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Abstract — A series of chiral ruthenium(II) carbonyl salen 

complexes of general formula [Ru(CO)(B)(L)] (where E = 

P, B = PPh3, ASPh3, py, pip and L = dibasic tetradendate 

chiral Schiff base ligands) have been synthesized from the 

reaction of [RuHCl(CO)(B)(EPh3)2] (where E = P, B = 

PPh3py, pip: E = As, B = As) with appropriate chiral Schiff 

base ligand. The characterization of the complexes was 

accomplished by analytical and spectral (FT-IR, UV-Vis, 

1H-NMR) methods.  

Keywords: Schiff Base, ruthenium(II) complexes, 

tetradentate ligands,               

I. INTRODUCTION 

Chiral ligands attract considerable attention 

commensurate their role in asymmetric catalysis 

promoted by complexes of transition metals. The use of 

catalytic asymmetry reaction for the synthesis of highly 

enantiomerically enriched chiral compound is of 

growing importance in organic chemistry and in the 

chemical industry at large [1]. Chiral metal complexes 

are the most effective enantioselective catalysts for 

much asymmetric reaction.  

Further ruthenium forms many complexes with a 

number of novel ligands containing nitrogen donor 

atoms have been largely investigated in asymmetric 

oxidation catalysis [2]. Furthermore, ruthenium 

complexes containing chiral Schiff base ligand are 

successfully used in asymmetric epoxidation of 

unfunctionalised olefins, oxidation, aziridination, 

amidation, Michael reaction [3]. 

In addition tertiaryphosphine/arsine ligands co-ordinate 

to transition metal complexes throughout the catalytic 

cycle because of their high affinity especially with late 

transition metals and they can stabilize low-valent metal 

intermediate to keep the high activity of the catalyst. 

Complexes of transition metals with tertiaryphosphine 

/arsine have gained considerable interest during the last 

three decades [4]-[6]. Most of ruthenium (II) and 

ruthenium (III) complexes containing PPh3/AsPh3 have 

been used as catalyst in many reactions [7]-[9]. 

Examples such as hydrogenation, oxidation and 

carboxylation and some of the complexes have been 

used as starting materials [10]-[11] for the synthesis of 

novel ruthenium (II) and ruthenium (III) complexes. 

Though there is a wealth of information available on 

transition metal complexes of chiral Schiff base [12]-

[14] only very few reports are available on chiral Schiff 

base complexes of ruthenium containing carbonyl 

ligands, With this fact in mind, we set out to design new 

chiral tetradentate Schiff base ligands and the synthesis 

of their ruthenium(II) complexes containing carbonyl 

and triphenylphosphine/arsine. Further the 

characterization of the chiral ruthenium(II) carbonyl 

Schiff base complexes were accomplished by analytical 

and spectral methods.  

II.     EXPERIMENTAL METHODS 

Commercially available RuCl3·3H2O was used as 

supplied from Loba Chemie Pvt. Ltd., Bombay, were 

chemically pure and annular grade. The solvents were 

purified and dried according to standard procedures 

[15]. The analysis of carbon, hydrogen and nitrogen 

were performed at Sophisticated Test and 

Instrumentation Centre (STIC) Cochin University, 

Kochi. Infra-red spectra of complexes were recorded in 

KBr pellets with a Perkin - Elmer 597 

spectrophotometer in the range 4000-400cm
-1

. 

Electronic spectra of the complexes were recorded in 

CHCl3 solution with a Cary 300 Bio UV–Vis Varian 

spectrophotometer in the range 800-200nm. The 
1
H-

NMR spectra were recorded in CDCl3 with Bruker  

400MHz instrument using TMS as internal reference. 

Melting Point was recorded in the Boetius micro heating 

table and is uncorrected. 

