-3-ium chloride and hexafluorophosphate salts with N,N-dimethylethylenediamine. 

Treatment of the dimeric derivative [{RuCl(µ-Cl)(η6-p-cymene)}2] with two equivalents of 

these ligands allowed the preparation of novel mononuclear water-soluble Ru(II) complexes, 

which proved to be catalytically active in the transfer hydrogenation of ketones and aldehydes 

under aqueous conditions. 
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1. Introduction 

In the past decades, Schiff-base ligands have attracted considerable interest due to their 

rich coordination chemistry [1-3]. The main advantages of these ligands stem from the easy 

access under smooth conditions, and the facility to modulate their structures and chemo-

physical properties through the incorporation of additional functional groups. The resulting 

complexes have found numerous applications as catalysts [1], pharmaceuticals [2], and 

magnetic or luminescent materials [3]. Interestingly, the presence of an ionic or a highly polar 

substituent in the backbone of the Schiff-base usually induces an enhanced solubility of their 

derivatives in aqueous medium, a striking feature both for biological or catalytic uses. In this 

context, a wide range of ligands with sulfonate, carboxylate, amino, ammonium, imidazolium 

or phosphonium functionalities, and their corresponding complexes, have been described [4]. 

On the other hand, the η6-arene-ruthenium(II) complexes represent an important class of 

compounds [5], well-known for promoting a great variety of catalytic reactions, such as C-H 

activation [6], nitrile hydration [7] or transfer hydrogenation processes [8] to name a few. In 

addition, their outstanding activities, combined with a good stability against water, make them 

ideal candidates to perform catalytic organic transformations in aqueous medium [9]. For this 

purpose, numerous water-soluble arene-ruthenium(II) complexes have been designed, the most 

common strategy to obtain such derivatives consisting in the coordination of an ionic ligand 

onto the metal center. In this context, a plethora of half-sandwich ruthenium(II) compounds 

with functionalized phosphines, N-heterocyclic carbenes or diamines, has been prepared 

[9d,10]. In marked contrast, arene-Ru(II) derivatives containing an ionic Schiff-base still 

remain very scarce [11]. 

With these precedents in mind, we decided to prepare new Schiff-base ligands tagged 

with a phosphonium or an imidazolium substituent and explore their coordination onto an 

arene-ruthenium(II) fragment. Furthermore, the catalytic activity of the resulting complexes has 
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been evaluated in the transfer hydrogenation of ketones and aldehydes under aqueous 

conditions. 

 

2. Experimental 

2.1. General information 

All the reagents were obtained from commercial suppliers and used as received, with the 

exception of the aldehydes 1a-b and 3a-b [12], the imine 7 [13] and the dimeric precursor 

[{RuCl(µ-Cl)(η6-p-cymene)}2] [14], which were prepared following previously reported 

methodologies. All the manipulations with ruthenium complexes were performed under argon 

atmosphere using vacuum-line and standard Schlenk techniques. Organic solvents were dried 

by standard methods and distilled under argon before use [15]. IR spectra were recorded with a 

Perkin-Elmer 1720-XFT spectrometer. GC measurements were performed by using a Hewlett-

Packard HP6890 apparatus (Supelco Beta-DexTM 120 column, 30 m length, 250 µm diameter). 

Elemental analyses were performed by the Analytical Service of the Instituto de Investigaciones 

Químicas (IIQ-CSIC) of Sevilla. The NMR spectra were recorded with a Bruker DPX300 or 

AV400 spectrometer. The chemical shift values (δ) are given in parts per million and are 

referenced to the residual peak of the deuterated solvent employed (1H and 13C) or an external 

85% aqueous H3PO4 solution (31P). 

 

2.2. Synthesis of ligand 2a. 

A mixture of aldehyde 1a (0.50 g, 1.15 mmol) and N,N-dimethylethylenediamine (0.10 g, 

1.15 mmol) in 30 mL of methanol was heated at reflux temperature for 4 hours. After cooling, 

the resulting solution was evaporated to dryness. Then, the yellow solid was washed 3 times 

with 20 mL of diethylether and vacuum-dried. Yield: 91 % (0.53 g); 31P{1H} NMR (CDCl3): δ 

= 22.6 (s) ppm; 1H NMR (CDCl3): δ = 2.40 (s, 6 H, NMe2), 2.75 and 3.72 (both t, 2 H each, 

3
JHH = 6.5 Hz, CH2CH2), 5.49 (d, 2 H, 2JPH = 13.8 Hz, CH2P), 6.65 (d, 1 H, 3JHH = 8.6 Hz, 
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CHaromatic), 6.81 (broad d, 1 H, 3
JHH = 8.6 Hz, CHaromatic), 7.41 (broad s, 1 H, CHaromatic), 7.61-

7.81 (m, 15 H, PPh3), 8.20 (s, 1 H, CH=N), 13.5 (very broad s, 1 H, OH) ppm; 13C{1H} NMR 

