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ARTICLE

Pulsed electroconversion for highly selective
enantiomer synthesis
Chularat Wattanakit1, Thittaya Yutthalekha1, Sunpet Asssavapanumat1,2, Veronique Lapeyre2

& Alexander Kuhn2

Asymmetric synthesis of molecules is of crucial importance to obtain pure chiral compounds,

which are of primary interest in many areas including medicine, biotechnology, and chem-

istry. Various methods have been used very successfully to increase the enantiomeric yield of

reaction pathways, but there is still room for the development of alternative highly enan-

tioselective reaction concepts, either as a scientific challenge of tremendous fundamental

significance, or owing to the increasing demand for enantiopure products, e.g., in the phar-

maceutical industry. In this context, we report here a strategy for the synthesis of chiral

compounds, based on pulsed electrochemical conversion. We illustrate the approach with the

stereospecific electroreduction of a prochiral model molecule at chiral mesoporous metal

structures, resulting in an enantiomeric excess of over 90%. This change of paradigm opens

up promising reaction schemes for the straightforward synthesis of high-added-value

molecules.
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Molecular chirality is one of the most fascinating topics in
chemical research due to its importance in many areas
such as materials engineering1–3, surface science4–8,

pharmaceutics9, separation science, and catalysis10. Therefore, the
scientific community has made enormous efforts to obtain
enantiomerically pure compounds, either based on the chiral
pool11–13, resolution of racemates14, 15, or asymmetric synth-
esis16. Among them, enantioselective synthesis has been exten-
sively developed as a controllable process17–19, and successfully
achieved via catalysis based on the use of chiral coordination
complexes20, 21, imprinted polymers22, 23, and biocatalysts24, 25.
However, there are also potential drawbacks, such as too flexible
molecular structures26, low thermal and chemical stability18, and
tedious catalyst preparation27. Furthermore, some of the most
successful strategies are based on homogeneous catalysis with
inherent problems of catalyst separation from the reaction pro-
duct28, 29. Therefore, heterogeneous reaction schemes may have
significant advantages30, 31. For electrochemical reactions, elec-
tronic conductors are mandatory and in this context, the devel-
opment of metals with chiral surfaces is an interesting choice to
carry out heterogeneous enantioselective reactions.

Several concepts have been tested in the past such as the
binding of chiral ligands to metal surfaces32, the adsorption of
chiral molecules on surfaces to produce chiral metals33, or metal
oxides34, 35, the cutting of high Miller index planes of metal
monocrystals36, 37, and the distortion of symmetrical metal
structures38. The design and synthesis of chiral metal structures
has been explored for several of them (e.g., Pt, Pd, Ag, Au, Cu,
Rh)39–44. Recently it has been reported that even the bulk of
metals can be imprinted with chiral information41, 45. Our group
demonstrated that chiral cavities can be generated in mesoporous
platinum, based on the electrochemical reduction of platinum
ions around a self-assembled liquid crystal phase of non-ionic
surfactant and chiral template molecules46. These materials
exhibit fascinating properties because they can be used to dis-
criminate the enantiomers of an imprinted chiral molecule and
other chiral molecules with analog structures46–48. The reason for
the remarkable chiral recognition can be attributed to the fact that
a large number of chiral cavities are located at the internal surface
of the mesoporous network.

In addition, theses chiral-encoded mesoporous metal surfaces
have also been shown to induce a certain degree of

enantioselectivity during the electrochemical synthesis of man-
delic acid from its prochiral precursor47, meaning that one of the
possible stereoisomers of the molecule is formed preferentially.
However, the enantiomeric excess is very modest with typical
values in the few percent range. One reason for this low perfor-
mance is that the external surface of the electrode is not
imprinted with chiral information and therefore produces the
final compound in a completely non-stereospecific way. There-
fore, the product is a mixture of enantiomers produced in a quite
selective way inside the mesoporous phase, and a racemate
resulting from the reaction of precursor molecules at the outer
surface. This intrinsically prevents from achieving high values of
enantiomeric excess. A promising way to increase the ratio
between precursor molecules that are transformed inside the
metal matrix and those reacting at the outside is to play with the
competition of transport and reaction kinetics. In this context,
electrochemistry has the unique advantage of allowing a perfectly
time-controlled triggering of the involved redox reactions49. The
interplay between filling the chiral cavities with precursor mole-
cules by diffusion and intermittently transforming them by
applying an appropriate potential pulse constitutes an efficient
heterogeneous reaction concept which is solely possible with
electrochemistry.

