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Base-free reduction of ketones using a bpy-iridium catalyst. Focus 
on the synthesis of γ-valerolactone 

Liwei Guo,a Zilong Li, a Remi Marchal,a Boris Le Guennic a and C. Fischmeister a*  

Several [Cp*Ir(NN)SO4] complexes have been prepared and used 

for the efficient reduction of various ketones in water without any 

additives, using formic acid as the hydrogen donor. The best 

catalyst incorprating a bis-dimethylaminopyridine ligand was 

further used for the base-free reduction of levulinic acid into –

valerolactone (GVL). This catalyst loaded at 0.1 mol% and used 

under neat conditions led to quantitative conversion of levulinic 

acid at 30 °C.  

The reduction of carbonyl compounds is a ubiquitous reaction 
in organic synthesis. In particular, the catalytic reduction of 
ketones into alcohols has found a number of applications in the 
pharmaceutical, agrochemical, flavour, fragrance, materials, 
and fine chemical industries. Of particular interest are 
stereoselective reduction of ketones into chiral alcohols.1 
Reduction reactions using molecular hydrogen or transfer 
hydrogenation using hydrogen donors have been extensively 
used in homogeneous catalysis, most often using basic additives 
or basic media which are necessary for catalyst turnover.2 
However, these basic additives present a number of drawbacks 
such as strong environmental impact due to waste generation 
and base removal processes. The limitation to substrates and/or 
products stable under basic conditions is also a major problem. 
Finally, the ability of many bases to promote the reduction of 
ketones without any catalyst is very often under looked, despite 
being clearly and unambiguously highlighted in a number of 
reports.3 This reactivity of certain bases is particularly 
problematic when the stereoselective reduction of ketones is 
targeted. For these reasons, in the past years, researchers have 
been investigating organometallic catalysts able to promote the 
reduction of ketones without any assistance of basic additives. 
This challenge is addressed using catalyst able to play the dual 
role of catalyst and base through metal-ligand cooperation or 
using catalysts incorporating basic ligands or hydrides.  

In fact, catalysts able to reduce ketones under base-free 
conditions are not plethora. Following the pioneering work by 
Shvo in 1985,4 only few catalysts operating under base-free 
conditions have been reported. Noyori addressed the issue of 

base-sensitive ketones and reported a trans-RuH(1-
BH4)(binap)(1,2-diamine) catalyst for the base free 
hydrogenation of simple ketones  followed by examples of 
hydrogenation of base sensitive chromanone5 and 
chloroacetophenone derivatives6 with high enantioselectivity. 
Among the base-free reduction of ketones, hydrogenation 
transformations have been the most reported displaying in 
several cases high activity under mild conditions. In 2012, 
Milstein reported a P,N,P-pincer iron-hydride complex that 
catalysed  the hydrogenation of ketones in ethanol at 4,1 bar,  
40 °C in  6 h.7 At the same period, Hanson reported various 
cobalt-pincer complexes for the hydrogenation of olefins and 
ketones. Interestingly, a cobalt catalyst (2 mol%) bearing a basic 
alkyl ligand -CH2SiMe3 effectively hydrogenated acetophenone 
under very mild conditions (1 bar, 25 °C) in dry THF, but no 
substrate scope was provided.8 Two ruthenium-containing 
phosphinesulfonate chelate catalysts (2 mol%) were reported 
by Achard and Bruneau for the hydrogenation of aryl-ketones.9 
Very high yields were achieved at 60 °C and 30 bar.  Deng also 
reported a series of N,O-chelate half-sandwich ruthenium 
complexes (0.1 mol%) for both carbonyl and nitro compound 
hydrogenation under mild conditions (5 bar, 50 °C) in a 
methanol/water mixture.10 In 2019, Xing group developed Cp*-
iridium complexes (0.5 mol%) hydrogenating a broad scope of 
ketones and aldehydes under mild conditions (1 bar, 30 °C).11 It 
must be mentioned that the stereoselective hydrogenation of 
aromatic ketones was reported  by Andersson using a high 
loading of a cationic iridium complex (1 mol%) at room 
temperature and 1 bar H2 in iPrOH.12 Recently, Kirchner 
reported a Mn(I)-diphos complex catalysing the hydrogenation 
of aryl- and alkyl-ketones in high yields at room temperature 
and 10 bar H2 in Et2O with 3 mol% catalyst loading.13 Similarly, 
only a few catalysts have been reported for the base-free 
transfer hydrogenation of ketones using i-PrOH as hydrogen 
donor since the 80’s,14 involving metal-hydride catalysts15 and 
other ligands.16 Examples of base-free reduction of ketones 
using formic acid (FA) as hydrogen donor are even more scarce. 
It appears that Watanabe likely published the pioneering work 

