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1 Summary 

The alkali metal assisted mechanism employing PN5P-based catalyst systems in 

(de)hydrogenation reactions was investigated in this work. Three best performing cat-

alysts based on iron, manganese and cobalt, which were equipped with PN5P ligands, 

were investigated kinetically based on the Arrhenius equation. Emphasis was placed 

on the relationship between their catalytic activities and thermal stabilities (Figure 1).  

 

Figure 1. Schematic demonstration of the relationship between thermal stability and 
(de)hydrogenation activity for PN5P-based iron, cobalt and manganese catalysts. 

 

Since the manganese catalyst showed the highest thermal stability and the iron one 

the lowest, mechanistic investigations regarding their decomposition pathways were 

carried out. NMR spectroscopic analysis reveals that the manganese catalyst system 

does not decompose at temperatures where Arrhenius linearity breaks down, but in-

stead undergoes an equilibrium transition into a dormant state ([Mn(I)K]; Figure 2). 

Once this equilibrium is set, catalysis is slower. This explains the deviation from Arrhe-

nius linearity at temperatures above 130 °C. The high thermal stability of the Mn rep-

resentative in comparison to the tested Fe and Co analogues explains, among other 

aspects, the broad usage of such catalysts.  
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Figure 2. Equilibrium between the active hydride species [Mn(I)H] and the dormant 
species at high temperatures [Mn(I)K]. 

 

The iron catalyst showed lower thermal stability and was therefore subjected to mech-

anistic examination. The activation pathway and catalytic cycle were discovered step-

by-step. Interestingly, the active species turned to be an iron(I) complex, which is 

formed by disproportionation from the iron(II) precatalyst (Figure 3). The bimetallic 

iron(I) complex was characterized, among other methods by x-ray single-crystal anal-

ysis, and a potassium assisted mechanism was proposed for the hydrogenation of ke-

tones. Numerous ketones (33), including many with hydrogenation-sensitive groups, 

were hydrogenated employing this catalyst, delivering the corresponding alcohols with 

high chemo selectivity.  

 

Figure 3. Synthesis of the iron(I) active species and proposed catalytic cycle for the 
iron(I)-mediated hydrogenation of carbonyl compounds. 
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Additionally, the iron(I) catalyst exhibited high chemo selectivity, which presumably 

comes as a result of the unusual oxidation state (+1). However, the 19 valence electron 

iron(I) hydride is very labile and tends to transform quickly into a more stable 18 va-

lence electron iron(0) complex, which is catalytically inactive (Figure 4). This explains 

the low thermal stability of the iron catalyst system. 

 

Figure 4. Transformation of the active iron(I) hydride to the inactive iron(0) complex. 

 

Utilizing an Ir pincer catalyst, the potassium assisted mechanism, enabled by prior 

heterolytic cleavage of H2 was compared with the classic pathway, consisting of oxi-

dative addition (OA) of H2, followed by substrate insertion to the metal and final reduc-

tive elimination (RE). Thereof derived active species permit selection between both 

mechanisms (Figure 5). The focus was set on the hydrogenation of multiple bonds. 

The dominant species (protonated or deprotonated /metalated) and, therefore, the 

mechanistic pathway could be selected desirably by the presence or absence of stoi-

chiometric amounts of base. The catalytic activity could be switched on or off, accord-

ingly. Contrary behavior of the catalytic activity was observed for compounds with polar 

and non-polar multiple bonds.  

 

 

Figure 5. Proposed active species of a PN5P-based Ir-complex for the efficient hydro-
genation of non-polar (left) and polar unsaturated bonds (right). 
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2 Zusammenfassung 

In dieser Arbeit wurde der Alkalimetall-assistierte Mechanismus unter Einsatz von 

PN5P-basierten Katalysatorsystemen in (De-)Hydrierungsreaktionen untersucht. Drei 

leistungsstärkste Katalysatoren auf Basis von Eisen, Mangan und Kobalt, die mit 

PN5P-Liganden ausgestattet waren, wurden kinetisch anhand der Arrhenius-Glei-

chung untersucht. Der Schwerpunkt lag auf der Beziehung zwischen ihren katalyti-

schen Aktivitäten und thermischen Stabilitäten (Abbildung 1).  

 

Abbildung 1. Schematische Darstellung der Beziehung zwischen thermischer Stabilität 
und (De-)Hydrieraktivität für PN5P-basierte Eisen-, Kobalt- und Mangankatalysatoren. 

 

Da der Mangankatalysator die höchste und der Eisenkatalysator die niedrigste thermi-

sche Stabilität aufwiesen, wurden mechanistische Untersuchungen zu den Zerset-

zungswegen durchgeführt. NMR-spektroskopische Analysen zeigen, dass sich das 

Mangankatalysatorsystem bei Temperaturen, bei denen die Arrhenius-Linearität zu-

sammenbricht, nicht zersetzt, sondern stattdessen einen Gleichgewichtsübergang in 

einen inaktiven Zustand ([Mn(I)K]; Abbildung 2) durchläuft. Sobald sich dieses Gleich-

gewicht eingestellt hat, wird die Katalyse langsamer. Dies erklärt die Abweichung von 

der Arrhenius-Linearität bei Temperaturen über 130 °C. Die hohe thermische Belast-

barkeit des Mn-Vertreters im Vergleich zu den Fe- und Co-Analoga erklärt, unter an-

derem, die breite Anwendung solcher Katalysatoren. 
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Abbildung 2. Gleichgewicht zwischen der aktiven Hydridspezies [Mn(I)H] und der ru-
henden Spezies bei hohen Temperaturen [Mn(I)K]. 

 

Der Eisenkatalysator zeigte hingegen eine geringere thermische Stabilität und wurde 

daher mechanistisch untersucht. Der Aktivierungsweg und Katalysezyklus wurden 

schrittweise entdeckt. Interessanterweise stellte sich die aktive Spezies als Eisen(I)-

Komplex heraus, der durch Disproportionierung aus dem Eisen(II)-Präkatalysator ent-

steht (Abbildung 3). Der bimetallische Eisen(I)-Komplex wurde, unter anderen Metho-

den, mittels Röntgenkristallstrukturanalyse charakterisiert und ein Kalium-assistierter 

Mechanismus wurde für die Hydrierung von Ketonen mittels dieses Katalysators vor-

geschlagen. Zahlreiche Ketone(33), u.a. mit hydrierempfindlichen Gruppen, wurden 

mit diesem Katalysator zu den entsprechenden Alkoholen mit hoher Chemoselektivität 

hydriert. 

 

Abbildung 3. Synthese der aktiven Eisen(I)-Spezies und vorgeschlagener Katalyse-
zyklus für die Eisen(I)-vermittelte Hydrierung von Carbonylverbindungen. 
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Darüber hinaus zeigte der Eisen(I)-Katalysator eine hohe Chemoselektivität, die ver-

mutlich auf die ungewöhnliche Oxidationsstufe (+1) zurückzuführen ist. Das Eisen(I)-

Hydrid mit 19 Valenzelektronen ist jedoch sehr labil und neigt dazu, sich schnell in 

einen stabileren Eisen(0)-Komplex mit 18 Valenzelektronen umzuwandeln, der kataly-

tisch inaktiv ist (Abbildung 4). Dies erklärt die geringe thermische Stabilität des Eisen-

katalysatorsystems. 

 

Abbildung 4. Umwandlung des aktiven Eisen(I)-hydrids in den inaktiven Eisen(0)-Kom-
plex. 

 

Unter Verwendung eines Ir-Pincerkatalysators wurde der Kalium-assistierte Mechanis-

mus, der durch vorherige heterolytische Spaltung von H2 ermöglicht wird, mit dem klas-

sischen Mechanismus der oxidativen Addition (OA) von H2, gefolgt von Substratinser-

tion in das Metallzentrum und abschließender reduktiver Eliminierung (RE) verglichen. 

Die daraus abgeleiteten aktiven Spezies ermöglichen die Auswahl zwischen beiden 

Mechanismen (Abbildung 5). Der Fokus lag auf der Hydrierung von Mehrfachbindun-

gen. Die dominante Spezies (protoniert oder deprotoniert/metalliert) und damit der me-

chanistische Pfad konnten durch Ab- oder Anwesenheit stöchiometrischer Mengen ei-

ner Kalium-Base beliebig gewählt werden. Die katalytische Aktivität konnte entspre-

chend ein- oder ausgeschaltet werden. Ein gegensätzliches Verhalten der katalyti-

schen Aktivität wurde für Verbindungen mit polaren und unpolaren Mehrfachbindungen 

beobachtet. 

 

Abbildung 5. Vorgeschlagene aktive Spezies des PN5P-basierten Ir-Komplexes zur ef-
fizienten Hydrierung unpolarer (links) und polarer ungesättigter Bindungen (rechts). 
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3 Introduction 

Catalysis is a powerful tool that plays a protagonist role in industry development.1 A 

crucial aspect that underlines the potential of a catalyst is the occurring mecha-

nism/catalytic cycle, which demonstrates the transformation of catalyst and substrate 

step-by-step.2 Catalyst design is more efficient with adequate knowledge of the mech-

anistic pathway. Thus, further improvements to the already proposed mechanisms 

have yet to be made.  

 

3.1 Pincer Chemistry 

Catalysis performed by pincer complexes has been known and broadly utilized for dec-

ades,3 starting with the introduction of the concept “pincer chemistry” in 19764. Basi-

cally, a pincer complex consists of a tridentate ligand and the metal core, which coor-

dinates to all three anchors of the ligand (Figure 6). This alignment forms an almost 

planar geometry between the metal core and its coordination spots. A variety of atoms 

can undertake the role of the coordination anchor X, typically such as C,N,P and O. 

This constrained geometry provides significant stability for pincer complexes.5  

 

 

Figure 6. Illustration of a pincer complex. 
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3.2 Outer-sphere Mechanism in (De)Hydrogenation Reactions 

Especially in (de)hydrogenation reactions, pincer catalysts have shown promising po-

tential.6,7 This field has been developing rapidly, and findings show an increased pop-

ularity of the outer-sphere mechanism, often referred to as metal–ligand cooperation, 

which has been used to describe the main step of the catalytic cycle in (de)hydrogena-

tion reactions.8,9,10,11,12,13 It takes place, when the transition metal M is coordinatively 

saturated, so that coordination of the substrate to the metal center (inner-sphere) is 

hindered. In hydrogenation reactions, when two hydrogen atoms of opposite polar-

ity – one as a hydride and the other as a proton – are present within the catalyst, they 

can facilitate the proper alignment of the substrate in their vicinity. Usually, this for-

mation is proposed as a six membered transition state (Figure 7). Hydride transfer 

reduces the corresponding unsaturated bond of the substrate. 

 

Figure 7. General illustration of the outer-sphere mechanism, involving the cooperation 
between the negatively polarized M–H and the positively polarized N–H function during 
hydrogenation reactions.  

 

An honorable mention of the development of the outer-sphere mechanism is the work 

of the Nobel laurate Ryoji Noyori in 2000 as he proposed a metal-ligand bifunctional 

outer-sphere approach for asymmetric transfer hydrogenation of ketones.14,15,16,17,18 

Ruthenium catalysts were used, equipped with two bidentate ligands ([RuH], Figure 

8). The diphosphine ligand is responsible for the stereoselectivity, while the diamine 

ligand enables the outer-sphere positioning of the ketone (acetophenone) close to the 

hydride. The ketone is positioned in alignment with one of the Ru–N bonds of [RuH] 

facing the hydride and the proton from up-close. Following hydride transfer gives rise 

to the corresponding alcohol, which in this case could be obtained in quantitative yields 

with up to 82% enantiomeric excess.  
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Figure 8. Hydrogenation of ketones using [RuH] and the occurring outer-sphere inter-
mediate step prior to the hydride transfer, proposed by the Noyori group. 

 

3.3 Alkali Metal Assisted Hydride Transfer 

A modern approach to achieve higher catalytic activity is the replacement of the ligand 

proton with an alkali metal. Thus, the bifunctionality of pincer catalysts can be modified. 

Examples of proposed alkali metal assisted outer-sphere mechanisms are rare. The 

groundbreaking ones are demonstrated below.  

Based on the available literature, Gordon and coworkers proposed for the first time in 

2014 a DFT calculated potassium assisted pathway in the hydrogenation of acetophe-

none with the Noyori catalyst, in which each NH moiety is deprotonated forming a po-

tassium amidate (Figure 9).19 A potassium assisted mechanism takes place if X = K. 

The key step involving an outer-sphere intermediate is shown in rectangular brackets. 

After the hydride transfer is accomplished, heterolytical cleavage of H2 and simultane-

ous protonation of the alkoxide was proposed. Since the focus was laid on the hydride 

transfer herein, the diphosphine ligand was simplified for better illustration. 
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Figure 9. Proposed mechanism for the asymmetric hydrogenation of acetophenone 
employing Noyori’s catalyst by Gordon and coworkers.19 

 

Kitamura and coworkers were the firsts in 2018 to experimentally observe a bimetallic 

ruthenium hydride amidate with potassium/lithium as a counter ion ([RuH(OMe)]; Fig-

ure 10), shedding light to an intermediate of an alkali metal assisted mechanism.20 The 

highlighted intermediate was detected by 1H and 31P NMR spectroscopy. Heterolytical 

H2 cleavage gives rise to the potassium amidate ruthenium dihydride. This species 

enables the outer-sphere transition state with the tert-butylmethylketone aligned next 

to the hydride and potassium ion. The hydride transfer and subsequent protonation by 

MeOH generate the desired alcohol and the highlighted ruthenium monohydride 

[RuH(OMe)]. If the amidate gets protonated during the cycle, the proton assisted 

mechanism (analog to the shown mechanism in Figure 10) takes over. The replace-

ment of NH with NK, and vice versa, does not affect the stereoselectivity. 
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Figure 10. Proposed mechanism for the hydrogenation of tert-butylmethylketone by 
the ruthenium catalyst [RuH(OMe)] involving a potassium assisted outer-sphere hy-
dride transfer. 

 

In 2022, Liu and coworkers reported the first isolation of a manganese hydride complex 

bearing a lithium amidate moiety, which was subsequently employed as a direct cata-

lyst for the hydrogenation of imines and ketones.21 The catalyst [Mn(I)LiH] consists of 

a lithium-compensated PNP ligand and a dicarbonyl manganese(I) hydride. The pro-

posed intermediate prior to the hydride transfer is shown for 4-methoxybenzophenone 

in Figure 11 representatively, involving an outer-sphere positioning of the ketone next 

to the hydride and the lithium ion.    

 

Figure 11. Hydrogenation of 4-methoxybenzophenone using [Mn(I)LiH] with gaseous 
H2 by the group of Liu.21 The proposed intermediate state for the hydride transfer is 
shown over the arrow.  
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The groups of Bai, Lang, Li, and Zhang provided evidence for the formation of an irid-

ium(III) dihydride species, in which sodium ions serve to compensate the negatively 

charged ligand.22 They utilized an OCN iridium(III) pincer complex [Ir(III)H2] for this 

study and detected the deprotonated bimetallic species by several analytical methods. 

An outer-sphere hydride transfer for the hydrogenation of ketones was proposed, illus-

trated in Figure 12 with acetophenone as substrate. The latter has its carbonyl C-atom 

next to the upper hydride, since the bottom one is sterically covered by the tert-butyl 

and the cyclopentadienyl units, thus inducing stereoselectivity. The O-atom of the ke-

tone can be coordinated to the sodium amidate or sodium alcoholate. Both transition 

states are possible, though coordination to the sodium alcoholate resulted to be ener-

getically more favorable according to DFT studies. The difference in energy barrier 

amounted to significant 3.9 kcal/mol, making the transition state with the lower energy 

barrier the favored one. Astonishing turn-over-numbers of 13 million were achieved 

with this catalyst, underlining the potential of the alkali metal assisted hydride transfer. 

 

Figure 12. Proposed intermediates for the hydrogenation of acetophenone employing 
[Ir(III)H2] by the groups of Bai, Lang, Li and Zhang.  
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3.4 Facilitation of the Alkali Metal Assisted Mechanism by PN5P 

Complexes 

In chapter 3.3 shown examples of the alkali metal assisted hydride transfer pathways, 

the alkali metal is bound to the ligand by coordination. This can be facilitated if an 

adequate multidentate cavity is provided from the ligand for the alkali metal to properly 

dock in. A guanamine derived pincer ligand offers a bidentate cavity, additional to the 

main tridentate pincer cavity (Figure 13). The chelating effect of the N,N-bidentate lig-

and should fixate alkali metals, stabilizing the resulting bimetallic complex.    

 

Figure 13. Conceptual synthetic approach of PN5P complexes. The bidentate moieties 
for stabilization of alkali metals are highlighted. 

 

Complexes of the PN5P type have been habitually utilized in catalytic (de)hydrogena-

tions by the group of Kempe.23,24,25,26,27,28,29,30,31,32,33 They investigated in 2018 the role 

of the alkali metal containing base in the coupling of primary amines with alcohols to 

obtain the corresponding amines or imines (Figure 14).34 In dependence of the alkali 

metal of the base, the main product of the synthesis (amine/imine) could be adjusted 

desirably. They proposed a bimetallic species containing the alkali metal in the N,N-

pocket cavity of the PN5P ligand. The key step in this case seems to be the hydrogena-

tion of the imine, which is formed in both cases. The hydride transfer ultimately delivers 

the amine. If the initial rate of the hydrogenation is too low (M = Na), the manganese(I) 

hydride reacts with a proton releasing H2 gas. Presumably, the imine does not coordi-

nate strongly to the sodium ion, due to the small surface35 of the latter compared to 

potassium. Replacement by the bigger potassium ion favors the formation of the outer-

sphere intermediate and increases the hydrogenation rate.   
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Figure 14. Base-switchable synthesis of amines or imines employing [Mn(I)M2H] as a 
catalyst. 

 

The group of Kempe investigated the (de)hydrogenation steps employing [Mn(I)Br] 

and thoroughly explained the transformation of the pre-catalyst to the bimetallic spe-

cies [Mn(I)M] (Figure 15).36 This bimetallic species contains the alkali metal of the base 

in the N,N-cavity of the ligand. Conclusively, they proposed an outer-sphere mecha-

nism for this reaction where the imine coordinates to the alkali metal end-on, maintain-

ing an up-close position to the hydride (bottom transition state; Figure 15).  

 

 

Figure 15. Activation and catalytic cycle of the hydrogenation of imines proposed by 
the group of Kempe.36 
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4 Thesis and Results 

4.1 Synopsis 

Each of the presented works in this thesis underlines the mechanisms occurring 

throughout the corresponding catalytic cycle, discussed in the chapters 5 – 7. The fo-

cus lies on PN5P-based pincer catalyst systems that are active in (de)hydrogenation 

reactions. The group of Kempe developed a well-established pincer ligand with a 

guanamine moiety, which is responsible for the proposed mechanistic pathway. For a 

better overview, three best performing catalysts based on iron, manganese and cobalt, 

which were equipped with this ligand type, were investigated kinetically (Figure 16).  
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Figure 16. Arrhenius plots of the catalyst systems based on [Fe(II)Br], [Mn(I)Br] and 
[Co(II)Cl] for the hydrogenation of acetophenone. Reaction conditions: a) 0.007 mol% 
[Fe(II)Br], 0.14 mol% KOtBu, 20 bar H2, tetrahydrofuran (THF); b) 0.04 mol% 
[Co(II)Cl], 0.16 mol% NaOtBu, 20 bar H2, tAmOH; c) 0.04 mol% [Mn(I)Br], 0.40 mol% 
KOtBu, 20 bar H2, toluene. 
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The corresponding Arrhenius plots shown in Figure 16 show the temperature-depend-

ent activity and the thermal stability of the catalysts in the hydrogenation of acetophe-

none. The catalytic activity rises from manganese to iron, but the thermal stability 

seems to behave oppositely. Since the pincer ligands belong to the same compound 

class, the major influence on catalytic activity and thermal stability derives from the 

metal core.  