In the present study, we describe an application of this concept
to the highly selective asymmetric synthesis of chiral molecules
based on the pulsed electroconversion of a prochiral molecule
with chiral-imprinted mesoporous metal. This strategy is expec-
ted to avoid almost completely the interference of reactions at
non-imprinted sites. In a proof-of principle synthesis, the two
enantiomers of 1-phenylethanol (PE) are successfully and selec-
tively synthesized via pulsed electroconversion of prochiral acet-
ophenone on chiral-imprinted mesoporous platinum (CIMP).
The degree of enantioselectivity can be tuned by changing the
pulse time and the amount of imprinted chiral cavities.

Results
Concept of enantioselective pulsed electrosynthesis. Conven-
tional steady-state electroreduction of a prochiral molecule on
chiral mesoporous platinum exhibits some enantioselectivity
because the handedness of the product is influenced by the
geometry of the chiral metal cavities47. However, the interference

Conventional
Electrosynthesis

Pulsed
Electrosynthesis

H
Pulse voltage

Phenylethanol
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Fig. 1 Comparison of conventional and pulsed chiral electrosynthesis. Illustration of the conversion of achiral acetophenone (yellow dots) into (R)- and
(S)-PE (blue and red dots, respectively) by stereoselective addition of hydrogen (green dots) during conventional and pulsed asymmetric electrosynthesis
using chiral-encoded metal electrodes
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of concomitant reactions at non-imprinted metal located at the
external electrode surface cannot be prevented and therefore leads
to a decrease in overall stereoselectivity. Thus, in order to enhance
the enantioselectivity, the major issue is to suppress such inter-
ferences. For this, we propose a concept allowing to improve the
degree of enantioselectivity by using pulsed electrosynthesis. The
differences between conventional and pulsed electroconversion of
a prochiral starting molecule are illustrated in Fig. 1.

In the case of conventional electrosynthesis, carried out under
steady-state conditions (i.e., constant applied potential), the
achiral molecules (in this example acetophenone, symbolized by
yellow dots) can combine with hydrogen (green dots) both, inside
the chiral cavities and at the outermost surface of the electrode,
resulting in low excess of either (R)- or (S)-PE (blue and red dots,
respectively) as a function of the imprinted enantiomer. In strong
contrast to this, pulsed electroconversion can lead to a very
significant increase of the enantioselective properties based on the
following mechanism. When no potential is applied, the prochiral
educts diffuse into the mesopores and adsorb in the chiral cavities
that are decorating the pore walls. Once the host matrix is filled, a
potential pulse of appropriate amplitude and duration is applied
to reduce the adsorbed precursor molecules in an enantioselective
way. During the subsequent relaxation period at open circuit, the
formed products can leave the matrix and, simultaneously, fresh
precursor can enter the mesopores. Then the potential pulse is
applied again. Repeating this cycle many times will lead to the
gradual accumulation of the preferentially formed enantiomer in
the bulk solution.

Obviously, during each potential pulse precursor molecules can
also be reduced at the non-selective outer electrode surface.
However, the quantity of converted molecules at the outer surface
is much smaller because the internal surface area of mesoporous
metals is typically two to three orders of magnitude higher
compared to the external surface area50. This means that,
depending on the pulse duration, the interference of electro-
reduction at the external surface can be almost completely
suppressed, and results in the highly selective production of one
enantiomer with respect to the other.

