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Selective and Efficient Iridium Catalyst for the Reductive 

Amination of Levulinic Acid into Pyrrolidones 

Shengdong Wang,[a] Haiyun Huang,[a] Dr. Christian Bruneau,[a] and Dr. Cédric Fischmeister*[a] 
Abstract: The catalytic reductive amination of levulinic acid (LA) into 
pyrrolidones with an iridium catalyst using H2 as hydrogen source is 
reported. The chemoselective iridium catalyst displayed high 
efficiency for the synthesis of a variety of N-substituted 5-methyl-2-
pyrrolidones and N-arylisoindolinones. N-Substituted 5-methyl-2-
pyrrolidone was evaluated as a bio-sourced substitute solvent to 
NMP (N-Methyl-pyrrolidone) in the catalytic arylation of 2-
phenylpyridine. 

Highly selective and efficient catalytic transformation of non-food 
biomass-derived platform compounds has been recognized as a 
key technology for problems faced with fossil resources.[1] 
Levulinic acid (LA) which can be easily generated by acidic 
hydrolysis of carbohydrates is one of the most promising 
biomass feedstock for the synthesis of useful intermediates and 
fine chemicals.[2] In this context, N-substituted-5-methyl-2-
pyrrolidones are important core structural unit in organic 
chemistry which find applications in domains such as surfactants, 
solvents and intermediates for ink or fibers.[3] Despite several 
known methods including intramolecular hydroamination,[4]  
hydroamination−cyclization[5] and N-alkylation,[6] there is an 
ongoing interest for the development of general protocols for the 
synthesis of these pyrrolidone derivatives from renewable 
resources. 

An early example of reductive amination of LA for the 
synthesis of pyrrolidones was reported by Frank in 1947.[7] 1,5-
Dimethyl-2-pyrrolidone was synthesized from levulinic acid and 
methyl amine in 74-77% yield employing Raney Nickel under 
harsh conditions (140 °C, 70-140 bar H2). Several other 
heterogeneous catalysts have been described. Manzer[8] 
reported a series of supported transition metals also operating 
under harsh conditions (150-220 °C, 35 bar H2) for the 
transformation of levulinic acid and its esters into N-alkyl-5-
methyl pyrrolidones. Cao,[9] Xiao[10] reported several effective 
heterogeneous catalytic systems (hydrogenation & transfer 
hydrogenation) but the substrate scope was limited. In 2014, 
Shimizu described a Pt-supported catalyst operating without 
solvent under mild conditions (100 °C, 3 bar). These catalysts 
were very efficient with a broad variety of amines including 
sterically demanding amines.[11] Recently, a number of 
heterogeneous catalyst were reported some of them operating 
under mild conditions. Catalyst recycling in batch mode or 
continuous flow operation are in general accessible with 
heterogeneous catalysts but selectivity issues are often 
observed.[12] The first homogeneous catalytic system was 

reported by Fu in 2011.[13]  A ruthenium catalyst generated in

situ from [RuCl2(p-cymene)]2 and a bulky phosphine ligand was 
used with formic acid as hydrogen source. This catalyst was 
efficient at 80 °C but required a high catalyst loading (1 mol%) 
and did not tolerate bulky amines. Efficient Cp*Ir catalysts were 
later reported by Xiao[14] and Zhang.[15] These catalyst operated 
in water under mild conditions (80 °C) by transfer hydrogenation 
using a formic acid/sodium formate mixture and hydrogenation, 
respectively. A variety of amines was tolerated but bulky amines 
were not evaluated. Indium, aluminum and boron-catalyzed 
reductive amination of levulinic acid using silanes as reducing 
agents were reported.[6,16] Very good results were obtained but 
these catalysts suffered from some drawbacks such as high 
catalyst loading, excess of silanes (waste issue), high 
temperature and necessity to use organic solvents. Finally, 
some catalyst-free procedures have been reported. Even though 
good results were obtained, these procedures required high 
temperatures[17] or the use of DMSO and triethylamine[18] which 
make them less environmentally friendly. 