The dehydrogenation of 1-phenylethanol was utilized to observe the behavior of the 

chosen catalyst systems in the counter reaction (Figure 17). The experiments were 

carried out in an opened system under inert atmosphere and investigated in a temper-

ature range from 60 to 100 °C. For each catalyst were used same reaction conditions. 

In this case, manganese showed the highest activity followed by cobalt and ultimately 

iron, while their decomposition temperatures remained same as in the counter reaction 

(hydrogenation of acetophenone). 
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Figure 17. Arrhenius plots of the catalyst systems based on [Fe(II)Br], [Mn(I)Br] and 
[Co(II)Cl] for the dehydrogenation of 1-phenylethanol. Reaction conditions: a) 1.00 
mol% [Fe(II)Br], 20.0 mol% KOtBu, dioxane; b) 1.00 mol% [Co(II)Cl], 4.00 mol% 
NaOtBu, dioxane; c) 1.00 mol% [Mn(I)Br], 10.0 mol% KOtBu, dioxane. 
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A tendency of increasing catalytic activity from iron to manganese, with the exception 

of the iron catalyst system in ketone hydrogenation, can be observed from the maximal 

achieved TOF values (Figure 18). This was the case in both reactions (ketone hydro-

genation and alcohol dehydrogenation). Additionally, the activation energies were de-

termined from the slope of the corresponding Arrhenius linear regression. The activa-

tion energies also tend to rise from iron to manganese in both reactions. They repre-

sent the ability of the catalyst to efficiently utilize temperature. Thus, manganese is 

more suitable for high temperature demanding reactions. 
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Figure 18. Activation energies and maximum turnover frequencies achieved of the 
three catalyst systems investigated in the hydrogenation of acetophenone and dehy-
drogenation of 1-phenylethanol. Activation energies were obtained from the corre-
sponding Arrhenius plots. 

 

Thorough investigation of catalyst decomposition at high temperatures was carried out 

for the manganese catalyst system. The active manganese hydride species was syn-

thesized in-situ and analyzed by means of 1H NMR spectroscopy at 140 °C. This tem-

perature lies above the maximal temperature observed in the Arrhenius plot (Figure 16 

and Figure 17), where the catalyst behaves according to the Arrhenius equation. The 

hydride signal (-5.6 ppm; Figure 19) of the manganese hydride almost completely dis-

appears in 30 minutes and reappears only after colling down to room temperature. In 

an hour the equilibrium between [Mn(I)H] and [Mn(I)K] could be shifted desirably by 

adjusting the temperature. This simulates the equilibrium during a catalytic reaction 

employing this catalyst and shows which species ([Mn(I)H] or [Mn(I)K]) is the domi-



 

21 
 

nant one at certain temperature regions. At temperatures above 130 °C, the equilib-

rium lies on the side of [Mn(I)K], reducing the activity of the catalyst. However, this is 

no sign of decomposition, which underlines the potential of manganese catalysts to 

withstand high temperatures and be very suitable for a variety of high temperature 

demanding reactions.  

 

Figure 19. 1H NMR investigation of the reversible formation of [Mn(I)H]. The dioxane-

d8 solution was heated at 140 °C for 30 minutes and then immediately cooled down to 

room temperature until the measurement was stopped. Reaction conditions: 10 eq. 

KOtBu, 5 bar H2, dioxane-d8.  

 

Interestingly, the iron catalyst system showed relatively low thermal stability. This 

leaned the attention toward the search for possible reasons for this behavior. To un-

derstand the decomposition path of a catalyst, its active species must be known. 

Therefore, the iron catalyst system was subjected to mechanistic investigations. The 

precatalyst is activated with addition of 3.00 eq. KOtBu (Table 1). 



 

22 
 

Table 1. Screening of the KOtBu amount.[a] 

 

Entry KOtBu Yield of A1 [%] 

1 0.20 mol% (1.00 eq.) – 

2 0.40 mol% (2.00 eq.) – 

3 0.46 mol% (2.30 eq.) – 

4 0.50 mol% (2.50 eq.) – 

5 0.54 mol% (2.70 eq.) – 

6 0.60 mol% (3.00 eq.) 97 

7 0.80 mol% (4.00 eq.) 99 

8 2.00 mol% (10.0 eq.) 99 

[a]Reaction conditions: 3.00 mmol acetophenone, 0.2 mol% [Fe(II)BrCO]-01, KOtBu, 
20 bar H2, THF, 50 °C, 1 h. Yields determined by 1H NMR. 

 

Two equivalents of base are needed for deprotonation of the precatalyst, forming the 

dimeric species [Fe(II)CO] with bridging carbonyl ligands (Figure 20). In the presence 

of additional base amounts, the dimeric species starts to disproportionate delivering 

the active bimetallic iron(I) compound [Fe(I)K] and the stoichiometrically produced in-

active iron(III) dimer [Fe(III)]. The formation of the iron(I) hydride [Fe(I)K2H] takes place 

by heterolytical cleavage of H2 from [Fe(I)K]. The crown ether 12-crown-4 was used to 

stabilize and coordinatively saturate the potassium ions as a chelating ligand.  
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Figure 20. Formation of the iron(I) monohydride dicarbonyl complexes. 

 

The changes in oxidation state and ligands were observed by zero-field 57Fe Möss-

bauer spectroscopy by comparing the active iron(I) hydride [Fe(I)K2H] with the iron(II) 

precatalyst [Fe(II)BrCO]-01 (Figure 21). The isomeric shift is shifted towards lower 

velocities from [Fe(II)BrCO]-01 to [Fe(I)K2H] due to the highly covalent Fe–CO bonds, 

which is significant in the iron(I) hydride with two coordinating CO ligands. The increas-

ing quadrupole splitting EQ is comprehended by the decreasing oxidation state and 

the number of uneven valence electrons in the iron(I) d7 system (EQ = 2.125 mm·s-1), 

compared to the iron(II) d6 system (EQ = 1.424 mm·s-1). 
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The iron(I) hydride was compared to its isostructural manganese(I) hydride by IR spec-

troscopy, revealing strong similarities (Figure 22). The differences consist in slight 

shifts of the carbonyl and hydride vibrations. These vibrational changes come as a 

result of the different metal cores in the pincer cavity. This underlines the observation 

from Mössbauer spectroscopy showing strong Fe–CO bonding in the iron(I) hydride. 

In comparison to the 18 valence electron manganese(I) hydride [Mn(I)K2H], the 19 

valence electron complex [Fe(I)K2H] is more sensitive and could not survive a long 

crystallization process. Nevertheless, x-ray suitable crystals could be grown from the 

manganese(I) hydride. The molecular structure of the latter is shown in Figure 23. 

 

Figure 21. Zero-field 57Fe Mössbauer spectra of [Fe(II)BrCO]-01 (top) and [Fe(I)K2H] 
(bottom), recorded at T = 80 K. Symbols represent experimental data and solid line 
the corresponding Lorentzian fit. 
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Figure 22. Stacked IR spectra of [Fe(I)K2H] (red) and [Mn(I)K2H] (black).  

 

The crown ether was used not only for isolation but also for controlled crystallization of 

the manganese(I) hydride. Crystals of [Mn(I)K2H] were grown from the corresponding 

THF solution. X-ray single crystal structure analysis was performed for this compound, 

which revealed the expected molecular structure of the manganese(I) hydride. Both 

potassium ions of [Mn(I)K2H] are tilted towards the same direction of the hydride and 

each of them coordinates to one 12-crown-4 molecule. The crown ether helps fixating 

the potassium ions to the N,N-pocket cavity. The CO ligands stand almost orthogonal 

to the hydride and to each other. 
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Figure 23. Molecular structure of [Mn(I)K2H] with 50 % probability of thermal ellipsoids. 
All hydrogen atoms (except for hydride) are omitted for clarity. Selected bond lengths 
[Å] and angles [deg]: Mn1–H 1.322 (3), Mn1–P1 2.228 (6), Mn1–P2 2.235 (6), Mn1–
N1 2.050 (15), K1–N2 2.802 (19), K1–N4 2.729 (19), K2–N3 2.861 (17), K2–N5 2.721 
(17); P1–Mn1–H 83.8 (12), P1–Mn1–P2 152.16 (2), P2–Mn1–H 77.9 (12), N1–Mn1–H 
83.7 (12), N1–Mn1–P1 78.88 (5), N1–Mn1–P2 78.36 (5), C22–Mn1–N1 171.55 (9), 
C22–Mn1–C23 88.58 (10), C23–Mn1–H 175.7 (12), C23–Mn1–N1 99.86 (8), N4–K1–
N2 49.59 (5), N5–K2–N3 48.98 (5). 

 

A variety of ketones with different substituents, including hydrogenation sensitive ones, 

were hydrogenated with [Fe(I)K2H] to the corresponding alcohols. A catalytic cycle for 

this reaction was constructed involving two iron(I) species (Figure 24). [Fe(I)K] cleaves 

H2 heterolytically and generates the iron(I) hydride [Fe(I)K2H], which is ultimately re-

sponsible for the hydride transfer to the ketone. All evidence points to an outer-sphere 

mechanism, occurring as an intermediate step before the hydride transfer takes place. 

Thus, [Fe(I)K] is regenerated and a potassium alcoholate is formed. Protonation of the 

alcoholate delivers the desired alcohol. 
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Figure 24. Proposed catalytic cycle for the iron(I)-mediated hydrogenation of carbonyl 
compounds. 

 

The observed high chemo selectivity most probably originates from the unusual oxida-

tion state of iron (+1). The presence of only one coordinative spot in the iron(I) core 

prohibits side reactions deriving from possible reductive elimination pathways. These 

pathways would be reasonable if an iron(II) dihydride were the active species. 

 

 

Figure 25. Proposed explanation of the high chemo selectivity of the iron(I) catalyst 
reported in this work. 
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The instability of the 19 valence electron iron(I) hydride is responsible for the low ther-

mal stability of this catalyst system. Heating [Fe(I)K2H] at 100 °C transforms the iron(I) 

hydride by reduction and liberation of gaseous H2 to a catalytically inactive iron(0) com-

plex (Figure 26). The chosen temperature to carry out this reaction lies above the ob-

served maximal temperature region, where the catalyst still behaves according to the 

Arrhenius equation (Figure 16 and Figure 17).  

 

 

 

Figure 26. Formation of the iron(0) complex [Fe(0)K2] from the iron(I) hydride 
[Fe(I)K2H] and molecular structure of [Fe(0)K2] with 50% probability of thermal ellip-
soids. Hydrogen atoms are omitted for clarity. Selected bond lengths [Å] and angles 
[°]: Fe1–C1 1.727 (4), Fe1–C2 11740 (3), Fe1–P2 2.202 (1), Fe1–P1 2.203 (1), Fe1–
N2 2.034 (3), N1–K1 2.784 (3), N3–K1 2.813 (3), N4–K2 2.855 (2), N5–K2 2.749 (3); 
C1–Fe1–P2 95.3 (1), C1–Fe1–N2 133.5 (1), C2–Fe1–C1 113.3 (2), N2–Fe1–P2 78.87 
(7), N2–Fe1–C2 113.3 (1), P1–Fe1–C2 98.3 (1), P1–Fe1–C2 102.2 (1), P1–Fe1–C1 
91.6 (1), P1–Fe1–N2 77.98 (7), P1–Fe1–P2 153.69 (4), N1–K1–N3 49.04 (8), N5–K2–
N4 48.82 (7). 
 

 

The hydride transfer for the examples shown above is enabled by prior hydride for-

mation utilizing heterolytic cleavage of dihydrogen, and the hydride transfer runs in a 



 

29 
 

concerted fashion, assisted by an alkali cation. This is an evolutionary approach of the 

classic pathway, enabled by oxidative addition (OA) of dihydrogen, followed by inser-

tion of the substrate to the metal, and final reductive elimination (RE). Controlling both 

mechanisms by e.g. molecular switch is highly desirable. The iridium catalyst system 

[Ir(COD)] is able to react with hydrogen using both mechanisms and was used in this 

work to compare and control them (Figure 27). Switching of the catalytic hydrogenation 

activity was demonstrated (vide infra).  

 

 

Figure 27. Synthesis of the active iridium(III) trihydride species. 

 

The dominant species during a catalytic hydrogenation employing this [Ir(COD)] can 

be adjusted by the absence or addition of exactly 2.00 eq. KOtBu. In the hydrogenation 

of benzophenone and diphenylacetylene, the catalytic activity could invertedly be 

switched on or off desirably (Figure 28A). The more suitable mechanism in the case of 

benzophenone with polar double bonds seems to be the potassium assisted one. Sig-

nificantly (89 times) lower activity was observed, when no base was added to the re-

action, making by OA and RE less favorable. Instead, the opposite behavior was ob-

served in the hydrogenation of diphenylacetylene to 1,2-diphenylethane employing 

[Ir(COD)] (Figure 28B). The potassium assisted pathway seems to not be suitable in 

this case. Therefore, the classic OA-RE pathway appears to be the favored one, in 

which case the catalyst achieves 3802 times higher activity. Semi-hydrogenation prod-

uct (cis-stilbene) was also formed up to 18% yield within the first hour (Supporting 
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Information) but was further converted to 1,2-diphenylethane throughout the reaction, 

leaving only traces of cis-stilbene (3.3 %) after 12 hours. 
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Figure 28. Time dependent yields of the hydrogenation of benzophenone (A) and di-
phenylacetylene (B) and without base (red) and utilizing 2.00 eq. KOtBu (blue). Reac-
tion conditions: a) 1.00 mol% [Ir(COD)], 5 bar H2, THF-d8, 80 °C; b) 1.00 mol% 
[Ir(COD)], 2.00 mol% KOtBu, 5 bar H2, THF-d8, 80 °C; c) 1.00 mol% [Ir(COD)], 8 bar 
H2, THF-d8, 80 °C; d) 1.00 mol% [Ir(COD)], 2.00 mol% KOtBu, 8 bar H2, THF-d8, 
80 °C. 

 

Furthermore, the switching of the catalytic activity utilizing [Ir(COD)] was tested for 

nitro compounds. 1-Methoxy-4-nitrobenzene was chosen as a representative for this 

purpose (Figure 29A). No reaction was observed, when the OA-RE hydrogenation was 

utilized without any base. The hydrogenation of the nitro compound to the correspond-

ing amine could only be accomplished by the potassium assisted hydrogenation, uti-

lizing 2.00 eq. of KOtBu. This meets our expectations, similarly to the hydrogenation of 

ketones, since the nitro group is polar. To test the wide applicability of this concept to 

a variety of polar compounds with unsaturated bonds, imines were lastly investigated 

regarding switchable activity(Figure 29B). This reaction is an important step of the well-
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known reductive amination. Similarly to the hydrogenation of ketones, the potassium 

assisted mechanism served better than the classic OA-RE pathway. The imine was 

hydrogenated 49 times faster utilizing the deprotonated/metalated active species than 

with the protonated one. 
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Figure 29. In-situ hydrogenation of N-phenylbenzylimine (A) and 1-methoxy-4-nitro-
benzene (B) without base (red) and utilizing 2.00 eq. KOtBu (blue). Yields were deter-
mined by 1H NMR with 1,3,5-trimethoxybenzene as internal standard. Reaction condi-
tions: a) 1.00 mol% [Ir(COD)], 5 bar H2, THF-d8, 80 °C; b) 1.00 mol% [Ir(COD)], 
2.00 mol% KOtBu, 5 bar H2, THF-d8, 80 °C; c) 5.00 mol% [Ir(COD)], 8 bar H2, THF-d8, 
80 °C; d) 5.00 mol% [Ir(COD)], 10.00 mol% KOtBu, 8 bar H2, THF-d8, 80 °C. 
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4.2 Individual Contribution to Joint Publications 

The following scientific works are published, submitted or to be submitted in the future 

in collaboration with the named authors, as indicated below. The contributions of each 

author for each of the listed works below are described. The corresponding author is 

marked with an asterisk.  

 

Chapter 5 

This work was published in the journal Organometallics (Organometallics 2025, 44 

(20), 2434−2439) with the title “The Special Thing about Mn (de)hydrogenation Cat-

alysts”. 

Authors: Niko Sila, Tobias Schwarz, Andre Dickert, Torsten Irrgang, and Rhett Kempe*  

Practical work in the laboratory was performed by me. I also contributed to the con-

ceptualization of this project, by bringing innovative ideas and wrote the manuscript. 

Tobias Schwarz conducted part of the experiments. Andre Dickert performed x-ray 

single crystal crystallographic measurements. Dr. Torsten Irrgang gave helpful advice 

during the work and contributed in literature research and manuscript correction. Prof. 

Dr. Rhett Kempe conceptualized the project, helped me with scientific discussions and 

corrected the manuscript.   

 

Chapter 6 

This work was published in the Journal of the American Chemical Society (J. Am. 

Chem. Soc. 2024, 146 (39), 26877–26883) with the title “A Selective Iron(I) Hydro-

genation Catalyst”. 

Authors: Niko Sila, Andreas Dürrmann, Birgit Weber, Frank W. Heinemann, Torsten 

Irrgang, and Rhett Kempe* 

All practical work in the laboratory was performed by me. I also contributed to the con-

ceptualization of this project, by bringing innovative ideas and wrote the manuscript. 

Andreas Dürrmann performed Mössbauer measurements and wrote together with me 

and Prof. Dr. Birgit Weber the paper section concerning Mössbauer spectroscopy. Dr. 

Frank W. Heinemann conducted x-ray single crystal crystallographic measurements 
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and structure solutions. Dr. Torsten Irrgang gave helpful advice during the work and 

contributed in literature research and manuscript correction. Prof. Dr. Rhett Kempe 

conceptualized the project, helped me with scientific discussions and corrected the 

manuscript.   

 

Chapter 7 

This work is to be submitted for publication in the future with the title “Mechanistically 

Switchable Hydrogenation Catalysis”.  

Authors: Niko Sila, Torsten Irrgang, and Rhett Kempe*  

All practical work in the laboratory was performed by me. I also contributed to the con-

ceptualization of this project, by bringing innovative ideas and wrote the manuscript. 

Dr. Torsten Irrgang gave helpful advice during the work and contributed in literature 

research and manuscript correction. Prof. Dr. Rhett Kempe conceptualized the project, 

helped me with scientific discussions and corrected the manuscript.   
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5.3 General considerations 

All reactions were carried out in a glove box filled with nitrogen N2 (5.0) or using 

Schlenk techniques. THF, dioxane and toluene were purified by distillation over drying 

agent (sodium or LiAlH4) and stored over molecular sieves (3 Å). 2-Methyl-2-butanol 

and DMSO were dried over molecular sieves (3 Å). Dioxane-d8 was dried by storing 

over KH for at least seven days. Other chemicals were purchased from commercial 

vendors, purified either by crystallization, sublimation or distillation and dried at least 

for 24 hours under high vacuum.  

