
 

 

Novel Tethered Ru(II) arene/TsDPEN complexes using a 
novel and concise ‘arene swapping’ method 

A new method for the formation of Ru(II) complexes using a 
method in which a [Ru(arene)Cl2]2 complex is converted directly to 
a tethered Ru(II) complex in one step by Professor Martin Wills 
and his team at the University of Warwick, UK. Advantages 
include the synthesis of new catalysts and a concise route with no 
need for the use of a cyclohexadiene intermediate or a Birch-
reduction step. 

 
 
 
 

BACKGROUND 
Arene/Ru(II) complexes such as 1 are widely used as 
catalysts for asymmetric reductions of ketones and 
imines.1 The catalysts typically employ hydrogen gas, 
formic acid, sodium acetate or isopropanol as the 
reducing agent. The ‘tethered’ complexes such as 2 and 3 
exhibit increased reactivity and also catalyse reductions 
by the same reducing agents.2,3 

 

 
 
The original approach (‘diene intermediate’ method)2a to 
2 requires a synthesis of a precursor ligand featuring an 
early stage Birch reduction. This creates an intermediate 
which is complexed with RuCl3. An improved synthesis of 
22d replaces the original reductive amination approach to 
the precursor ligand with a direct substitution reaction. A 
related synthesis of 3 requires a similar sequence but 
avoids the Birch reduction through the use of a 
cycloaddition reaction of propiolic acid with isoprene, 
however this synthesis requires eight synthetic steps.3a  

INVENTION 

Through the appropriate choice of reaction conditions, 
the direct formation of tethered complexes can be 
achieved using a method in which the arene on the side 

chain of a precursor ligand displaces another 6-arene 
ring from the Ru(II) atom. We have found that both 
known complex 2 (where n=1) and the new complexes 4 
and 5 (Scheme 1) can be formed through direct reaction 
of a precursor Ru(II) dimer (a known complex) with 
ligands 6 in DCM or chlorobenzene at 90-140 oC. Both 
new complexes have been purified and their X-ray 
crystallographic structures have been obtained. The 
arene-substitution reaction can also be carried out by 
directly heating a mixture of the ruthenium dimer and 

ligand 6 in chlorobenzene at 90 ºC for 5 h. Novel 
electron-rich complexes 4 and 5 can be prepared for the 
first time by this method. The conditions for the 
substitution have been optimised and protected in a 
patent application, WO2013GB52869.  
 

 
Scheme 1. Synthesis of 2 (n=1), 4 and 5 via direct6-arene 
substitution (isolated yields). 
 
Complexes 7-10 were also prepared by this route, 
directly from the aromatic precursor ligands; of the 
seven complexes, five are novel and have been prepared 
for the first time using this method. For the known 
complexes 2 (n=1) and 10, the direct approach is shorter 
compared to the ‘diene intermediate’ method.  

 
The novel complexes (4, 5, 7-9) formed in this process 
have been shown to be highly active in asymmetric 
transfer hydrogenation (ATH; Table 1) and asymmetric 
pressure hydrogenation (APH; Table 2) of ketones. 
Methoxy-substituted catalysts 4 and 5 are highly robust 
and stable and gave particularly good results. The 
selected results in the table are for acetophenone 
reduction, whilst an extended series of ketones have also 
been reduced in high enantioselectivity using low 
catalyst loadings under mild conditions (Figure 1). 
 



 

 

 

Table 1: Selected ATH reductions of acetophenone (Formic 

acid/triethylamine - FA/TEA used as reductant). 

Catalyst Mol%  

Catalyst 

T/
º
C t/h Conv./%

 [a]
 Ee/%

 

4 0.1 60 2 99.8 96.3 (R) 

4 1 28 4.5 >99 97.4 (R) 

5 0.1 60 4 99.9 88.8 (R) 

5 1  28 8 99.1 91.2 (R) 

7 1  28 22 99.9 97.4 (R) 

8 1  28 94 54.8 87.4 (R) 

9 1  28 23 99.9 96.1 (R) 

 

Table 2: Selected APH reductions of acetophenone (MeOH, 30 

bar H2, 60
o
C, 0.2 mol% catalyst).

 

Catalyst t/h Conv./% Ee/%
 

4 16 99.9 94.0 (R) 

5 16 99.8 83.5 (R) 

Figure 1: Examples of alcohols formed in other APH 
(asymmetric pressure hydrogenation using hydrogen gas) and 
ATH (asymmetric transfer hydrogenation using formic 
aid/triethylamine) reductions: 
 

 
The new catalysts also work well under aqueous conditions 
and full details are given in the patent application. The patent 
application also contains details of the synthesis of a number 
of catalyst derivatives, including racemic catalysts, and their 
applications to reductions. We can send you a small sample of 
approx. 100 mg of this p-OMe catalyst to evaluate under a 
Material Transfer Agreement. 
 
The novel method reported herein for the synthesis of 

tethered 
6
 arene complexes provides a concise route to 

synthetically-valuable tethered Ru(II)/TsDPEN catalysts for 
ketone reduction reactions. An advantage of the method is 
that an intermediate TsDPEN derivative containing a 1,4- diene 
is not required. This reduces the number of synthetic steps 
required for the synthesis of the tethered catalysts. 

 

BENEFITS OF OUR ‘ARENE SWAPPING’ METHOD 
 Reactions no longer require:  

o the use of a cyclohexadiene intermediate which can 
become deactivated due to its oxidation to an 
aromatic ring. 

o the need for the Birch reduction step which is labour 
intensive, time consuming and provides a low yield. 

 Syntheses of novel electron rich catalysts using our 
method which are otherwise highly challenging.  

 Novel catalysts are produced with  
o high reproducibility 
o higher stability 
o high enantiomeric excess. 

 Novel catalysts such as the –OMe benefit from improved 
compatibility with aqueous systems. 
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TARGET PARTNERS 
The technology is expected to be of interest to companies who 
are manufacturing and selling hydrogenation catalysts for 
asymmetric reduction reactions.  
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