Synthesis of chiral-encoded mesoporous platinum surfaces.
Chiral-encoded mesoporous platinum has been synthesized
analog to previous reports46–48. In brief, the hexagonal (H1)
structure of a lyotropic liquid crystal, obtained by the self-
assembly of the surfactant Brij 56, has been used as a template to
control the mesoporous structure of the metal50. The interaction
between the hydrophilic outer part of the surfactant columns and
the OH groups of the chiral template leads to an oriented geo-
metry of chiral cavities when metal is grown around these
supramolecular structures46. Several template molecules have
been successfully used for controlling the shape of the chiral
imprint, such as DOPA (3,4-dihydroxyphenylalanine)46, man-
delic acid47, and PE (this work). CIMP films with different
thickness have been prepared on gold-coated glass slides for the
subsequent use as working electrodes in the experiments of
pulsed electroconversion of the prochiral molecule (Fig. 2a, b).
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Fig. 2 Structural characterization of chiral mesoporous platinum. a, b Scanning electron microscopy images of cross sections of mesoporous metal films
obtained for injected charge densities of 2 and 8 C cm−2. Scale bar 10 μm. The inset in a is a TEM image of such a mesoprous structure with a scale bar of
20 nm. c Relationship between film thickness and the deposited charged density. d Cyclic voltammograms of flat platinum (red) and a chiral-imprinted
mesoporous platinum film obtained by injecting a charge density of 8 C cm−2 (blue) recorded in 0.5M H2SO4 at 100mV s−1. Ha (hydrogen adsorption) and
Hd (hydrogen desorption)
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The morphology and the dimensions were uniform and similar to
what has been described in previous reports46, 47. The meso-
porosity is clearly visible when performing transmission electron
microscopy (see inset of Fig. 2a). The film thickness is propor-
tional to the injected charge density (Fig. 2c) and various thick-
nesses were used for tuning the enantioselectivity, because a more
pronounced selectivity can be observed when increasing the film
thickness46.

To characterize the active surface area related to the
mesoporous feature, cyclic voltammetry of the porous platinum
electrodes in 0.5 M of H2SO4 was used (Fig. 2d and Supplemen-
tary Figure 1). The peaks between −0.20 and 0.20 V can be
attributed to the hydrogen adsorption and desorption, whereas
the oxidation of Pt and the reduction of PtOn occur at about 0.7
and 0.5 V, respectively. The significant enhancement of active
surface area of a porous platinum film (blue) compared with flat
platinum (red) is translated into a roughness factor of 33.4. No
additional increase in active surface area is observed when
comparing a chiral-imprinted and a non-imprinted mesoporous
electrode (Supplementary Figure 1). This indicates that the high
surface area is essentially due to the mesoporosity and not to the
chiral cavities.

In order to verify the enantioselective properties of the so-
obtained surfaces, the recognition of 1-PE via electrooxidation
was monitored using differential pulse voltammetry as shown in
Fig. 3a–c. The explored potential window has been limited on the
positive side to +0.6 V in order to avoid interference with the
oxidation of platinum. When comparing the different records, a
more pronounced signal for (R)-PE with respect to (S)-PE can be
observed in the case of chiral mesoporous platinum imprinted by
(R)-PE (Fig. 3a). In contrast, the electrode imprinted by the
opposite enantiomer exhibits a higher amplitude for (S)-PE with
respect to (R)-PE (Fig. 3b). It is necessary to confirm that the
different signals for the two enantiomers are not artifacts; in

particular they might be due to chiral template molecules
remaining inside the metal after the imprinting. Therefore, the
removal of the template molecules was monitored by measuring
the amount of chiral molecules leaving the metal phase as a
function of rinsing time using UV-Vis spectroscopy (see
Supplementary Figure 2). It clearly demonstrates that no more
template molecules are leaving the cavities after sufficient rinsing.
As expected, no enantioselective discrimination properties are
revealed for non-imprinted mesoporous platinum (Fig. 3c),
meaning that no chiral information is encoded without using a
chiral template molecule in the preparation mixture. These
observations confirm that CIMP can be successfully prepared
using this general approach with various types of a chiral
templates and the so-obtained host matrix exhibits intrinsic chiral
properties even after removable of the chiral template.