a. Univ Rennes, CNRS, ISCR (Institut des Sciences Chimiques de Rennes). UMR 6226, 
F-35042 Rennes, France 
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on base-free transfer hydrogenation of ketone with FA as 
hydrogen source in 1982.17  Under neat conditions, formic acid 
and (RuCl2(PPh3)3) were mixed at 125 °C for three hours. The 
yield of alcohol was 84% using acetophenone as the model 
substrate. Later, the Shvo catalyst was reported for the transfer 
hydrogenation of ketones to alcohols without the use of a base, 
but the process was hampered by ester formation that could be 
avoided upon addition a small amount of water and sodium 
formate.18 Recently, Xu and Li reported N,N-chelated iridium 
chloride catalysts able to reduce a variety of ketones in water 
using large excess of formic acid.19  Few examples were also 
recently reported as part of scope studies. For instance, Ikariya 
reported an oxo-tethered ruthenium catalyst for the transfer 

hydrogenation of -substituted acetophenones.20 A modest 
conversion of 69 % was obtained with a 1 mol% catalyst loading 
at 60 °C for 4 h. Sawamura & coll. reported the reduction of 
acetophenone in 83% yield using 1 mol% of [IrCl(cod)]2, a 
phosphine ligand and 2 equiv. of formic acid at room 
temperature for 6 h in CPME.21  In 2018, a Shvo-type 
molybdenum catalyst was used for the transfer hydrogenation 
of acetophenone but a low yield of 22% was obtained at 65 °C 
in 48 h with a catalyst loading of 10 mol%.22 
Overall, the vast majority of catalysts able to reduce ketones 
under base-free (and additive-free) conditions are either air or 
moisture sensitive organometallic complexes requiring rigorous 
conditions of inert atmosphere and dry solvents. Transition 
metal complexes supported by often expensive ligands such as 
pincer-type ligands have also been extensively used.  Easily 
accessible and stable complex are therefore desirable for the 
base-free reduction of ketone and, more generally, for any 
transition metal-based catalytic transformation.  

Over the past few years, we have been interested in the 

synthesis and use of catalysts bearing dipyridylamine ligands 

(dpa),23 in particular for hydrogen storage purpose using formic 

acid as a liquid organic hydrogen carrier.24 Recently, we have 

reported enhanced performances with electron enriched 

iridium complexes thanks to the introduction of electron-

donating groups at the pyridine rings (Figure 1). Indeed, the 

catalyst Ir3 bearing the ligand L3 with two dimethylamino-

substituents led to improved performances as compared to Ir1 

and Ir2 respectively bearing ligands L1 and L2. The key role of 

the sulfate ligand was also clearly evidenced.25 During the 

synthesis of L3, the bipyridine ligand L4 was obtained as a by-

product. Later this ligand was conveniently prepared using a 

reported procedure.26 Of note, the iridium complexes Ir1-Ir4 are 

easily obtained in two steps and good yields (> 95%) as air-

stable yellow powders. 

We present hereafter our work on the base-free reduction of 

ketones using Ir1-Ir4 catalyst with a focus on the reduction of 

levulinic acid into γ–valerolactone.  
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Figure 1 Ligands and catalysts used in this study 

 
 

Reduction of ketones 

The four catalysts were evaluated in the aqueous phase 

hydrogenation of acetophenone under mild conditions of 

temperature (70 °C) and hydrogen pressure (10 bar). Due to the 

robustness of the catalysts, the reaction did not require the use 

of an inert atmosphere. As depicted in Table 1, all four catalysts 

were competent for the hydrogenation of acetophenone and 

the impact of increased electron donation evidenced in the 

dipyridylamine-based catalysts Ir1-Ir3. However, only the 

bipyridine Ir4 catalyst reached nearly full conversion in 16 h 

(Table 1, entry 4) and full conversion could be reached upon 

increasing the temperature (Table 1, entry 5) or the pressure 

(Table 1, entry 6). Note that Ir4 remains active at lower 

temperatures, but with lower substrate conversions (Table 1, 

entries 7, 8). All reactions were conducted with a catalytic 

amount of formic acid. As shown in entries 7 and 8, lower 

conversions were achieved in the absence of formic acid. We 

believe that formic acid facilitates the formation of Ir-H species 

from iridium complexes. The formation of this same Ir-H species 

is most certainly more difficult with dissolved dihydrogen, given 

the low solubility of dihydrogen in water. 