(CDCl3): δ = 29.6 (d, 1JPC = 46.4 Hz, CH2P), 45.4 (s, NMe2), 56.4 and 59.4 (s, CH2), 116.3 (d, 

JPC = 8.5 Hz, Caromatic), 117.5 (s, CHaromatic), 118.0 (d, 1JPC = 79.4 Hz, Cipso of PPh3), 118.8 (s, 

Caromatic), 130. 1 (d, JPC = 12.4 Hz, Cortho or meta of PPh3), 134.4 (d, JPC = 9.7 Hz, Cortho or meta of 

PPh3), 134.8 (s, CHaromatic), 134.9 (s, CHpara of PPh3), 135.1 (d, JPC = 5.8 Hz, CHaromatic), 162.0 

(s, C-OH), 165.7 (s, CH=N) ppm; IR (KBr, pellet): νOH = 3434 cm-1, νC=N = 1641 cm-1. Anal. 

calcd. for C30H32ClN2OP (503.0 g/mol): C, 71.63; H, 6.41; N, 5.57; found: C, 71.56; H, 6.51; 

N, 5.49 %. 

 

2.3. Synthesis of ligand 2b. 

Following a similar procedure, ligand 2b was prepared as a yellow solid starting from 

aldehyde 1b (0.50 g, 0.92 mmol) and N,N-dimethylethylenediamine (0.08 g, 0.92 mmol). Yield: 

93 % (0.52 g); 31P{1H} NMR (CDCl3): δ = 21.8 (s, PPh3), -144.3 (sept, 1JFP = 714 Hz, PF6) 

ppm; 1H NMR (CDCl3): δ = 2.30 (s, 6 H, NMe2), 2.62 and 3.64 (both t, 2 H each, 3JHH = 6.4 

Hz, CH2), 4.45 (d, 2 H, 2JPH = 13.2 Hz, CH2P), 6.61 (d, 1 H, 3JHH = 8.4 Hz, CHaromatic), 6.69 

(broad d, 1 H, 3JHH = 8.4 Hz, CHaromatic), 6.96 (broad s, 1 H, CHaromatic), 7.50 (m, 6 H, PPh3), 

7.63 (m, 6 H, PPh3), 7.78 (t, 3 H, 3JHH = 7.2 Hz, PPh3), 8.08 (s, 1 H, CH=N) ppm, OH signal 

not observed; 13C{1H} NMR (CDCl3): δ = 29.6 (d, 1JPC = 48.6 Hz, CH2P), 45.5 (s, NMe2), 56.1 

and 59.4 (s, CH2), 114.9 (d, JPC = 8.5 Hz, Caromatic), 117.1 (d, 1JPC = 85.5 Hz, Cipso of PPh3), 

118.1 (s, CHaromatic), 118.8 (s, Caromatic), 130.3 (d, JPC = 12.5 Hz, Cortho or meta of PPh3), 134.0 (d, 

JPC = 9.6 Hz, Cortho or meta of PPh3), 134.5 (d, JPC = 3.8 Hz, CHaromatic), 134.6 (d, JPC = 5.6 Hz, 

CHaromatic), 135.3 (s, CHpara of PPh3), 162.9 (s, C-OH), 165.4 (s, CH=N) ppm; IR (KBr, pellet): 

νOH = 3434 cm-1, νC=N = 1636 cm-1, νP-F = 840 cm-1; Elemental analysis calcd. for 

C30H32F6N2OP2 (612.5 g/mol): C, 58.83; H, 5.27; N, 4.57; found: C, 58.92; H, 5.20; N, 4.46 %. 
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2.4. Synthesis of ligand 4a. 

Following a similar procedure, ligand 4a was prepared as a yellow solid starting from 

aldehyde 3a (0.50 g, 1.98 mmol) and N,N-dimethylethylenediamine (0.17 g, 1.98 mmol). Yield: 

92 % (0.59 g); 1H NMR (DMSO-d6): δ = 2.20 (s, 6 H, NMe2), 2.56 and 3.69 (both m, 2 H each, 

CH2CH2), 3.85 (s, 3 H, NMe), 5.36 (s, 2 H, CH2), 6.89 (d, 1 H, 3JHH = 8.4 Hz, CHaromatic), 7.43 

(d, 1 H, 3JHH = 8.4 Hz, 4JHH = 1.5 Hz, CHaromatic), 7.57, 7.72 and 7.80 (s, 1 H each, CHaromatic and 

CHimidazolium), 8.54 (s, 1 H, CH=N), 9.30 (s, CHimidazolium), 13.70 (very broad s, 1 H, OH) ppm; 

13C{1H} NMR (DMSO-d6): δ = 36.3 (s, Me), 45.6 (s, NMe2), 51.8 (s, CH2), 55.7 and 59.5 (both 

s, CH2CH2), 118.1 (s, CHaromatic), 118.7 (s, Caromatic), 122.5 and 124.3 (both s, CHaromatic or 

CHimidazolium), 124.6 (s, Caromatic), 132.6, 133.4 and 136.9 (all s, CHaromatic or CHimidazolium), 162.7 

(s, C-OH), 166.1 (s, CH=N) ppm; IR (KBr, pellet): νOH = 3391 cm-1, νC=N = 1634 cm-1; 

Elemental analysis calcd. for C16H23ClN4O (322.8 g/mol): C, 59.53; H, 7.18; N, 17.35; found: 

C, 59.42; H, 7.23; N, 17.25 %. 