Yields for the hydrogenation experiments with acetophenone were determined by GC 

with dodecane as internal standard or by 1H NMR with 1,3,5-trimethoxybenzene as 

internal standard. Gas chromatography measurements were carried out using an Ag-

ilent 6850 system equipped with a Machery-Nagel (MN) Optima 17 column (30 m, 

320 m, 0.25 m).      

Elementar UNICUBE (C/H/N) was used for elemental analysis measurements. Probes 

were weighed on a precision scale.  

NMR measurements were performed on a Varian INOVA 300 or on a Varian INOVA 

400. The chemical shift is given in the δ-scale. The signals were described using fol-

lowing symbols: s = singulett, d = doublet, t = triplet, q = quartet, quin = quintet, 

sx = sextet, sep = septet, m = multiplet. Coupling constants J were given in Hz. 13C 

and 31P NMR spectra were measured 1H decoupled. High pressure NMR measure-

ments were conducted using a Wilmad quick pressure valve NMR tube (5 mm diame-

ter; max. 150 psi). The obtained spectra were processed with Bruker TopSpin 4.1.41 

or MestRenova 6.1.0-62242. 

Suitable single-crystals were covered by a Fomblin layer to protect from reacting with 

air. The desired single-crystal was observed under a light microscope, picked with a 

Nylon loop and measured on a STOE STADIVARI [λ(MoKα) = 0.71073 Å], equipped 

with an Oxford Cryostream low temperature unit. Structure solution and refinement 

were achieved using Olex 2-1.53,4,5,6 and Mercury 4.2.07.  
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5.4 Experimental procedures 

All pincer ligands and complexes [Co(II)Cl], [Mn(I)Br], [Fe(II)Br], [Fe(I)K2H] were syn-

thesized according to the literature.8,9,10  

Hydrogenation reactions were carried out in PARR Instrument stainless steel auto-

claves with suitable temperature controllers. A solution of catalyst and base in the cor-

responding solvent was prepared and acetophenone was added to the solution in a 

glass vial, which was placed in a suitable vial holder in the autoclave. The reaction was 

stopped by the addition of distilled water (20 mL). Afterwards, the internal standard 

was added, and the mixture was extracted with Et2O (20 mL). The organic phase was 

filtered over 2 cm Si2O plug and solvent was removed in a rotary evaporator. The yields 

were determined by GC or 1H NMR analysis. 

Dehydrogenation reactions were carried out using Schlenk technique. A solution of 

catalyst and base in dioxane was prepared and 1-phenylethanol was added to the 

solution in the Schlenk flask, which was equipped with a bubble counter and stirred at 

the desired temperatures. The reaction was stopped by the addition of distilled water 

(20 mL) and the solvent was removed in a rotary evaporator. Afterwards, the internal 

standard was added, and the mixture was extracted with Et2O (20 mL). The organic 

phase was filtered over 2 cm Si2O plug and the solvent was removed in a rotary evap-

orator. The yields were determined by GC or 1H NMR analysis. 
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5.5 Hydrogenation experiments with [Co(II)Cl] 

 

Entry T [°C] 1/T [T-1] Yield of A1 [%] TOF [1/h] ln(TOF) 

1a 40 0.00319 12.7 91 4.508 

2a 40 0.00319 11.9 85 4.443 

3a 40 0.00319 12.9 92 4.523 

4b 50 0.00309 12.7 159 5.067 

5b 50 0.00309 12.6 158 5.059 

6b 50 0.00309 12.0 150 5.011 

7b 60 0.00300 19.6 245 5.501 

8b 60 0.00300 18.8 235 5.460 

9b 60 0.00300 18.0 225 5.416 

10c 70 0.00291 21.0 350 5.858 

11c 70 0.00291 20.4 340 5.829 

12c 70 0.00291 20.0 333 5.809 

13d 80 0.00283 25.2 473 6.158 

14d 80 0.00283 27.6 518 6.249 

15d 80 0.00283 26.0 488 6.189 

16e 90 0.00275 26.4 660 6.492 

17e 90 0.00275 25.0 625 6.438 

18e 90 0.00275 25.5 638 6.458 

19e 100 0.00268 27.2 680 6.522 

20e 100 0.00268 25.7 643 6.465 

21e 100 0.00268 28.6 715 6.572 

Reaction conditions: 0.04 mol% [Co(II)Cl], 0.16 mol% NaOtBu, 20 bar H2, 2.0 mL 
tAmOH. [a]3.5 h; [b]2.0 h; [c]1.5 h; [d]1.33 h; [e]1.0 h. Yields were determined by GC with 
dodecane as internal standard. 
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5.6 Hydrogenation experiments with [Mn(I)Br] 

 

Entry T [°C] 1/T [T-1] Yield of A1 [%] TOF [1/h] ln(TOF) 

1a 60 0.00300 10.5 66 4.184 

2a 60 0.00300 11.0 69 4.230 

3a 60 0.00300 12.0 75 4.317 

4b 70 0.00291 13.6 113 4.730 

5b 70 0.00291 12.0 100 4.605 

6b 70 0.00291 12.7 106 4.662 

7c 80 0.00283 11.4 163 5.093 

8c 80 0.00283 10.8 154 5.039 

9c 80 0.00283 10.2 146 5.982 

10d 90 0.00275 12.6 252 5.529 

11d 90 0.00275 10.8 216 5.375 

12d 90 0.00275 10.1 202 5.308 

13d 100 0.00268 16.7 334 5.811 

14d 100 0.00268 17.2 344 5.841 

15d 100 0.00268 18.0 360 6.886 

16e 110 0.00261 20.3 508 6.229 

17e 110 0.00261 19.8 495 6.205 

18e 110 0.00261 19.7 493 6.199 

19e 120 0.00254 27.5 688 6.533 

20e 120 0.00254 25.1 628 6.442 

21e 120 0.00254 26.0 650 6.477 

22e 130 0.00248 32.8 820 6.709 

23e 130 0.00248 34.0 850 6.745 

24e 130 0.00248 31.4 785 6.666 

25e 140 0.00242 31.3 783 6.662 

26e 140 0.00242 32.3 808 6.694 

27e 140 0.00242 32.0 800 6.685 

Reaction conditions: 0.04 mol% [Mn(I)Br], 0.40 mol% KOtBu, 20 bar H2, 2.0 mL tolu-
ene. [a]3.5 h; [b]2.0 h; [c]1.5 h; [d]1.33 h; [e]1.0 h. Yields were determined by GC with do-
decane as internal standard. 
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5.7 Hydrogenation experiments with [Fe(II)Br] 

 

Entry T [°C] 1/T [T-1] Yield of A1 [%] TOF [1/h] ln(TOF) 

1a 40 0.00319 12.4 1181 7.074 

2a 40 0.00319 11.9 1133 7.033 

3a 40 0.00319 11.0 1048 6.954 

4b 50 0.00309 11.0 1571 7.360 

5b 50 0.00309 11.9 1700 7.438 

6b 50 0.00309 10.5 1500 7.313 

7b 60 0.00300 18.1 2562 7.859 

8b 60 0.00300 18.5 2609 7.877 

9b 60 0.00300 17.6 2491 7.831 

10b 65 0.00296 22.8 3223 8.089 

11b 65 0.00296 20.9 2952 8.001 

12b 65 0.00296 22.5 3176 8.074 

13b 70 0.00291 25.0 3530 8.179 

14b 70 0.00291 27.0 3813 8.257 

15b 70 0.00291 25.8 3648 8.212 

16b 75 0.00287 30.5 4309 8.379 

17b 75 0.00287 32.9 4652 8.455 

18b 75 0.00287 30.8 4357 8.390 

19b 80 0.00283 39.0 5514 8.625 

20b 80 0.00283 40.1 5667 8.653 

21b 80 0.00283 39.5 5584 8.638 

22b 90 0.00275 32.2 4557 8.435 

23b 90 0.00275 35.7 5041 8.536 

24b 90 0.00275 34.8 4923 8.512 

Reaction conditions: 0.007 mol% [Fe(II)Br], 0.14 mol% KOtBu, 20 bar H2, 2.0 mL THF. 
[a]1.5 h; [b]1.0 h. Yields were determined by GC with dodecane as internal standard. 
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5.8 Hydrogenation experiments with [Fe(I)K2H] 

 

Entry T [°C] 1/T [T-1] Yield of A1 [%] TOF [1/h] ln(TOF) 

1 50 0.00309 21.0 3000 8.006 

2 50 0.00309 20.4 2914 7.977 

3 50 0.00309 23.5 3357 8.118 

4 60 0.00300 35.0 4428 8.395 

5 60 0.00300 36.9 5271 8.570 

6 60 0.00300 39.5 5642 8.638 

7 70 0.00291 60.0 8571 9.056 

8 70 0.00291 57.1 8157 9.007 

9 70 0.00291 54.3 7757 8.956 

10 80 0.00283 77.5 11071 9.312 

11 80 0.00283 78.0 11142 9.318 

12 80 0.00283 78.9 11271 9.330 

13 90 0.00275 36.0 5142 8.545 

14 90 0.00275 35.3 5042 8.525 

15 90 0.00275 36.4 5200 8.556 

Reaction conditions: 0.007 mol% [Fe(I)K2H], 0.14 mol% KOtBu, 20 bar H2, 2.0 mL 
THF, 1.0 h. Yields were determined by GC with dodecane as internal standard. 
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5.9 Dehydrogenation experiments with [Co(II)Cl] 

 

Entry T [°C] 1/T [T-1] Yield of 1 [%] TOF [1/h] ln(TOF) 

1 60 0.00300 6.0 300 5.704 

2 60 0.00300 6.2 310 5.737 

3 60 0.00300 6.3 315 5.753 

4 70 0.00291 8.5 428 6.060 

5 70 0.00291 8.7 435 6.075 

6 70 0.00291 9.0 450 6.109 

7 80 0.00283 12.0 600 6.397 

8 80 0.00283 12.5 625 6.438 

9 80 0.00283 11.9 595 6.389 

10 90 0.00275 17.5 873 6.772 

11 90 0.00275 17.0 850 6.745 

12 90 0.00275 17.2 860 6.757 

13 100 0.00268 15.1 755 6.627 

14 100 0.00268 15.7 785 6.666 

15 100 0.00268 15.1 755 6.627 

Reaction conditions: 1.00 mol% [Co(II)Cl], 4.00 mol% NaOtBu, 18.0 mL Dioxane, 
2.0 h. Yields were determined by 1H NMR with 1,3,5-trimethoxybenzene as internal 
standard. 
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5.10 Dehydrogenation experiments with [Mn(I)Br] 

 

Entry T [°C] 1/T [T-1] Yield of 1 [%] TOF [1/h] ln(TOF) 

1 60 0.00300 7.0 350 5.857 

2 60 0.00300 6.9 340 5.829 

3 60 0.00300 6.8 345 5.844 

4 70 0.00291 10.1 508 6.231 

5 70 0.00291 9.8 490 6.194 

6 70 0.00291 9.7 488 6.190 

7 80 0.00283 15.0 750 6.620 

8 80 0.00283 16.0 800 6.685 

9 80 0.00283 14.5 725 6.586 

10 90 0.00275 19.8 990 6.897 

11 90 0.00275 20.2 1010 6.918 

12 90 0.00275 21.0 1050 6.957 

13 100 0.00268 28.9 1448 7.278 

14 100 0.00268 29.1 1455 7.283 

15 100 0.00268 26.0 1299 7.169 

Reaction conditions: 1.00 mol% [Mn(I)Br], 10.0 mol% KOtBu, 18.0 mL Dioxane, 2.0 h. 
Yields were determined by 1H NMR with 1,3,5-trimethoxybenzene as internal standard. 
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5.11 Dehydrogenation experiments with [Fe(II)Br] 

 

Entry T [°C] 1/T [T-1] Yield of 1 [%] TOF [1/h] ln(TOF) 

1 60 0.00300 5.3 265 5.579 

2 60 0.00300 5.1 255 5.541 

3 60 0.00300 5 250 5.521 

4 70 0.00291 6.9 346 5.848 

5 70 0.00291 6.7 335 5.814 

6 70 0.00291 6.8 338 5.823 

7 80 0.00283 9.3 465 6.142 

8 80 0.00283 9.2 500 6.131 

9 80 0.00283 8.8 440 6.087 

10 90 0.00275 10 500 6.214 

11 90 0.00275 8 400 5.991 

12 90 0.00275 8.3 415 6.028 

Reaction conditions: 1.00 mol% [Fe(II)Br], 20.0 mol% KOtBu, 18.0 mL Dioxane, 2.0 h. 
Yields were determined by 1H NMR with 1,3,5-trimethoxybenzene as internal standard. 
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5.11.1 Determination of the activation energy for the hydrogenation of  

acetophenone 

80  C

90  C
130  C

y = -4.4844x + 21.311

y = -4.4607x + 18.813

y = -4.8529x + 18.815
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O
F

)

1000*1/T [1000/K]

 

 

ln(TOF) = –Ea/R*(1/T) + ln(A) 

Supplementary Table 2. Arrhenius parameters for the hydrogenation of acetophe-
none. 

Complex 
Preexponential 

factor A [h-1] 
Slope Ea/R 
[1000*K] 

Activation energy 
Ea [kJ/mol] 

Standard error 
σEa [kJ/mol] 

[FeBr(II)Br] 18.0*108 – 4.484 37.28 ± 0.03 

[Co(II)Cl] 1.48*108 – 4.461 37.08 ± 0.03 

[Mn(I)Br] 1.48*108 – 4.853 40.35 ± 0.05 

R: Gas constant; Ea: Activation energy; A: Preexponential factor; σ: Standard error.11 
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5.11.2 Determination of the activation energy for the dehydrogenation of 

1-phenylethanol 

100  C

90  C

80  C
y = -4.3752x + 18.984
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ln
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1000*1/T [1000/K]

 

 

ln(TOF) = –Ea/R*(1/T) + ln(A) 

Supplementary Table 3. Arrhenius parameters for the dehydrogenation of 1-phe-
nylethanol. 

Complex 
Preexponential 

factor A [s-1] 
Slope Ea/R 
[1000*K] 

Activation energy 
Ea [kJ/mol] 

Standard error 
σEa [kJ/mol] 

[FeBr(II)Br] 1.76*108 – 3.363 27.96 ± 0.01 

[Co(II)Cl] 7.16*107 – 4.117 34.23 ± 0.02 

[Mn(I)Br] 6.22*106 – 4.375  36.36 ± 0.03 

R: Gas constant; Ea: Activation energy; A: Preexponential factor; σ: Standard error.11 
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5.11.3 Synthesis of the iron(0) complex [Fe(0)K2] 

 

 

Supplementary Figure 1. Reduction of the iron(I) hydride [Fe(I)K2H] to the iron(0) com-
plex [Fe(0)K2]. 

 

A solution of [Fe(I)K2H] (250 mg; 260 µmol) in THF (10 mL) was refluxed at 100 °C for 

6 hours. The solution was left to cool down and placed in the fridge at – 35 °C to crys-

tallize. After a week, the obtained red crystals were analyzed by single-crystal X-ray 

structure analysis. The remaining crystals were filtered from the solution and charac-

terized by other methods. 

Chemical formula obtained from X-ray structure analysis: C47H81FeK2N5O12P2;  

Molecular weight 959.96 g/mol. 

Yield: (57 %, 134 mg, 148 µmol) orange crystals. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 8.17–8.14 (m, 2H, Ar–H), 7.24–7.22 (m, 3H, 

Ar–H), 3.56 (m, 4H, THF-H), 3.53 (s, 28H, 12-crown-4–H), 1.73 (t, J = 3.2 Hz, 4H, 

THF–H), 1.91 (sep, J = 7.06 Hz, 4H, P–CH), 1.01–1.00 (m, 26H, P–CH–CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 220.8, 206.7, 165.7, 142.7, 128.4, 128.0, 

127.3, 76.4, 69.7, 67.4, 29.4, 27.3, 25.6, 20.4, 20.2, 19.6, 19.5 ppm. 

Elemental analysis calculated for C47H81FeK2N5O12P2: C 51.13, H 7.39, N 6.34; found: 

C 50.92, H 7.24, N 6.13.  

 



 

55 
 

5.11.4 Temperature dependent reversible formation of [Mn(I)H] 

 

 

Supplementary Figure 2. In-situ formation of [Mn(I)H] from [Mn(I)Br] over [Mn(I)K]. 

 

The precursor [Mn(I)Br] (10.0 mg; 16.9 µmol) was dissolved in dioxane-d8 (1.0 mL) 

and KOtBu (19.0 mg, 169 µmol) was added to the solution, changing its color from 

yellow to dark blue-green. Afterwards the solution was transferred to a Wilmad quick 

pressure valve NMR tube (5 mm diam.) and the latter was first purged with H2 and 

finally pressurized with 5 bar H2 while rapidly changing the color to colorless. The tube 

was then inserted into a pre-heated Varian INOVA 300 NMR spectrometer and the 

measurement was performed at 140 °C during the first 30 minutes. The temperature 

was then set to 20 °C for the hydride to regenerate.  
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5.12 NMR spectra 

 

Supplementary Figure 3. 1H NMR spectra of the iron(0) complex [Fe(0)K2]. 

 

 

Supplementary Figure 4. 13C NMR spectra of the iron(0) complex [Fe(0)K2]. 
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Supplementary Figure 5. Reformation of [Mn(I)H] after heated 30 minutes at 140 °C 

and immediately after cooled down to room temperature. Protonation of the highlighted 

NK unit of the PN5P ligand was detected by the doublet signal at 7.4 ppm deriving from 

the rising NH proton. 
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6.3 General considerations 

All reactions were carried out in a glove box filled with nitrogen N2 (5.0) or using 

Schlenk techniques. THF, dioxane, toluene and isopropanol were purified by distillation 

over drying agent (sodium or LiAlH4) and stored over molecular sieves (3 Å). Dimethox-

yethane, diglyme, 2-methyl-2-butanol, DMSO, 12-crown-4 and 15-crown-5 were dried 

over molecular sieves (3 Å). Other chemicals were purchased from commercial ven-

dors, purified either by crystallization, sublimation or distillation and dried at least for 

24 hours under high vacuum.  

Probes for elemental analyses were weighed on a precision scale and the measure-

ment was performed on an Elementar UNICUBE (C/H/N). IR spectra were collected in 

a glove box using a Cary 630 FTIR Agilent with an ATR crystal. The ordinate and 

coordinate axes represent the percentage transmission and the wave number in recip-

rocal centimeters, respectively.  

NMR measurements were performed at room temperature, if not stated otherwise, on 

a Varian INOVA 300, Varian INOVA 400 or on a Bruker Avance III HD 500. The chem-

ical shift is given in the δ-scale. Following symbols were used for the description of the 

signals: s = singulett, d = doublet, t = triplet, q = quartet, quin = quintet, sx = sextet, 

sep = septet, m = multiplet. Coupling constants J were given in Hz. 13C and 31P NMR 

spectra were measured 1H decoupled. Magnetic susceptibility measurements were 

conducted using Varian INOVA 400 with an NMR tube containing a solution of the 

paramagnetic substance and trimethoxybenzene, and an additional inner tube contain-

ing a solution of trimethoxybenzene of same concentration. Evaluation was conducted 

using the Evan’s method.1 Spectra were processed with Bruker TopSpin 4.1.4.2 

Suitable single-crystals were grown out of solutions and covered by a Fomblin layer 

before exposure to air. The desired single-crystal was observed under a light micro-

scope, picked with a Nylon loop and measured on a STOE STADIVARI [λ(MoKα) = 

0.71073 Å] or on a Bruker-Nonius Kappa Photon II Duo diffractometer [λ(MoKα) = 

0.71073 Å], both equipped with an Oxford Cryostream low temperature unit. Structure 

solution and refinement were achieved using Olex 2-1.53–6 and Mercury 3.37.  