All these results contributed to the development of efficient 
reductive amination of LA and made clear that bulky substituted 
amines are challenging substrates. Chemoselectivity is another 
problem in reductive amination of LA to lactams that should be 
considered carefully if reducible functional groups are also 
present in the targeted products. These two challenging issues 
have rarely been considered and only few studies dedicated to 
the chemoselective reductive amination of ethyl levulinate have 
been reported.[12c, 16a, 19] Herein, we report a selective and 
efficient iridium-catalyzed hydrogenative amination of LA by 
primary amines to N-substituted-5-methyl-2-pyrrolidones. 
Various aliphatic amines and aniline derivatives including 
sterically demanding amines are reported. The chemoselectivity 
of the reaction was also evaluated using specific reagents 
containing reducible functional groups. 

Recently, we reported that the zwitterionic iridium complex Ir1 
featuring the 2,2’-dipyridylamine ligand is a highly efficient 
catalyst for the synthesis of γ-valerolactone (GVL) by 
hydrogenation of LA in water (TON = 174000) (Scheme 1).[20] 

Scheme 1. Hydrogenation of LA with Ir1.

We assumed that this catalyst would also be a valuable 
candidate for the reductive amination of LA. The reductive 
amination of LA with 4-methoxyaniline using H2 as hydrogen 
source was used as a model reaction for optimization of 
experimental conditions. The best conditions reported for LA 
transformation into GVL i.e. 110 °C for 16 h in water were first 
evaluated. As depicted in Table 1 (Entry 1), the desired 
pyrrolidone was obtained in 72% yield with concomitant 
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formation of GVL. This result could be slightly improved by 
increasing the hydrogen pressure to 20 bar (Table 1, Entry 1). 
Other solvents were evaluated in order to prevent formation of 
GVL attributed to unfavorable conditions for the synthesis of the 
intermediate imine. This screening revealed that neat conditions 
were the most suitable for a selective transformation (Table 1, 
entry 2-5). A temperature of 110 °C was also necessary to 
ensure full conversion in a short time. 

Scheme 2. Reductive amination of levulinic acid. 

With these optimized conditions in hands, the general 
applicability of this system was first demonstrated through the 
reductive amination of LA with a series of aniline derivatives. 
The reaction was not sensitive to electronic effects since both 
electron-donating and electron-withdrawing substituents did not 
hamper the formation of the corresponding pyrrolidones in high 
yields (Figure 1). Of note, the catalyst tolerated very bulky 
amines although catalyst loading needed to be increased to 
ensure high yields (Figure 2, 1e-1h). It is worth mentioning that 
1f and 1g have been rarely reported (in moderate to good 
yields) whereas compound 1h has not been reported so far. The 
chemoselectivity of the catalyst was studied through the 
synthesis of compounds 1i-1k. The amido and cyano groups 
were not reduced under our standard experimental conditions, 
however, at 110 °C the acetyl group in 1j was partially reduced 
leading to 10 % of the corresponding hydroxyl compound. We 
have recently reported that acetophenone could be efficiently 
reduced with the same catalyst but under different experimental 
conditions (130 °C, H2O as solvent).[20] This result demonstrates 
that chemoselectivity improvements may be achieved by 
optimizing the reaction conditions for each individual compound.  

Figure 1. Reductive amination of LA with aromatic amines: LA (2 mmol), Ir1 
(0.05 mol%), amines (2 mmol), H2 5 bar, T = 110 °C, 16 h, isolated yields.[b] 
10 % of alcohol obtained. 

The reductive amination of LA with various linear and 
branched primary amines was also considered and led to the 
formation of the desired products in high yields (Figure 2, 2a-2f). 
Benzylamine derivatives also led to the corresponding 
pyrrolidones in very good yields (Figure 1, 2g-i). 

