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1) Microreactor Setup

The setup described in the contribution is shown in Figure S1.
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Figure S1. Microreactor setup for the continuous lab-scale hydrogenation.



2) HPLC Measurements

In order to determine the enantiomeric excess, the product solution was analyzed using a HPLC with a chiral Lux 3 um
i-Cellulose-5 column (150x4.6 mm, Phenomenex, Germany). The mobile phase consists of a mixture of 85% n-hexane
(HPLC grade, 299%, Carl Roth), 14.9% ethanol (HPLC grade, 299.9%, Carl Roth), and 0.1% ethylenediamine (299.5%,
Carl Roth). 5 pL of the samples are injected and pumped through the column together with the isocratic mobile phase
at a flow rate of 1 mL min? at a pressure of about 90 bar and a run time of 10 minutes. This specific method allows
for the separation of the two enantiomers, facilitating the determination of enantiomeric excess (ee) to evaluate the

best conditions for high excess of the wanted enantiomer, as can be seen in Figure S2.
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Figure S2. Chromatogram of a solution consisting of the substrate and the product as racemate.

The HPLC was calibrated using a five-point calibration, which are shown in Figure S3.
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Figure S3. Calibration curves of the substrate (benzylphenylephrone) and both enantiomers of the product.



3) Reactor Characteristics

3.1) Heat Transfer

Before starting an experiment, the temperature in the thermostat bath was set to ensure that the reactor
reached the target temperature. To assume isothermality for the kinetic modeling, high heat removal is a
key aspect. For this purpose, a rough estimation of the formation of hotspots was used, which is proposed

by Westermann et al [1].
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This correlation can be used to determine the maximum internal diameter of a microreactor for a fixed
maximum temperature difference. Rearranging the equation 1 permits to calculate the maximum temper-

ature difference for a given diameter:
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14.64 - 1~ tys
with
d 1 mm
Co 0.1 mol L?
AHR -55.7 k) mol?
A 0.202 W m?tK?
tos 219s

The maximum temperature difference in this case is 0.09 K, which is why the formation of hotspots can be

ruled out and isothermality can be assumed.

As the liquid feed is only preheated to around 30 °C and not to the process temperature, the time required
for the fluid passing through the reactor to reach the desired temperature must be considered as well.
This is important in order to be able to assume that the temperature in the entire reactor is constant. The
table below (Table S1) lists the different reactors (R1 — R4) along with the maximum flow rate and the
absolute and relative times required to heat the fluid from 30 °C to 80 °C, based on the total residence
time for each reactor. It can be observed that a maximum of approximately 3.64% of the total residence
time is required to reach the desired temperature. Therefore, the time required for heating can be con-

sidered negligible.



Table S1 Reactor overview and necessary heat up times for each reactor.

Parameter R1 R2 R3 R4

Inner diameter [mm] 1.0 1.0 1.0 0.5
Outer diameter [mm] 1.6 1.6 1.6 1.6
Length [m] 5 10 14 20
Volume [mL] 3.93 7.85 11.00 3.93

Highest flow rate [mL min?] 2.5
Heating time [s] 2.17 0.62
Heating time fraction [s] 3.64% 1.82% 1.30% 0.99%

3.2) Gas-liquid Mass Transfer

Depending on the nature of the case at hand, there are various approaches to determine the k;a value. In
the case of gas-liquid Taylor-flows, there are numerous studies on determining the k,a value using empir-
ical correlations. Examples include the work of Bercic and Pinter [2], who found that the cell velocity and
the liquid slug length have the greatest influence on mass transfer and thus on k;a. In addition to the work
by Bercic and Pinter, investigations in this area have been carried out by other groups [3-5]. Within this
study, the model proposed by Yue, Lup et al. to determine the k,a values was used. In this model, the mass
transfer of air in water was studied and the following approach was proposed with the focus of the de-

scribed main parameters [6]:
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Necessary for this correlation is the inner diameter of the reactor d = 1 mm and the diffusion coefficient
for hydrogen in methanol at room temperature, which is D =1.65x107 m? s according to [7]. For the
Taylor unit bubble and the gas bubble length, Ly =6 mm and L, = 2 mm was assumed, respectively. The
gas bubble velocity u, was calculated through the set volumetric gas flow. In Table S2, the determined
values for k.a along with corresponding volumetric flows and bubble velocities are presented while D is

assumed to be constant throughout all experiments.



Table S2 Calculated values for the volumetric gas-liquid mass transfer coefficient (k.a) at different volumetric liquid and gas
flowrates with corresponding gas bubble velocities up.

Q Q, Uy kia
[MmL min?] [mLmin?] [ms? [s
0.4 0.4 0.008 0.69
0.8 0.9 0.016 0.96
1.0 1.0 0.020 1.07
1.3 1.2 0.028 1.27
1.7 1.7 0.036 1.44
2.2 2.2 0.047 1.63
2.5 2.5 0.053 1.74

As can be seen from the table, the values for the gas-liquid mass transfer coefficient are lying in a range between
0.69 and 1.74 s for the investigated parameters. The magnitude is in line with other studies where k;a values for
slug flow in microchannel reactors were determined [8]. It is worth mentioning that these values are noticeably
higher compared to conventional coefficients in batch autoclaves or bubble columns, where the maximum k;a value
is typically around 1 and 0.24 s, respectively, whereas the values for batch autoclaves generally range from 1073 to

102 51 [9,10]. This leads to the conclusion that limitations due to mass transport can be excluded.



3.3) Residence Time Calculation

To accurately determine the residence time in the reactor, both the volumetric liquid and gas flow rates must be
considered. The gas flow, initially given in standard milliliters per minute, was adjusted to the process conditions and
added to the liquid flow. The portion of gas dissolving in the solvent was neglected. Consequently, the total volumet-

ric flow rate can be calculated as follows:

(4)
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The following table (Table S3) exemplifies the residence times in reactor R1 at a temperature of 60 °C and

a pressure of 50 bar:

Table $3 Residence times in reactor R1 at 50 bar und 60 °C.

Q Quz,n Q2 T Tg T
[mL min?] [mLy min) [mL min?] [min] [min] [min]
2.20 90 2.22 1.78 1.77 0.89
1.10 70 1.73 3.57 2.27 1.39
0.70 50 1.24 5.61 3.18 2.03
0.50 40 0.99 7.85 3.97 2.64
0.35 35 0.86 11.22 4.54 3.23
0.25 30 0.74 15.71 5.30 3.96




Abbreviations

D Diffusion coefficient
Co Starting concentration
d Channel diameter
ee Enantiomeric excess
HPLC High pressure liquid chromatography
kia Volumetric gas liquid coefficient
Ly Length of gas bubble
Ly Length of taylor unit bubble
P Pressure
Qe Volumetric gas flow
Q Volumetric liquid flow
T Temperature
tos Reaction halftime
Ub Gas bubble velocity
AHg Reaction enthalpie
A Thermal conductivity
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