57Fe Mössbauer spectra were recorded on a commercial Mössbauer spectrometer 

from WissEL (Wissenschaftliche Elektronik GmbH) in transmission geometry using 

constant acceleration mode. The 57Co(Rh) source has a nominal activity of 50 mCi and 
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is stored at room temperature. Temperature control was achieved with a cryostat from 

CRYO Industries of America, Inc. connected to a temperature controller from Lake 

Shore Cryotronics, Inc. (Model 325). Polycrystalline material of the respective com-

pound was filled in a PEEK container which was mounted on a copper block. Isomer 

shifts are reported relative to α-Fe foil at 298 K (without correction in terms of second-

order Doppler shift). Suitable fit models could be obtained with the Recoil software 

package.8 
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6.4 Experimental procedures 

All pincer ligands were synthesized according to the literature.9–11 

6.4.1 Synthesis of the paramagnetic Fe(II) complexes 

 

Supplementary Figure 1. General synthesis of the paramagnetic Fe(II) complexes. 

 

Under inert atmosphere the ligand and FeBr2 were dissolved in THF and stirred for 24 

hours at room temperature. The solvent was removed under high vacuum and the 

product was obtained as a powder. 

 

[Fe(II)Br]-01:  

Synthesized according to general procedure with ligand Lig-01 (3.57 g, 8.51 mmol) 

and FeBr2 (1.84 g, 8.51 mmol) in THF (300 mL). 

Yield: (99%, 5.40 g, 8.51 mmol), yellow solid.  

Chemical formula: C21H35Br2FeN5P2; Molecular weight: 635.15 g/mol. 

Elemental analysis calculated: C 39.7, H 5.55, N 11.0; found: C 39.6, H 5.30, N 11.0. 

FT-IR (ATR):  = 3200 (NH), 2960–2880 (CH1/3) cm-1.  

 

[Fe(II)Br]-02:  

Synthesized according to general procedure with ligand Lig-02 (481 mg, 1.16 mmol) 

and FeBr2 (250 mg, 1.16 mmol) in THF (60 mL). 

Yield: (99%, 730 mg, 1.16 mmol) grey solid. 

Chemical formula: C19H40Br2FeN6P2; Molecular weight: 630.17 g/mol. 
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Elemental analysis calculated: C 36.21, H 6.40, N 13.34; found: C 35.85, H 6.37, N 

13.00.  

FT-IR (ATR):  = 3250 (NH), 2960–2880 (CH1/3) cm-1.  

 

[Fe(II)Br]-03:  

Synthesized according to general procedure with ligand Lig-03 (414 mg, 1.16 mmol) 

and FeBr2 (250 mg, 1.16 mmol) in THF (60 mL). 

Yield: (99%, 664 mg, 1.16 mmol) red solid. 

Chemical formula: C16H33Br2FeN5P2; Molecular weight: 573.08 g/mol. 

Elemental analysis calculated: C 33.53, H 5.80, N 12.22; found: C 33.85, H 6.03, N 

12.08. 

FT-IR (ATR):  = 3200 (NH), 2960–2880 (CH1/3) cm-1.  

 

[Fe(II)Br]-04: 

Synthesized according to general procedure with ligand Lig-04 (462 mg, 1.16 mmol) 

and FeBr2 (250 mg, 1.16 mmol) in THF (60 mL). 

Yield: (99%, 712 mg, 1.16 mmol) yellow solid. 

Chemical formula: C18H36Br2FeN6P2; Molecular weight: 614.13 g/mol. 

Elemental analysis calculated: C 35.20, H 5.91, N 13.68; found: C 34.89, H 5.78, N 

13.55. 

FT-IR (ATR):  = 3170 (NH), 2960–2880 (CH1/2/3) cm-1. 

 

[Fe(II)Br]-05:  

Synthesized according to general procedure with ligand Lig-05 (396 mg, 1.16 mmol) 

and FeBr2 (250 mg, 1.16 mmol) in THF (60 mL). 

Yield: (99%, 645 mg, 1.16 mmol) grey solid. 

Chemical formula: C17H33Br2FeN3P2; Molecular weight: 557.07 g/mol. 

Elemental analysis calculated: C 36.65, H 5.97, N 7.54; found: C 36.48, H 5.84, N 7.49. 
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FT-IR (ATR):  = 3220–3195 (NH), 2950–2890 (CH1/3) cm-1.  

 

6.4.2 General procedure for the precatalyst synthesis 

 

Supplementary Figure 2. General synthesis of the Fe(II) precatalysts. 

 

Under inert atmosphere the ligand and FeBr2 were dissolved in THF and stirred for 24 

hours at room temperature. CO gas was produced in situ by dropwise addition of 

HCOOH (20 mL) in pure H2SO4 (150 mL) at 0 °C. The generated gas was directed 

using Schlenk techniques to the stirring complex solution for approximately 2 hours. 

Afterwards, THF was removed under high vacuum and the residue was washed sev-

eral times with a 1:1 mixture of pentane and toluene. The product was dried for 2 hours 

under high vacuum (otherwise loss of CO ligand) and obtained as a solid. 

 

[Fe(II)BrCO]-01: 

Synthesized according to general procedure with ligand Lig-01 (3.57 g, 8.51 mmol) 

and FeBr2 (1.84 g, 8.51 mmol) in THF (200 mL). 

Chemical formula: C22H35Br2FeN5OP2; Molecular weight 663.16 g/mol. 

Yield: (89%, 5.05 g, 7.62 mmol) green solid. 

1H NMR (400 MHz, THF-d8, 298 K): δ = 8.86 (s, 2H, NH), 8.43 (d, J = 7.60 Hz, 2H, 

CH), 7.51 (t, J = 7.06 Hz, 1H, CH), 7.45 (t, J = 7.65 Hz, 2H, CH), 3.25 (sep, 4H, 

J = 6.73 Hz, CH), 1.56 (q, 12H, J = 7.07 Hz, CH3), 1.56 (q, 12H, J = 7.51 Hz, CH3) 

ppm. 

13C NMR (100 MHz, THF-d8, 298 K): δ = 152.8, 151.2, 132.8, 129.3, 111.9, 28.0, 27.9, 

27.8, 19.3, 18.9 ppm. 
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31P NMR (162 MHz, THF-d8, 298 K): δ = 120.5, 104.9 (cis isomer) ppm. 

FT-IR (ATR):  = 3250 (NH), 2960–2880 (CH1/3), 1960 (CO) cm-1. 

Elemental analysis calculated: C 39.85, H 5.32, N 10.56; found: C 39.95, H 5.21, N 

10.30. 

 

[Fe(II)BrCO]-02: 

Synthesized according to general procedure with ligand Lig-02 (829 mg, 2.00 mmol) 

and FeBr2 (433 mg, 2.00 mmol) in THF (20 mL). 

Chemical formula: C20H40Br2FeN6OP2; Molecular weight: 658.18 g/mol. 

Yield: (85%, 1.12 g, 1.70 mmol) blue solid. 

1H NMR (400 MHz, THF-d8, 298 K): δ = 7.99 (s, 1H, NH2), 3.61 (q, J = 6.9 Hz, 4H, N–

CH2), 3.16 (sep, J = 5.8 Hz, 4H, P–CH), 1.50 (q, J = 6.9 Hz, 12H, P–CH2–CH3), 1.36 

(q, J = 7.4 Hz, 12H, P–CH2–CH3), 1.15 (t, J = 6.9 Hz, 6H, N–CH2–CH3) ppm.       

13C NMR (100 MHz, THF-d8, 298 K): δ = 170.9, 41.1, 27.1, 26.9, 26.8, 20.7, 18.5, 17.5, 

12.4 ppm. 

31P NMR (162 MHz, THF-d8, 298 K): δ = 117.51, 102.6 (cis isomer) ppm. 

FT-IR (ATR):  = 3280 (NH), 2960–2880 (CH1/3), 1970 (CO) cm-1. 

Elemental analysis calculated: C 36.50, H 6.13, N 12.77; found: C 36.81, H 6.14, N 

12.08. 

 

[Fe(II)BrCO]-03: 

Synthesized according to general procedure with ligand Lig-03 (714 mg, 2.00 mmol) 

and FeBr2 (433 mg, 2.00 mmol) in THF (20 mL). 

Chemical formula: C17H33Br2FeN5OP2; Molecular weight: 601.09 g/mol. 

Yield: (92%, 1.10 g, 1.83 mmol) blue solid. 

1H NMR (400 MHz, THF- d8, 298 K): δ = 8.62 (s, 2H, NH), 3.10 (sep, J = 6.99 Hz, 4H, 

CH), 2.28 (s, 3H, Triaz–CH3), 1.43 (1, J = 7.13 Hz, 12H, CH–CH3), 1.28 (1, 

J = 7.44 Hz, 12H, CH–CH3) ppm. 
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13C NMR (100 MHz, THF-d8, 298 K): δ = 177.8, 173.4, 53.7, 28.5, 20.7, 19.9, 18.9 

ppm. 

31P NMR (162 MHz, THF-d8, 298 K): δ = 119.8 ppm. 

FT-IR (ATR):  = 3200 (NH), 2960–2880 (CH1/3), 1950 (CO) cm-1. 

Elemental analysis calculated: C 33.97, H 5.53, N 11.65; found: C 33.96, H 5.46, N 

11.62. 

 

[Fe(II)BrCO]-04: 

Synthesized according to general procedure with ligand Lig-04 (797 mg, 2.00 mmol) 

and FeBr2 (433 mg, 2.00 mmol) in THF (20 mL). 

Chemical formula: C19H36Br2FeN6OP2; Molecular weight: 642.14 g/mol. 

Yield: (97%, 1.19 g, 1.94 mmol) blue solid. 

1H NMR (400 MHz, THF-d8, 298 K): δ = 8.09 (s, 1H, NH), 7.75 (s, 1H, NH), 6.43 (s, 

1H, NH), 3.04 (sep, J = 5.2 Hz, 4H, P–CH), 2.65 (s, br, 1H, Triaz–NH–CH), 1.36 (q, J 

= 6.0 Hz, 12H, CH3), 1.24 (q, J = 8.0 Hz, 12H, CH3) ppm.   

13C NMR (100 MHz, THF-d8, 298 K): δ = 225.6, 167.3, 27.1, 26.5, 25.5, 23.6, 18.5, 

17.5, 6.3 ppm. 

31P NMR (162 MHz, THF-d8, 298 K): δ = 117.85, 103.6 (cis isomer) ppm. 

FT-IR (ATR):  = 3400 (NH), 3220 (NH), 2960–2880 (CH1/3), 1960 (CO) cm-1. 

Elemental analysis calculated: C 35.54, H 5.65, N 13.09; found: C 35.28, H 5.60, N 

12.92. 

 

[Fe(II)BrCO]-05: 

Synthesized according to general procedure with ligand Lig-05 (682 mg, 2.00 mmol) 

and FeBr2 (433 mg, 2.00 mmol) in THF (20 mL). 

Chemical formula: C18H33Br2FeN3OP2; Molecular weight: 585.08 g/mol. 

Yield: (89%, 1.04 g, 1.78 mmol) blue solid. 
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1H NMR (400 MHz, THF-d8, 298 K): δ = 7.48 (s, 2H, NH), 7.30 (t, J = 8.8 Hz, 1H, Ar–

H), 6.36 (d, J = 7.9 Hz, 2H, Ar–H), 3.22 (sep, J = 6.2 Hz, 4H, P–CH), 1.52 (q, J = 6.7 

Hz, 12H, CH3), 1.39 (q, J = 8.2 Hz, 12H, CH3) ppm. 

13C NMR (100 MHz, THF-d8, 298 K): δ = 162.8, 138.6, 98.1, 29.6, 27.4, 18.6, 17.5 ppm. 

31P NMR (162 MHz, THF-d8, 298 K): δ = 123.1, 105.8 (cis isomer) ppm. 

FT-IR (ATR):  = 3260 (NH), 2960–2880 (CH1/3), 1950 (CO) cm-1. 

Elemental analysis calculated: C 36.95, H 5.69, N 7.18; found: C 36.95, H 5.64, N 6.85. 

6.4.3 CO removal with high vacuum 

 

Supplementary Figure 3. Removal of the CO ligand under high vacuum. 

 

The diamagnetic Fe-complex [Fe(II)BrCO]-01 (663 mg, 1.00 mmol) was left under high 

vacuum for 8 hours at 60 °C. During this time a slow color change from green to yellow 

could be observed. The paramagnetic Fe-complex [Fe(II)Br]-01 was obtained as a 

yellow solid and analyzed using IR spectroscopy.  

Chemical formula: C21H35Br2FeN5P2; Molecular weight: 635.15 g/mol. 

Yield: (99%, 663 mg, 0.99 mmol) yellow solid. 

FT-IR (ATR):  = 3220 (NH), 2860–2950 (CH1/2/3) cm-1. 

 

6.4.4 Synthesis of the Fe(II) dimer [Fe(II)CO]2 

 

Supplementary Figure 4. Formation of the Fe(II) dimer [Fe(II)CO]2. 
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Under inert atmosphere, KOtBu (33.7 mg, 300 µmol, 2.00 eq.) was added to a solution 

of Fe(II) precursor [Fe(II)BrCO]-01 (100 mg, 150 µmol) in THF (4 mL) and stirred rig-

orously for 1 minute at room temperature. After addition of the base an immediate 

change of color from olive green to dark red was observed. The generated KBr was 

left to precipitate and the solution was filtered. Pentane (6 mL) was added to the solu-

tion for precipitation of the complex. The residue was filtered and washed a couple of 

times with more pentane and dried under high vacuum for 2 hours.  

Chemical formula: C44H66Fe2N10O2P4; Molecular weight: 1002.67 g/mol. 

Yield: (90%, 67.6 mg, 67.5 µmol) brown solid. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 8.29 (d, J = 6.68 Hz, 1H, Ar–H), 8.19 (d, J 

= 6.68 Hz, 1 H, Ar–H), 7.41 (m, 3 H, Ar–H), 2.11–2.40 (m, 2 H, P–CH), 1.46–0.61 (m, 

26 H, P–CH & CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 137.10, 128.70, 128.46, 128.32, 128.25, 

128.19, 127.98, 127.86, 20.67, 19.69, 19.61, 19.48, 19.27, 19.02, 18.94, 18.75, 18.67, 

18.56, 18.07, 17.94, 17.56 ppm. 

31P NMR (162 MHz, DMSO-d6, 298 K): δ = 108.05 ppm. 

FT-IR (ATR):  = 2860–2950 (CH1/2/3), 2000 (CO), 1950 (CO), 1890 (CO) cm-1. 
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6.4.5 Synthesis of the Fe(I) coordination polymer [Fe(I)K] 

 

Supplementary Figure 5. Formation of the Fe(I) coordination polymer [Fe(I)K]. 

 

Under inert atmosphere, KOtBu (1.50 mmol, 10 eq.) was added to a solution of Fe(II) 

precursor [Fe(II)BrCO]-01 (150 µmol) in THF (4 mL) and stirred for 5 minutes at room 

temperature. After addition of the base an immediate change of color from olive green 

to dark red was observed, which changed in the next minutes to dark greenish. The 

solution was left at –20 °C for seven days and the resulting black crystals were filtered 

and dried for 2 hours under high vacuum. 

Chemical formula: C31H49FeKN5O4P2; Molecular weight: 712.65 g/mol. 

Yield: (43%, 45.9 mg, 64.5 µmol) black crystals. 

FT-IR (ATR):  = 2960 (CH1/2/3), 2850 (CH1/2/3), 1920 (CO), 1820 (CO) cm-1. 

Elemental analysis calculated: C 50.58, H 6.63, N 10.23; found: C 51.15, H 6.79, N 

9.79. 

Magnetic susceptibility (Evans’ method)1: µeff = 1.9 µB  

 

6.4.6 Synthesis of the Fe(I) hydride [Fe(I)K2H] 

Supplementary Figure 6. Formation of the Fe(I) hydride [Fe(I)K2H]. 

 

Under inert atmosphere, KOtBu (7.54 mmol, 10.0 eq.) was added to a solution of pre-

cursor [Fe(II)BrCO]-01 (754 µmol) in THF (6 mL) and stirred at room temperature for 
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5 minutes. A fast color change from olive green to dark red and after some minutes to 

dark greenish was observable. The solution was placed in an autoclave, pressurized 

with 20 bar H2 and stirred for 24 hours at room temperature. Afterwards, 12-crown-4 

(3.77 mmol, 5.00 eq.) was added to the solution. The resulting mixture was left over 

night to precipitate, filtered and washed several times with THF. The product was ob-

tained as a blue powder. The deuteride analogion was synthesized the same way with 

8 bar D2 pressure. 

Chemical formula: C39H66FeK2N5O10P2; Molecular weight 960.97 g/mol. 

Yield: (44%, 317 mg, 330 µmol) blue powder. 

FT-IR (ATR):  = 2960–2870 (CH1/2/3), 1930 (FeH), 1795 (CO), 1730 (CO) cm-1.  

Elemental analysis calculated: C 49.99, H 7.22, N 6.78; found: C 50.12, H 6.78, N 

6.34.  

Magnetic susceptibility (Evans’ method)1: µeff = 1.9 µB 
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6.4.7 Synthesis of the Fe(III) complex [Fe(III)] 

 

Supplementary Figure 7. Formation of [Fe(III)]. 

 

Under inert atmosphere, KOtBu (2.26 mmol, 3.00 eq.) was added to a solution of Fe(II) 

precursor [Fe(II)BrCO]-01 (754 µmol) in THF (10 mL) and stirred for 5 minutes at room 

temperature. After addition of the base an immediate change of color from olive green 

to dark red was observed, which changed in the next minutes to dark greenish. The 

solution was left at –20 °C for several days and the crystallized [Fe(I)K] was removed 

by filtration. THF was evaporated from the green solution under high vacuum and the 

residue washed with pentane (2 x 50 mL). The obtained green solid was dried under 

high vacuum for 6 h. 

Chemical formula: C50H86Fe2N10O2P4; Molecular weight: 1094.89 g/mol. 

Yield: (66%, 140 mg, 249 µmol) green solid. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 8.28–8.02 (m, 2H, Ar–H), 7.36–7.31 (m, 3H, 

Ar–H), 2.04 (sep, J = 7.5 Hz, 2H, P–CH), 1.91 (sep, 7.8 Hz, 2H, P–CH), 1.66–1.15 (m, 

8H, CH3), 1.07 (s, 9H, OtBu), 1.08–0.62 (m, 16H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 127.94, 127.89, 127.85, 67.45, 67.24, 

31.68, 27.40, 26.53, 25.56, 24.83, 24.19, 18.09, 16.46, 15.20 ppm. 

31P NMR (162 MHz, DMSO-d6, 298 K): δ = 102.3 ppm. 