Pulsed enantioselective synthesis of chiral phenylethanol. The
enantioselective synthesis of PE from acetophenone has been
chosen as a model system because it is an interesting compound
in bio-oil in which ketones are present in a large portion
(27 wt%)51. Acetophenone is a very simple aromatic ketone, and
therefore well-suited for first proof-of-principle studies, which
then might be extended to other, more complex, ketones52, 53. In
addition, the conversion of this compound into a pure enantio-
mer of 1-PE as an important chiral building block in pharma-
ceutical industries can be considered as a representative example
for the production of high-added-value products. The molecule is
going to adsorb inside the chiral cavities present in the meso-
porous structure and this will direct the synthesis preferentially
towards one of the two enantiomers of phenylethanol, depending
on which one has been imprinted (Fig. 4). After the reduction is
accomplished, the product is desorbed and the cavity is again
available for the transformation of further molecules.
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Fig. 4 Enantioselective synthesis steps. Illustration of the electrosynthesis of (S)-phenylethanol from acetophenone based on its adsorption in chiral-
imprinted cavities of the mesoporous metal, followed by its stereoselective reduction and desorption
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In order to test the described concept and optimize the
different electrosynthesis parameters, such as the reduction
potential, the thickness of the Pt film and the amount of
imprinted chiral sites, the conventional steady-state electroreduc-
tion of acetophenone was first studied. To prevent the reduction
of protons at too negative potentials, the potential has been fixed
in the range of −0.40 to −0.50 V, because the carbonyl function of
acetophenone starts to reduce at these potentials (see Supple-
mentary Figure 3). Supplementary Table 1 summarizes the
relationship between the enantiomeric excess and the reduction
potential, the amount of chiral template, and the metal layer
thickness. A more positive reduction potential can allow a slight
increase of enantiomeric excess (Entries 1 and 2 in Supplemen-
tary Table 1). Increasing the weight ratio of chiral template to
PtCl62− from 0.05 to 0.15, improves the enantiomeric excess by a
factor of about two (Entries 2–4 in Supplementary Table 1). A
similar tendency can also be observed when using electrodes
imprinted with the opposite enantiomer (Entries 5 and 6 in
Supplementary Table 1). This confirms the presence of a
pronounced chiral character of the metal surfaces, able to
promote the transformation of a prochiral molecule into a chiral
compound. As stated above, the degree of enantioselectivity is
correlated with the thickness of the porous metal layer. Entries 5
and 6 in Supplementary Table 1 indicate a significant improve-
ment of enantiomeric excess when increasing the amount of
deposited metal. From these preliminary optimization experi-
ments it is possible to identify as the best conditions for a
maximized enantiomeric excess a reduction potential of −0.45 V,
a PE enantiomer/PtCl62− weight ratio of 0.15, and a metal
deposition charge density of 8 C cm−2.

These conditions were maintained identical for studying the
impact of a pulsed driving force on enantioselectivity. As can be
seen in Fig. 5a, pulsing the potential has a tremendous impact of
the experimental outcome. The high-performance liquid chro-
matography (HPLC) records obtained with a chiral stationary
phase column, which have been normalized with respect to the
concentration of (S)-PE, clearly show that the electroreduction of
acetophenone on chiral mesoporous platinum imprinted with
(S)-PE produces (S)-PE with extremely high selectivity for the
shortest pulses. This tendency is quantitatively summarized in
Fig. 5b. For long pulses, the unspecific contribution from the
acetophenone reduction at the non-chiral outer electrode surface
has a strong influence and consequently leads to modest

enantiomeric excess. However, at a very short pulse time (2 s)
the %ee is clearly dominated by the conversion occurring almost
exclusively inside the mesoporous matrix, owing to its large
internal surface area when compared with the area of the non-
imprinted outer surface. In this extreme case it reaches values
slightly above 90%. In all cases, the relaxation time has been
chosen long enough (120 s) to allow the product to leave the
metal phase by diffusion and to refill it with fresh prochiral
precursor before applying again the potential. This relaxation
period has been overestimated on purpose to be on the safe side,
and might be easily decreased by an order of magnitude when
considering classic diffusion constants. This strategy leads to an
almost complete suppression of the non-selective reaction at the
external surface.