 

Table 1 Hydrogenation of 1-acetophenone with dihydrogena 

Entry Cat (mol%) P H2 (bar) T (°C) Conv. (%)b 

1 Ir1 10 70 47 

2 Ir2 10 70 61 

3 Ir3 10 70 64 

4 Ir4 10 70 95 

5 Ir4 10 90 >99c 

6 Ir4 20 70 >99c 

7 Ir4 10 50 71 (38)d 

8 Ir4 10 25 30 (16)d 

a 1-acetophenone (2 mmol), catalyst (0.1 mol%), H2O (1 mL), formic acid 

(0.08 mol%), 16 h. b determined by 1H NMR. c 1-acetophenone not 

detected. dwithout formic acid 
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The same four catalysts were then evaluated under transfer 
hydrogenation conditions using formic acid as hydrogen donor. 

One feature often neglected when using formic acid in catalytic 

reduction reactions is the real nature of the mechanism. Is it a 

true hydrogen transfer mechanism or does a fast formic acid 

dehydrogenation occur first? In the latter case, the reaction 

should be considered as a hydrogenation reaction with formic 

acid acting as a dihydrogen gas source. In 2017, we disclosed 

iridium-dipyridylamine catalysts capable of reducing levulinic 

acid into γ–valerolactone under base-free conditions and we 

demonstrated that the reaction was proceeding by 

hydrogenation rather than transfer hydrogenation using a 2-

compartment Schlenk tube and comparing results of reactions 

conducted in a closed vessel versus open vessel.27 In 2019, we 

have introduced one dimethylamino-group on a dpa ligand 

which resulted in improved performances for the 

dehydrogenation of formic acid, including neat formic acid.24a In 

2020, Kawanami and coworkers reported the utilisation of Ir4, 

bearing two -NMe2 donor groups for the dehydrogenation of 

FA.28 

 

Being a hydrogenation process, a closed experimental setup is 

necessary to ensure hydrogen pressure build-up.  All reactions 

were thus conducted in identical and pressure resistant Ace-

tube29 glass reactors to ensure reliability of the results (see ESI 

for safety recommendations).  

As depicted in Table 2, Ir4 was again the most efficient catalyst. 

However, higher reaction temperature was necessary to ensure 

high conversion. Having previously demonstrated the stability 

of our complexes under acidic conditions, it is likely that the 

lower performances are due to the lower hydrogen pressure 

achieved in Ace-tubes vs the Parr reactors loaded at 10 bar of 

hydrogen. Despite these lower results, we believe that this 

process using formic acid as hydrogen donor is of practical 

interest as it does not require expensive stainless-steel reactors 

and most of all it does not require the storage and handling of 

high-pressure hydrogen cylinders and valves. 

 Having optimised both protocols with Ir4, we have extended 

the scope of the reaction to other ketones derivatives with 

various steric and electronic properties. Hydrogenation with 

molecular hydrogen and formic acid as hydrogen donor were 

studied and some limitations identified (Figure 2). The 

introduction of a methyl-substituent at the ortho-position did 

not hamper significantly the reaction providing 2 in 94% 

conversion. However, when the steric hindrance was increased, 

the efficiency of the reaction dropped significantly as 

demonstrated with compounds 5 and 7. The very hindered 

alcohol 3 could not be obtained which is a limitation also 

reported in other reports or just not investigated. Steric 

hindrance also made camphor and menthone reluctant to 

hydrogenation (21 and 22) while the less hindered 

cyclohexanone was almost quantitatively converted to 

cyclohexanol 18. The reaction tolerated well electron 

withdrawing groups leading to compounds 8, 9, 10 and 17 in 

good yields. It should however be noticed that under 

hydrogenation condition, the bromo-derivative led to a low 

conversion under hydrogenation conditions when using formic 

acid as hydrogen source led to 85% conversion.30 The 

introduction of an electron donating group led to high 

conversion of the ketone reagents but a selectivity issue 

aroused as ether formation was observed up to 19% for 12’. This 

type of etherication is not unknown and was previously 

reported by Andersson12 (in dichloromethane) or Albrecht31 (in 

toluene) and corresponds formally to an acid-promoted 

dehydration process.  

