
Spectroscopic characterization of Ru(III)-NHC complexes 1a-c

HRMS Spectrograms
UV-Vis Spectra: MLCT bands confirmed the 
NHC coordination to Ru(III) centre 

Objectives

▪ To synthesize a series of Ru(III)-NHC complexes (1a-c) based on pyridine 
functionalized  (benz)imidazolylidene bidentate ligand framework via 
electrophilic C-H activation in presence of Lewis acidic Ru(III) centre.

▪ To utilize the Ru(III)-NHC complexes (1a-c) as the metal precursors for the 
corresponding Ru(II)-PyNHC-(PPh3) complexes (2a-c) and Ru(II)-PyNHC-
(CNCMe).complexes (3a-c).

➢ Base-free synthesis
➢ Scalable
➢ No reaction was observed with 

Ligand precursors, L·HX, X = Cl, 
BF4, PF6.

      Complexes 1a-c are:
➢ Air- and moisture stable 
➢ Bench-top stable
➢ Can serve as the metal precursor 

for Ru(II)-NHC complexes

Synthesis of Ru(III)-NHC Complexes 1a-c:

Ru-NHC complexes in[1]:
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How they can be formed: So far…

▪ No Ru precursor with an NHC ligand is 
reported till date..

▪ No reports on synthesis of Ru(III)-NHC 
complex directly from RuCl3·3H2O..

▪ Role of ion pairs during the synthesis 
of Ru-NHC complexes has been 
studied till date…

▪ A few Ru(III)-NHC complexes[2] are 
known, which are formed by oxidizing 
Ru(II)-NHC complexes.. 

Use of Ru(III)-NHC complexes 1a-c as the precursor for Ru(II)-NHC complexes

Synthesis of Ru(II)-PyNHC-(PPh3) Complexes 2a-c from Ru(III)-PyNHC complexes 1a-c Synthesis of Ru(II)-PyNHC-(CNCMe) Complexes 3a-c from Ru(III)-PyNHC complexes 1a-c 

▪ 1a synthesized from L1·HI
▪ No traces of I- coordination to 

Ru(III) centre were observed.

▪ 1b synthesized from L2·HBr
▪ Coordination of Br- to Ru(III) was 

observed in LCMS.
(Mixed halide complexes were formed)

TGA Analysis
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Molecular Structures

▪ 1c synthesized from L3·HI
▪ No traces of I- coordination to 

Ru(III) centre were observed.

Similar to 1a and 1c, no 
mixed halide complexes 
were observed in LCMS of 
1b synthesized from L2·HI

Conclusions

• A series of new, benchtop stable Ru(III)-NHC complexes 1a-c has been synthesized from the bidentate 
Py(B/Im)R·HI (R = Me, and iPr) ligand precursors and RuCl3·3H2O, following a base-free route.

• The role of ion pairs in ligand precursors, on the synthesis of Ru(III)-NHC complexes 1a-c has been 
observed. 

• These Ru(III) complexes serve as metal precursors for the preparation of new Ru(II)-NHC-(PPh3) complexes 
(2a-c) and Ru(II)-NHC-CNCMe (3a-c).  

• All complexes have been characterized by usual characterization techniques.

1b1a

Powder XRD analysis: confirmed the bulk property of the 
complexes 1a-c

max/CH3CN, nm (, M-1, 
cm-1): 
▪ 1a - 434 (1944), 384 

(5337). 
▪ 1b - 432 (3492), 385 

(3181),
▪ 1c - 446 (3228), 392 

(5132)

2c

1H NMR of 2a
HRMS of 2a

[M-Cl]+

HRMS of 3a

1H NMR of 3a
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Base-free synthesis of benchtop stable Ru(III)-NHC 

complexes from Ruthenium(III) chloride trihydrate and

their use as precursors for Ru(II)-NHC complexes
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Future Scope
These Ru(III)-NHC complexes 1a-c allow 
easy access to new Ru(II)-NHC complexes 
with different  ancillary ligands, for novel 
applications.
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