This effect can be understood by analyzing more closely the
chronoamperometric curves obtained during such potential
pulses (Supplementary Figure 4). The experiment consists of
recording a chronoamperogram with an imprinted electrode
when the potential is applied immediately after immersing it in a
solution containing acetophenone. In this case acetophenone is
not present in the mesopores and only reacts at the outer surface
producing IOut as a current (Supplementary Figure 4a, red curve).
In a second experiment, the same electrode is allowed to
equilibrate with the solution before applying the potential.
Therefore, acetophenone will be present also in the mesoporous
phase and lead to a current enhancement measured as IOut+In
(Supplementary Figure 4a, blue curve). Plotting the ratio between
these two currents (I(In+Out)/I(Out)) gives a good indication of the
relative contribution of the conversion of molecules inside the
porous phase compared with the global amount of reacting
molecules (Supplementary Figure 4b). It becomes evident that for
rather short times (<2 s) the current is strongly influenced by
molecules reacting inside the pores in a chiral environment,
whereas for longer time intervals the overall current is mostly
owing to molecules converted at the outer surface, which can be
more easily resupplied by diffusion, but react in a non-
enantioselective way. This leads to a decrease of %ee when
increasing the pulse duration. These measurements demonstrate
that the characteristic time scale of diffusion from the outside into
the pores is much longer than that for the electron transfer rate
inside the pores. A pulse time of 2 s seems therefore to be close to
optimal, because for shorter pulses not all the molecules in the
pores are converted, so the yield is lower, whereas for longer pulse
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times the outer electrode surface starts to interfere more and
more and lowers the enantiomeric excess.

An opposite selectivity is observed when using electrodes
imprinted with (R)-PE (pulse time of 10 s). The (R)-PE peak area
is much higher than the (S)-PE peak (Fig. 6 and Supplementary
Table 2). In addition, the enantiomeric excess obtained by using
the electrodes imprinted with different chiral configurations was
also confirmed by the results of circular dichroism measurements
(Supplementary Figure 5) of the product solutions. Opposite
signals in the circular dichroism spectra were obtained for
electrodes imprinted with different enantiomers. The %ee values
for electrodes imprinted with opposite enantiomers are in good
agreement (+60.4 and −66.9% for imprinting with (R)-PE and
(S)-PE, respectively), indicating the reproducibility of the
electrodes.

One important aspect of heterogeneous reactions is the
reusability of the active surface. We therefore studied the stability
of the retained chiral information by measuring the degree of
enantioselectivity of one and the same imprinted electrode in
three consecutive experiments (Supplementary Figure 6 and
Supplementary Table 3). The enantioselectivity is decreasing, but
even after the third run %ee values are still very significant (about
40%). Obviously, such a decrease should be kept at a minimum
and might be due to a rearrangement of the chiral cavities as a
consequence of the surface mobility of the metal atoms. One
possibility to stabilize the structural chiral information might be
to perform the synthesis at lower temperatures.

Theoretically, the amount of generated chiral metal cavities
should correlate with the content of chiral template molecule in
the plating mixture. Therefore, we also examined the enantios-
electivity as a function of the weight ratio of chiral template/
PtCl62−. It was found that the %ee dramatically improves from
12.0 to 66.9 % when increasing the chiral template to platinum
ratio from 0.05 to 0.15 for a 10 s pulse time (Supplementary
Figure 7a,b). However, the %ee starts to decrease when using a
too high amount of chiral template. This may be explained by the
fact that the self-assembly of the lyotropic liquid crystal phase is
disturbed in the presence of too much chiral template, thus
preventing the formation of the mesopores. Such a morphological
change of the supramolecular template leads to less efficient
imprinting of chiral information.