 

2.5. Synthesis of ligand 4b. 

Following a similar procedure, ligand 4b was prepared as a yellow solid starting from 

aldehyde 3b (0.50 g, 1.38 mmol) and N,N-dimethylethylenediamine (0.12 g, 1.38 mmol). Yield: 

90 % (0.54 g); 31P{1H} NMR (CD3OD): δ = -144.4 (sept, 1JFP = 710 Hz, PF6) ppm; 1H NMR 

(CD3OD): δ = 2.62 (s, 6 H, NMe2), 3.08 and 3.89 (both t, 2 H each, 3JHH = 6.2 Hz, CH2CH2), 

3.92 (s, 3 H, NMe), 5.33 (s, 2 H, CH2), 6.93 (d, 1 H, 3
JHH = 8.4 Hz, CHaromatic), 7.43 (dd, 1 H, 

3
JHH = 8.4 Hz, 4JHH = 2.1 Hz, CHaromatic), 7.51 (d, 1 H, 4

JHH = 2.1 Hz, CHaromatic), 7.55 and 7.57 

(both d, 1 H each, 3JHH = 1.8 Hz, CHimidazolium), 8.56 (s, 1 H, CH=N) ppm, 9.08* (s, 1 H, 

CHimidazolium), OH signal not observed; *Only observed in freshly prepared MeOD-d4 solutions 

due to H/D exchange. IR (KBr, pellet): νOH = 3434 cm-1, νC=N = 1638 cm-1, νP-F = 840 cm-1; 

Elemental analysis calcd. for C16H23F6N4OP (432.4 g/mol): C, 44.45; H, 5.36; N, 12.96; found: 

C, 44.38; H, 5.42; N, 13.00 %. 
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2.6. Synthesis of the ruthenium(II) complex 5a. 

The ruthenium(II) dimer [{RuCl(µ-Cl)(η6-p-cymene)}2] (0.12 g, 0.20 mmol) was added 

to a solution of ligand 2a (0.20 g, 0.40 mmol) in 30 mL of methanol, and the mixture stirred for 

2 hours at room temperature. Solvent was then removed under reduced pressure and the 

resulting residue was washed first with diethylether, then with a 1:4 mixture of dichloromethane 

and diethylether, and finally with a 1:1 mixture of acetone and diethylether to give an orange 

solid. Yield: 75 % (0.24 g); 31P{1H} NMR (CDCl3): δ = 20.7 (s) ppm; 1H NMR (CDCl3): δ = 

1.08 and 1.20 (both d, 3 H each, 3JHH = 6.2 Hz, CHMe2), 2.28 (s, 3 H, Me), 2.70 (m, 1 H, 

CHMe2), 2.89 and 3.00 (both s, 3 H each, NMe2), 3.39, 4.14, 4.44 and 4.69 (all m, 1 H each, 

CH2), 4.94 (m, 2 H, CH2), 5.48, 5.57, 5.66 and 6.02 (all broad s, 1 H each, CH of p-cymene), 

6.48 and 6.59 (both d, 1 H each, 3JHH = 7.5 Hz, CHaromatic), 7.13 (s, 1 H, CHaromatic), 7.52-7.92 

(m, 15 H, PPh3), 8.35 (s, 1 H, CH=N), 12.1 (very broad s, 1 H, OH) ppm; IR (KBr, pellet): νOH 

= 3428 cm-1, νC=N = 1617 cm-1; Elemental analysis calcd. for C40H46Cl3N2OPRu (809.2 g/mol): 

C, 59.37; H, 5.73; N, 3.46; found: C, 59.23; H, 5.86; N, 3.39 %. 