FT-IR (ATR):  = 2960–2870 (CH1/2/3) cm-1. 
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6.4.8 Synthesis of the Mn(I) hydride [Mn(I)K2H] 

Supplementary Figure 8. Formation of the Mn(I) hydride [Mn(I)K2H]. 

Under inert atmosphere, KOtBu (7.54 mmol, 10.0 eq.) was added to a solution of pre-

cursor [Mn(I)Br] (754 µmol) in THF (6 mL) and stirred at room temperature for 5 

minutes. A fast color change from yellow to green was observed. The solution was 

placed in an autoclave, pressurized with 20 bar H2 and stirred for 24 hours at room 

temperature. Afterwards, 12-crown-4 (3.77 mmol, 5.00 eq.) was added to the solution. 

The resulting mixture was left over night to precipitate, filtered and washed several 

times with THF. The product was obtained as red crystalline material.  

Chemical formula: C39H6K2MnN5O10P2; Molecular weight 960.06 g/mol. 

Yield: (44%, 317 mg, 330 µmol) red crystals. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 8.13 (dd, J = 3.2, 3.5 Hz, 2H, Ar–H), 7.26 

(m, 3H, Ar–H), 3.60 (t, J = 5.9 Hz, 4H, THF–H), 3.55 (s, 32H, 12-crown-4–H), 2.00 (sx, 

J = 6.16 Hz, 2H, P–CH), 1.84–1.71 (m, 6H, THF–H & P–CH), 1.19 (dq, J = 6.5, 12.5 

Hz, 14H, CH3), 1.09 (q, J = 4.6 Hz, 7H, CH3), 1.00 (q, J = 6.4 Hz, 7H, CH3), – 5.68 (t, 

J = 46.9 Hz, 1H, Mn–H) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 173.4, 173.3, 164.6, 141.5, 128.7, 127.8, 

127.6, 69.0, 67.5, 32.7, 32.6, 32.5, 32.0, 31.8, 31.7, 25.6, 19.8, 19.6, 19.2, 19.1 ppm. 

31P NMR (162 MHz, DMSO-d6, 298 K): δ = 153.7 ppm. 

FT-IR (ATR):  = 2960–2870 (CH1/2/3), 1905 (MnH), 1835 (CO), 1755 (CO) cm-1. 

Elemental analysis calculated: C 50.04, H 7.23, N 6.79; found: C 49.73, H 6.81, N 

6.20.  
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6.4.9 Optimization of reaction conditions 

 

Supplementary Table 1. Screening of the precatalysts.[a] 

 

Entry Precatalyst Yield of A1 [%] 

1 [Fe(II)BrCO]-01 (X=N, R=Ph) 99 

2 [Fe(II)BrCO]-02 (X=N, R=NEt2) 85 

3 [Fe(II)BrCO]-03 (X=N, R=Me) 59 

4 [Fe(II)BrCO]-04 (X=N, R=NH(C3H5)) 32 

5 [Fe(II)BrCO]-05 (X=CH, R=H) 38 

6 [Fe(II)Br]-01 (X=N, R=Ph) – 

7 [Fe(II)Br]-02 (X=N, R=NEt2) – 

8 [Fe(II)Br]-03 (X=N, R=Me) – 

9 [Fe(II)Br]-04 (X=N, R=NH(C3H5)) – 

10 [Fe(II)Br]-05 (X=CH, R=H) – 

[a]Reaction conditions: 3.00 mmol acetophenone, 0.2 mol% precatalyst, 2.0 mol%, 
KOtBu, 20 bar H2, THF, 50 °C, 1 h. Yields determined by 1H NMR. 
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Supplementary Table 2. Screening of the base.[a] 

 

Entry Base Yield of A1 [%] 

1 KOtBu 76 

2 NaOtBu 65 

3 LiOtBu – 

4 Ba(OtBu)2 – 

5 Mg(OtBu)2 – 

6 KOH – 

7 NaOH – 

[a]Reaction conditions: 3.00 mmol acetophenone, 0.06 mmol% [Fe(II)BrCO]-01, 
0.6 mol% base, 20 bar H2, THF, 50 °C, 1 h. Yields determined by 1H NMR. 

Supplementary Table 3. Screening of the KOtBu amount.[a] 

 

Entry KOtBu Yield of A1 [%] 

1 0.20 mol% (1.00 eq.) – 

2 0.40 mol% (2.00 eq.) – 

3 0.46 mol% (2.30 eq.) – 

4 0.50 mol% (2.50 eq.) – 

5 0.54 mol% (2.70 eq.) – 

6 0.60 mol% (3.00 eq.) 97 

7 0.80 mol% (4.00 eq.) 99 

8 2.00 mol% (10.0 eq.) 99 

[a]Reaction conditions: 3.00 mmol acetophenone, 0.2 mol% [Fe(II)BrCO]-01, KOtBu, 
20 bar H2, THF, 50 °C, 1 h. Yields determined by 1H NMR. 
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Supplementary Table 4. Screening of the H2 pressure.[a] 

 

Entry H2 pressure Yield of A1 [%] 

1 5 bar traces 

2 10 bar 20 

3 15 bar 65 

4 20 bar 72 

4 25 bar 74 

[a]Reaction conditions: 3.00 mmol acetophenone, 0.03 mmol% [Fe(I)K2H], 0.06 mol% 
KOtBu, THF, 50 °C, 1 h. Yields determined by 1H NMR. 

 

Supplementary Table 5. Screening of the solvent.[a] 

 

Entry Solvent Yield of A1 [%] 

1 THF 72 

2 Dioxane 57 

3 Toluene 40 

4 Diglyme 28 

5 Dimethoxyethane 27 

6 Isopropanol – 

7 2-Methyl-2-butanol – 

[a]Reaction conditions: 3.00 mmol acetophenone, 0.03 mol% [Fe(I)K2H], 0.06 mol% 
KOtBu, 20 bar H2, 50 °C, 1 h. Yields determined by 1H NMR. 
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Supplementary Table 6. Comparison of the catalytic activity of [Fe(II)BrCO]-01 and 
[Fe(I)K2H].[a] 

 

Entry Temperature [°C] 

Yield of A1 [%] 

[Fe(II)BrCO]-01 
0.007 mol%  

[Fe(II)BrCO]-01 
0.014 mol% 

[Fe(I)K2H] 
0.007 mol% 

1 50 11 25 28 

2 60 18 37 37 

[a]Reaction conditions: 3.00 mmol acetophenone, [Fe(II)BrCO]-01 / [Fe(I)K2H], 10.0 
eq. KOtBu, 20 bar H2, THF, 1 h. Yields determined by 1H NMR. 

 

Supplementary Table 7. Inhibition experiments using crown ethers.[a] 

 

Entry Ether Yield of A1 [%] 

1 4.0 mol% 18-crown-6 6 

2 4.0 mol% 15-crown-5 38 

3 4.0 mol% 12-crown-4 97 

4 Dimethoxyethane as solvent 99 

5 Diglyme as solvent 99 

[a]Reaction conditions: 3.00 mmol acetophenone, 0.2 mol% [Fe(II)BrCO]-01, 2.0 mol% 
KOtBu, 20 bar H2, THF, 50 °C, 1 h. Yields determined by 1H NMR. 
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6.4.10 General procedure for the hydrogenation of ketones and aldehydes 

Hydrogenation reactions were performed in PARR Instrument stainless steel auto-

claves with suitable temperature controllers. As a standard procedure for the hydro-

genation of ketones and aldehydes, a solution of catalyst and base in the correspond-

ing solvent was prepared and the carbonyl compound was added to the solution in a 

glass vial, which was placed in a suitable vial holder in the autoclave. The autoclave 

was pressurized with 20 bar H2, placed on a stirrer and the temperature was set desir-

ably. After reaction completion the pressure was released and the catalyst solution was 

quenched by addition of water. Afterwards, 1 eq. 1,3,5-trimethoxybenzene was added 

as standard to the solution. Then CH2Cl2 or Et2O was added and the organic phase 

was washed with water twice and dried over Na2SO4. The solvent was removed in a 

rotary evaporator and the resulting residue was analyzed by 1H NMR to determine the 

yield.  

 

Hydrogenation of 1 

 

Supplementary Figure 9. Hydrogenation of 1. 

 

Prepared according to the general procedure with acetophenone (100 mg, 97.8 µL, 

832 µmol) as carbonyl compound. CH2Cl2 (10 mL) was added to the reaction mixture 

and the organic phase was washed with water (10 mL) twice. The organic phase was 

filtered with a 2 cm SiO2-plug and dried over Na2SO4. The organic solvent was re-

moved in a rotary evaporator and the product obtained as a colorless oil. Upscaling 

with 30.0 mmol acetophenone was conducted using the identical procedure. 

Yield: (99%, 101 mg, 832 µmol) colorless oil. 

Upscaling yield: (99%, 3.66 g, 30.0 mmol) colorless oil. 

Chemical formula: C8H10O; Molecular weight: 122.15 g/mol. 
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1H NMR (400 MHz, CDCl3, 298 K): δ = 7.38 (m, 4H, Ar–H), 7.30 (m, 1H, Ar–H), 4.92 (q, 

J = 6.5 Hz, 1H, HO–CH), 2.00 (s, br, 1H, OH), 1.52 (d, J = 6.5 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3, 298 K): δ = 145.9, 128.5, 127.5, 125.4, 70.4, 25.2 ppm. 

 

Hydrogenation of 2 

 

Supplementary Figure 10. Hydrogenation of 2. 

 

Prepared according to the general procedure with 1-(thiophen-2-yl)ethan-1-one 

(100 mg, 85.4 µL, 792 µmol) as carbonyl compound. Purification was conducted using 

flash chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed 

in a rotary evaporator and product obtained as a colorless oil.  

Yield: 44% (44.6 mg, 348 µmol) or 82% (18 h reaction time, 83.2 mg, 649 µmol) color-

less oil. 

Chemical formula: C6H8OS; Molecular weight: 128.17 g/mol. 

1H NMR (400 MHz, CDCl3, 298 K): δ = 7.22 (m, 1H, Ar–H), 6.95 (m, 2H, Ar–H), 5.08 

(q, J = 6.2 Hz, 1H, HO–CH), 2.53 (s, 1H, OH), 1.57 (d, J = 6.2 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3, 298 K): δ =149.9, 126.6, 124.4, 123.2, 66.1, 25.2 ppm. 
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Hydrogenation of 3 

 

Supplementary Figure 11. Hydrogenation of 3. 

 

Prepared according to the general procedure with benzophenone (100 mg, 548 µmol) 

as carbonyl compound. CH2Cl2 (10 mL) was added to the reaction mixture and the 

organic phase was washed with water (10 mL) twice. The organic phase was filtered 

with a 2 cm SiO2-plug and dried over Na2SO4. The eluent was removed in a rotary 

evaporator and product obtained as a white solid. Upscaling with 30.0 mmol benzo-

phenone was conducted using the identical procedure. 

Yield: (99%, 99.8 mg, 548 µmol) white solid. 

Upscaling yield: (99%, 5.51 g, 30.0 mmol) white solid. 

Chemical formula: C13H12O; Molecular weight: 184.24 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.31 (d, J = 7.5 Hz, 3H, Ar–H), 7.23 (t, 

J = 7.5 Hz, 4H, Ar–H), 7.13 (t, J = 7.2 Hz, 3H, Ar–H), 5.82 (d, J = 3.9 Hz, 1H, OH), 5.63 

(d, J = 3.9 Hz, 1H, HO–CH) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 146.1, 128.4, 127.1, 126.6, 74.6 ppm. 
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Hydrogenation of A4 

 

Supplementary Figure 12. Hydrogenation of 4. 

 

Prepared according to the general procedure with benzaldehyde (100 mg, 96,2 µL, 

942 µmol) as carbonyl compound. Et2O (10 mL) was added to the reaction mixture and 

the organic phase was washed with water (10 mL) twice. The organic phase was fil-

tered with a 2 cm SiO2-plug and dried over Na2SO4. The eluent was removed in a 

rotary evaporator and product obtained as a colorless liquid. 

Yield: (99%, 101 mg, 940 µmol) colorless liquid. 

Chemical formula: C7H8O; Molecular weight: 108.06 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.44–7.31 (m, 4H, Ar–H), 7.31–7.18 (m, 1H, 

Ar–H), 5.19 (t, J = 5.6 Hz, 1H, OH), 4.52 (d, J = 5.6 Hz, 2H, CH2) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 143.0, 128.6, 127.2, 126.8, 63.4 ppm. 
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Hydrogenation of 5 

 

Supplementary Figure 13. Hydrogenation of 5. 

 

Prepared according to the general procedure with dodecanal (100 mg, 120 µL, 

543 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a thick colorless oil. 

Yield: (81%, 81.9 mg, 440 µmol) colorless oil. 

Chemical formula: C12H26O; Molecular weight: 186.36 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 4.33 (t, J = 5.1 Hz, 1H, OH), 3.39 (q, 

J = 6.4 Hz, 2H, HO–CH2) 1.46–1.37 (m, 2H, HO–CH2–CH2), 1.35–1.17 (m, 18H, CH2), 

0.88 (t, J = 6.3 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 61.2, 33.0, 31.8, 29.5, 29.2, 27.3, 26.0, 

22.6, 14.3 ppm. 
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Hydrogenation of 6 

 

Supplementary Figure 14. Hydrogenation of 6. 

 

Prepared according to the general procedure with 2-hexanone (100 mg, 123 µL, 

998 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a colorless liquid. 

Yield: (79%, 80.6 mg, 788 µmol) colorless liquid. 

Chemical formula: C6H14O; Molecular weight: 102.18 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 4.30 (d, J = 4.7 Hz, 1H, OH), 3.58 (sep, 

J = 5.0 Hz, 1H, HO–CH), 1.39–1.20 (m, 6H, CH2), 1.05 (d, J = 6.1Hz, 3H, HO–CH–

CH3), 0.89 (t, J = 6.4 Hz, 3H, CH2–CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 66.4, 36.4, 28.2, 24.1, 22.8, 14.6 ppm. 
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Hydrogenation of 7 

 

Supplementary Figure 15. Hydrogenation of 7. 

 

Prepared according to the general procedure with cyclododecanone (100 mg, 

549 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a white solid.  

Yield: (79%, 80.0 mg, 438 mmol) white solid. 

Upscaling yield: (80%, 4.44 g, 24.1 mmol) white solid. 

Chemical formula: C13H12O; Molecular weight: 184.32 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 4.18 (d, J = 2.7 Hz, 1H, OH), 3.61–3.51 (m, 

1H, HO–CH), 1.44 (sep, J = 6.2 Hz, 2H, CH2), 1.35–1.17 (m, 20H, CH2) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 67.0, 32,5, 24.2, 23.4, 23.3, 21.2 ppm. 
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Hydrogenation of 8 

 

Supplementary Figure 16. Hydrogenation of 8. 

 

Prepared according to the general procedure with 4-chloroacetophenone (100 mg, 

85.0 µL, 647 µmol) as carbonyl compound. CH2Cl2 (10 mL) was added to the reaction 

mixture and the organic phase was washed with water (10 mL) twice. The organic 

phase was filtered with a 2 cm SiO2-plug and dried over Na2SO4. The organic solvent 

was removed in a rotary evaporator and the product obtained as a colorless oil. 

Yield: 99% (101 mg, 647 µmol) colorless oil. 

Chemical formula: C8H9ClO; Molecular weight: 156.59 g/mol. 

1H NMR (400 MHz, CDCl3, 298 K): δ = 7.29 (m, 1H, Ar–H), 7.17 (m, 3H, Ar–H), 4.78 (q, 

J = 6.3 Hz, 1H, HO–CH), 2.12 (s, br, 1H, OH), 1.39 (d, J = 6.3 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, CDCl3, 298 K): δ = 144.2, 133.0, 128.6, 126.8, 69.7, 25.2 ppm. 
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Hydrogenation of 9 

 

Supplementary Figure 17. Hydrogenation of 9. 

 

Prepared according to the general procedure with 4-bromoacetophenone 

(100 mg, 502 µmol) as carbonyl compound. Purification was conducted using flash 

chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a 

rotary evaporator and product obtained as a white powder.  

Yield: 89% (90.0 mg, 447 µmol) white powder. 

Chemical formula: C8H9BrO; Molecular weight: 201.05 g/mol. 

1H NMR (400 MHz, CDCl3, 298 K): δ = 7.40 (dt, J = 1.7, 8.4 Hz, 2H, Ar–H), 7.18 (m, 

2H, Ar–H), 4.79 (q, J = 6.4 Hz, 1H, HO–CH), 1.79 (s, 1H, OH), 1.39 (d, J = 6.5 Hz, 3H, 

CH3) ppm. 

13C NMR (100 MHz, CDCl3, 298 K): δ = 44.8, 131.6, 127.2, 121.2, 69.8, 25.3 ppm. 
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Hydrogenation of 10 

 

Supplementary Figure 18. Hydrogenation of 10. 

 

Prepared according to the general procedure with methyl 4-acetylbenzoate (100 mg, 

561 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a yellowish solid. 

Yield: 86% (87.0 mg, 482 µmol) yellowish solid. 

Chemical formula: C10H12O3; Molecular weight: 180.23 g/mol. 

1H NMR (400 MHz, CDCl3, 298 K): δ = 8.00 (d, J = 8.1 Hz, 2H, Ar–H), 7.43 (d, J = 8.2 

Hz, 2H, Ar–H), 4.95 (q, J = 6.5 Hz, 1H, HO–CH), 3.90 (s, 3H, COOCH3), 1.94 (s, br, 

1H, OH), 1.49 (d, J = 6.4 Hz, 3H, CH–CH3) ppm. 

13C NMR (100 MHz, CDCl3, 298 K): δ = 167.0, 150.9, 129.9, 129.2, 125.3, 70.0, 52.1, 

25.3 ppm. 
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Hydrogenation of 11 

 

Supplementary Figure 19. Hydrogenation of 11. 

 

Prepared according to the general procedure with 1-(naphthalen-2-yl)ethan-1-one 

(100 mg, 588 µmol) as carbonyl compound. Purification was conducted using flash 

chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a 

rotary evaporator and product obtained as a white solid. 

Yield: 90% (91.0 mg, 529 µmol) white solid. 

Chemical formula: C12H12O; Molecular weight: 172.23 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.97–7.85 (m, 4H, Ar–H), 7.62–7.43 (m, 3H, 

Ar–H), 5.39 (d, J = 4.1 Hz, 1H, OH), 4.97 (dq, J = 4.3, 6.3 Hz, 1H, OH–CH), 1.49 (d, 

J = 6.3 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 145.4, 133.4, 132.7, 128.2, 128.0, 127.9, 

126.5, 125.9, 124.9, 123.7, 68.7, 26.3 ppm. 
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Hydrogenation of 12 

 

Supplementary Figure 20. Hydrogenation of 12. 

 

Prepared according to the general procedure with 1,2,2,2-tetraphenylethan-1-one 

(100 mg, 287 µmol) as carbonyl compound. Purification was conducted using flash 

chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a 

rotary evaporator and product obtained as a white solid. 

Yield: 74% (74.4 mg, 212 µmol) white solid. 

