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Abstract: Hydrogen gas (H2) has attracted attention as a next-generation clean energy source. Its
efficient and safe preparation and utilization are crucial in both the industry and organic chemistry
research. In this study, a Pt/CB (platinum on carbon bead)-catalyzed MW-mediated continuous-
flow hydrogenation reaction was developed using methylcyclohexane (MCH) as the reducing agent
(hydrogen carrier). Alkynes, alkenes, nitro groups, benzyl esters, and aromatic chlorides were
chemoselectively hydrogenated using Pt/CB under MW-assisted continuous-flow conditions. This
methodology represents a safe and energy-efficient hydrogenation process, as it eliminates the need
for an external hydrogen gas supply or heating jackets as a heating medium. The further application of
MW-mediated continuous-flow hydrogenation reactions is a viable option for the efficient generation
and utilization of sustainable energy.

Keywords: microwave-assisted organic synthesis; liquid organic chemical hydrides; heterogeneous
catalyst; hydrogen production; chemoselective hydrogenation; platinum

1. Introduction

Hydrogen gas (H2) is one of the most important and sustainable clean energy alterna-
tives to fossil fuels because, after the combustion of H2, only H2O is produced instead of
gases with high global warming potential such as CO2 [1–3]. Owing to its usefulness and
sustainability, H2 is widely used as an energy source in fuel cells and holds promise for
various applications as a carbon-free energy source [4–8]. H2 also serves as a vital reducing
agent in organic synthesis [9,10]. However, large-scale storage, transportation, and han-
dling of molecular hydrogen are challenging, not only because of regulatory restrictions on
highly flammable and explosive gases but also due to the need for control based on physical
properties such as specific gravity, boiling point, and boil-off, as well as to infrastructure
development costs and other cost issues [11–18]. In response to these challenges, chemically
stable substances known as liquid organic chemical hydrides (LOCHs) have received much
attention [13,19–24]. Methylcyclohexane (MCH) is a type of LOHC that can store more than
500 times its own volume of H2 gas and can be transported via pipelines, tankers, and road
tankers, which are part of fossil fuel infrastructure [25–28]. Therefore, significant efforts
have been devoted to the development of hydrogen extraction and utilization methods
using MCH as a promising material for hydrogen storage applications [29–36]. Kobayashi
et al. reported the continuous-flow hydrogenation reaction of olefins using H2 gas extracted
from MCH under a parallel catalyst cartridge system, which continuously generated H2 gas
from a heterogeneous Pt catalyst-packed cartridge, with a solution of a substrate possessing
an olefin moiety flowing into another heterogeneous Pd catalyst-packed cartridge [37].
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Microwave (MW)-assisted organic synthesis (MAOS) has attracted attention in terms
of energy efficiency owing to the selective and rapid heating of target materials [38–40]. Plat-
inum group metal catalysts supported on powdered activated carbon, such as palladium on
carbon (Pd/C) and platinum on carbon (Pt/C), exhibit a significant reaction enhancement
effect because activated carbon selectively absorbs MWs and is locally heated to form hot
spots [41–44]. However, when Pd/C or Pt/C supported on powdered activated carbon
with significantly high MW affinity was irradiated with MWs, significant deactivation of
the catalytic activity was observed due to superheating (e.g., sintering of platinum group
metals dispersed in activated carbon) accompanied by arc discharge [45,46]. To address
this issue and maximize the use of the MW affinity of activated carbon for organic reactions,
we applied bead-shaped activated carbon (CBs; carbon beads) as a support for platinum
group metal catalysts in MW-mediated organic reactions under continuous-flow systems.
The large void space in packed CBs allows for contact between each bead at a point, and
free electron transfer can be controlled, thus preventing overheating and maintaining the
catalytic activity.