 

2.7. Synthesis of the ruthenium(II) complex 5b. 

Following a similar procedure, complex 5b was prepared as an orange solid starting from 

[{RuCl(µ-Cl)(η6-p-cymene)}2] (0.10 g, 0.16 mmol) and ligand 2b (0.20 g, 0.32 mmol). Yield: 

76 % (0.22 g); 31P{1H} NMR (CDCl3): δ = 20.0 (s, PPh3), -144.6 (sept, 1JFP = 714 Hz, PF6) 

ppm; 1H NMR (CDCl3): δ = 1.11 and 1.22 (both d, 3 H each, 3JHH = 6.6 Hz, CHMe2), 2.31 (s, 3 

H, Me), 2.70 (m, 1 H, CHMe2), 2.82 and 2.90 (both s, 3 H each, NMe2), 3.09, 4.00, 4.13 and 

4.92 (all m, 1 H each, CH2), 4.43 (m, 2 H, CH2), 5.47 and 5.58 (both d, 1 H each, 3
JHH = 6.2 Hz, 

CH of p-cymene), 5.63 and 5.94 (both d, 1 H each, 3JHH = 5.4 Hz, CH of p-cymene), 6.47 and 

6.61 (both d, 1 H each, 3JHH = 8.7 Hz, CHaromatic), 6.91 (s, 1 H, CHaromatic), 7.41-7.84 (m, 16 H, 

PPh3 and CH=N), 12.0 (very broad s, 1 H, OH) ppm; 13C{1H} NMR (CDCl3): δ = 18.8 (s, Me), 
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21.9 and 22.7 (both s, CHMe2), 30.2 (d, 1
JPC = 47.5 Hz, CH2P), 30.7 (s, CHMe2), 42.3 and 44.5 

(both s, NMe2), 56.7 and 64.1 (both s, CH2CH2), 80.8, 81.6, 82.8 and 88.4 (all s, CH of p-

cymene), 99.9 and 100.3 (both s, C of p-cymene), 109.5 (d, JPC = 8.4 Hz, Caromatic), 117.1 (d, 

1
JPC = 85.1 Hz, Cipso of PPh3), 119.2 (s, Caromatic), 122.8 (s, CHaromatic), 130.4 (d, JPC = 12.3 Hz, 

CHortho or meta of PPh3), 133.9 (d, JPC = 9.4 Hz, CHortho or meta of PPh3), 135.4 (s, CHpara of PPh3), 

136.4 (s, CHaromatic), 138.7 (d, JPC = 6.2 Hz, CHaromatic), 165.0 (s, C-OH), 167.0 (s, CH=N) ppm; 

IR (KBr, pellet): νOH = 3429 cm-1, νC=N = 1620 cm-1, νP-F = 841 cm-1; Elemental analysis calcd. 

for C40H46F6Cl2N2P2ORu (918.7 g/mol): C, 52.29; H, 5.05; N, 3.05; found: C, 52.14; H, 4.98; 

N, 2.96 %. 

 

2.8. Synthesis of the ruthenium(II) complex 6a. 

Following a similar procedure, complex 6a was prepared as an orange solid starting from 

[{RuCl(µ-Cl)(η6-p-cymene)}2] (0.19 g, 0.31 mmol) and ligand 4a (0.20 g, 0.62 mmol). Yield: 

69 % (0.27 g); 1H NMR (CD3OD): δ = 1.17 (m, 6 H, CHMe2), 2.21 (s, 3 H, Me), 2.69 (m, 1 H, 

CHMe2), 2.96 (broad s, 7 H, NMe2 and CH2), 3.55, 4.11 and 4.63 (all m, 1 H each, CH2), 3.93 

(s, 3 H, NMe), 5.25 (s, 2 H, CH2) 5.51, 5.63, 5.70 and 5.83 (all broad s, 1 H each, CH of p-

cymene), 6.92 and 7.34 (both d, 1H each, 3
JHH = 8.9 Hz, CHaromatic), 7.38 (s, 1 H, CHaromatic or 

CHimidazolium), 7.59 (s, 2 H, CHaromatic or CHimidazolium), 8.35 (s, 1 H, CH=N), 9.00 (s, 1 H, 

CHimidazolium) ppm, OH not observed; 13C{1H} NMR (CD3OD): δ = 17.6 (s, Me), 20.7 and 21.7 

(both s, CHMe2), 30.6 (s, CHMe2), 35.2 (s, NMe), 41.2 and 43.8 (both s, NMe2), 52.0, 58.1 and 

64.1 (all s, CH2), 80.0, 81.3, 82.8 and 87.9 (all s, CH of p-cymene), 99.7 and 100.9 (both s, C of 

p-cymene), 118.9 and 119.8 (both s, Caromatic), 121.9, 122.4, 123.8, 135.4, 136.3 and 136.4 (all s, 

CHaromatic or CHimidazolium), 164.9 (s, C-OH), 167.4 (s, CH=N) ppm; IR (KBr, pellet): νOH = 3419 

cm-1, νC=N = 1620 cm-1; Elemental analysis calcd. for C26H37N4Cl3ORu (629.0 g/mol): C, 49.65; 

H, 5.93; N, 8.91; found: C, 49.73; H, 5.89; N, 8.84 %. 
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2.9. Synthesis of the ruthenium(II) complex 6b. 