Figure 2. Reductive amination of LA with aliphatic amines. conditions: LA (2 
mmol), Ir1 (0.05 mol%), amines (2 mmol), H2 5 bar, T = 110 °C, 16 h, 
isolated yield. 

Table 1.Optimization of reaction conditions[a]

Entry T (oC) Solvent Conv. 
(%)[b] 

A 
Yield (%)[b] 

B

Yield (%)[b] 

1 110 H2O 95(100)[c] 72(79)[c] 23(21)[c] 

2 110 MeOH 38 25 13 

3 110 Toluene 89 57 32 

4 110 - 98 98 0 

5 90 - 53 53 0 

[a] LA (2 mmol), 4-methoxyaniline (2 mmol), Ir1 (0.05 mol %), H2 5 bar, 16 
h. [b] 1H NMR yield. [c] (20 bar H2)



To emphasize the potential of Ir1 in the context of biomass 
valorization, the synthesis of 1a was carried out in a sequential 
process starting from glucose (Scheme 3). Acid catalyzed 
hydrolysis of glucose leading to a mixture of levulinic acid, formic 
acid was first performed. Insoluble humins were removed by 
filtration and the pH of the resulting solution was adjusted to 7 by 
addition of sodium bicarbonate before addition of Ir1 and aniline. 
The reactor was pressurized with 20 bar of H2 and heated at 
120 °C for 16 h. This protocol led to the desired product in 31 % 
isolated yield. This moderate result is in the same range of 
reported procedures[13] and results essentially from the formation 
of humins in the first step of the process.  

Scheme 3. Sequential procedure for the synthesis of 1a. 

To further extend the generality of this catalytic system, the 
reaction of 2-formylbenzoic acid with amines to generate N-aryl-
isoindolinone was evaluated (Scheme 4).  

Scheme 4. Synthesis of N-subsituted isoindolinones. 

N-Substituted isoindolinones are common compounds with 
important biological activities which represent an attractive target 
for organic synthesis and a valuable skeleton for drugs such as 
indoprofen.[21] 2-Formylbenzoic acid could be converted to N-
subsituted isoindolinones in good to excellent yields (80-98 %) 
upon reaction with aromatic or aliphatic amines (Figure 3). This 
reaction shared the same feature than the reductive amination of 
LA as both electron donating and electron withdrawing 
substituents were tolerated. In the same manner, sterically 
hindered amines led to the corresponding compounds in high 
yields.  

Figure 3. Reductive amination of 2-formylbenzoic acid : 2-Formylbenzoic acid 
(2 mmol), Ir1 (0.05 mol %), amines (2 mmol), H2, 5 bar, 110 °C, 16 h, isolated 
yields. 

N-Substituted-5-methyl-2-pyrrolidones are structurally related 
to N-methylpyrrolidone (NMP), which is widely used as polar 
aprotic solvent in the chemical industry. However, this fossil- 
sourced solvent presents important safety issues due to its 
toxicity. Not surprisingly, it is subject to severe regulations in 
particular in the pharma industry where its substitution is 
recommended.[22] N-Substituted-5-methyl-2-pyrrolidones can be 
regarded as bio-sourced analogues of NMP. The potential use 
of these compounds as NMP substitute was investigated using a 
ruthenium-catalyzed arylation of 2-phenylpyridine which is 
generally performed in NMP (Scheme 5).[23] N-Propyl-5-methyl-
2-pyrrolidones 2b was selected as a compound with reasonable 
boiling point (248 °C) as compared to NMP (202 °C).[24] As 
depicted in Scheme 5, both solvents led to similar conversions 
but slightly different selectivities.  The influence of the solvent on 
the selectivity would require deeper investigations but these 
results clearly prove that bio-sourced N-substituted-5-methyl-2-
pyrrolidones could be used as NMP substitute. Of course, 
toxicity and hazard data of this potential candidate will be 
needed for full consideration. 