1.      Preparation of Ru(II) precursor complexes 

A.     Carbonylchlorohydridotris(triphenylphosphine)   

ruthenium(II) [RuHCl(CO)(PPh3)3][16]          

A solution of 0.26 g (1.0 mol) of hydrated ruthenium 

trichloride in 20 ml of 2-methoxyethanol and aqueous 

formaldehyde(20ml;40%) were added rapidly and 

successively to a vigorously stirred boiling solution of 
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1.58 g (6 moles) of triphenylphosphine in 60ml of 2-

methoxyethanol. The mixture was heated under reflux 

for 10 minutes and allowed to cool. The precipitate that 

formed was separated and washed successively with 

ethanol (small quantity), water, n-hexane, dried in 

vacuum.  

Colour: Cream white, M.P: 210°C, Yield: 75% 

B. Carbonylchlorohydridopyridinebis 

(triphenylphosphine) ruthenium(II),   [RuHCl(CO) (py) 

(PPh3)2][17] 

[RuHCl(CO)(PPh3)3] (0.24g; 0.24 mmol) was added to 

benzene (20ml) containing pyridine (0.5ml) and the 

mixture was stirred at room temperature for 24 hours 

under nitrogen atmosphere. The green solution was 

concentrated in vacuum and the solid that separated by 

adding Petroleum Ether was washed with hexane, ether 

to get a green microcrystalline solid Colour: Green, 

M.P: 175 °C, Yield: 70% 

C.    Carbonylchlorohydridopiperidinebis 

(triphenylphosphine) 

ruthenium(II),RuHCl(CO)(pip)(PPh3)2][18] 

[RuHCl(CO)(PPh3)3] (0.24g; 0.24 mmol) was added to 

benzene (20ml) containing piperidine (0.5ml) and the 

mixture was stirred at room temperature for 24 hrs. 

under nitrogen atmosphere. The green solution was 

concentrated in vacuum and the solid that separated by 

adding petroleum ether was washed with hexane, ether 

to get a green microcrystalline solid. 

 Colour: Pink, M.P: 117 °C, Yield: 60% 

D.      Carbonylchlorohydridotris(triphenylarsine) 

ruthenium(II),RuHCl(CO)(AsPh3)3][19] 

A solution of 0.29 g of hydrated ruthenium trichloride in 

2-methoxyethanol (5 ml) and aqueous formaldehyde (20 

ml, 40%) were added rapidly and successively to a 

vigorously stirred boiling solution of 1.58g of 

triphenylarsine in 60 ml of 2-methoxyethanol.The 

mixture was heated under reflux for 1 hrs. and allowed 

to cool. The precipitate that formed was separated and 

washed with ethanol and n-hexane, dried in vacuum.  

Colour: Yellow, M.P: 180°C, Yield: 70% 

2.     Preparation of Schiff base ligands 

A.    Resolution of 1,2-diamino cyclohexane 

A 250 ml beaker was charged with L(+) – tartaric acid 

(250mmol,375.5g) and distilled water (100ml).The 

mixture was stirred at room temperature. At this point a 

mixture of cis/trans-1,2-diamino cyclohexane(500 

mmol. 60 ml) was added at the rate such that reaction 

temperature in below 700
o
C (keep ice bath).To the 

resulting solution glacial acetic acid (25 ml) was added 

at the rate such that the reaction temperature is below 

90
o
 C.A precipitate  formed immediately upon the 

addition of glacial acetic acid and the slurry was 

vigorously stirred. It was cooled over a period of 2 hrs. 

The mixture was cooled to 5
o
C for 2 hrs. and the 

precipitate suction filtration. The wet precipitate was 

washed with cold water (25ml) followed by cold 

methanol till the precipitate turned to white solid. The 

product was purified by vacuum distillation. 

3.      Preparation of chiral  Schiff base ligands 

The dibasic tetradentate chiral Schiff base ligands 

(1R,2R)-bis(salicylaldehyde)-trans-

cyclohexylamine.(L1)(1R,2R)-bis(3-

methoxysalicyladehyde-transhexyldiamine,(L2), were 

prepared by the following procedure. Salicylaldehyde 

(20mmol) dissolved in methanol (10ml) was added to a 

solution of the tartaric acid salt of trans 

cyclohexanediamine(10mmol) and anhydrous potassium 

carbonate 4.15 g (30mmol) dissolved in water 30 ml. 