Following a similar procedure, complex 6b was prepared as an orange solid starting from 

[{RuCl(µ-Cl)(η6-p-cymene)}2] (0.14 g, 0.23 mmol) and ligand 4b (0.20 g, 0.46 mmol). Yield: 

71 % (0.24 g); 31P{1H} NMR (DMSO-d6): δ = -144.1 (sept, 1JFP = 711 Hz, PF6) ppm; 1H NMR 

(DMSO-d6): δ = 1.09 (m, 6 H, CHMe2), 2.16 (s, 3 H, Me), 2.81 (broad s, 6 H, NMe2), 3.65, 

4.52, 4.73 and 5.37 (all m, 1 H each, CH2), 3.83 (s, 3 H, NMe), 5.19 (s, 2 H, CH2), 5.61 (broad 

s, 2 H, CH of p-cymene), 5.69 and 5.85 (both broad s, 1 H each, CH of p-cymene), 6.71, 7.11 

and 7.25 (all s, 1 H each, CHaromatic or CHimidazolium), 7.73 (m, 2 H, CHaromatic or CHimidazolium), 

8.04 (s, 1 H, CH=N), 9.22 (s, 1 H, CHimidazolium), 10.5 (very broad s, 1 H, OH) ppm, CHMe2 not 

observed (overlapped by the deuterated solvent); IR (KBr, pellet): νOH = 3428 cm-1, νC=N = 

1622 cm-1, νP-F = 839 cm-1; Elemental analysis calcd. for C26H37F6N4Cl2OPRu (738.6 g/mol): 

C, 42.28; H, 5.05; N, 7.59; found: C, 42.19; H, 5.16; N, 7.39 %. 

 

2.10. Synthesis of the ruthenium(II) complex 8. 

Following a similar procedure, complex 8 was prepared as an orange solid starting from 

[{RuCl(µ-Cl)(η6-p-cymene)}2] (0.32 g, 0.52 mmol) and ligand 7 (0.20 g, 1.04 mmol). Yield: 85 

% (0.44 g); 1H NMR (CDCl3): δ = 1.06 (d, 3 H, 3JHH = 6.6 Hz, CHMe2), 1.19 (d, 3 H, 3JHH = 6.9 

Hz, CHMe2), 2.26 (s, 3 H, Me), 2.30 (s, 3 H, NMe), 2.64 (broad s, 4 H, NMe and CHMe2 

overlapped), 3.19, 3.90, 4.25 and 5.04 (all m, 1 H each, CH2CH2), 5.50 and 5.62 (both d, 1 H 

each, 3JHH = 6.1 Hz, CH of p-cymene), 5.58 and 5.93 (both d, 1 H each, 3JHH = 5.4 Hz, CH of p-

cymene), 6.44 and 7.20 (both t, 1 H each, 3JHH = 7.5 Hz, CHaromatic), 6.91 and 7.02 (both d, 1 H 

each, 3JHH = 7.5 Hz, CHaromatic), 7.96 (s, 1 H, CH=N), 11.93 (broad s, 1 H, OH) ppm; 13C{1H} 

NMR (CDCl3): δ = 18.8 (s, Me), 21.6 and 22.9 (both s, CHMe2), 30.6 (s, CHMe2), 56.9 and 

65.1 (both s, CH2CH2), 80.9, 81.1, 82.8 and 88.6 (all s, CH of p-cymene), 99.1 and 100.3 (both 

s, C of p-cymene), 114.3, 122.5, 135.1 and 135.7 (all s, CHaromatic), 118.0 (s, Caromatic), 165.1 (s, 

C-OH), 166.3 (s, CH=N) ppm; IR (KBr, pellet): νOH = 3501 cm-1, νC=N = 1613 cm-1; Elemental 
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analysis calcd. for C21H30Cl2N2ORu (498.4 g/mol): C, 50.60; H, 6.07; N, 5.62; found: C, 50.68; 

H, 6.00; N, 5.47 %. 

 

2.11. General procedure for the catalytic transfer hydrogenation of carbonyl compounds. 

A solution of HCO2Na (1.02 g, 15 mmol) in 3 mL of water was introduced, under argon 

atmosphere, in a Schlenk tube equipped with a condenser. The ketone or aldehyde (1 mmol) 

and the appropriate ruthenium catalyst (0.02 mmol) were added, and the mixture heated at 80 

ºC in an oil bath. The course of the catalytic reactions was monitored taking aliquots (ca 20 

µL), which after extraction with dichloromethane (3 mL) were analyzed by GC. The identity of 

the alcohols formed was assessed by comparison of their retention times with those of 

commercially available samples. 

 

2.12. Recycling tests in the transfer hydrogenation of 2,2,2-trifluoroacetophenone promoted by 

complex 5b. 