Chemical formula: C26H22O; Molecular weight: 350.46 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.32–7.23 (m, 6H, Ar–H), 7.21–7.09 (m, 9H, 

Ar–H), 7.03 (d, J = 7.0 Hz, 1H, Ar–H), 6.94 (t, J = 7.5 Hz, 2H, Ar–H), 6.75 (d, 

J = 7.5 Hz, 2H, Ar–H), 6.32 (d, J = 3.8 Hz, 1H, OH), 5.56 (d, J = 3.8 Hz, 1H, HO–CH) 

ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 145.3, 143.3, 131.2, 129.8, 127.3, 126.8, 

126.1, 74.8, 64.1 ppm. 
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Hydrogenation of 13 

 

Supplementary Figure 21. Hydrogenation of 13. 

 

Prepared according to the general procedure with 4-methylbenzophenone (100 mg, 

510 µmol) as carbonyl compound. Et2O (10 mL) was added to the reaction mixture and 

the organic phase was washed with water (10 mL) twice. The organic phase was fil-

tered with a 2 cm SiO2-plug and dried over Na2SO4. The eluent was removed in a 

rotary evaporator and product obtained as a colorless liquid. 

Yield: 99% (101 mg, 510 µmol) colorless liquid. 

Chemical formula: C14H16O; Molecular weight: 200.27 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.44–7.37 (m, 2H, Ar–H), 7.36–7.26 (m, 4H, 

Ar–H), 7.26–7.18 (m, 1H, Ar–H), 7.17–7.09 (m, 2H, Ar–H), 5.88 (d, J = 4.0 Hz, 1H, 

OH), 5.70 (d, J = 4.0 Hz, 1H, HO–CH), 2.28 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 146.3, 143.2, 136.2, 129.1, 128.5, 126.6, 

74.8, 21.0 ppm. 
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Hydrogenation of 14 

 

Supplementary Figure 22. Hydrogenation of 14. 

 

Prepared according to the general procedure with 4-(tert-butyl)benzaldehyde 

(100 mg, 102 µL, 616 µmol) as carbonyl compound. Purification was conducted using 

flash chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed 

in a rotary evaporator and product obtained as a colorless oil. 

Yield: 90% (91.0 mg, 554 µmol) colorless oil. 

Chemical formula: C11H16O; Molecular weight: 164.25 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.37 (d, J = 8.2 Hz, 2H, Ar–H), 7.28 (d, 

J = 8.2 Hz, 2H, Ar–H), 5.14 (t, J = 5.7 Hz, 1H, OH), 4.52 (d, J = 5.7 Hz, 2H, CH2), 1.32 

(s, 9H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 149.4, 140.0, 126.8, 125.2, 63.2, 34.6, 

31.6 ppm. 

 

 



 

100 
 

Hydrogenation of 15 

 

Supplementary Figure 23. Hydrogenation of 15. 

 

Prepared according to the general procedure with 1-(4-ethoxyphenyl)ethan-1-one 

(100 mg, 609 µmol) as carbonyl compound. Purification was conducted using flash 

chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a 

rotary evaporator and product obtained as a colorless oil. 

Yield: 65% (65.7 mg, 395 µmol) colorless oil. 

Chemical formula: C10H14O2; Molecular weight: 166.22 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.25 (d, J = 8.5 Hz, 2H, Ar–H), 6.88 (d, 

J = 8.5 Hz, 2H, Ar–H), 5.08 (t, J = 5.7 Hz, 1H, OH), 4.47 (d, J = 5.7 Hz, 2H, HO–CH2), 

4.01 (q, J = 6.8 Hz, 2H, CH2–CH3), 1.34 (t, J = 6.8 Hz, 3H, CH2–CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 157.9, 134.8, 128.4, 114.3, 63.3, 15.2 ppm. 
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Hydrogenation of 16 

 

Supplementary Figure 24. Hydrogenation of 16. 

 

Prepared according to the general procedure with 1-naphtaldehyde (100 mg, 

640 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a white solid. 

Yield: 93% (89.7 mg, 567 µmol) white solid. 

Chemical formula: C11H10O; Molecular weight: 158.20 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 8.10 (d, J = 7.5 Hz, 1H, Ar–H), 7.92 (d, 

J = 7.2 Hz, 1H, Ar–H), 7.82 (d, J = 8.0 Hz, 1H, Ar–H), 7.63–7.42 (m, 4H, Ar–H), 5.36, 

(t, J = 5.1 Hz, 1H, OH), 5.01 (d, J = 5.0 Hz, 2H, CH2) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 138.6, 133.9, 131.5, 129.1, 128.1, 126.6, 

126.4, 126.2, 125.0, 124.5, 62.0 ppm. 
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Hydrogenation of 17 

 

Supplementary Figure 25. Hydrogenation of 17. 

 

Prepared according to the general procedure with 4-acetylbenzonitrile 

(100 mg, 689 µmol) as carbonyl compound. Purification was conducted using flash 

chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a 

rotary evaporator and product obtained as a white yellowish powder. 

Yield: 90% (91.0 mg, 620 µmol) white yellowish solid. 

Chemical formula: C9H9NO; Molecular weight: 147.16 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.80 (d, J = 8.1 Hz, 2H, Ar–H), 7.57 (d, J = 

7.9 Hz, 2H, Ar–H), 5.46 (d, J = 4.1 Hz, 1H, OH), 4.83 (q, J = 5.7 Hz, 1H, HO–CH), 1.36 

(d, J = 6.4 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 153.6, 132.6, 126.8, 119.5, 109.8, 68.1, 

26.1 ppm. 
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Hydrogenation of 18 

 

Supplementary Figure 26. Hydrogenation of 18. 

 

Prepared according to the general procedure with 3-acetylbenzonitrile (100 mg, 

689 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a white powder. 

Yield: 62% (62.8 mg, 427 µmol) white powder. 

Chemical formula: C9H9NO; Molecular weight: 147.18 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.82–7.76 (m, 1H, Ar–H), 7.74–7.66 (m, 2H, 

Ar–H), 7.59–7.50 (m, 1H, Ar–H), 5.42 (d, J = 4.2 Hz, 1H, OH), 4.81 (dq, J = 6.3, 4.5 Hz, 

1H, HO–CH), 1.36 (d, J = 6.5 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 149.4, 130.8, 129.4, 119.4, 111.5, 67.8, 

26.1 ppm. 
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Hydrogenation of 19 

 

Supplementary Figure 27. Hydrogenation of 19. 

 

Prepared according to the general procedure with 2-acetylbenzonitrile (100 mg, 

90.1 µL, 689 µmol) as carbonyl compound. Purification was conducted using flash 

chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a 

rotary evaporator and product obtained as a white powder. 

Yield: 66% (66.9 mg, 454 µmol) white powder. 

Chemical formula: C9H9NO; Molecular weight: 147.16 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.86 (d, J = 7.5 Hz, 1H, Ar–H), 7.67–7.58 

(m, 1H, Ar–H), 7.58–7.46 (m, 2H, Ar–H), 5.61 (q, J = 6.5 Hz, 1H, HO–CH), 1.51 (d, 

J = 6.5 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 148.7, 132.4, 128.9, 123.6, 122.3, 109.9, 

79.0, 21.3 ppm. 
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Hydrogenation of 20 

 

Supplementary Figure 28. Hydrogenation of 20. 

 

Prepared according to the general procedure with hex-5-en-2-one (300 mg, 354 µL, 

3.00 mmol) as carbonyl compound. CH2Cl2 (10 mL) was added to the reaction mixture 

and the organic phase was washed with water (10 mL) twice. The organic phase was 

filtered with a 2 cm SiO2-plug and dried over Na2SO4. The organic solvent was re-

moved in a rotary evaporator and the product obtained as a colorless oil. 

Yield: 99% (299 mg, 2.99 mmol) colorless oil. 

Chemical formula: C6H12O; Molecular weight: 100.16 g/mol. 

1H NMR (400 MHz, CDCl3, 298 K): δ = 5.78 (ddt, J = 6.7, 10.2, 13.3 Hz, 1H, H2C=CH–

CH2), (dq, J = 1.57, 17.1 Hz, 1H, trans-H(H)C=CH) 4.88 (d, J = 1.3, 10.2 Hz, 1H, cis-

H(H)C=CH), 3.72 (sep, J = 6.1 Hz, 1H, OH), 2.22 (d, J = 4.6 Hz, 1H, OH), 2.14–1.98 

(m, 2H, H2C=CH–CH2), 1.53–1.39 (m, 2H, CH2–CH–CH3), 1.11 (d, J = 6.1 Hz, 3H, 

CH3) ppm.   

13C NMR (100 MHz, CDCl3, 298 K): δ = 138.4, 114.5, 67.4, 38.2, 30.0, 23.3 ppm. 
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Hydrogenation of 21 

 

Supplementary Figure 29. Hydrogenation of 21. 

 

 Prepared according to the general procedure with 4-iodoacetophenone 

(100 mg, 406 µmol) as carbonyl compound. Purification was conducted using flash 

chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a 

rotary evaporator and product obtained as a light brown solid. 

Yield: 78% (78.7 mg, 317 µmol) light brown solid. 

Chemical formula: C8H9IO; Molecular weight: 248.06 g/mol. 

1H NMR (400 MHz, CDCl3, 298 K): δ = 7.60 (d, J = 8.3 Hz, 2H, Ar–H), 7.06 (d, J = 8.2 

Hz, 2H, Ar–H), 4.78 (q, J = 6.4 Hz, 1H, HO–CH), 1.73 (s, br, 1H, OH), 1.39 (d, J = 6.4 

Hz, 3H, CH3) ppm.   

13C NMR (100 MHz, CDCl3, 298 K): δ = 145.5, 137.5, 127.4, 92.7, 69.9, 25.3 ppm. 
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Hydrogenation of 22 

 

Supplementary Figure 30. Hydrogenation of 22. 

 

Prepared according to the general procedure with 3-iodoacetophenone (100 mg, 

406 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a white solid. 

Yield: 94% (94.6 mg, 381 µmol) white solid. 

Chemical formula: C8H9IO; Molecular weight: 248.06 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.80 (d, J = 7.9 Hz, 1H, Ar–H), 7.59 (d, 

J = 7.8 Hz, 1H, Ar–H), 7.43 (t, J = 7.5 Hz, 1H, Ar–H), 7.01 (t, J = 7.5 Hz, 1H, Ar–H), 

5.43 (d, J = 3.4 Hz, 1H, OH), 4.82 (dq, J = 4.1, 5.9 Hz, HO–CH), 1.30 (d, J = 6.0 Hz, 

3H, CH3) ppm.   

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 149.4, 139.1, 129.3, 129.0, 127.1, 127.1, 

97.6, 72.4, 25.1 ppm. 
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Hydrogenation of 23 

 

Supplementary Figure 31. Hydrogenation of 23. 

 

Prepared according to the general procedure with 2-iodoacetophenone (100 mg, 

406 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a white solid. 

Yield: 92% (92.6 mg, 374 µmol) white solid. 

Chemical formula: C8H9IO; Molecular weight: 248.06 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.80 (dd, J = 0.8, 7.8 Hz, 1H, Ar–H), 7.59 

(dd, J = 1.6, 7.8 Hz, 1H, Ar–H), 7.43 (t, J = 7.7 Hz, 1H, Ar–H), 7.01 (dt, J = 1.6, 7.7 Hz, 

1H, Ar–H), 5.43 (d, J = 4.0 Hz, 1H, OH), 4.82 (dq, J = 4.1, 6.2 Hz, 1H, HO–CH), 1.30 

(d, J = 6.2 Hz, 3H, CH3) ppm.   

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 149.4, 139. 1, 129.3, 127.2, 97.6, 72.4, 

25.0 ppm. 
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Hydrogenation of 24 

 

Supplementary Figure 32. Hydrogenation of 24. 

 

Prepared according to the general procedure with 4-nitrobenzaldehyde (100 mg, 

662 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a yellowish solid. 

Yield: 48% (48.6 mg, 318 µmol) yellowish solid. 

Chemical formula: C7H7NO3; Molecular weight: 153.14 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 8.16 (d, J = 5.5 Hz, 2H, Ar–H), 7.56 (d, 

J = 5.5 Hz, 2H, Ar–H), 5.52 (s, 1H, OH), 4.62 (s, 4.62, 1H, CH2) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 151.0, 146.5, 127.2,123.5, 62.2 ppm. 
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Hydrogenation of 25 

 

Supplementary Figure 33. Hydrogenation of 25. 

 

Prepared according to the general procedure with 4’-benzyloxyacetophenone 

(100 mg, 442 µmol) as carbonyl compound. Et2O (10 mL) was added to the reaction 

mixture and the organic phase was washed with water (10 mL) twice. The organic 

phase was filtered with a 2 cm SiO2-plug and dried over Na2SO4. The organic solvent 

was removed in a rotary evaporator and the product obtained as a white solid. 

Yield: 98% (98.9 mg, 433 µmol) white solid. 

Chemical formula: C15H16O2; Molecular weight: 228.29 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.43 (m, 2H, Ar–H), 7.38 (m, 2H, Ar–H), 

7.31 (m, 1H, Ar–H), 7.24 (m, 2H, Ar–H), 6.94 (m, 2H, Ar–H), 5.08 (s, 2H, Ph–CH–O–

Ar), 5.02 (d, J = 4.2 Hz, 1H, OH), 4.66 (q, J = 4.2 Hz, 1H, HO–CH), 1.29 (d, J = 6.3 Hz, 

3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 157.4, 140.1, 137.7, 128.8, 128.2, 128.0, 

126.9, 114.7, 69.5, 68.0, 26.4 ppm. 
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Hydrogenation of 26 

 

Supplementary Figure 34. Hydrogenation of 26. 

 

Prepared according to the general procedure with 3-benzyloxyacetophenone (100 mg, 

442 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary 

evaporator and product obtained as a white solid. 

Yield: 95% (95.8 mg, 419 µmol) white solid. 

Chemical formula: C15H16O2; Molecular weight: 228.29 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.53–7.46 (m, 2H, Ar–H), 7.46–7.32 (m, 3H, 

Ar–H), 7.30–7.22 (m, 1H, Ar–H), 7.10–7.05 (m, 1H, Ar–H), 7.01–6.95 (m, 1H, Ar–H), 

6.93–6.87 (m, 1H, Ar–H),  5.22 (d, J = 4.1 Hz, 1H, OH), 5.12 (s, 2H, Ar–O–CH2), 4.75 

(dq, J = 4.1, 6.2 Hz, 1H, HO–CH), 1.37 (d, J = 6.4 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 158.8, 149.7, 137.7, 129.5, 128.8, 128.1, 

118.3, 113.1, 112.4, 69.6, 68.5, 26.3 ppm. 
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Hydrogenation of 27 

 

Supplementary Figure 35. Hydrogenation of 27. 

 

Prepared according to the general procedure with 2-benzyloxyacetophenone (100 mg, 

442 µmol) as carbonyl compound. Et2O (10 mL) was added to the reaction mixture and 

the organic phase was washed with water (10 mL) twice. The organic phase was fil-

tered with a 2 cm SiO2-plug and dried over Na2SO4. The organic solvent was removed 

in a rotary evaporator and the product obtained as a white solid. 

Yield: 99% (99.8 mg, 441 µmol) white solid. 

Chemical formula: C15H16O2; Molecular weight: 228.29 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.57–7.32 (m, 6H, Ar–H), 7.26–7.16 (m, 1H, 

Ar–H), 7.08–6.94 (m, 2H, Ar–H), 5.21–5.09 (m, 3H, Ar–O–CH2 & HO–CH), 5.03 (d, 

J = 4.4 Hz, 1H, OH), 1.34 (d, J = 6.3 Hz, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 154.7, 137.9, 136.3, 127.7, 126.0, 121.1, 

112.1, 109.9, 69.7, 63.0, 25.2 ppm. 
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Hydrogenation of 28 

 

Supplementary Figure 36. Hydrogenation of 28. 

 

Prepared according to the general procedure with trans-chalcone (100 mg, 480 µmol) 

as carbonyl compound. Purification was conducted using flash chromatography (silica 

gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary evaporator and 

product obtained as a white solid. 

Yield: 95% (96.0 mg, 456 µmol) white solid. 

Chemical formula: C15H14O; Molecular weight: 210.28 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 6.49 (m, 4H, Ar–H), 6.44–6.25 (m, 6H, Ar–

H), 5.73 (d, J = 15.8 Hz, 1H, CH=CH–Ph), 5.48 (dd, J = 6.3, 15.8 Hz, 1H, CH–CH=CH), 

4.75 (d, J = 4.2 Hz, 1H, OH), 4.36 (q, J = 3.9 Hz, 1H, HO–CH) ppm.  

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 144.9, 137.1, 134.2, 129.1, 128.63, 128.60, 

127.8, 127.3, 126.8, 126.7, 73.7 ppm. 
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Hydrogenation of 29 

 

Supplementary Figure 37. Hydrogenation of 29. 

 

Prepared according to the general procedure with trans-3-phenyl-1-(p-tolyl)prop-2-en-

1-one (100 mg, 450 µmol) as carbonyl compound. Purification was conducted using 

flash chromatography (silica gel, (1:9) ethyl acetate:pentane). The eluent was removed 

in a rotary evaporator and product obtained as a white solid. 

Yield: 92% (92.8 mg, 414 µmol) white solid.  

Chemical formula: C16H16O; Molecular weight: 224.30 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.50–7.40 (m, 2H, Ar–H), 7.40–7.25 (m, 4H, 

Ar–H), 7.  28–7.15 (m, 3H, Ar–H), 6.67 (d, J = 15.8 Hz, 1H, Ph–CH=CH), 6.43 (dd, 

J = 6.1, 15.8 Hz, 1H, Ph–CH=CH), 5.62 (d, J = 4.3 Hz, 1H, OH), 5.27 (t, J = 5.1 Hz, 

1H, HO–CH), 2.31 (s, 3H, CH3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 141.9, 137.2, 136.3, 134.3, 129.1, 128.4, 

127.9, 126.7, 110.0, 73.5, 21.2 ppm. 
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Hydrogenation of 30 

 

Supplementary Figure 38. Hydrogenation of 30. 

 

Prepared according to the general procedure with trans-1-phenyl-3-(4-(trifluorome-

thyl)phenyl)prop-2-en-1-one (100 mg, 362 µmol) as carbonyl compound. Purification 

was conducted using flash chromatography (silica gel, (1:9) ethyl acetate:pentane). 

The eluent was removed in a rotary evaporator and product obtained as a white solid. 

Yield: 88% (88.6 mg, 319 µmol) white solid. 

Chemical formula: C16C13F3O; Molecular weight: 278.27 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.60 (s, 4H, Ar–H), 7.40–7.36 (m, 2H, Ar–

H), 7.34–7.28 (m, 2H, Ar–H), 7.24–7.18 (m, 1H, Ar–H), 6.72 (d, J = 15.9 Hz, CH–

CH=CH), 6.56 (dd, J = 15.9, 5.9 Hz, CH–CH=CH), 5.72 (d, J = 4.1 Hz, OH–CH), 5.26 

(t, J = 4.6 Hz, OH–CH) ppm.  

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 144.0, 136.8, 129.1, 128.2, 127.0, 126.9, 

126.6, 126.3, 125.8, 125.4 (q, J = 3.7 Hz, CF3), 122.9, 72.9 ppm. 

19F NMR (376 MHz, DMSO-d6, 298 K): δ = 61.0 ppm. 
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Hydrogenation of 31 

 

Supplementary Figure 39. Hydrogenation of 31. 