The mixture was stirred at 60
o
C for 1 hrs. Diluted with 

water and extracted with ether. Extract was washed with 

brine solution and dried over anhydrous sodium sulphate 

and concentrated under reduced pressure. The residues 

was dissolved in hexane and cooled to -10
o
C. Using 

similar procedure the new chiral Schiff bases such 

as(1R,2R)-bis(3-methoxysalicyladehyde)(1R,2R)-bis(2-

hydroxy-1-Naphthaldehyde)were obtained by reacting 

3-methoxysalicyladehyde and with tartaric acid salt of 

trans cyclohexanediamine[20]-[21].  

 
Fig. 1. L1 = (1R,2R)-bis(salicylaldehyde)-trans-

cyclohexyldiamine 

 
 

Fig   2.   L2 = (1R, 2R)bis(3methoxysalicylaldehyde)-

trans-cyclohexyldiamine 

4.     Synthesis of new chiral Ru (II) Schiff base 

complexes 

The appropriate chiral Schiff base ligand (0.026-0.034g: 

0.08mmol) was added to a solution of 

{RuHCl(CO)(B)(EPh3)2](where E = P, B = PPh3py, 

pip: E=As, B=As)(0.072-0.101g; 0.08 mmol) in ethanol 

(metal: ligand ratio 1:1) and the mixture was stirred for 

24 hrs. After stirring the solution was concentrated to 

about 3 ml and the complex was separated by the 

addition of small amount of petroleum ether (60-
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80
0
C).The resulting complex was recrystallized from 

CH2Cl2/petroleum ether and dried under vacuum. 

The above mentioned procedure is followed for the 

preparation of all the following complexes. 

1. [Ru(CO)(PPh3)(L1)] 

This is prepared from [RuHCl(CO)(PPh3)3] (75 mg) and 

(L1) (25.38) mg  in ethanol (20 ml). 

Yield: 68%, Colour: Green, Melting point: 150
o
C 

2. [Ru(CO)(Py)(L1)] 

This is prepared from [RuHCl(CO)(py)(PPh3)2] (75 mg) 

and (L1) (31.43) mg  in ethanol (20 ml). 

Yield: 68%, Colour: Green, Melting point: 150
o
C 

3. [Ru(CO)(Pip)(L1)] 

This is prepared from [RuHCl(CO)(pip)(PPh3)2] (75 mg) 

and (L1) (31.18) mg  in ethanol (20 ml). 

Yield: 72%, Colour: Green, Melting point: 192
o
C 

4. [Ru(CO)(AsPh3)(L1)] 

This is prepared from [RuHCl(CO)(pip)(AsPh3)3] (75 

mg) and (L1) (22.30) mg  in ethanol (20 ml). 

Yield: 68%, Colour: Brown, Melting point: 160
o
C 

5. [Ru(CO)(PPh3)(L2)] 

This is prepared from [RuHCl(CO)(PPh3)3] (75 mg) and 

(L2) (30.11) mg  in ethanol (20 ml). 

Yield: 75%, Colour: Green, Melting point: 175
o
C 

6. [Ru(CO)(Py)(L2)] 

This is prepared from [RuHCl(CO)(py)(PPh3)2] (75 mg) 

and (L2) (37.28) mg  in ethanol (20 ml). 

Yield: 72%, Colour: Green, Melting point: 198
o
C 

7. [Ru(CO)(Pip)(L2)] 

This is prepared from [RuHCl(CO)(pip)(PPh3)2] (75 mg) 

and (L2) (36.99) mg  in ethanol (20 ml). 

Yield: 64%, Colour: Green, Melting point: 165
o
C 

8. [Ru(CO)(AsPh3)(L1)] 

This is prepared from [RuHCl(CO)(pip)(AsPh3)3] (75 

mg) and (L2)(26.45) mg  in ethanol (20 ml). 