After the first run, the 1-phenyl-2,2,2-trifluoroethanol formed was extracted with 

diethylether (3 x 3 mL) and traces of organic solvent were eliminated from the aqueous phase at 

reduced pressure. Then, 136 µL (1 mmol) of 2,2,2-trifluoroacetophenone and hydrogen source 

were added to the aqueous solution, and the mixture was heated at 80ºC. Both sodium formate 

(1.02 g, 15 mmol, Table 1, entry 6) and formic acid (0.57 mL, 15 mmol, Table 1, entry 7) have 

been tested as hydrogen source for the recycling. 

 

3. Results and discussion 

The synthesis of the new Schiff-base ligands was carried out by condensation of the 

corresponding aldehyde precursors with the appropriate primary amine (see Schemes 1 and 2). 

Thus, the reaction of the (3-formyl-4-hydroxybenzyl)triphenylphosphonium chloride (1a) and 

hexafluorophosphate (1b) salts with one equivalent of N,N-dimethylethylenediamine in 
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refluxing methanol led to the selective formation of the corresponding imines 2a-b (Scheme 1). 

Similarly, the treatment of the 3-(3-formyl-4-hydroxybenzyl)-1-methyl-1H-imidazol-3-ium 

salts 3a-b with Me2NCH2CH2NH2 allowed the preparation of the imino-ligands 4a-b (Scheme 

2). In all the cases, the transformation of the aldehyde function into a -CH=N- moiety was 

evidenced by 1H NMR spectroscopy with the disappearance of the -CH=O signal at ca 10-11 

ppm and the observation of a new resonance at 8.20-8.56 ppm [16]. The formation of the iminic 

group was also supported by the presence of a singlet resonance at ca 165 ppm in the 13C{1H} 

NMR spectra. Worthy of note, the comparison of the spectroscopic data for the chloride and 

hexafluorophosphate salts (i.e. 2a vs 2b and 4a vs 4b) shows similar NMR patterns for the 

cation albeit with different chemical shifts, evidencing therefore the existence of ion pairing in 

solution. As an example, the CH2P unit of ligands 1a and 1b gives rise to a doublet resonance at 

5.49 and 4.45 ppm (1H NMR in CDCl3), respectively [17]. On the other hand, the ligand 4a 

exhibits a resonance at 10.78 ppm for the imidazolium N-CH=N proton, whereas a signal at 

8.77 ppm (1H NMR, CDCl3) is observed for the same group in its hexafluorophosphate 

counterpart 4b [18,19]. As previously observed by other authors, the interaction between 

cations and anions is expected to be stronger with the Cl- than with PF6
-, inducing therefore a 

major shift toward low field [19]. 

 

 

Scheme 1. Synthesis of ligands 2a-b with a phosphonium group pendant. 
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Scheme 2. Synthesis of ligands 4a-b with an imidazolium group pendant. 

 

Treatment of the dimeric ruthenium(II) precursor [{RuCl(µ-Cl)(η6-p-cymene)}2] with two 

equivalents of the Schiff-bases 2a-b and 4a-b, in methanol at room temperature for 2 hours, led 

to the clean formation of the corresponding mononuclear complexes [RuCl(η6-p-cymene)(κ2-

N,N’-Me2NCH2CH2N=CH-C6H3-2-OH-5-R)][Cl] (R = CH2PPh3[Cl] (5a), CH2PPh3[PF6] (5b), 

CH2-1-methylimidazolium[Cl] (6a), 1-methylimidazolium[PF6] (6b)), in which the 

functionalized ligand acts as a chelate through the N,N’-coordination of the diamine moiety (see 

Scheme 3). The proposed structures for the arene-ruthenium(II) compounds 5-6a-b, isolated as 

air-stable orange solids in 69-76% yield, were supported by elemental analyses, IR and NMR 

spectroscopies. In particular, the coordination of the NMe2 group to the ruthenium atom is 

inferred by the inequivalence of the two methyl groups in the 1H and 13C{1H} NMR spectra 

(see details in the Experimental section). On the other hand, the lowering of the ν(C=N) 

absorption bands (1617-1622 cm-1 in 5-6a-b; ∆ν between -14 and -24 cm-1) respective to those 

observed in the free ligands (1634-1641 cm-1 in 2,4a-b) is indicative of the complexation of the 

imine function to the metal center [20]. Additional confirmation of the N,N’-chelation of the 

ligands is given by the chemical and magnetic inequivalence of the p-cymene ring protons, 

which appear as four distinct signals in the 1H NMR spectra as a consequence of the stereogenic 

nature of the ruthenium atom. The loss of the symmetry is also reflected by the diastereotopic 

nature of the different CH2 units of the coordinated ligands. 
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Scheme 3. Synthesis of arene-ruthenium(II) complexes 5-6a-b containing an ionic Schiff-base ligand. 