 

Prepared according to the general procedure with trans-3-(4-(tert-butyl)phenyl)-1-(4-

methoxyphenyl)prop-2-en-1-one (100 mg, 339 µmol) as carbonyl compound. Purifica-

tion was conducted using flash chromatography (silica gel, (1:9) ethyl acetate:pen-

tane). The eluent was removed in a rotary evaporator and product obtained as a white 

solid. 

Yield: 72% (72.3 mg, 244 µmol) white solid. 

Chemical formula: C20H24O2; Molecular weight: 296.41 g/mol.  

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.40–7.30 (m ,6H, Ar–H), 6.96–6.89 (d, 

J = 8.7 Hz, 2H, Ar–H), 6.61 (d, J = 15.9 Hz, 1H, Ar–CH=CH), 6.36 (dd, J = 6.0, 

15.9 Hz, 1H, Ar–CH=CH), 5.53 (d, J = 4.2 Hz, 1H, OH), 5.23 (t, J = 4.6 Hz, 1H, HO–

CH), 3.75 (s, 3H, OCH3), 1.28 (s, 9H, Ar–C(CH3)3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 158.7, 150.3, 137.0, 134.4, 133.6, 128.1, 

127.8, 126.4, 125.7, 113.9, 109.8, 73.2, 55.7, 34.7, 31.5 ppm. 
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Hydrogenation of 32 

 

Supplementary Figure 40. Hydrogenation of 32. 

 

Prepared according to the general procedure with testosterone (100 mg, 347 µmol) as 

carbonyl compound. Purification was conducted using flash chromatography (silica 

gel, (1:9) ethyl acetate:pentane). The eluent was removed in a rotary evaporator. 

Yield: 61% (61.5 mg, 211 µmol) white solid. 

Chemical formula: C19H30O2; Molecular weight: 290.45 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 5.13 (d, J = 1.2 Hz, 1H, 1-H), 4.48 (d, J = 5.6 

Hz, 1H, 2-H), 4.37 (d, J = 4.9 Hz, 1H, 3-H), 3.88–3.83 (m, 1H, 4-H), 3.37 (dt, J = 4.9, 

8.9 Hz, 1H, 5-H), 2.46 (p, J = 1.8 Hz, 1H, 6-H) 2.13–2.24 (m, 1H, 7-H), 1.88 (dq, 

J = 2.3, 13.6 Hz, 1H, 7-H), 1.82–1.55 (m, 5H, 7-H), 1.47–1.36 (m, 2H, 7-H), 1.34–1.19 

(m, 4H, 7-H), 1.17–1.07 (m, 2H, 7-H), 0.94 (s, 3H, 8-H), 0.92–0.72 (m, 3H, 7-H), 0.60 

(s, 3H, 9-H) ppm.  

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 144.7, 125.9, 80.4, 66.4, 54.7, 50.7, 42.8, 

37.2, 36.9, 36.0, 35.8, 32.8, 31.9, 30.2, 29.5, 23.5, 20.7, 18.9, 11.6 ppm.  
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Hydrogenation of 33 

 

Supplementary Figure 41. Hydrogenation of 33. 

 

Prepared according to the general procedure with cyclohexane-1,4-dione (100 mg, 

892 µmol) as carbonyl compound. Purification was conducted using flash chromatog-

raphy (silica gel, (3:7) methanol:pentane). The eluent was removed in a rotary evapo-

rator and product obtained as a white solid. 

Yield: 78 % (81.0 mg, 695 µmol) white solid. 

Chemical formula: C6H12O2; Molecular weight: 116.08 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 4.26 (s, 2H,OH),  3.50– 3.42 (m, 1H, 

cis/trans-CH–OH), 3.33–3.30 (m, 1H, cis/trans-CH–OH), 1.77–1.65 (m, 2H, CH2), 

1.57–1.45 (m, 2H, CH2), 1.45–1.25 (m, 2H, CH2) 1.13–1.02 (m, 2H, CH2) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 68.6, 66.3, 63.1, 33.3, 30.7 ppm. 
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Hydrogenation of 34 

 

 

Supplementary Figure 42. Hydrogenation of 34. 

 

Prepared according to the general procedure with benzil (100 mg, 475 µmol) as car-

bonyl compound and 1.00 eq KOtBu (53.2 mg, 475 µmol). Et2O (10 mL) was added to 

the reaction mixture and the organic phase was washed with water (10 mL) twice. The 

organic phase was filtered with a 2 cm SiO2-plug and dried over Na2SO4. The organic 

solvent was removed in a rotary evaporator and the product obtained as a yellow solid. 

Yield: 99 % (126 mg, 473 µmol) yellow solid. 

Chemical formula: C18H20O2; Molecular weight: 268.36 g/mol. 

1H NMR (400 MHz, DMSO-d6, 298 K): δ = 7.43–7.28 (m, 10H, Ar–H), 6.39 (s, 1H, O–

CH), 1.42 (s, 9H, C(CH3)3) ppm. 

13C NMR (100 MHz, DMSO-d6, 298 K): δ = 172.6, 144.1, 128.1, 127.5, 82.1, 81.1, 

27.9 ppm. 
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Hydrogenation of 35 

 

 

Supplementary Figure 43. Hydrogenation of 35. 

 

Prepared according to the general procedure with 1-phenylbutane-1,3-dione (100 mg, 

616 µmol) as carbonyl compound and 1.00 eq KOtBu (69.1 mg, 616 µmol). No reaction 

was observed. 
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6.5 57Fe Mössbauer spectroscopy 

 

 

Supplementary Figure 44. Zero-field 57Fe Mössbauer spectrum of [Fe(II)BrCO]-01 
(top) and [Fe(I)K2H] (bottom), recorded at T = 80 K. Symbols represent experimental 
data and solid line the corresponding Lorentzian fit. 

 

Supplementary Table 8. Summary of 57Fe Mössbauer parameters of [Fe(II)BrCO]-01 
and [Fe(I)K2H], determined from Lorentzian fits.  denotes the isomer shift, EQ spec-
ifies the quadrupole splitting,  represents the full (Lorentzian) line width at half maxi-
mum (FWHM) and V the integral intensity of the component in the fit. Standard devia-
tions are reported in brackets. A2/A1 is the ratio of relative intensities of a doublet which 
is usually expected to be A2/A1 = 1. It was therefore fixed in the fit (marked with an 
asterisk). 

Entry T  [K]  [mm·s-1] EQ [mm·s-1] FWHM [mm·s-1] A2/A1 V [%] 

[Fe(II)BrCO]-01 80 0.228(7) 1.424(2) 0.309(20) 1* 100 

[Fe(I)K2H] 80 –0.025(2) 2.125(5) 0.304(8) 1* 100 
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Supplementary Figure 45. Zero-field 57Fe Mössbauer spectrum of [Fe(I)K], recorded 
at T = 80 K. Symbols represent experimental data and solid line the corresponding 
Lorentzian fit. We accounted for a small quadrupole splitting in our phenomenological 
fit model. The line width points towards dynamic processes on the experimental Möss-
bauer timescale which could be responsible for the collapse of a well-resolved quad-
rupole doublet (such case has already been observed before).12 In addition, the asym-
metric unit of single-crystalline [Fe(I)K] reveals crystallographic inequivalent iron sites. 
Both factors could cause the spectral appearance, i.e., the convolution of two (or more) 
individual sub-spectra to a single and broadened resonance signal. Nevertheless, the 

close-to-zero value of  indicates the presence of a low-valent iron center in [Fe(I)K], 
surrounded by carbonyl ligands. This fact agrees with the isomeric shift of [Fe(I)K2H] 
shown in the manuscript (Figure 5). 

 

Supplementary Table 9. Summary of 57Fe Mössbauer parameters of [Fe(I)K], deter-

mined from Lorentzian fits.  denotes the isomer shift, EQ specifies the quadrupole 

splitting,  represents the full (Lorentzian) line width at half maximum (FWHM) and V 
the integral intensity of the component in the fit. Standard deviations are reported in 
brackets. A2/A1 is the ratio of relative intensities of a doublet which is usually expected 

to be A2/A1 = 1. It was therefore fixed in the fit (marked with an asterisk). 

Entry T  [K]  [mm·s-1] EQ [mm·s-1] FWHM [mm·s-1] A2/A1 V [%] 

[Fe(I)K] 80 0.021(9) 0.194(40) 0.464(44) 1* 100 
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6.7 NMR spectra 

 

Supplementary Figure 46. 1H NMR spectrum of [Fe(II)BrCO]-01. 

 

Supplementary Figure 47. 13C NMR spectrum of [Fe(II)BrCO]-01. 
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Supplementary Figure 48. 31P NMR spectrum of [Fe(II)BrCO]-01. 
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Supplementary Figure 49. 1H NMR spectrum of [Fe(II)BrCO]-02. 

 

Supplementary Figure 50. 13C NMR spectrum of [Fe(II)BrCO]-02. 
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Supplementary Figure 51. 31P NMR spectrum of [Fe(II)BrCO]-02. 
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Supplementary Figure 52. 1H NMR spectrum of [Fe(II)BrCO]-03. 

 

 

Supplementary Figure 53. 13C NMR spectrum of [Fe(II)BrCO]-03. 
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Supplementary Figure 54. 31P NMR spectrum of [Fe(II)BrCO]-03. 
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Supplementary Figure 55. 1H NMR spectrum of [Fe(II)BrCO]-04. 

 

Supplementary Figure 56. 13C NMR spectrum of [Fe(II)BrCO]-04. 
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Supplementary Figure 57. 31P NMR spectrum of [Fe(II)BrCO]-04. 
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Supplementary Figure 58. 1H NMR spectrum of [Fe(II)BrCO]-05. 

 

 

Supplementary Figure 59. 13C NMR spectrum of [Fe(II)BrCO]-05. 
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Supplementary Figure 60. 31P NMR spectrum of [Fe(II)BrCO]-05. 
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Supplementary Figure 61. 1H NMR spectrum of [Fe(II)CO]2. 

 

 

Supplementary Figure 62. 13C NMR spectrum of [Fe(II)CO]2. 
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Supplementary Figure 63. 31P NMR spectrum of [Fe(II)CO]2. 
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Supplementary Figure 64. 1H NMR spectrum of [Fe(III)]. 

 

 

Supplementary Figure 65. 13C NMR spectrum of [Fe(III)]. 
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Supplementary Figure 66. 31P NMR spectrum of [Fe(III)]. 

 

 

 

Supplementary Figure 67. Comparison of the 1H NMR spectra of [Fe(II)CO]2 with 
[Fe(III)] and the free ligand. A difference in the chemical shift of the phenyl units is 
observed which most possibly results from the different oxidation states of the iron 
nuclei. 
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Supplementary Figure 68. 1H NMR spectrum of [Mn(I)K2H]. 

 

 

Supplementary Figure 69. 13C NMR spectrum of [Mn(I)K2H]. 
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Supplementary Figure 70. 31P NMR spectrum of [Mn(I)K2H]. 
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Supplementary Figure 71. 1H NMR spectrum of 1-phenylethanol. 

 

 

Supplementary Figure 72. 13C NMR spectrum of 1-phenylethanol. 
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Supplementary Figure 73. 1H NMR spectrum of 1-(thiophen-2-yl)ethan-1-ol. 

 

 

 

Supplementary Figure 74. 13C NMR spectrum of 1-(thiophen-2-yl)ethan-1-ol. 
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Supplementary Figure 75. 1H NMR spectrum of diphenylmethanol. 

 

 

Supplementary Figure 76. 13C NMR spectrum of diphenylmethanol. 
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Supplementary Figure 77. 1H NMR spectrum of benzyl alcohol. 

 

 

Supplementary Figure 78. 13C NMR spectrum of benzyl alcohol. 
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Supplementary Figure 79. 1H NMR spectrum of 1-dodecanol. 

 

 

Supplementary Figure 80. 13C NMR spectrum of 1-dodecanol. 
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Supplementary Figure 81. 1H NMR spectrum of 2-hexanol. 

 

Supplementary Figure 82. 13C NMR spectrum of 2-hexanol. 
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Supplementary Figure 83. 1H NMR spectrum of cyclododecanol. 

 

 

Supplementary Figure 84. 13C NMR spectrum of cyclododecanol. 



 

147 
 

 

Supplementary Figure 85. 1H NMR spectrum of 1-(4-chlorophenyl)ethan-1-ol. 

 

 

Supplementary Figure 86. 13C NMR spectrum of 1-(4-chlorophenyl)ethan-1-ol. 
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Supplementary Figure 87. 1H NMR spectrum of 1-(4-bromophenyl)ethan-1-ol. 

 

 

Supplementary Figure 88. 13C NMR spectrum of 1-(4-bromophenyl)ethan-1-ol. 
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Supplementary Figure 89. 1H NMR spectrum of 4-(1-hydroxyethyl)phenyl acetate. 

 

 

 

Supplementary Figure 90. 13C NMR spectrum of 4-(1-hydroxyethyl)phenyl acetate. 
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Supplementary Figure 91. 1H NMR spectrum of 1-(naphthalen-2-yl)ethan-1-ol. 

 

 

Supplementary Figure 92. 13C NMR spectrum of 1-(naphthalen-2-yl)ethan-1-ol. 
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Supplementary Figure 93. 1H NMR spectrum of 1,2,2,2-tetraphenylethan-1-ol. 

 

 

Supplementary Figure 94. 13C NMR spectrum of 1,2,2,2-tetraphenylethan-1-ol. 
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Supplementary Figure 95. 1H NMR spectrum of phenyl(p-tolyl)methanol. 

 

Supplementary Figure 96. 13C NMR spectrum of phenyl(p-tolyl)methanol. 
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Supplementary Figure 97. 1H NMR spectrum of (4-(tert-butyl)phenyl)methanol. 

 

 

Supplementary Figure 98. 13C NMR spectrum of (4-(tert-butyl)phenyl)methanol. 
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Supplementary Figure 99. 1H NMR spectrum of (4-ethoxyphenyl)methanol. 

 

 

 

Supplementary Figure 100. 13C NMR spectrum of (4-ethoxyphenyl)methanol. 
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Supplementary Figure 101. 1H NMR spectrum of naphthalen-1-ylmethanol. 

 

 

 

Supplementary Figure 102. 13C NMR spectrum of naphthalen-1-ylmethanol. 
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Supplementary Figure 103. 1H NMR spectrum of 4-(1-hydroxyethyl)benzonitrile. 

 

 

Supplementary Figure 104. 13C NMR spectrum of 4-(1-hydroxyethyl)benzonitrile. 
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Supplementary Figure 105. 1H NMR spectrum of 3-(1-hydroxyethyl)benzonitrile. 

 

 

 

Supplementary Figure 106. 13C NMR spectrum of 3-(1-hydroxyethyl)benzonitrile. 



 

158 
 

 

Supplementary Figure 107. 1H NMR spectrum of 2-(1-hydroxyethyl)benzonitrile. 

 

 

 

Supplementary Figure 108. 13C NMR spectrum of 2-(1-hydroxyethyl)benzonitrile. 
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Supplementary Figure 109. 1H NMR spectrum of hex-5-en-2-ol. 

 

 

Supplementary Figure 110. 13C NMR spectrum of hex-5-en-2-ol. 
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Supplementary Figure 111. 1H NMR spectrum of 1-(4-iodophenyl)ethan-1-ol. 

 

 

 

Supplementary Figure 112. 13C NMR spectrum of 1-(4-iodophenyl)ethan-1-ol. 
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Supplementary Figure 113. 1H NMR spectrum of 1-(3-iodophenyl)ethan-1-ol. 

 

 

Supplementary Figure 114. 13C NMR spectrum of 1-(3-iodophenyl)ethan-1-ol. 
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Supplementary Figure 115. 1H NMR spectrum of 1-(2-iodophenyl)ethan-1-ol. 

 

 

Supplementary Figure 116. 13C NMR spectrum of 1-(2-iodophenyl)ethan-1-ol. 
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Supplementary Figure 117. 1H NMR spectrum of 1-(4-nitrophenyl)ethan-1-ol. 

 

 

 

Supplementary Figure 118. 13C NMR spectrum of 1-(4-nitrophenyl)ethan-1-ol. 
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Supplementary Figure 119. 1H NMR spectrum of 1-(4-(benzyloxy)phenyl)ethan-1-ol. 

 

 

Supplementary Figure 120. 13C NMR spectrum of 1-(4-(benzyloxy)phenyl)ethan-1-ol. 
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Supplementary Figure 121. 1H NMR spectrum of 1-(3-(benzyloxy)phenyl)ethan-1-ol. 

 

 

 

Supplementary Figure 122. 13C NMR spectrum of 1-(3-(benzyloxy)phenyl)ethan-1-ol. 
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Supplementary Figure 123. 1H NMR spectrum (E)-1,3-diphenylprop-2-en-1-ol. 

 

 

Supplementary Figure 124. 13C NMR spectrum of (E)-1,3-diphenylprop-2-en-1-ol. 
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Supplementary Figure 125. 1H NMR spectrum (E)-3-phenyl-1-(p-tolyl)prop-2-en-1-ol. 

 

 

Supplementary Figure 126. 13C NMR spectrum (E)-3-phenyl-1-(p-tolyl)prop-2-en-1-ol. 
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Supplementary Figure 127. 1H NMR spectrum of (E)-1-phenyl-3-(4-(trifluoromethyl)phenyl)prop-2-en-1-

ol. 

 

 

Supplementary Figure 128. 13C NMR spectrum of (E)-1-phenyl-3-(4-(trifluoromethyl)phenyl)prop-2-en-

1-ol. 
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Supplementary Figure 129. 19F NMR spectrum of (E)-1-phenyl-3-(4-(trifluoromethyl)phenyl)prop-2-en-

1-ol. 
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Supplementary Figure 130. 1H NMR spectrum of (E)-3-(4-(tert-butyl)phenyl)-1-(4-

methoxyphenyl)prop-2-en-1-ol. 

 

 

Supplementary Figure 131. 13C NMR spectrum of (E)-3-(4-(tert-butyl)phenyl)-1-(4-

methoxyphenyl)prop-2-en-1-ol. 
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Supplementary Figure 132. 1H NMR spectrum of Androstendiol. 

 

 

Supplementary Figure 133. 13C NMR spectrum of Androstendiol. 
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Supplementary Figure 134. 1H NMR spectrum of 1,4-cyclohexanediol. 

 

 

Supplementary Figure 135. 13C NMR spectrum of 1,4-cyclohexanediol. 
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Supplementary Figure 136. 1H NMR spectrum of 2-(tert-butoxy)-1,2-diphenylethan-1-

one. 

 

Supplementary Figure 137. 13C NMR spectrum of 2-(tert-butoxy)-1,2-diphenylethan-1-

one. 
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6.8 IR spectra 

Supplementary Figure 138. Comparative view of the IR spectra of [Fe(II)Br]-01 and [Fe(II)BrCO]-01. 

 

 

 

Supplementary Figure 139. IR spectrum of [Fe(II)Br]-02. 
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Supplementary Figure 140. IR spectrum of [Fe(II)BrCO]-02. 

 

 

 

 

Supplementary Figure 141. IR spectrum of [Fe(II)Br]-03. 

 



 

176 
 

 

Supplementary Figure 142. IR spectrum of [Fe(II)BrCO]-03. 

 

 

 

 

Supplementary Figure 143. IR spectrum of [Fe(II)Br]-04. 
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Supplementary Figure 144. IR spectrum of [Fe(II)BrCO]-04. 