Yield: 78%, Colour: Green, Melting point: 145
o
C 

III. RESULTS AND DISCUSSION 

New hexa coordinated ruthenium(II) Schiff base 

complexes of the type [Ru(CO)(B)(L)] (Where B= PPh3, 

AsPh3,  py, pip and L=dibasic tetra dentate chiral Schiff 

base ligands) were synthesized from the reaction of 

[RuHCl(CO)(B)(EPh3)2]9Where E=As, B=AsPh3; E=P, 

B= PPh3, py, pip) with various chiral tetradentate Schiff 

base ligands,viz.,L1=(1R,2R)-bis(salicylaldehyde)-trans-

cyclohexyldiamine and L2=(1R,2R)-bis(3-methoxy 

salicylaldehyde)-trans-cyclohexyldiamine in ethanol in 

1:1 molar  ratio. 

 

Fig  3. Synthesis of Chiral Ru(II) Schiff base Complexes 

 TABLE I.  ANALYTICAL DATA FOR CHIRAL 

SCHIFF BASE LIGANDS 

Ligand Colour 
Melting 

Point 

Calculated (found)% 

C H N 

L1 Yellow 64-66 
74.49 

(74.9) 

6.88 

(6.38) 

8.65 

(8.52) 

L2 Yellow 128-130 
69.07 

(69.53) 

6.85 

(6.35) 

7.32 

(7.17) 

 

TABLE II.  IR ABSORPTION FREQUENCIES OF 

CHIRAL SCHIFF BASE LIGANDS  (cm
-1

) 

Ligand R C-O C=N OH 

L1 H 1278 1633 3412 

L2 OCH3 1261 1626 3416 

TABLE III.  
1
H NMR SPECTRA (ppm) AND 

OPTICAL ROTATION OF CHIRAL SCHIFF BASE 

LIGANDS 

Ligand 
-CH2 -CHN Ar-H -

CH=N 

-OH -OCH3 [α]D 

L1 
1.6 (m) 3.5 (m) 7.5 (m) 8.3(S) 13.0 (S) - -15.6 

L2 1.6 (m) 3.3 (m) 6.8 (m) 8.2(S) 14.0 (S) 3.99(S) -46.9 

All the complexes are in green and brown colour, stable 

in air, non-hygroscopic in nature and highly soluble in 

common solvent such as dichloromethane, acetonitrile 

and chloroform producing intense green and brown 

solutions. The analytical data of the free Chiral Schiff 

base ligands(Table 1) and Ru(II) Chiral Schiff base 

complex are listed and are in good agreement with the 

general molecular formula proposed. Optical rotation for 

the chiral Schiff base ligands were measured using 

polarimeter and are given in Table III. 
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TABLE IV.  ANALYTICAL DATA FOR Ru(II) 

SCHIFF BASE COMPLEXES 

S. 

No 

Complexes Colou

r 

Mp 

(oC) 

Calculated (Found %) 

C H N 

1 [Ru(CO) (PPh3) 

(L1)] 

Green 150 76.70 

(76.3

5) 

5.77 

(5.35) 

4.58 

(4.18) 

2 [Ru(CO) (py) 

(L1)] 

Green 185 73.05 

(72.8

5) 

5.89 

(5.63) 

9.80 

(9.50) 

3 [Ru(CO) (pip) 

(L1)] 

Green 192 72.19 

(71.7

8) 

6.99 

(6.55) 

9.70 

(9.35) 

4 [Ru(CO) (AsPh3) 

L1)] 

Brow

n 

160 71.55 

(71.0

4) 

5.38 

(4.98) 

4.27 

(3.89) 

5 [Ru(CO) (PPh3) 

(L2)] 

Green 175 74.98 

(74.4

5) 

5.82 

(5.45) 

4.30 

(3.95) 

6 [Ru(CO) (py) 

(L2)] 