Discussion
Highly stereoselective reduction of acetophenone with CIMP
electrodes has been successfully achieved based on potential
pulsed electrolysis. In conventional electrosynthesis a constant
potential is applied to the working electrode. This leads to a
steady-state conversion of molecules preferentially at the outer
electrode surface, because diffusion into the mesopores is rather
slow. As all parts of the platinum film are used as working
electrode, but the chiral character is only present inside the
mesopores, and not at the outer surface, the obtained enantio-
meric excess is dominated by the unspecific reaction path. This
eventually leads to almost a racemate even though selectivity can
be slightly increased by changing the amount of chiral template in
the plating mixture, the porous metal film thickness, and the
reduction potential.

In order to circumvent this problem of modest stereoselectivity
it is necessary to play with the competition between molecular
transport efficiency into the enantioselective mesopores and
reaction kinetics at the non-selective outer surface. The main
strategy of this work has been to use repeatedly short potential
pulses alternating with relaxation periods at open circuit. During
the relaxation period the mesoporous matrix is filled with pro-
chiral starting molecules by diffusion, which adsorb in the metal
cavities bearing the chiral information. Application of a potential
pulse leads to the conversion of these molecules inside the
mesopores, but also of molecules at the external surface.
The relative contribution of these two populations is tunable by
the pulse length. To confirm this hypothesis, electroreduction
experiments were carried out with varying pulse times. For long
pulses the molecules in the matrix are converted immediately, but
then cannot be resupplied efficiently enough during the
remaining time of the pulse. For short pulses the situation is
opposite, because the quantity of molecules stored and converted
in the mesopores is much higher due to the very high internal
surface area. Once this conversion has taken place, the potential is
switched off so that the contribution of the much smaller outer
surface area is almost negligible.

Interestingly, theses electrodes can be reused for several inde-
pendent experiments and still show significant enantioselectivity.
This demonstrates that the observed chiral features don’t origi-
nate from chiral template molecules left over in the porous
structure after the initial metal electrodeposition step. Optimi-
zation of all different parameters finally allows reaching a %ee of
over 90 %, which is extremely high for such a heterogeneous
reaction scheme and starts to be competitive with respect to more
classic approaches. However, the global conversion yield for a
given reaction time is still modest (Supplementary Figure 8)
owing to the exagerated relaxation time, but this can be further
optimized in forthcoming studies. It is also important to mention
that no significant quantities of side products, for example, owing
to dimerization, seem to be formed as can be judged from HPLC
analysis (Supplementary Figure 9). Thus, this opens up interest-
ing perspectives in the frame of the development of selective
chiral synthesis strategies for high-added-value products, one of
the key challenges in modern organic chemistry.

Methods
Chemicals. Hexachloroplatinic acid hydrate (H2PtCl6. xH2O), polyoxyethylene
(10) cetyl ether (Brij 56) together with (R)- and (S)-phenylethanol (PE) and MilliQ
water were used to prepare the liquid crystal plating mixtures. Acetophenone was
used as the prochiral reactant. Ammonium chloride was used as a supporting
electrolyte. All chemicals were purchased from Sigma-Aldrich and used without
further purification.