 

 

 

 

Supplementary Figure 145. IR spectrum of [Fe(II)Br]-05. 
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Supplementary Figure 146. IR spectrum of [Fe(II)BrCO]-05. 

 

 

 

Supplementary Figure 147. IR spectrum of [Fe(II)CO]2. 
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Supplementary Figure 148. IR spectrum of [Fe(I)K]. 

 

 

 

Supplementary Figure 149. IR spectrum of [Fe(III)]. 
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Supplementary Figure 150. IR spectrum of [Fe(I)K2H]. 

 

 

 

Supplementary Figure 151. IR spectrum of [Mn(I)K2H]. 
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Supplementary Figure 152. Stacked spectra of [Fe(I)K2H] and [Fe(I)K2D]. Due to a 

possible H–D exchange during the synthesis of [Fe(I)K2D] partial formation of the deu-

teride complex was observed using IR spectroscopy, since the FeH vibration was still 

visible. Nevertheless, the presumed FeH vibration had in the case of [Fe(I)K2D] a con-

siderably lower intensity, which indicates the presence of a mixture of iron(I) hydride 

and iron(I) deuteride. The emerged deuteride vibration could not be observed due to 

possible overlapping with other vibrations.  
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6.9 Crystallographic data 

6.9.1 [Fe(I)K]     (CCDC 2352638) 
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6.9.2 [Fe(II)Br]-01  (CCDC 2352640) 
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6.9.3 [Mn(I)K2H]    (CCDC 2352639) 
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7.3 General considerations 

All reactions were carried out in a glove box filled with nitrogen N2 (5.0) or using 

Schlenk techniques. THF was purified by distillation over drying agent (sodium or 

LiAlH4) and stored over molecular sieves (3 Å). 12-crown-4 was dried over molecular 

sieves (3 Å). THF-d8 was dried by storing over KH for at least seven days. Other chem-

icals were purchased from commercial vendors, purified either by crystallization, sub-

limation or distillation and dried at least for 24 hours under high vacuum.  

NMR measurements were performed at room temperature, if not stated otherwise, on 

a Varian INOVA 300 or on a Varian INOVA 400. The chemical shift is given in the δ-

scale. Following symbols were used for the description of the signals: s = singulett, 

d = doublet, t = triplet, q = quartet, quin = quintet, sx = sextet, sep = septet, m = multi-

plet. Coupling constants J were given in Hz. 13C NMR spectra were measured 1H de-

coupled.  

High pressure NMR measurements were conducted using a Wilmad quick pressure 

valve NMR tube (5 mm diameter; max. 150 psi). Spectra were processed with Mes-

tRenova 6.1.0-62241. 
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7.4 Experimental procedures 

The iridium complexes [Ir(COD)] and [IrH3] were synthesized according to literature.2 

All catalytic reactions were investigated using in-situ 1H NMR measurements which 

were acquired with a desired time tact. The quantitative analysis was accomplished by 

integration of a selected product signal and referencing with one of the internal stand-

ard (1,3,5-trimethoxybenzene) signals. The NMR spectrometer was pre-heated at the 

desired temperature and the measurement was started immediately after insertion of 

the NMR tube. 

7.4.1 Synthesis of K2[IrH3] 

 

Supplementary Figure 2. Synthesis of K2[IrH3]. 

 

A solution of precatalyst [Ir(COD)] (100 mg, 139 mol) and KOtBu (77.9 mg, 695 mol) 

in THF (6.0 mL) was purged multiple times with H2 in a Schlenk tube and a rapid color 

change from red to yellow could be observed. Subsequently 12-crown-4 (112 L, 

695 mol) was added to the reaction mixture and the solution was left to precipitate at 

– 23 °C for 24 hours. The precipitated yellow solid was filtered and dried under high 

vacuum. 

Yield: 80.0 mg (53 %, 74.3 mol) 

1H NMR (300 MHz, DMSO-d6, 298 K): δ = 8.13 (dd, J = 2.4, 7.3 Hz, 2H, Ar–H), 7.23–

7.21 (m, 3H, Ar–H), 1.40 (sep, J = 6.8 Hz, 4H, P–CH), 0.93 (quin, J = 7.2 Hz, 24H, 

CH3), – 13.45 (dt, J = 5.7, 15.7 Hz, 2H, Ir–H), – 19.50 (ddd, J = 5.6, 11.3, 18.0 Hz, 1H, 

Ir–H) ppm.   

13C NMR (75.5 MHz, DMSO-d6, 298 K): δ = 173.3, 139.3, 127.6, 127.4, 70.2, 67.4, 

30.5, 30.4, 30.2, 25.5, 20.2, 20.2, 20.1, 19.7, 19.6 ppm. 

Elemental analysis calculated: C 43.56, H 7.12, N 6.51; found: C 43.12, H 7.10, 

N 6.22. 
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7.5 Attachments 

 

 

Supplementary Figure 5. 1H NMR spectrum of K2[IrH3].  

 

 

Supplementary Figure 6. 13C NMR spectrum of K2[IrH3]. 
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Supplementary Table 1. Time-conversion data for the base-free imine hydrogenation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 1 1.5 2.1 

3 2 3.3 4.6 

4 3 4.9 6.8 

5 4 6.6 9.2 

6 5 8.4 11.7 

7 6 10.2 14.2 

8 7 12.0 16.7 

9 8 14.0 19.5 

10 9 15.5 21.5 

11 10 17.5 24.3 

12 11 19.5 27.1 

13 12 21.0 29.2 
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Supplementary Table 2. Time-conversion data for the potassium assisted imine hydro-
genation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 0.083 7.1 9.9 

3 0.166 15.5 21.6 

4 0.250 23.7 32.9 

5 0.333 29.3 40.7 

6 0.416 32.1 44.7 

7 0.500 35.5 49.3 

8 0.583 36.8 51.1 

9 0.666 38.3 53.3 

10 0.750 42.0 58.3 

11 0.833 42.5 59.1 

12 0.916 43.6 60.6 

13 1.000 45.7 63.5 

14 1.166 48.2 67.0 

15 1.333 50.2 69.8 

16 1.500 51.8 72.0 

17 1.666 53.7 74.7 

18 1.833 55.3 76.8 

19 2.000 56.8 79.0 

20 2.333 60.1 83.5 

21 2.666 62.9 87.5 

22 3 66.1 91.9 

23 4 74.7 103.9 

24 5 80.8 112.3 

25 6 84.9 118.1 

26 7 89.0 123.7 

27 8 95.0 132.1 

28 9 97.0 134.8 

29 10 99.9 139.0 

30 11 99.9 138.9 

31 12 99.9 139.9 
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Supplementary Table 3. Time-conversion data for the base-free ketone hydrogenation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 1 1.3 1.8 

3 2 2.0 2.7 

4 3 4.0 5.6 

5 4 4.9 6.9 

6 5 6.0 8.4 

7 6 7.0 9.8 

8 7 7.9 11.0 

9 8 8.9 12.3 

10 9 9.8 13.6 

11 10 10.5 14.6 

12 11 11.1 15.5 

13 12 11.8 16.5 
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Supplementary Table 4. Time-conversion data for the potassium assisted ketone hy-
drogenation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 0.083 39.5 54.9 

3 0.166 55.0 76.5 

4 0.250 63.7 88.5 

5 0.333 74.5 103.5 

6 0.416 80.0 111.2 

7 0.500 85.2 118.4 

8 0.583 90.8 126.3 

9 0.666 94.1 130.8 

10 0.750 96.3 133.8 

11 0.833 97.5 135.6 

12 0.916 98.6 137.1 

13 1.000 99.9 138.9 

14 1.166 99.9 138.9 

15 1.333 99.9 138.9 

16 1.500 99.9 138.9 

17 1.666 99.9 138.9 

18 1.833 99.9 138.9 

19 2.000 99.9 138.9 

20 2.333 99.9 138.9 

21 2.666 99.9 138.9 

22 3 99.9 138.9 

23 4 99.9 138.9 

24 5 99.9 138.9 

25 6 99.9 138.9 

26 7 99.9 138.9 

27 8 99.9 138.9 

28 9 99.9 138.9 

29 10 99.9 138.9 

30 11 99.9 138.9 

31 12 99.9 139.9 
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Supplementary Table 5. Time-conversion data for the base-free alkyne hydrogenation. 

 

Entry t [h] 
cis-Stilbene 1,2-Diphenylethane 

Yield [%] Yield [mol] Yield [%] Yield [mol] 

1 0 0 0 0 0 

2 0.166 4.03 5.6 18.3 25.5 

3 0.333 6.0 8.3 25.9 35.9 

4 0.500 7.2 10.1 31.6 44.0 

5 0.666 8.7 12.1 39.0 54.2 

6 0.833 10.3 14.3 45.4 63.0 

7 1.00 11.5 16.0 50.8 70.6 

8 1.333 13.7 19.1 60.2 83.7 

9 1.666 15.7 21.8 68.0 94.5 

10 2 17.3 24.0 73.1 101.5 

11 3 19.9 27.6 79.0 109.8 

12 4 21.0 29.2 79.3 110.2 

13 5 20.9 29.1 79.8 110.9 

14 6 20.7 28.8 80.0 111.2 

15 7 20.3 28.2 80.0 111.2 

16 8 20.1 27.9 80.0 111.2 

17 9 19.8 27.5 80.1 111.3 

18 10 19.5 27.1 80.2 111.5 

19 11 19.2 26.7 80.4 111.7 

20 12 19.0 26.5 80.6 112.0 
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Supplementary Table 6. Time-conversion data for the potassium assisted alkyne hy-
drogenation. 

 

Entry t [h] 
cis-Stilbene 1,2-Diphenylethane 

Yield [%] Yield [mol] Yield [%] Yield [mol] 

1 0 0 0 0 0 

2 1 1.1 1.4 0.2 0.3 

3 2 1.4 2.0 1.3 1.9 

4 3 2.0 2.8 0.5 0.7 

5 4 2.7 3.7 0.9 1.3 

6 5 3.5 4.9 1.3 1.9 

7 6 4.3 5.9 1.6 2.3 

8 7 5.2 7.3 1.9 2.7 

9 8 6.7 9.3 2.4 3.3 

10 9 7.7 10.7 2.8 3.9 

11 10 9.1 12.6 3.4 4.8 

12 11 10.1 14.1 4.0 5.5 

13 12 11.3 15.6 4.3 5.9 
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Supplementary Table 7. Time-conversion data for base-free alkyne hydrogenation. 

 

Entry t [h] 
cis-Stilbene 1,2-Diphenylethane 

Yield [%] Yield [mol] Yield [%] Yield [mol] 

1 0 0 0 0 0 

2 0.166 5.0 7.0 16.1 22.4 

3 0.333 8.6 11.9 46.3 64.3 

4 0.500 11.3 15.6 72.0 100.1 

5 0.666 12.9 17.8 86.0 119.6 

6 0.833 13.3 18.4 87.8 122.0 

7 1.00 13.0 18.1 87.8 122.1 

8 1.333 12.6 17.5 87.9 122.1 

9 1.666 11.7 16.3 88.0 122.3 

10 2 11.1 15.4 88.8 123.5 

11 3 9.5 13.2 88.9 123.6 

12 4 8.5 11.8 89.2 123.9 

13 5 7.6 10.5 89.3 124.1 

14 6 5.7 7.9 89.4 124.2 

15 7 5.1 7.1 89.5 124.4 

16 8 4.6 6.4 89.9 124.9 

17 9 4.2 5.9 91.2 126.8 

18 10 3.8 5.3 90.2 125.3 

19 11 3.6 5.0 90.4 125.7 

20 12 3.3 4.5 90.7 126.0 
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Supplementary Table 8. Time-conversion data for the potassium assisted alkyne hy-

drogenation. 

 

Entry t [h] 
cis-Stilbene 1,2-Diphenylethane 

Yield [%] Yield [mol] Yield [%] Yield [mol] 

1 0 0 0 0 0 

2 1 1.22 1.69 0.15 0.21 

3 2 1.34 1.86 0.17 0.23 

4 3 1.50 2.08 0.17 0.23 

5 4 1.59 2.21 0.33 0.46 

6 5 1.72 2.39 0.28 0.39 

7 6 2.11 2.93 0.49 0.68 

8 7 1.76 2.44 0.31 0.43 

9 8 1.89 2.62 0.36 0.50 

10 9 1.07 1.48 0.41 0.57 

11 10 2.13 2.96 0.54 0.75 

12 11 2.09 2.90 0.54 0.75 

13 12 2.35 3.27 0.58 0.80 
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Supplementary Table 9. Time-conversion data for the base-free cis-Stilbene hydro-
genation. 

 

Entry t [h] 
trans-Stilbene 1,2-Diphenylethane 

Yield [%] Yield [mol] Yield [%] Yield [mol] 

1 0 0 0 0 0 

2 1 15.0 20.9 0.5 0.7 

3 2 20.5 28.5 0.8 1.0 

4 3 24.0 33.4 0.9 1.2 

5 4 27.5 38.2 1.0 1.4 

6 5 30.0 41.7 1.2 1.7 

7 6 32.5 45.2 1.4 1.9 

8 7 35.0 48.7 1.5 2.1 

9 8 37.0 51.4 1.6 2.3 

10 9 39.0 54.2 1.7 2.4 

11 10 40.5 56.3 1.8 2.6 

12 11 42.0 58.4 2.0 2.8 

13 12 44.0 61.2 2.2 3.1 
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Supplementary Table 10. Time-conversion data for the base-free trans-stilbene hydro-

genation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 1 1.8 2.4 

3 2 1.9 2.6 

4 3 2.1 2.9 

5 4 2.2 3.1 

6 5 2.4 3.8 

7 6 2.5 3.5 

8 7 2.6 3.7 

9 8 2.9 4.0 

10 9 2.9 4.1 

11 10 3.1 4.3 

12 11 3.2 4.4 

13 12 3.3 4.6 

 



 

215 

 

Supplementary Table 11. Time-conversion data for the potassium assisted trans-stil-
bene hydrogenation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 1 0.7 0.9 

3 2 0.8 1.2 

4 3 0.8 1.2 

5 4 0.9 1.2 

6 5 0.9 1.3 

7 6 1.0 1.3 

8 7 1.1 1.5 

9 8 1.1 1.5 

10 9 1.2 1.6 

11 10 1.2 1.7 

12 11 1.2 1.7 

13 12 1.3 1.9 
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Supplementary Table 12. Time-conversion data for the base-free 1-methoxy-4-nitro-
benzene hydrogenation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 1 0 0 

3 2 0 0 

4 3 0 0 

5 4 0 0 

6 5 0 0 

7 6 0 0 

8 7 0 0 

9 8 0 0 

10 9 0 0 

11 10 0 0 

12 11 0 0 

13 12 0 0 
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Supplementary Table 13. Time-conversion data for the potassium assisted 1-methoxy-
4-nitrobenzene hydrogenation. 

 

Entry t [h] Yield [%] Yield [mol] 

1 0 0 0 

2 1 3.94 5.47 

3 2 7.02 9.75 

4 3 9.67 13.44 

5 4 11.52 16.01 

6 5 16.13 22.42 

7 6 19.01 26.42 

8 7 21.67 30.12 

9 8 24.98 34.72 

10 9 27.75 38.57 

11 10 30.54 42.45 

12 11 35.03 48.69 

13 12 38.04 52.87 
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Supplementary Table 14. Initial rates of the hydrogenation products. 

Hydrogenation Product Base Initial rate [mol/h] Error [mol/h] 

 

 

– 1.69 ± 0.07 

2.00 eq. KOtBu 150.63 ± 23.43 

 

 

– 2.28 ± 0.05 

2.00 eq. KOtBu 110.95 ± 8.23 

 

 

– – – 

2.00 eq. KOtBu 4.31 ± 0.06 

 
 

– 190.10 ± 13.0 

2.00 eq. KOtBu 0.05 ± 0.007 
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Supplementary Figure 7. Stacked 1H NMR spectra of the in-situ hydrogenation of N-

benzylideneaniline without base. One of the signals of the product was marked with a 

rectangle. Yields were determined by referencing with the internal standard (1,3,5-tri-

methoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 8. Stacked 1H NMR spectra of the in-situ hydrogenation of N-

benzylideneaniline with 2 equivalents KOtBu. One of the signals of the product was 

marked with a rectangle. Yields were determined by referencing with the internal stand-

ard (1,3,5-trimethoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 9. Stacked 1H NMR spectra of the in-situ hydrogenation of ben-

zophenone without base. One of the signals of the product was marked with a rectan-

gle. Yields were determined by referencing with the internal standard (1,3,5-trimethox-

ybenzene) signal at 6.05 ppm. 
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Supplementary Figure 10. Stacked 1H NMR spectra of the in-situ hydrogenation of 

benzophenone with 2 equivalents KOtBu. One of the signals of the product was marked 

with a rectangle. Yields were determined by referencing with the internal standard 

(1,3,5-trimethoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 11. Stacked 1H NMR spectra of the in-situ hydrogenation of cis–

stilbene without base. One of the signals of the product was marked with a rectangle. 

Yields were determined by referencing with the internal standard (1,3,5-trimethoxyben-

zene) signal at 6.05 ppm. 
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Supplementary Figure 12. Stacked 1H NMR spectra of the in-situ hydrogenation of 

trans–stilbene without base. One of the signals of the product was marked with a rec-

tangle. Yields were determined by referencing with the internal standard (1,3,5-tri-

methoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 13. Stacked 1H NMR spectra of the in-situ hydrogenation of 

trans-stilbene with 2 equivalents KOtBu. One of the signals of the product was marked 

with a rectangle. Yields were determined by referencing with the internal standard 

(1,3,5-trimethoxybenzene) signal at 6.05 ppm. 

 

 



 

226 

 

 

Supplementary Figure 14. Stacked 1H NMR spectra of the in-situ hydrogenation of 

diphenylacetylene without base. One of the signals of the products was marked with a 

rectangle. Yields were determined by referencing with the internal standard (1,3,5-tri-

methoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 15. Stacked 1H NMR spectra of the in-situ hydrogenation of 

diphenylacetylene with 2 equivalents KOtBu. One of the signals of the products was 

marked with a rectangle. Yields were determined by referencing with the internal stand-

ard (1,3,5-trimethoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 16. Stacked 1H NMR spectra of the in-situ hydrogenation of 

diphenylacetylene without base. One of the signals of the products was marked with a 

rectangle. Yields were determined by referencing with the internal standard (1,3,5-tri-

methoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 153. Stacked 1H NMR spectra of the in-situ hydrogenation of 

diphenylacetylene with 2 equivalents KOtBu. One of the signals of the products was 

marked with a rectangle. Yields were determined by referencing with the internal stand-

ard (1,3,5-trimethoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 18. Stacked 1H NMR spectra of the in-situ hydrogenation of 1-

methoxy-4-nitrobenzene without base. One of the signals of the products was marked 

with a rectangle. Yields were determined by referencing with the internal standard 

(1,3,5-trimethoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 19. Stacked 1H NMR spectra of the in-situ hydrogenation of 1-

methoxy-4-nitrobenzene with 2 equivalents KOtBu. One of the signals of the products 

was marked with a rectangle. Yields were determined by referencing with the internal 

standard (1,3,5-trimethoxybenzene) signal at 6.05 ppm. 
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Supplementary Figure 16. Wilmad® quick pressure valve NMR-tube (5 mm diam.) with 

the red precursor solution (left) and with the yellow hydride solution after H2 pressuri-

zation (right). 
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