 

 

Figure 2 Scope of reagents with Ir4 (0.1 mol%) in water at 90 °C for 16 
h. Conversion (%); Blue = 10 bar H2 and 0.08 mol% formic acid; Green = 
2 equiv. formic acid  

Table 2 Hydrogenation of 1-acetophenone with formic acid as hydrogen 

donora 

Entry Cat (mol%) T (h) T (° C) Conv. (%)b 

1 Ir2 16 100 59 

2 Ir3 16 100 67 

3 Ir4 16 100 86 

4 Ir4 24 100 93 

5 Ir4 24 90 64 
a 1-acetophenone (2 mmol), catalyst (0.1 mol%), H2O (1 mL), formic acid 

(4 mmol, 2 equiv.), 16 h. b determined by 1H NMR.  

Page 3 of 9 Catalysis Science & Technology

C
at

al
ys

is
S

ci
en

ce
&

Te
ch

no
lo

gy
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

1 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/2
/2

02
6 

7:
19

:2
9 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6CY00010J

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6cy00010j


COMMUNICATION Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

We then turned our attention to base-sensitive reagents 

featuring acidic protons to highlight the interests of base-free 

conditions. The two (-CO2H) substituted acetophenone 

derivative were transformed with very high conversion in the 

desired product 13 for the para-substituted reagent and in the 

lactone 14 due to intramolecular esterification. Although it is 

not possible to have an exhaustive view of the very many 

reports on the base-assisted transition metal-catalysed 

reduction of ketones, we could not find this type of reagent into 

the substrate scope of the numerous articles surveyed. These 

compounds could only be found in recent articles on the base-

free reduction of ketones and aldehydes.19 Surprisingly, 2’-

hydroxyacetophenone led to the deoxygenized compound 15’. 

This type of reaction is not common and was only reported in a 

few articles on the deoxygenation of polyols.32 We can 

therefore postulate that the diol 15 is first generated before 

deoxygenation occurs. 

 

Reduction of levulinic acid 

Levulinic acid (LA) is one of the biosourced platform chemical 

from which a number of important raw materials for the 

chemical industry can be sourced.33 –valerolactone (GVL) is 

one of those compounds with numerous application domains. 

The synthesis of GVL has recently attracted a lot of attention in 

chemical research in particular in heterogeneous34 and 

homogeneous catalysis.35 In 2017, we reported our first results 

on the reduction of LA into GVL using ruthenium and iridium 

dipyridylamine catalysts and reported the highest TON at that 

time (174000) employing an iridium catalyst.27 We have 

pursued our effort to improve this transformation using 

catalysts with enhanced performances reported herein 

(Scheme 1). We selected hydrogenation process using formic 

acid as hydrogen source for its experimental practicability and 

easiness to be implemented in any laboratory without the need 

for expensive high-pressure reactors and hydrogen storage 

facilities. Neat conditions were also selected as we previously 

showed that Ir-dpa catalyst can almost equally perform in 

aqueous phase and neat conditions. Furthermore, Ir-dpa 

catalysts also tolerate high formic acid concentrations.24a 

O

CH3

O

OH O

O

CH3

LA GVL

Catalyst

HCOOH
+ H

2
O

 

Scheme 1 Reduction of levulinic acid into GVL 

The iridium dipyridylamine (dpa) catalysts were first evaluated 

yet evidencing the beneficial impact resulting from the 

introduction of the dimethylamino-group on the dpa-ligand in 

Ir3. This catalyst was still active at 50 °C but with a lower rate 

(Table 3, entry 5). Conversely, the Iridium-bpy catalyst Ir4 was 

very active at nearly room temperature, remarkably providing 

full conversion of LA at 40 °C in 16 h and at 30 °C in 64 h (Table 

3, entries 7, 8).  The catalyst loading could be further reduced 

to 0.01 mol% still allowing full conversion at 90 °C in 16 h (Table 

3, entry 9). 