Green 198 70.88 

(70.5

6) 

5.94 

(5.56) 

9.10 

(3.78) 

7 [Ru(CO) (pip) 

(L2)] 

Green 165 70.10 

(69.7

5) 

6.70 

(6.25) 

9.07 

(8.68) 

8 [Ru(CO) (AsPh3) 

(L2)] 

Green 145 70.17 

(69.8

6) 

5.40 

(4.98) 

4.08 

(3.75) 

TABLE V.  IR SPECTRA DATA 
Complexes IR absorption frequencies(cm-1) 

C≡O C-o C=N 

[Ru(CO) (PPh3) (L1)] 1947 1315 1600 

[Ru(CO) (py) (L1)] 1946 1315 16.3 

[Ru(CO) (pip) (L1)] 1939 1316 1631 

[Ru(CO) (AsPh3)L1)] 1950 1318 1598 

[Ru(CO)(PPh3)(L2)] 1949 1317 1599 

[Ru(CO)(py)(L2)] 1946 1315 1600 

[Ru(CO)(pip)(L2)] 1947 1314 1598 

[Ru(CO)(AsPh3)L2)] 1956 1315 1601 

In order to study the binding mode of chiral Schiff base 

ligand to ruthenium metal in the new complex, IR 

spectra of free Schiff base have been compared with that 

of the complexes. This is normally indicated by slight 

changes in the IR frequencies, shown by the complexes 

as compared to that of the free ligands and the IR data of 

the free ligands Table II and their complexes are given 

Table V. 

A strong band has been observed around 1625-1635 cm
-

1 
is characteristic of azomethine[22]-[24] group of the 

free chiral Schiff base ligands. Co-ordination of chiral 

Schiff ligand to the ruthenium through azomethine 

nitrogen atom is expected to reduce the electron density 

in the azomethine link. Hence this band undergoes a 

shift to lower frequency in the region 1598-1631cm
-1 

after complexation indicates that azomethine nitrogen is 

the coordinating atom. In the IR spectra of the for chiral 

Schiff baseligands, a band of medium intensity appeared 

around 3400-3450 cm
-1 

due to O-H. On complexation 

this band was disappeared indicating deprotonation prior 

to coordination through oxygen atom.. A high intensity 

band at 1225-1280cm
-1

 in the chiral Schiff base ligands 

may be assigned to the phenolic vc-o stretching[25]-[27]. 

In all the complexes (C≡O) the terminal carbonyl 

appeared in the region of 1939-1356 cm
-1

.In addition to 

the above absorption other characteristic band due to 

PPh3/ASPh3were present around 14320 to 1436cm
-1

 in 

the spectra of all complexes. 

TABLE VI.  ELECTRONIC SPECTRA DATA 

All the Schiff base ruthenium complexes are 

diamagnetic, indicating the presence of ruthenium in +2 

oxidation state. The electronic absorption spectra of all 

the complexes in CHCl3 showed three to four bands in 

the region 206-610 nm. The ground state of Ru(II) in 

octahedral environment is 
1
A1g,arising from the 

t2g
6
configuration, and the excited state corresponding to 

the t2g
5
 eg

1
configurations are 

3
T1g,

3
T2g,

1
T1g and

 1
 

T2g.Hence,four bands corresponding to the transitions 
1
A1g →

3
T1g,

1
A1g→

3
T2g,

1
A1g→

1
T1g and 

1
A1g →

1
T2g are 

possible in the order of the increasing energy. The other 

high intensity band around 442-464 nm has been 

assigned to the charge transfer transitions arising from 

the excitation of an electron from metal t2g
5
 level to 

unfilled molecular orbitals derived from the π* level of 

the ligands. The slightly lower MLCT transition energy 

is probably due to the chelate ring of the complexes. The 

other high intensity bands lower than 350 nm region 

were intensity band around 442-464 nm has been 

assigned to the charge transfer transitions arising from 

the excitation of an electron from metal t2g
5
 level to 

unfilled molecular orbitals derived from the π* level of 

the ligands. The slightly lower MLCT transition energy 

is probably due to the chelate ring of the complexes 

[28]. The other high intensity bands lower than 350 nm 

region were characterized by the ligand-centered (LC) 

band have been designated as π-π and n-π* transitions 

for the electrons localized on the azomethine of the 

Schiff bases Table VI. 