Scheme 5. Use of 2b as an alternative solvent to NMP. 

In summary, we have developed selective and efficient 
catalytic system for the reductive amination of LA and primary 



amines to N-substituted-5-methyl-2-pyrrolidones. This catalytic 
system operates at low catalyst loading and hydrogen pressure 
under neat conditions. This catalyst efficiently transforms a 
variety of amines including very bulky and functional ones. The 
catalytic system is also applicable to synthesis N-
arylisoindolinone derivatives. This mild and green catalytic 
system provides a general protocol for converting biomass-
based chemicals into value added products. 

Experimental Section 

Levulinic acid (98%), amines and 2-formylbenzoic acid were purchased 
from Sigma-Aldrich and used as received. Solvents (methanol, diethyl 
ether, water) were HPLC grade and used as received. Ir1 was 
synthesized according to a reported procedure.[20] NMR spectra were 
recorded on  Bruker Avance (300 MHz or 400 MHz) instruments. 

General procedure for the reductive amination of LA: Amine (2 mmol), Ir1 
(0.05-0.1mol%), levulinic acid (2 mmol) were placed in a 20 ml autoclave. 
The reactor was flushed with H2 and then pressurized with 5 bar of H2 

under stirring. Once the required pressure was reached, the reactor was 
maintained connected for an additional 2 minutes before closing. The 
mixture was stirred at the appropriate temperature for the desired time. 
The reactor was cooled down and carefully depressurized. The reaction 
mixture was analyzed by 1HNMR and directly purified by flash column 
chromatography using petroleum ether and ethyl acetate with 1 vol% 
triethylamine as eluent. 

General procedure for the sequential dehydration/reductive amination 
from glucose: (0.45 g, 2.5 mmol) was loaded into a 20 mL autoclave, and 
H2SO4 (2.5 mL, 0.5 mol/L) was added. The autoclave was quickly heated 
to 170 oC, and vigorously stirred for 2 h at the same temperature. The 
reaction mixture was allowed to cool to room temperature before addition 
of a 1M sodium bicarbonate solution until pH 7. Insoluble solid 
byproducts were removed by filtration. The hydrolysis filtrate was 
transferred to a 20 mL autoclave containing the desired amount of 
catalyst Ir1 (0.05 mol%) and aniline (1 equiv.). The reactor was heated in 
an oil bath at 110 °C with 20 bar H2 for 16 h. The reactor was allowed to 
cool down to room temperature and carefully depressurized. The reaction 
mixture was extracted with dichloromethane (3 x 5 mL). The combined 
organic phases were evaporated to dryness and the crude product was 
purified by column chromatography on silica gel using petroleum ether / 
ethyl acetate (3/1; v/v) as eluent. 

General procedure for the reductive amination of 2-formylbenzoic acid: 
Amine (2 mmol), Ir1 (0.05 mol%) and 2-formylbenzoic acid (2 mmol) 
were placed in a 20 ml autoclave. The reactor was flushed with H2 and 
then pressurized with 5 bar of H2 under stirring. Once the required 
pressure was reached, the reactor was maintained connected for an 
additional 2 minutes before closing. The mixture was stirred at the 
appropriate temperature for the desired time. The reactor was cooled 
down and carefully depressurized. The product was directly purified by 
flash column chromatography using petroleum ether and ethyl acetate 
with 1 vol% triethylamine as eluent.  

General procedure for the C-H arylation: 2-phenylprydine (0.078 g, 0.5 
mmol), chlorobenzene (0.14 g, 1.25 mmol), [RuCl2(p-cymene)]2 (0.0077g, 
0.0125 mmol), K2CO3 (0.207 g, 1.5 mmol) and NMP or 2b (1.5 mL) were 
added to a Schlenk tube under an argon atmosphere. The resulting 
mixture was stirred at 120 °C for 2 h. The reaction media was cooled 
down and filtrated over Celite. The crude mixture was analyzed by 1H 
NMR.  
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