 

At this point, it should be noted that Schiff-bases generated from salicylaldehyde 

derivatives are prone to coordinate metallic ions in a κ2-N,O-mode, after deprotonation of the 

phenol group [21]. In this context, a wide range of arene-ruthenium(II) complexes featuring 

these κ2-N,O-coordinated ligands have been described in the literature [22]. Also of note is the 

fact that Schiff-bases containing an imidazolium fragment in their backbone are suitable 

precursors for N-heterocyclic carbene species [19c], and are known to be sensitive to 

nucleophilic attacks (e.g. by methanol), giving rise to the release of the corresponding 

imidazole [19c]. In our study none of these reactivity patterns was observed, the formation of 

complexes 5-6a-b taking place selectively under the experimental conditions employed. 

In order to evaluate the benefit of the ionic substituents in 5-6a-b for further applications 

in catalytic processes in aqueous media, we also prepared and characterized the analogous 

ruthenium derivative [RuCl(η6-p-cymene)(Me2NCH2CH2N=CH-C6H4-2-OH)][Cl] (8) using the 

known neutral Schiff-base 7 (Scheme 4). The full analytical and spectroscopic characterization 
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of this compound is included in the Experimental section, all the data obtained being in 

complete accord with the proposed formulation. 

 

 

Scheme 4. Synthesis of the arene-ruthenium(II) complex 8 containing a neutral Schiff-base ligand. 

 

Compounds [RuCl(η6-p-cymene)(Me2NCH2CH2N=CH-C6H3-2-OH-5-R)][Cl] (R = 

CH2PPh3[Cl] (5a), CH2PPh3[PF6] (5b), CH2-1-methylimidazolium[Cl] (6a), 1-

methylimidazolium[PF6] (6b), H (8)) are soluble and stable in water [23], hydrolytic 

decomposition of the coordinated Schiff base ligands being not observed [24,25]. Thus, taking 

advantage of their stability and solubility in water, we decide to explore the potential of these 

complexes for aqueous catalysis. In particular, we evaluated their behavior in the catalytic 

transfer hydrogenation of carbonyl compounds in aqueous media employing 2,2,2-

trifluoroacetophenone as a representative substrate. Experiments were carried out with 1 mmol 

of the ketone, a ruthenium loading of 2 mol% and 15 equivalents of HCO2Na as the hydrogen 

source, in water at 80ºC. Under these conditions, all the complexes synthesized proved to be 

catalytically active giving rise to the selective formation of the desired 1-phenyl-2,2,2-

trifluoroethanol in moderate to high yield after 7 hours of heating (Table 1). In particular, the 

best result was achieved with complex [RuCl(η6-p-cymene){Me2NCH2CH2N=CH-C6H3-2-OH-

5-CH2PPh3[PF6]}][Cl] (5b) which contains a phosphonium pendant as the corresponding 

hexafluorophosphate salt (entry 2). 
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Table 1. Catalytic activity of complexes [RuCl(η6-p-cymene)(Me2NCH2CH2N=CH-C6H3-2-OH-5-

R)][Cl] (5-6a-b, 8) in the transfer hydrogenation of 2,2,2-trifluoroacetophenone.a 

 

 

Entry Catalyst Time Yieldb TOFc 

1 R = CH2PPh3[Cl] (5a) 0.5 h 35 % 35 h-1 

  7 h 82 % 5.9 h-1 

2 R = CH2PPh3[PF6] (5b) 0.5 h 43 % 43 h-1 

  7 h 98 % 7.0 h-1 

3 R = CH2-1-methylimidazolium[Cl] (6a) 0.5 h 37 % 37 h-1 

  7 h 90 % 6.4 h-1 

4 R = CH2-1-methylimidazolium[PF6] (6b) 0.5 h 40 % 40 h-1 

  7 h 93 % 6.6 h-1 

5 R = H (8) 0.5 h 24 % 24 h-1 

  7 h 73 % 5.2 h-1 

6d R = CH2PPh3[PF6] (5b) 7 h 38 % 2.7 h-1 

7e R = CH2PPh3[PF6] (5b) 7 h 67% 4.7 h-1 

a Reactions carried out with 1 mmol of 2,2,2-trifluoroacetophenone, 2 mol% of catalyst, 15 mmol of 

HCO2Na and 3 mL of water at 80ºC. b Yield of the corresponding alcohol. GC determined. c Turnover 

frequencies ((mol product/mol Ru)/time) were calculated at the time indicated in each case. d Recycling 

test, carried out with HCO2Na. e Recycling test, carried out with HCO2H. 