TABLE VII.  
1
H NMR SPECTRAL (ppm)  

S. 

NO 

Complex

es 

-CH2 -CHN Ar-H -

CH=

N 

-

OCH3 

1 [Ru(CO) 

(PPh3) 

(L1)] 

 

1.4 

(m) 

3.3 

(m) 

7.0-7.8  

(m) 

8.0 

(m) 

- 

2 [Ru(CO) 

(py) (L1)] 

 

1.4(m

) 

3.4 

(m) 

6.8-7.6 (m) 8.0(m

) 

- 

3 [Ru(CO) 

(AsPh3)L1

)] 

 

1.5(m

) 

3.5 

(m) 

7.07.6 (m) 7.9(m

) 

- 

4 [Ru(CO) 

(PPh3) 

1.5(m

) 

6.4 

(m) 

7.0-7.6 (m) 8.0(m

) 

3.9 

(m) 

S.

N 

Complexes � max(nm)(dm3 mol-1cm-1) 

1 [Ru(CO)(PPh3)(L1)] 

 

752(170),329(9436),281(14,616),27

4(14,816) 

2 [Ru(CO)(py)(L1)] 

 

668(354),406(2148),317(2948),247(
9308) 

3 [Ru(CO)(pip)(L1)] 

 

------------------------------------- 

4 [Ru(CO)(AsPh3)L1)] 

 

637(507),400(1916),305(7004),284(
13,120),271(14,968) 

5 [Ru(CO)(PPh3)(L2)] 

 

643(350),380(2176),258(10,636). 

6 [Ru(CO)(py)(L2)] 

 

672(317),400(2480),245(10,876) 

7 [Ru(CO)(pip)(L2)] 

 

------------------------------------- 

8 [Ru(CO)(AsPh3)L2)] 

 

698(151),394(4268),310(7928),272(
14,968),264(15,980 
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(L2)] 

 

5 [Ru(CO) 

(AsPh3)L

2)] 

 

1.4(m

) 

3.6 

(m) 

6.97.8 (m) 8.0(m

) 

3.9 

(m) 

The bonding arrangement is further confirmed by 
1
H-

NMR spectra Table VII. In the spectra of the complexes 

the multiples observed around  6.8 – 7.8 ppm have 

been assigned to aromatic protons of the phenyl group of 

triphenylphosphine/arsine and the Schiff base ligands 

.The azomethine proton appeared as a singlet in the 

region  7.9-8.0 ppm. The methylene proton appeared as 

a singlet in the region  1.4-1.5 ppm in the complexes. 

One sharp singlet observed at 3.9ppm is assigned to the 

methoxy proton in the complexes. The multiplets 

observed in the region 3.3-3.6 ppm are due to methane 

proton in the ligands. The absence of resonance for OH 

protons in the complex indicated deprotanation of the 

phenolic group of the Schiff bases on complexation and 

coordination to ruthenium through phenolic oxygen. 

IV. CONCLUSION 

A series of chiral ruthenium(II)carbonyl salen 

complexes of general formula[Ru(CO)(B)(L)] (where E 

= P, B = PPh3, ASPh3, py, pip and L = dibasic 

tetradendate chiral Schiff base ligands) have been 

synthesized from the reaction of 

[RuHCl(CO)(B)(EPh3)2] (where E = P, B = PPh3py, pip: 

E= As, B = As) with appropriate chiral Schiff base 

ligand. The characterization of the complexes was 

accomplished by analytical and spectral (FT-IR, UV-

Vis,
1
H-NMR) methods. An octahedral geometry has 

been tentatively proposed for all the complexes. 
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