We developed a hydrogen extraction reaction from methylcyclohexane (MCH) [47] and
2-propanol (2-PrOH) [48] catalyzed by platinum-supported bead-shaped activated carbon
(Pt/CB), which proceeded under single-mode MW irradiation conditions of only 10–20 W
(Figure 1a). Furthermore, this MW-mediated selective CB heating reaction was developed
into a Pt/CB-catalyzed intramolecular C–C bond formation reaction of diarylacetylene
derivatives under MW-assisted continuous-flow conditions, namely, the synthesis of poly-
cyclic aromatic compounds based on C–H activation [49] (Figure 1b). When an MCH
solution of diphenylacetylene was pumped into a 5% Pt/CB catalyst-packed cartridge
irradiated at 10 W MW, intramolecular cyclization (C–C bond formation reaction) occurred
to produce phenanthrene as the main product, but at the same time, the conventional
contact hydrogenation of diphenyl ethane also occurred, with a product yield of 40%. This
reaction was reported after optimization studies, including substituting the solvent with
a mixture of MCH and 2-PrOH and tuning the reaction so that it was highly selective
for the intramolecular cyclization of diphenylacetylene [49] (Figure 1c). Since 2-PrOH is
also known as a type of LOCH and an efficient medium for absorbing MW energy due
to its high dielectric constant, we selected 2-PrOH as a co-solvent to improve the reaction
efficiency and substrate solubility. The results of the co-solvent investigation are shown in
Table S1 in Supporting Information.

In this study, optimization experiments were focused on the continuous-flow alkyne
hydrogenation reaction via MW irradiation and a Pt/CB-catalyzed MW-mediated continuous-
flow hydrogenation reaction with MCH as the reducing agent (hydrogen carrier) (Figure 1d).
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hydrogenation reaction of LOCH. (b) MW-mediated Pt/CB-catalyzed selective aromatic cyclization 
reactions. (c) MW-mediated Pt/CB-catalyzed competitive reactions between aromatic cyclization 
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Figure 1. Background for the development of this research. (a) MW-mediated Pt/CB-catalyzed
dehydrogenation reaction of LOCH. (b) MW-mediated Pt/CB-catalyzed selective aromatic cyclization
reactions. (c) MW-mediated Pt/CB-catalyzed competitive reactions between aromatic cyclization and
hydrogenation reactions [49]. (d) MW-mediated Pt/CB-catalyzed selective hydrogenation reactions
(this work).
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2. Results and Discussion
2.1. Effect of Platinum Group Metal Catalyts

For the initial investigation of the continuous-flow hydrogenation reaction using the
MW-assisted dehydrogenation (hydrogen generation) reaction of MCH, the effect of the
catalyst was explored using a single-mode MW flow apparatus (Table 1). A solution of
benzalacetone (1, 0.25 mmol) in MCH (0.25 M) was introduced into an MW (max 20 W)-
irradiated, catalyst (80 mg)-packed quartz cartridge at a flow rate of 0.25 mL/min at 140 ◦C.
The 5% Pt/CB-catalyzed hydrogenation reaction efficiently produced hydrogenated 4-
phenyl-2-butanone (2) in a ratio of 87%, with 13% of ethylbenzene (4) as the decomposed
product due to overheating (Entry 1). When 1% Pt/CB was used, and the platinum metal
content was reduced from 5% to 1%, platinum-catalyzed carbon–carbon bond cleavage
reactions were apparently enhanced, with an increase in the percentage of 4 (43%) and a
decrease in the percentage of the contact hydrogenation product 2 (57%, Entry 2). Palladium-
and rhodium-supported carbon beads (Pd/CB and Rh/CB, respectively) exhibited low
catalytic activity in the dehydrogenative aromatization of MCH under MW irradiation,
with little hydrogen evolution and no progress in the catalytic hydrogenation reaction
(Entries 3 and 4). Additionally, no hydrogenation activity was observed for CB without a
metal (Entry 5).

Table 1. Effect of MW-mediated continuous-flow hydrogenation on CB-supported platinum group
metal species.
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Entry Catalyst Product Ratio a

(1:2:3:4)

1 5% Pt/CB 0:87:0:13
2 1% Pt/CB 0:57:0:43
3 5% Pd/CB 94/trace/0:6
4 5% Rh/CB 95:0:0:5
5 CB 95:0:0:3
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2.2. Effect of the Temperature of the Catalyst Cartridge and of the Concentration of the
Substrate Solution