Synthesis and characterization of CIMP. CIMP was prepared following a
modified literature procedure46. Gold-coated glass slides (1 cm2) were used as
substrates and PE enantiomer was used as a chiral template molecule. The liquid
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enantiomer. HPLC chromatograms of the electrosynthesis products
obtained by an electrode imprinted with (S)-PE (red) and an electrode
imprinted with (R)-PE (blue) (PE/PtCl62− weight ratio of 0.15). The
respective signals are compared with a racemate of PE that is obtained by
electrosynthesis with an electrode imprinted with racemic PE (black). Peaks
at retention times of 14.4 and 15.3 min belong to (R)-PE and (S)-PE,
respectively
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crystal mixture composed of 42 wt% of non-ionic surfactant (Brij 56), 29 wt% of
chloroplatinic acid, 29 wt% of MiliQ water and the calculated amount of the chiral
template molecule, was mixed until becoming completely homogeneous. The
obtained, very viscous, paste was then placed as a several millimeter thick layer on a
cleaned gold-coated glass slide. After insertion of a reference (Ag/AgCl) and
counter electrode (platinum grid) in the liquid crystal paste, platinum was
deposited at a constant potential of −0.1 V while measuring and integrating the
current. Depending on the desired final thickness of the mesoporous metal layer,
the injected charge densities have been varied from 2 to 8 C.cm−2. Subsequently, in
order to remove the template molecules (surfactant and enantiomer), the electrodes
were rinsed and soaked in MilliQ water for 24 h. Series of UV-Vis spectra of the
different washing solutions were recorded to monitor the template removal as a
function of rinsing time (Supplementary Figure 2).

The surface morphology and the thickness of the Pt film was characterized with
a Hitachi TM-1000 tabletop electron microscope. The mesoporous nature of the
deposit was studied by transmission electron microscopy (JEOL JEM-2010). In
order to perform these TEM measurements, the platinum covered Au-coated glass
slides were immersed in an aqueous solution of 4 wt% KI and 1 wt% I2 for ~20 min
so that the underlying Au layer gets etched away. The mesoporous platinum film
was then carefully detached from the electrode by slow immersion of the sample
into DI water. The obtained floating film was finally transferred onto a TEM grid.

The electroactive surface area of CIMP was calculated from the integral of the
hydrogen adsorption and desorption peaks obtained from the cyclic
voltammograms of the Pt electrodes in 0.5 M H2SO4 recorded at a scan rate of 100
mVs−1 in the range from −0.25 to 1.25 V. The real surface area of Pt was estimated
based on a calibration factor of 210 mC.cm−2 54.

Pulsed electroconversion of acetophenone on CIMP. In order to optimize the
experimental parameters, including the reduction potential, the amount of chiral
template used in the plating mixture, and the thickness of the platinum film,
conventional steady-state electrochemical reduction of acetophenone on CIMP was
performed with potentials ranging from −0.40 to −0.50 V for 13 h in a stirred
aqueous solution of 10 mM acetophenone and 1M ammonium chloride as sup-
porting electrolyte. Before starting the reaction, the system was kept for 30 min in
the mixture to let the solution diffuse inside the porous network. All experiments
were carried out using an Autolab PGSTAT204 equipped with Ag/AgCl (sat. KCl),
a Pt mesh, and CIMP as reference, counter, and working electrodes, respectively.

In the case of pulsed electrochemical reduction, the applied potential was −0.45
V with pulse times varying from 2 to 60 s. The relaxation time was kept constant at
120 s after each voltage pulse.

Finally, the products were extracted using heptane as solvent and the organic
solution was analyzed by HPLC. HPLC was performed on a Shimadzu LC-
2030C3D equipped with a chiral HPLC column (CHIRALPAK IB, 250 × 4.6 mm
inner diameter) using a mobile phase containing 95% heptane/5% i-propanol at a
flow rate of 0.5 ml min−1 and an optical detection at 215 nm. The integrated peak
area was measured using Lab Solution software. To calculate the total conversion of
acetophenone into product, a calibration curve of product was recorded
(Supplementary Figure 8). To further confirm the enantiomeric excess, circular
dichroism spectroscopy was performed on a Jasco J-815 spectrometer and circular
dichroism spectra were recorded at a scan rate of 50 nmmin−1 (Supplementary
Figure 5).

Data availability. All relevant data that support the current findings and which are
not included in the main manuscript or the Supplementary Information are
available from the corresponding authors on request.
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