e

Transfer Hydrogenation of Furfural Under Continuous Flow Conditions by Shvo Catalyst
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Significance and Relevance

This study introduces the first-ever application of the Shvo catalyst in continuous-flow conditions for
the transfer hydrogenation of furfural to furfuryl alcohol. Achieving a conversion rate of 94.1%, this
method represents a substantial improvement in safety, efficiency, and sustainability over traditional
batch processes.
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Introduction and Motivations

Furfural is a cornerstone biomass-derived platform chemical with numerous industrial applications [1-
2]. Traditional hydrogenation techniques, employing molecular hydrogen in batch reactors, face
several limitations, including high pressure requirements and harsh reaction conditions. Addressing
these challenges, our research utilizes the Shvo catalyst [3], a renowned ruthenium-based complex, in
a continuous-flow system for the catalytic transfer hydrogenation (CTH) of furfural [4]. This approach
not only circumvents the drawbacks of batch processing but also enhances reaction efficiency and
safety. Significantly, this study represents the first implementation of the Shvo catalyst in continuous-
flow conditions in the reduction of furfural, promoting an efficient, safer and more sustainable
approach for transfer hydrogenation process of biomass derived molecules.

Results and Discussion

Our study successfully implemented the Shvo catalyst in a continuous-flow system for the transfer
hydrogenation of furfural to furfuryl alcohol, achieving a high conversion rate of 94.1% under
optimized conditions (150°C, a flow rate of 250 puL/min, and 1.5 equivalents of 2-propanol). These
conditions were meticulously fine-tuned to balance efficiency, sustainability, and cost-effectiveness.
The use of 2-methyloxolane (MeOx) as a co-solvent played a pivotal role in enhancing the solubility of
the Shvo catalyst, facilitating its applicability under continuous flow conditions. The exceptional
selectivity of the Shvo catalyst in the transfer hydrogenation of furfural into furfuryl alcohol was
highlighted by the absence of etherification, acetalization, or other unwanted pathways, even under
varied experimental conditions. While 2-propanol provided the highest conversion rates, experiments
with ethanol and methanol showcased lower efficiencies, underscoring the importance of selecting an
appropriate hydrogen donor for maximizing yield and selectivity.

Varying the equivalents of 2-propanol demonstrated a clear trend: higher equivalents generally
improved the conversion efficiency. At 90°C, increasing the isopropanol from 1.0 to 1.5 equivalents
resulted in an increase from 80.1% to 85.2% in furfural conversion. This trend was consistent across all
tested temperatures, peaking at 97.4% conversion at 150°C with 1.5 equivalents of isopropanol (Figure
1). These results illustrate the importance of hydrogen donor availability in optimizing the catalytic
process, highlighting a crucial factor in the design of continuous-flow chemical reactions.
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Figure 1 Effect of Hydrogen Donor Concentration (1.0, 1.2, and 1.5 equivalents of 2-PrOH) on the
Conversion Efficiency of Furfural at Temperatures of 90°C, 120°C, and 150°C.

After completing the transfer hydrogenation reaction, the Shvo catalyst can be easily recovered by a
simple process of precipitation into hexane. This method effectively separates the catalyst from the
reaction mixture, allowing it to be collected and reused after a proper regenerative process. Our
studies have demonstrated that the Shvo catalyst maintains a high level of activity even after five cycles
of reuse, with minimal degradation in performance.

The study also focused on green chemistry metrics to evaluate the environmental impact of the
reaction system. The atom economy (AE) was calculated at 0.63, indicating moderate efficiency in
using reactant atoms towards the desired product. The reaction mass efficiency (RME) stood at 0.34,
reflecting the challenge of balancing reactant use with desired output but also highlighting areas for
process improvement. The E-factor, which measures waste production relative to the product, was
1.9, demonstrating a relatively low level of waste generation. These metrics underscore the
sustainable nature of the process, suggesting that while there is room for improvement, the system
offers significant environmental benefits compared to traditional batch methods.

Finally, in order to extend the substrate scope, transfer hydrogenations of other aldehydes and
ketones were also tested, confirming the applicability of this process to a broad range of substrates.
In conclusion, this research not only confirms the viability of the Shvo catalyst for continuous-flow
applications but also emphasizes its potential for industrial-scale sustainable chemical synthesis,
marking a significant advancement in the field of green chemistry.
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