First, the product ratios were investigated by mechanically controlling the MW
strength and heating a catalyst cartridge filled with 5% Pt/CB at a constant tempera-
ture (120–150 ◦C), while varying the substrate concentration in the pumped MCH solution
(Table 2). An MCH (0.25 M) solution of 1 was introduced into a cartridge packed with 5%
Pt/CB (80 mg) at a flow rate of 0.25 mL/min under MW irradiation. Compound 1 was
completely consumed to yield 2 and 4 in a 72:28 ratio at 150 ◦C (Entry 1). Lowering the
temperature from 150 ◦C to 140 ◦C suppressed the pyrolysis of 1 and reduced the formation
of the undesirable 4, increasing the ratio of 2 to 87% (Entry 2). The Pt/CB-catalyzed hydro-
genation under MW irradiation (generation of 2) became dominant over the decomposition
C bond-cleavage reaction (generation of 4) as the concentration was diluted from 0.25 to
0.05 M (Entry 3). In contrast, the ratio of 2 decreased at lower temperatures (130 ◦C and
120 ◦C) (Entries 4 and 5). It is reasonable to assume that the dehydrogenative aromatization
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reaction of MCH did not proceed sufficiently at 120 ◦C, resulting in insufficient hydrogen
generation and insufficient activation of 5% Pt/CB.

Table 2. Effects of the reaction (cartridge) temperature and substrate concentration.
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2.3. Effect of 2-PrOH as a Co-Solvent

Subsequently, the effect of the co-solvent was investigated (Tables 3 and S1). We
previously demonstrated that C–C bond formation reactions proceed smoothly under MW
irradiation using MCH with 2-PrOH as the co-solvent. Drawing from our earlier studies,
various mixed solutions (0.05 M) of 1 were introduced into the 5% Pt/CB (80 mg)-packed
quartz cartridge at 140 ◦C at a flow rate of 0.25 mL/min under MW (20 W) irradiation.
When 2-PrOH was used as a co-solvent (MCH/2-PrOH = 4/1), the ratio of 4 greatly
decreased, and the ratio of 2 increased to 94%, but 5% of unreacted starting material (1)
remained (Entry 2 vs. 1). When the proportion of 2-PrOH was reduced further to MCH/2-
PrOH = 19/1, 1 was completely consumed to yield 2 with a GC ratio of 98% and an isolated
yield of 91% (Entry 3). The production ratio of 2 decreased slightly with a lower proportion
of 2-PrOH (MCH/2-PrOH = 99/1) (Entry 4). When only 2-PrOH was used as the flow
solvent, the reaction efficiency significantly decreased (the production ratio of 2 was 48%),
and 52% of 1 remained unchanged (Entry 5). The addition of an appropriate amount of
2-PrOH as a co-solvent improved the solubility of the substrate. Additionally, because
2-PrOH also absorbs MWs, it was expected to dissipate the MW energy absorbed by 5%
Pt/CB in the catalyst cartridge and suppress the thermally induced C–C cleavage reaction
(generation of 4). Thermographic measurements of the temperature of a quartz cartridge
packed with 5% Pt/CB (80 mg) in an MW cavity (heater) mechanically set at 140 ◦C with the
slit open showed that when an MCH solution of 1 (0.05 M) was pumped, the catalyst layer
temperature reached 164 ◦C 30 min after the start of pumping. In contrast, the solution of 1
in MCH/2-PrOH = 19/1 (0.05 M) was at 126 ◦C, which was lower than the set temperature.
This result strongly supports the partial absorption of MWs by 2-PrOH that, used as a
co-solvent, dispersed MW energy that would otherwise be absorbed by CB (Figure 2).
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Table 3. Effect of 2-PrOH as a co-solvent.
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MW cavity.

2.4. Scope of Applicable Substrates

The substrate applicability and chemoselectivity of MW-assisted hydrogenation reac-
tions were also investigated (Table 4). Each substrate (0.0125–0.05 M, flow rate: 0.25 mL/min)
dissolved in a mixed solvent of MCH and 2-PrOH (19:1) was flowed through a 5% Pt/CB
(80 mg) catalyst-packed cartridge at a mechanically controlled temperature of 140 ◦C.