Table 3 Hydrogenation of levulinic acid with formic acid as hydrogen donor 

under neat conditions a 

Entry Cat (mol%) t (h) T (°C) Conv. (%)b TONd 

1 Ir1 (0.1 mol%) 16 110 73 730 

2 Ir2 (0.1 mol%) 16 110 72 720 

3 Ir3 (0.1 mol%) 16 110 97 970 

4 Ir3 (0.1 mol%) 16 90 81 810 

5 Ir3 (0.1 mol%) 16 50 34 340 

7 Ir4 (0.1 mol%) 16 40 100c 100 

8 Ir4 (0.1 mol%) 64 30 100c 1000 

9 Ir4 (0.01 mol%) 16 90 100c 10000 
a LA (0.232 g, 2 mmol, FA (0.184 g, 4 mmol). b Determined by 1H NMR. 
c LA not detected by 1H NMR. dmol of LA converted / mol of catalyst. 

Those results are quite similar to those reported by Fu in 2013 
with an iridium catalyst supported by a bpy-OMe ligand under 
diluted conditions (1 M aqueous solution of LA).36 The 
introduction of a dimethylamino-substituent on the bpy core 
thus leads to great improvement, since Ir4 displays similar 
efficiency to Fu’s catalyst, but under neat conditions. 

Reaction mechanism:  

The reaction mechanism comprises two essential steps, the first 

one leading to the formation of the Ir-H species B (Figure 3). 

When formic acid is used for reduction reactions, the 

mechanism is in general considered to as a transfer 

hydrogenation reaction. However, we and others have 

demonstrated that catalysts such as Ir1-Ir4 are very efficient for 

the fast dehydrogenation of formic acid (Figure 3, I + Cycle II). 

24a, 25, 28 In fact, when reactions are conducted in an open vessel, 

yields drop considerably to 25-30%. The reversibility of FA 

dehydrogenation could ensure the availability of FA once the 

equilibrium reached in a closed vessel (Cycle II, Figure 3). 

However, our experience shows that this type or iridium 

catalyst is poorly efficient in the hydrogenation of CO2 so we do 

not consider this path as a realistic one. Alternatively, the 

Iridium precursor A was found competent for the activation of 

dihydrogen (Figure 3, III), as demonstrated earlier in this 

manuscript. Under base-free conditions, we postulated in our 

first report the involvement of the SO4
2- anion in the 

deprotonation of FA.27 This was later confirmed by theoretical 

calculation from Li using a bpy-iridium model37 and recently by 

us with a dpa-iridium complex.22 The second part of the 

mechanism deals with the hydride transfer which could occur 

by insertion of the carbonyl functional group in the Ir-H species. 

If the migratory insertion of the carbonyl bond into the M-H is a 

well-known process, the terminal formation of GVL is not well 

documented. Indeed, the vast majority of reports on GVL 

formation by reduction of levulinic acid states the release of γ-

hydroxyvaleric acid that undergoes intramolecular 

esterification (Figure 3, Pathway IV).  However, the 

identification of γ-hydroxyvaleric acid into reaction mixture has 
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never been clearly reported even in studies with in situ 

monitoring of reaction progress by 1H NMR and FTIR.38  This 

matter of fact, prompted us to postulate, in 2017, a metal-

assisted cyclisation process leading to GVL.27 This alternative 

mechanism was further demonstrated feasible by DFT studies 

using dihydrogen.37 Having again been unable to detect the 

formation of γ-hydroxyvaleric acid by 1H NMR at different 

conversions (30, 60, 120 min.) we have performed DFT studies 

to identify possible reaction mechanism (Figure 3, Pathway V).  

 

 

Figure 3 Postulated mechanism for the formation of GVL 

 

DFT study 

We carried out DFT calculations using the M06L39 functional, 

Stevens/Basch/Krauss relativistic effective core potential triple-

split basis (CEP-121G)40 for Ir, and the 6-31G(d,p)41 basis set for 

other atoms. Single point energy calculations were performed 

with larger def2TZVP42 basis set using SMD solvent model with 

water (see computational details in SI). 