 

As a general trend, the activity of the PF6
--containing derivatives was higher than that of 

their chloride counterparts (entries 2 and 4 vs 1 and 3), probably due to the greater capacity of 

the Cl- to coordinate the metal center and therefore to compete with the complexation of the 

substrate or the formate anion [26]. Worthy of note, complex 8, containing a non-ionic Schiff-

base, generates an active species only partially soluble under the experimental conditions 



  

15 
 

selected and consequently conduces to lower conversion than catalysts 5-6a-b (entry 5 vs 

entries 1-4). On the other hand, since pH is known to dramatically affect the course of the 

transfer hydrogenation reactions [27], different experiments were also performed in the pH 

range 4-12. However, no improvements could be achieved, the best results being obtained in 

the absence of basic or acidic additives [28]. As an example, the conversions of 2,2,2-

trifluoroacetophenone at pH = 4 and pH = 12 with the complex 5b were only 77% and 33%, 

respectively, after 7 hours. 

 

Table 2. Catalytic activity of complex [RuCl(η6-p-cymene){Me2NCH2CH2N=CH-C6H3-2-OH-5-

CH2PPh3[PF6]}][Cl] (5b) in the transfer hydrogenation of different carbonyl compounds.a 

 

 

Entry Substrate Time Yieldb TOFc 

1 R = CF3, R’ = Ph 7 h 98 % 7.0 h-1 

2 R = Me, R’ = Ph 20 h 96 % 2.4 h-1 

3 R, R’ = -(CH2)5- 12 h 98 % 4.1 h-1 

4 R, R’ = -(CH2)4- 12 h 98 % 4.1 h-1 

5 R = Me, R’ = Et 12 h 97 % 4.0 h-1 

6 R = Ph, R’ = H 7 h 99 % 7.1 h-1 

7 R = 4-C6H4OMe, R’ = H 12 h 96 % 4.0 h-1 

8 R = C6F5, R’ = H 5 h 97 % 9.7 h-1 

a Reactions carried out with 1 mmol of ketone or aldehyde, 2 mol% of catalyst, 15 mmol of HCO2Na 

and 3 mL of water at 80ºC. b Yield of the corresponding alcohol. GC determined. c Turnover frequencies 

((mol product/mol Ru)/time) were calculated at the time indicated in each case. 
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The scope of the reaction was explored with the most efficient catalyst, i.e. complex 

[RuCl(η6-p-cymene){Me2NCH2CH2N=CH-C6H3-2-OH-5-CH2PPh3[PF6]}][Cl] (5b). As 

observed in Table 2, acetophenone, cyclohexanone, cyclopentanone and 2-butanone could also 

be reduced in high yield under the selected conditions. As expected, these ketones, more 

electron-rich than the 2,2,2-trifluoroacetophenone turned to be less reactive, requiring longer 

reaction times to reach good conversions (Entries 2-5 vs entry 1). The catalytic system resulted 

also operative for the transfer hydrogenation of aldehydes (Entries 6-8, Table 2). Once again, 

the rate of the reaction clearly depends on the electronic properties of the substrate employed, 

an electron-deficient aldehyde being more reactive than an electron-rich one (entry 8 vs entry 

7). 

 

Finally, the possibility for recycling the catalytic system has been investigated. After the 

full conversion of 2,2,2-trifluoroacetophenone by complex 5b, the alcohol was extracted with 

diethylether, and a second catalytic run was performed after adding a new batch of sodium 

formate and ketone to the aqueous phase (see details in the experimental section). By this way, 

38% of the desired 1-phenyl-2,2,2-trifluoroethanol were generated after 7 hours of heating 

(Table 1, entry 6). The low activity observed in this case could be due to the accumulation of 

the HCO2Na in the medium that induces a dramatic increase of the pH [29,30], an important 

factor taking in account the poor efficiency displayed by complex 5b under basic conditions. In 

agreement with this, better results were achieved when the recycling was performed with 

HCO2H instead of HCO2Na (Table 1, entry 7). 

 

4. Conclusions 

In summary, the synthesis of new ionic Schiff-bases, containing a NCH2CH2NMe2 moiety 

and a phosphonium or imidazolium pendant, has been presented. The selective coordination of 

these ligands onto a η6-arene-ruthenium(II) fragment, through N,N’-chelation, furnished highly 
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water-soluble complexes of the type [RuCl(η6-p-cymene)(N,N’-Me2NCH2CH2N=CH-C6H3-2-

OH-5-R)][Cl]. These derivatives proved to be able to promote the transfer hydrogenation of the 

fluorinated ketone 2,2,2-trifluoroacetophenone and resulted more convenient to perform this 

transformation in aqueous media than non-functionalized catalyst with similar structure. The 

most active catalyst, i.e. [RuCl(η6-p-cymene){Me2NCH2CH2N=CH-C6H3-2-OH-5-

CH2PPh3[PF6]}][Cl] (5b) proved to be also active in the reduction of other ketones and 

aldehydes. 
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Highlights 

- Four new ionic Schiff-base ligands have been synthesized. 

- Their selective coordination as N,N-chelates to an arene-ruthenium(II) fragment affords 

highly water-soluble complexes. 

- The derivatives prepared have proved to be active in the transfer hydrogenation of 

ketones and aldehydes in aqueous media. 