The catalytic hydrogenation of alkenes (1) and alkyne (5) proceeded continuously,
producing the corresponding alkanes 2 and 6, respectively (Entries 1 and 2). The 5% Pt/CB
catalyst effectively catalyzed the hydrogenolysis of benzyl ester (CO2Bn, 8) to yield a
carboxylic acid derivative (9) (Entry 3) but did not affect the aliphatic benzyl ether (10)
under these conditions (Entry 4). The aromatic nitro group of compound 12 was selectively
hydrogenated to an amine (13) at 165 ◦C (Entry 5), while increasing the reaction temperature
to 190 ◦C resulted in the formation of naphthalene (14) as a single product (Entry 6), which
underwent hydrogenolysis of the nitro group C–N bond. The aliphatic and aromatic
ketones (1 and 15) were stable under the hydrogenation conditions with 5% Pt/CB catalyst
(Entries 1 and 7). The hydrogenative dechlorination of compound 17 proceeded smoothly
at 190 ◦C without deactivation of 5% Pt/CB and without neutralization of the hydrogen
chloride formed during the reaction, resulting in the quantitative production of compound
14 (Entry 8).
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Table 4. Scope of applicable substrates a.
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a A solution of the substrate (0.25 mmol) in MCH/2-PrOH (0.05 M, 0.25 mL min−1) was pumped into the
cartridge packed with 5% Pt/CB (80 mg) under MW irradiation conditions, keeping the temperature constant at
140 ◦C. b The ratio of substrate to product was determined using 1H NMR spectroscopy. c Isolated yields. d The
concentration of the substrate solution was 0.0125 M. e MCH was used as a solvent in the absence of 2-PrOH. f The
concentration of the substrate solution was 0.025 M. g The recovered yield of the substrate. h The temperature of
the catalyst cartridge was 165 ◦C. i The temperature of the catalyst cartridge was 190 ◦C.

3. Materials and Methods
3.1. Materials

All reagents and solvents were obtained from commercial sources and used without
further purification. The 1H NMR and 13C NMR spectra were recorded on JEOL JNM
(Akishima, Japan) ECA-500 (500 MHz for 1H NMR and 125 MHz for 13C NMR) and ECZ-
400 (400 MHz for 1H NMR and 100 MHz for 13C NMR) spectrometers. CDCl3 was used as
the solvent for the NMR measurements. The chemical shifts (δ) are expressed in parts per
million and internally referenced (0.00 ppm for tetramethylsilane and 77.0 ppm for CDCl3
in 13C NMR). The GC spectra were recorded on a SHIMADZU GC-2010 system (Kyoto,
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Japan) equipped with a flame ionization detector (FID) and an InertCap 5 capillary column
(0.18 mm i.d., 20 m in length, 0.28 µm df; GL Science, Tokyo, Japan). The continuous-
flow microwave reactor (EYELA, MR-2G-100) was developed by Tokyo Rikakikai Co.,
Ltd. (Tokyo, Japan); see product URL: https://eyela.actibookone.com/content/detail?
param=eyJjb250ZW50TnVtIjoyMTY4MX0=&detailFlg=1&pNo=44, accessed on 10 June
2024. The quartz tube used as the catalyst cartridge was purchased from Tokyo Rikakikai
Co., Ltd. An FMR-100 system (Saida FDS Inc., Shizuoka, Japan) was used to flow the
reaction solution. The thermal imaging camera Thermo FLEX F50 (Waltham, MA, USA)
was used for monitoring the temperature of the quartz cartridge. When the temperature
of the camera head is between 0 ◦C and 40 ◦C during operation, the standard error of
the thermal measurements is ±2 ◦C; see product URL: https://www.avio.co.jp/english/,
accessed on 10 June 2024. The catalysts 5% Pt/CB, 1% Pt/CB, 5% Pd/CB, 5% Rh/CB, and
CB were obtained from N.E. CHEMCAT Co. (Tokyo, Japan). The particle diameter of both
5% Pt/CB and 1% Pt/CB was approximately 0.3 mm. The 1H NMR spectra of known
products are identical to those reported in the literature.

3.2. General Procedure for Hydrogenation Reactions (Tables 1–3)

The flow path was equipped with an EYELA reaction tube packed with a catalyst
(80.0 mg) and flowed with a sole or mixed solvent at various flow rates and temperatures
under a maximum of 10 W MW irradiation for 5 min. A solution of benzalacetone (1,
0.25 mmol, 36.5 mg) in the mixed solvent (0.25–0.05 M) was then pumped into the reaction
tube under the same conditions, and the flow path was rinsed four times with the mixed
solvents (1 mL × 3, then 20 mL × 1) using the pump. MW irradiation was stopped,
and a mixed solvent consisting of ethyl acetate/toluene (1/1, 40 mL) was pumped to
further wash the entire flow path. The entire reaction mixture and wash solution were
combined and analyzed by GC-FID spectroscopy using decane (48.7 µL, 0.25 mmol) as
an internal standard. If necessary, the product was further purified by silica gel column
chromatography (hexane/EtOAc).