Considering that the mechanism was already investigated by Li 

and coworkers37 with a similar complex under hydrogenation 

conditions, we have considered the first step only to identify 

possible pathways involving formic acid for the generation of a 

catalytically relevant Ir-hydride species A (Figure 4). Starting 

from the most likely precursor, the iridium-aquo Int1,43 we have 

identified the formic acid coordinated Int2 of similar energy. 

From this intermediate we could localise a direct hydride 

transfer TS1 with an accessible energy barrier of 12 kcalmol-1 in 

which the SO4
2- anion acts as a base, abstracting a proton as 

reported in our previous studies.27 This TS1 evolves toward the 

stable Ir-H species A with release of CO2 (Figure 4, blue 

pathway). We have also considered a formate pathway 

although no base was used as co-catalyst in the reduction 

reaction (Figure 4, pink pathway). Indeed, even though formic 

acid is a weak acid, furthermore used neat in the absence of 

water (except that from supplied formic acid and levulinic acid) 

and water produced by the reaction, the amount of formate ion 

resulting from dissociation should not be neglected. An 

approximate calculation by two different methods revealed an 

amount of formate ion of 0.016-0.022 mmol in the reaction 

mixture, thus about 8-11 times higher than the 0.002 mmol of 

catalyst (see ESI). The formate pathway was thus considered 

and the iridium-formate Int4 found lower in energy lying 15.3 

kcal below Int2. However, the energy barrier to generate the Ir-

hydride A (Int3) through TS2 was very similar (10.1 kcal.mol-1). 

This confirms that a formate mechanism should not be 

discarded when working at low catalyst loading, even though 

the reaction is conducted in the absence of base.  

 

 

Figure 4 DFT calculated energy profile for the formation of the Ir-hydride species A. 

Relative free energy (kcal·mol−1), (M06L, def2TZVP, SMD solvent model with water). 

We then considered the metal-assisted generation of GVL 

(Figure 5), because, as explained above, -hydroxyvaleric acid, 

the presumed precursor of GVL by intramolecular esterification, 

was not detected upon monitoring the reaction by 1H NMR. As 

computed by Li37 with a related complex bearing a 4,4’-

dimethoxy-2,2’bipyridine ligand, we have identified Int5 as a 

possible intermediate arising from a hydride transfer to the 

carbonyl group. This step was fully documented and reported 

by Li. We have computed the evolution of this Int5 and found 

that it could release GVL via TS3 with an accessible activation 

energy of 21.1 kcal.mol-1, thus in agreement with Li’s findings 

who reported an activation energy of 26.8 kcal.mol-1 using 

identical computation methods and parameters. This 

intramolecular cyclisation, formally correspond to a 

nucleophilic attack of the alkoxylate to the activated carbonyl 

moiety assisted by HSO3
-. 
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Figure 5 Metal-assisted GVL formation. Relative free energy (kcal·mol−1), (M06L, 

def2TZVP, SMD solvent model with water). 

Conclusions 

In this article, we have demonstrated the ability of a series of 
iridium-based catalysts to reduce various ketones in the 
absence of any additives, particularly bases. Of note, the most 
active catalyst Ir4, bearing an electron-rich bipyridine ligand is 
active from 25 °C in hydrogenation conditions. This catalyst is 
also very active when formic acid is used as dihydrogen source 
in a closed vessel. In this case, a higher temperature is necessary 
to ensure high conversion. A broad scope of substrates has been 
investigated highlighting excellent performances along with 
some limitations. The absence of any base has enabled the use 
of ketones substituted with a carboxylic acid functionality, 
which are not covered by conventional catalysts operating 
under basic conditions. We have extended the scope to levulinic 

acid and its reduction to -valerolactone (GVL). Ir4 was again 
found very active affording full conversion of levulinic acid at 
temperature as low as 30 °C using formic acid as dihydrogen 
source. DFT calculations were conducted to propose a reaction 
mechanism. In particular, the formation of the key Ir-H 
intermediate was closely investigated. The involvement of the 
SO4 dianion acting as a base in the reaction mechanism was 
evidenced. Beside the very good catalytic performances 
achieved with low catalyst loadings (0.01 mol% to 0.1 mol%), 
the contribution to sustainable chemistry should also be 
highlighted since the reaction media used where either aqueous 
or solvent-free.  
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The data supporting this article have been included as part of the Supplementary Information. 
Data include NMR spectra for the synthesized compounds and coordinates for DFT calculations
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