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Manganese-Catalysed Transfer Hydrogenation of Esters.
Conor L. Oates, Magnus B. Widegren and Matthew L. Clarke*

Manganese catalysed ester reduction using ethanol as hydrogen 
transfer agent in place of dihydrogen is reported. High yields can 
be achieved for a range of substrates using 1 mol% of a Mn(I) 
catalyst, with an alkoxide promotor. The catalyst is derived from a 
tridentate P,N,N ligand.

The hydrogenation of esters has changed from being a very 
problematic aspirational transformation 15 years ago, to a 
highly efficient example of homogeneous catalysis. There are 
quite a few effective Ru-based catalysts,1a-d but also Mn and Fe 
based systems that show promise.2a-h,3 The use of molecular 
hydrogenation is frequently the cleanest and most economic 
reductant, but there are a variety of scenarios where the use 
of a liquid reductant may be desirable. The importance of 
transfer hydrogenation, using an alcohol as hydrogen donor, to 
catalytic reductions cannot be doubted; there are many useful 
practical applications for asymmetric transfer hydrogenation 
of ketones.4a-e 
Surprisingly, given the level of interest in transfer 
hydrogenation, relatively few papers have described transfer 
hydrogenation of esters.5a-d Dubey and Khaskin reported the 
use of just 1 mol% of a ruthenium catalyst, using ethanol as 
reductant and an alkoxide co-catalyst.5b The discovery by de 
Vries and co-workers of an effective base-free Fe borohydride 
catalyst using ethanol as reductant, this time requiring 5 mol% 
catalyst loading, is a significant milestone.5d Catalysts such as 
this, which are derived from an indefinitely sustainable metal 
source, and that permit higher catalyst impurities than the 5-
10 ppm generally required as a minimum for precious metal 
based catalysts6 are highly desirable. This significance has 
spurred a lot of recent research on Mn catalysed reductions.

We have recently reported the use of catalyst 1 (in racemic 
form) in some synthetically useful ester hydrogenations using 
hydrogen as reductant,3 and more recently rationally designed 
second generation systems, 2 and 3 (in enantiomerically pure 
form) for highly efficient enantioselective hydrogenation of a 
broad range of ketones (0.01 to 0.1 mol% catalyst loadings).7 
These are amongst the most active of all non-precious metal 
catalysts for the hydrogenation of esters and ketones.  That 
being said, transfer hydrogenation of ketones using any of 
these catalysts was a more mixed picture, with only a handful 
of typical substrates giving good results.7 De Vries and co-
workers also found that a Mn/ PNP hydrogenation catalyst was 
entirely ineffective for ester transfer hydrogenation.5d To our 
surprise, given this background, we have now found that a 
highly effective transfer hydrogenation of a range of esters is 
possible using the Mn catalysts 1 or 2, and report this 
discovery here. 
Our objective was to enable a Mn-based catalyst to conduct 
ester transfer hydrogenation at a catalyst loading below the 5 
mol% level used by de Vries and co-workers.5d A selection of 
our Mn catalysts were investigated using conditions relatively 
similar to those used in reference 5b. We chose the reduction 
of ethyl 4-fluorobenzoate in EtOH as a model substrate to 
identify suitable conditions (summarised in Table 1). The 
optimal conditions identified during this study are shown in 
entry 1. We first identified the most suitable catalysts from 
those we have recently developed.2d,3,7

Figure 1 Catalysts previously used for transfer hydrogenation                 
of esters5
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Figure 2 Catalysts investigated in this work

The use of either 1 mol% catalyst 1 or 2 gave similarly good 
yields. Use of catalyst 3 (entry 3) led to poorer conversions. 
This latter catalyst is slightly more active in pressure-
hydrogenation of esters below around 70oC.7 The kinetic 
studies described in ref 7 show the catalyst degrades during 
the reaction above this temperature; the lower yield here is 
likely due to its lower thermal stability. The optimal base 
loading was found to be 20 mol% of KOtBu: lowering to 10 
mol% (entry 7) led to decreased conversion of starting 
material and raising to 30 mol% (entry 8) lead to lower product 
formation. Pleasingly, changing to the weaker K2CO3 at 20 
mol% (entry 12) still produced useful levels of product albeit 
with lower yield. We found the optimal concentration (wrt. 
ester substrate) to be 2M. Lower concentrations (entries 9/ 
10) resulted in lower conversions to (7). The alternative 
primary alcohol hydrogen donors we have examined are less 
effective than EtOH (entries 13 & 14). Using MeOH (2M) 
resulted in mostly transesterification to the methyl ester and 
only a small amount of product formation. Use of nBuOH (2M) 
lead to almost no product being formed. Therefore, optimal 
conditions for the reduction of 6 were 1 mol% of 2 in EtOH 
with a 2M concentration at 100 °C for 22 h. 
While the use of well-defined pre-catalysts has many 
advantages, sometimes it is preferable to generate a catalyst 
in situ. Pre-stirring 1 mol% of both 4 and [Mn(CO)5Br] for 2h at 
100 oC  in EtOH and then adding 6/ base before stirring for a 
further 24 h at 100 oC (Entry 4, Table 1) produced a 
comparable yield of (7) as when well-defined 2 was used in the 
standard conditions (we note that the yield drops to 63% if 
there is no pre-stirring period for complexation, not shown).
With optimal conditions in hand we began investigating the 
reaction scope (with the results summarised in Table 2); at first 
focussing on aromatic ethyl esters to eliminate 
transesterification between solvent and substrate. Further 
demonstration of halogen tolerance was shown when ethyl 4-
iodobenzoate (8a) was reduced in good yield, as were 
unfunctionalised esters, (8b) (8c). Examples of both oxygen 
and nitrogen containing heterocycles are tolerated by the 
conditions- demonstrated by the reduction of ethyl 2-furoate 
(8d) and ethyl isonicotinate (8e) in good yields. While ether 
functionality, even in the ortho position to the ester is 
unproblematic (8f, 8h), the presence of free amino, hydroxy 
and nitrile function was problematic thus far. 

