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Introduction

The replacement of depleting fossil resources, which currently provide more than 95% of our energy needs and feedstock of chemical industry is one of the most pressing challenges. The production of carbon-based 
chemicals from fossil resources to renewables has become a key issue of sustainability, especially for goods manufactured by chemical industry. The intensive research activities on biomass conversion has led to the 
identification of unique platform molecules such as 5-hydroxymethyl furfural (5-HMF), levulinic acid (LA) and γ-valerolactone (GVL). The hydrogenation of LA to 4-hydroxyvaleric acid (4-HVA) followed by the intramolecular 
dehydration of 4-HVA to GVL is a key step of the conversion of carbohydrate-based biomass to GVL, which can be used for the production of both energy and carbon-based products . GVL is renewable, easy and safe to  [1,3]
store and move globally in large quantities, because it has low melting, high boiling and flash points, definite but acceptable smell, is stable under air and miscible with water assisting biodegradation [3]. It was demonstrated 
that the application of bidentate phoshines as ligands for the Ru catalyzed selective reduction of LA to GVL significantly increased the efficiency of the transformation compared to the utilization of alkyl-bis(m-sulfonated-
phenyl)phosphine ligands, with TOF of 21233 h–1 in a solvent-, chlorine- and additive-free reaction environment  Althought, the green catalytic reductions of LA to GVL has been studied, the enantioselective hydrogenation  [2].
has not been reported yet. The selective asymmetric reduction of LA leads to the formation of (R)-GVL or (S)-GVL, which can be used as an optically active platform molecule for the production of chiral chemicals. Both in situ 
generated and prepared Ru-based catalysts were tested for increasing the chiral induction in the conversion of LA to optically active GVL . [4]
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Reaction conditions: 
–3 –3 –3[Ru] = 0.775 × 10  mol dm  (8 ×10  mol%), 

DPPB = 7. , 100 bar H .2[ ] –3 –375 × 10  mol dm

Turnover frequencies at different 
DDPB concentrations

DPPB/Ru = 8 - 12
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Hydrogenation of LA in the presence of phosphine ligands

Reaction conditions: 30 mL (293.02 mmol) LA, Ru precursor: Ru(acac)3, Ligand/Ru = 10, 
TON defined as mol of substrate converted per mol of Ru.

Conversion of LA to GVl at 
different temperatures

Reaction conditions: 
–3 –3 –3[Ru] = 0.775 × 10  mol dm  (8 ×10  mol%), 

100 bar H , 140 °C.2
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Potential applications of chiral GVL
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Chiral catalysts Solvent T (°C) p (bar) ee. (%) 

ĂĪ Å-RuCl((p-cymene)(SEGPHOS))Cl Ì ÑÎ Ģ ĈDĆ ĎĆ ĈÐBĈ 

ĂĪ Å-RuCl[(p-cymene)(DM-SEGPHOS®)]Cl Ì ÑÎ Ģ ĈDĆ ĎĆ ÐBĐ 

ĂĪ Å-RuCl[(p-cymene)(DTMB-SEGPHOS®)]Cl Ì ÑÎ Ģ ĈDĆ ĎĆ ĈČBÐ 

Ī ÞFÕČLĂĬ Å-(DM-SEGPHOS®)][(S)-DAIPEN] Ì ÑÎ Ģ ĈDĆ ĎĆ ĈĊ 

ĂĬ Å-Ru(OAc)2(SEGPHOS) Ì ÑÎ Ģ ĈDĆ ĎĆ ĈČBČ 

ĂS)-[(RuCl(DM-SEGPHOS®))2(μ-Cl)3][NH2Me2] Ì ÑÎ Ģ ĈDĆ ĎĆ ĎĆ 

 

Conclusions

- Levulinic acid was successfully converted to  (R)-GVL (ee. = 82 %) in the presence of Ru-SEGPHOS
 based catalyst  under optimized conditions:
                                     - S olvent: MeOH
                                     - T emperature: 150 °C
                                     - N o base, no additive were used
                                     - C atalyst concentration: 0.008 mol/L

  

- We have demonstrated that the catalyst in situ generated from Ru(III)-acetylacetonate and
 1,4-bis(diphenylphoshino)butane (DPPB) can be used for the efficient conversion of biomass 
 derived levulinic acid to gamma-valerolactone representing TOF of 21233 h-1.
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)  

1 1.55 - -  140 100 2.0 0 0 0 

2a 1.55 Bu-DPPDS 15.5 140 100 1.8 >99.9 6370 3538 

3
a
 1.55 DPPB 15.5 140 100 1.0 >99.9 6370 6370 

4 0.775 DPPE  7.75 140 100 1.8 1.8 226 125 

5 0.775 DPPPr 7.75 140 100 1.8 57.5 7325 4069 

6 0.775 DPPB  7.75 140 100 1.8 >99.9 12740 7077 

7 0.775 DPPPe 7.75 140 100 1.8 51.2 6522 3623 

8 0.775 DPPH 7.75 140 100 1.8 25.3 3223 1790 

9 0.775 ( ±) -B INAP 7.75 140 100 1.8 98.6 12561 6978 

10 0.775 DPPB 7.75 140 75 1.8 >99.9 12740 7077 

11 0.775 DPPB 7.75 140 50 1.8 >99.9 12740 7077 

12 0.775 DPPB 7.75 140 25 1.8 >50.6 6446 3581 

13 0.775 DPPB 7.75 140 10 1.8 26.3 3350 1861 

14 0.775 DPPB 7.75 140 10 4.5 70 8918 1981 

15 0.775 DPPB 7.75 160 100 0.6 >99.9 12740 21233 

16 0.775 DPPB 7.75 120 100 1.8 35.7 4548 2526 

17 0.775 DPPB 7.75 100 100 1.8 6.4 815 453 
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