3.3. General Procedure for Hydrogenation Reactions (Table 4)

The flow path was equipped with a 5% Pt/CB (80.0 mg)-packed EYELA reaction
tube and flowed with a mixed solvent consisting of MCH and 2-PrOH at a flow rate of
0.25 mL/min at 140 ◦C under a maximum of 10 W MW irradiation for 5 min. The substrate
in the mixed solvent (0.05 M) was then pumped into the reaction tube under the same
conditions, and the flow path was rinsed four times with the mixed solvents (1 mL × 3,
then 20 mL × 1) using the pump. MW irradiation was stopped, and a mixed solvent
of ethyl acetate/toluene (1/1, 40 mL) was pumped to further wash the entire flow path.
The entire reaction mixture and wash solution were collected and concentrated in vacuo,
dissolved in CDCl3, and analyzed by 1H NMR spectroscopy using 1,1,2,2-tetrachloroethane
(26.3 µL, 0.25 mmol) as an internal standard. If necessary, the product was further purified
using silica gel column chromatography (hexane/EtOAc).

3.4. Spectroscopic Data of the Products

4-Phenyl-2-butanone (Table 4 Entry 1) [CAS Reg. No. 2550-26-7]. Obtained in 91%
yield (33.7 mg, 228 µmol; colorless solid) from 4-phenyl-3-buten-2-one (34.5 mg, 250 µmol).
1H NMR [400 MHz (ECZ-400, CDCl3)] δ 7.31–7.26 (m, 2H), 7.22–7.18 (m, 3H), 2.90 (t,
J = 7.6 Hz, 2H), 2.77 (t, J = 7.6 Hz, 2H), 2.15 (s, 3H); 13C NMR [100 MHz (ECZ-400, CDCl3)]
δ 208.0, 140.9, 128.5, 128.3, 126.1, 45.2, 30.1, 29.7. The 1H NMR spectra are identical to those
reported previously [50].

1,2-Diphenylethane (Table 4 Entry 2) [CAS Reg. No. 103-29-7]. Obtained in 95% yield
(43.0 mg, 236 µmol; colorless solid) from diphenylacetylene (44.6 mg, 250 µmol). 1H NMR
[400 MHz (ECZ-400, CDCl3)] δ 7.31–7.27 (m, 4H), 7.22–7.18 (m, 6H), 2.92 (s, 4H); 13C NMR
[100 MHz (ECZ-400, CDCl3)] δ 141.7, 128.4, 128.3, 125.9, 37.9. The 1H NMR spectra are
identical to those reported previously [51].

https://eyela.actibookone.com/content/detail?param=eyJjb250ZW50TnVtIjoyMTY4MX0=&detailFlg=1&pNo=44
https://eyela.actibookone.com/content/detail?param=eyJjb250ZW50TnVtIjoyMTY4MX0=&detailFlg=1&pNo=44
https://www.avio.co.jp/english/
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3-Phenylpropionic acid (Table 4 Entry 3) [CAS Reg. No. 501-52-0]. Obtained in
76% yield (30.1 mg, 201 µmol; colorless solid) from benzyl 3-phenylpropionate (60.1 mg,
250 µmol). 1H NMR [400 MHz (ECZ-400, CDCl3)] δ 7.32–7.29 (m, 2H), 7.23–7.21 (m, 3H),
2.97 (t, J = 7.8 Hz, 2H), 2.69 (t, J = 7.8 Hz, 2H); 13C NMR [100 MHz (ECZ-400, CDCl3)]
δ 179.2, 140.1, 128.5, 128.2, 126.4, 35.6, 30.5. The 1H NMR spectra are identical to those
reported previously [51].

Benzyl decyl ether (Table 4 Entry 4) [CAS Reg. No. 87220-50-6]. Recovered in 88%
yield (54.7 mg, 220 µmol; colorless liquid). 1H NMR [400 MHz (ECZ-400, CDCl3)] δ 7.37–
7.28 (m, 5H), 4.50 (s, 2H), 3.46 (t, J = 6.6 Hz, 2H), 1.65–1.58 (m, 2H), 1.37–1.26 (m, 14H), 0.88
(t, J = 6.9 Hz, 3H); 13C NMR [100 MHz (ECZ-400, CDCl3)] δ 138.7, 128.3, 127.6, 127.4, 72.8,
70.5, 31.9, 29.7, 29.6, 29.6, 29.5, 29.3, 26.2, 22.7, 14.1. The 1H NMR spectra are identical to
those reported previously [52].