Table 1 Optimisation of conditionsa

Entry Change from Optimal 
Conditions

Conversion 
of 6(%)c

7 
(%)c

1 - 90 76 (74)
2 1 mol% 1 85 74
3 1 mol% 3 76 57
4 (1 mol% 4 + 

[Mn(CO)5Br])b
90 76 (73)

5 1 mol% 5 15 2
6 No Catalyst 13 Trace
7 10 mol% KOtBu, 81 67
8 30 mol% KOtBu 91 52
9 0.25M 46 43

10 0.5M 66 53
11 1M 84 76
12 20 mol% K2CO3 84 67
13 MeOH as solvent 93 19
14 nBuOH as solvent 19 Trace

a Standard reaction conditions: 6 (0.5 mmol), 1-methylnapthalene 
(0.15 mmol), base and Mn Cat. (0.005 mmol) in dry solvent under N2 
atmosphere at 100 °C for 22h. b 4 (0.05 mmol) and Mn(CO)5Br (0.05 
mmol) in dry EtOH at 100 °C for 2h, then 6  (0.5 mmol), 1-
methylnapthalene (0.15 mmol) and KOtBu (0.10 mmol) added and 
stirred at 100 °C for 24 h; all under N2 atmosphere.  c Determined by 
1H NMR using 1-methylnapthalene as internal standard. Isolated 
yields (after chromatographic purification) in brackets.

We were then interested to see if the conditions were 
applicable to aliphatic ethyl esters; all the examples tested 
could be reduced with good yields. Reduction of 
unfunctionalised 8l, 8m, and 8n worked well. The reduction of 
lauryl and oleyl esters is a process important to the fine 
chemical industry with oleyl (9o) and lauryl alcohols (9p) 
seeing wide industrial and commercial use.9 Satisfyingly, the 
reduction of ethyl laurate (8o) and ethyl oleate (8p) produced 
their respective alcohols in good yield. (S)-Naproxen (8q) could 
also be used to produce Naproxol (9q) in very good yield but 
with epimerisation of the chiral centre. The amino acid ester 
tolerance of the conditions was investigated by reducing ethyl 
N,N-dibenzylglycine (8r) generating N,N-dibenzylamino 
ethanol (9r) in good yield.
Esters derived from alcohols other than ethanol were then 
investigated. The halogenated methyl 4-chlorobenzoate (8s) 
and methyl 4-bromobenzoate (8t) were both reduced in very 
good yield (Table 2). Heterocyclic methyl nicotinate (8u) was 
reduced too in excellent yield. The α-β-unsaturated ester 
methyl cinnamate (8v) was totally reduced to the saturated 
compound 3-phenylpropanol (9m) in good yield. Finally, the 
methyl (8w) and isopropyl (8x) 2-methoxybenzoate esters 
produced 2-methoxybenzyl alcohol (9f) in good yields when 
submitted to the standard conditions. Transesterification was 
proven to occur using substrate 8x and 8t (see Scheme 2 and 
ESI). The transesterification with ethanol occurring under the 
reaction conditions led us to consider a one-pot esterification-
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reduction of carboxylic acids. Carboxylic acids cannot be 
reduced by any of the base-activated Ru or Mn amino-
phosphine catalysts, and are very difficult to hydrogenate, 
despite some notable contributions.10a-d

Table 2 Products obtained from Mn-catalysed reductions.

N

OH

I

OH

OH

OMe

OH

OH

O

OH

OH

BnO

OH

NC

OH

HO

OH

R2N

OH

OH

OH

OH

OH

OH

MeO

9a (81%) 9b (69%)

9c (87%) 9d (82%) 9e (83%)

9f (76%) 9g (10%)b 9h (48%)c

9i (Trace%)b R= H 9j (Trace)b

R= Me 9k (10%)b
9l (78%)

9m (82%) 9n (71%)d 9o (77%)d

9p (76%)d

9q (82%)(rac.)

OHBn2N
9r (63%)

OH

X
X= Cl 9s (79%)
X= Br 9t (79%)

Et Esters:

Me Esters:

N

OH

9u (84%)

OH

OMe
9f (82%)

OMe

O

OH

9m (74%)8v

iPr Ester:

OH

OMe
9f (77%)

a Standard reaction conditions: ester substrate (0.5 mmol), tBuOK 
(0.1 mmol) and 2 (0.005 mmol) in dry EtOH (0.25 mL) under N2 
atmosphere at 100 °C for 22h. Isolated yields (after chromatographic 
purification) in brackets.  b Determined by 1H NMR using 1,4-
dimethoxybenzene as internal standard. c 0.01 mmol of 2 d 0.0075 
mmol of 2. 

To prove the viability of this concept we have examined just 
two randomly selected substrates: the ethyl esters were 
generated by modified Steglich esterification conditions11 
using N,N’-Diisopropylcarbodiimide (DIC) and 
Dimethylaminopyridine (DMAP) in EtOH. Adding catalyst 2 and 
base and heating then allowed the transfer hydrogenation to 
proceed with a fairly similar yield to using pure ethyl esters to 
afford the alcohol (Scheme 1). Since both of these protocols 
worked similarly to using ethyl esters, we would therefore 
suggest the catalysts have tolerance to these esterification 
conditions and esters should be able to be made in situ.

Scheme 1 One-pot esterification/ reduction of carboxylic 
acids. For experimental procedure, see SI. Isolated yields 
(after chromatographic purification) in brackets.  

When the reaction mixtures are analysed before the reaction 
completion, the range of intermediates forming becomes 
clear. Using isopropyl (8x) 2-methoxybenzoate ester, there is 
rapid transesterification with ethanol (see ESI). The ester 
formed from the product alcohol, 9t can also be detected in 
the mixture, as can small amounts of the acetate of the 
product (Scheme 2). Transfer hydrogenation is an equilibrium 
process and the conditions used enable high conversion to the 
desired primary alcohol (and useful amounts isolated in pure 
form), but complete conversion to the product is not 
observed, unlike the pressure hydrogenation using hydrogen 
gas.7 The mechanism is consistent with that discussed in 
previous papers5 where dehydrogenation of the ethanol 
reductant, which is in excess occurs alongside ester reduction 
with the hemi-acetals produced also being dehydrogenated 
(EtCHOH(OR) and reduced respectively (Scheme 2). The 
formation of a Mn-hydride from 1-3 using basic alcohol 
solutions has resisted our attempts at isolation and even 
detection: in contrast to similar complexes with Ru and Ir, free 
ligand is detected if the catalysts are activated without any 
substrate to reduce. However, based on precedents from a 
plethora of examples using a variety of metals, this should 
initiate the cycle.
In reference 5d, essentially no activity was described for a 
Mn/P,N,P catalyst in ester transfer hydrogenation. We believe 
catalysts 1-3 are significantly more active ester hydrogenation 
catalysts than the catalyst used in ref. 5d; indeed other 
researchers have compared P,N,N and P,N,P /Mn catalysts and 
found the former more reactive.12 In addition it is possible that 
the formation of H2 with a Mn/P,N,P catalyst13 could reduce 
the lifetime of the Mn-hydride needed to reduce the ester and 
hence the transfer hydrogenation efficiency. The presence of 
more N-donors might facilitate dehydrogenation without 
dihydrogen formation. One P-donor is still seemingly required 
for the hydride to be reactive enough to reduce an ester, as 
evidenced by the lack of reactivity of a catalyst derived from a 
simple bidentate N,N ligand, 5 (Table 1, entry 5). This catalyst 

R OH

O ii. 2 (1 mol%)
tBuOK (20 mol%)

EtOH
22 h, 0-100 oC

R OH

i. DIC (1.15 eq.),
DMAP (10 mol%)

R= (2-MeO-Ph) 9f (73%)
R= Cy 9l (74%)10a/b

R1 OR2

O

R OH

2 (1 mol%)
tBuOK (20 mol%)

EtOH, dark
22 h, 100 oC8a-x 9a-u
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gives high turnover numbers in ketone transfer 
hydrogenation,8 but we are not aware of ester pressure 
hydrogenations with any metal centre, using only pure N,N 
ligands. In summary, we have developed the first example of a 
manganese-catalysed reaction for the transfer hydrogenation 
of esters. The methodology operates using only 1 mol% of a 
sustainable metal catalyst to effect reduction.

Scheme 2 Top: Species found at end of Me ester reduction 
determined by 1H NMR using 1,4-dimethoxybenzene as internal 
standard- see ESI. Below: Mechanistic proposal for ester transfer 
hydrogenation using 2 and EtOH.
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Manganese-Catalysed Transfer Hydrogenation of Esters.

Conor L. Oates, Magnus B. Widegren and Matthew L. Clarke

A manganese complex of a tridentate P,N,N ligand can catalyse the reduction of esters using 
ethanol as the reductant.
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