1-Amino naphthalene (Table 4 Entry 5) [CAS Reg. No. 134-32-7]. Obtained in 68%
yield (24.3 mg, 170 µmol; red solid) from 4-nitronaphthalene (43.3 mg, 250 µmol). 1H NMR
[400 MHz (ECZ-400, CDCl3)] δ 7.81–7.72 (m, 2H), 7.45–7.37 (m, 2H), 7.31–7.24 (m, 2H), 6.72
(dd, J = 7.1, 1.6 Hz, 1H), 3.95 (brs, 2H); 13C NMR [100 MHz (ECZ-400, CDCl3)] δ 142.0,
134.3, 128.5, 126.3, 125.8, 124.8, 123.5, 120.7, 118.8, 109.6. The 1H NMR spectra are identical
to those reported previously [53].

Naphthalene (Table 4 Entry 6 and 8) [CAS Reg. No. 91-20-3]. Obtained in 80%
yield (25.6 mg, 200 µmol; colorless solid) from 4-nitronaphthalene (43.3 mg, 250 µmol).
Obtained in 89% yield (28.5 mg, 223 µmol; colorless solid) from 4-chloronaphthalene (40.7
mg, 250 µmol). 1H NMR [400 MHz (ECZ-400, CDCl3)] δ 7.87–7.83 (m, 4H), 7.50–7.46 (m,
4H); 13C NMR [100 MHz (ECZ-400, CDCl3)] δ 133.4, 127.9, 125.8. The 1H NMR spectra are
identical to those reported previously [54].

1-Dodecaphenone (Table 4 Entry 7) [CAS Reg. No. 1674-38-0]. Recovered in 91% yield
(59.3 mg, 228 µmol; colorless solid). 1H NMR [400 MHz (ECZ-400, CDCl3)] δ 7.98–7.95 (m,
2H), 7.56 (t, J = 7.2 Hz, 1H), 7.46 (t, J = 7.4 Hz, 2H), 2.96 (t, J = 7.5 Hz, 2H), 1.77–1.70 (m, 2H),
1.39–1.26 (m, 16H), 0.88 (t, J = 6.9 Hz, 3H); 13C NMR [100 MHz (ECZ-400, CDCl3)] δ 200.6,
137.0, 132.8, 128.5, 128.0, 38.6, 31.9, 29.6, 29.5, 29.5, 29.4, 29.3, 24.3, 22.7, 14.1. The 1H NMR
spectra are identical to those reported previously [55].

4. Conclusions

We achieved the direct transfer of hydrogen from methylcyclohexane (MCH) to re-
ducible functional groups by means of microwave (MW)-assisted dehydrogenation. Com-
pared to conventional continuous-flow hydrogenation, which typically relies on externally
supplied combustible hydrogen gas, this safer method uses MCH both as a hydrogen carrier
and as a flow solvent. It efficiently utilizes in situ dehydrogenation reactions supported by
low-dose single-frequency MW irradiation and Pt(0) supported on carbon beads. Reducible
functionalities such as alkynes, alkenes, nitro groups, benzyl esters, and aromatic chlorides
were chemoselectively hydrogenated by a Pt/CB-catalyzed MW-mediated continuous-
flow hydrogenation reaction. In contrast, 5% Pt/CB showed no catalytic activity for the
hydrogenation of aliphatic benzyl ethers and aromatic and aliphatic ketones. Within the
flow reaction cartridge, 5% Pt/CB created a local high-temperature reaction field, and the
reaction proceeded efficiently because the CB component selectively absorbed MW energy.
The MW energy required for this reaction was only 10–20 W. The practical implementation
of this reaction is expected to contribute to the use of hydrogen as a sustainable energy
source and advance synthetic organic chemistry research.

Supplementary Materials: The following supporting information can be downloaded from: https://
www.mdpi.com/article/10.3390/catal14060384/s1, Figure S1: The microwave flow reactor (EYELA,
MR-2G-100); Figure S2: The quartz tube for the continuous-flow microwave reactor (EYELA, MR-2G-
100); Table S1. Effect of the-co-solvent on MW-mediated continuous-flow hydrogenation reactions.
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