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�����*���&�G��'��44� ?!?H&� ���� ��)���6��� -*� : �25�
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�������6��B� $��� �������)���6���-*�<��������������������B�������* �6������)��*���	
��6�
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�����*���&��)��� ��� ����6������� ��� �������&����� ��� �������-*�5 �<4� � ���� ��C����� ?0� ����
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�������� ��;������ ��� ������� ����6������� ���*����� ���)�� '������������ ���'! � ��'� ���
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�� ��-��;����� ������������� ���� �*����� ������ ���� �� �� 6*���� 6����� 8&@8O>/� �����*� ����&�
< �2����
 �������C�������6����� *��� ������6������*���������������������� >, ��������������
�����*���6������������������������������)������ �������������������������������������7�/7/Q�
�7�+7/!&� ��-���� ��� ������ �����*��� ��������� ���7� , >� ���RQ��7� , ,?� ��� , >� ���R! � ���� ���� ���
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���6���������������������� >+��66�*������������������6�&�� ���	 �������C������������������
*���� �����*���� ���� 6*���� �*�������� �������� ���� ����� ��� �������� ��� ��������� ����� ���*�
�����*���������������5	 �%� >?����������6����������6*�����*����������������� -*�% �22�� �
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�������� ? @�! � ����� ������������� ���� ���-���� -*� � ����� �� ����������*� �)����-���
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�*6� >9�;����������*������� >E���-��;���������-*�5 �<4� �������C���������������� ���� ������
�����-���6������*��� ��� ;��������� �*������� >8� ������� ��)������ ���6*������ �*�������� ��������
�����������
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� &� ����� �� ������������� ������� �����*��� ���� ���� 08� ���� �����
������������ �����*���� ���� ���������� -*� ���� ���6� � ��� � ���� 9, � �G��3�44� ?!@H!� ����
: ���
�%� 9/ � �G��'� +�44� ?!?H!� ���� ������ ����� ��6������� ��� ��-��� ������ �����*� ��� ��)�� -����
6�-������ 9+O9>� ��� ������ *���&� ���� �������������� 6�-����� ��� �� -��� ������� �'��6��� ?&�
�������� /!� ��� ���-�������� ����� ���� ����� �����?�C��� ���� ���� ����� ��������� �� �)��� ��6����
�����)��*������������)��*&��������������)���6����� �����������-���������������*��� �������������
��)���6��������)��-���������)������������&���-���&� ����������������������*��� 90�4���������
�6���������������������������������������������� ����������������������������? E ��

���+,/@&�"���
�� �����% ���� ���)�������������������5 
W25�� Y� ��������6��B� $��� �����������*�
�������������
 ?���*����������)������6���*������������*������� 99�4���*��������������
-�����-�*����*������-*����������������������6��� ����������*����������� ����������*������*�
����)���������6��B� $��� ���������? +!����������� 
�?�
�� �������������-��*�����6��B� $��! �
�������� ? E!� -*� ���� �B�������� ��� ���� '	� ������� ���� � ������*������� �B���� �<� ?
	!� ����
��-��;���������������������������� �'�������-���� �����������������5 
W25�� Y� ��������6��B�
��� ���)���)��� ������!� ���� -���� �����-����� -*� ��� � ���6�� ��� . 3�	 9E&� %���� 98&�
� (
������1( E,�����: �22� E/ �5 ��'3
�� �������C�����������6*�����C������������C-������ ���
6����C���6��B��� $��+ E+� ���� $��1 E?&���6����)��*� ��������? E! � '��6���� ��� �������C- �����
$��1 &� 6*�����C-����� 6����� ���6��B��� �;����� ������ � ��6������� ��� �����*���� ��� �����
����������*��/@,�I'�)��E,�I'!�-������������;����- ����� ��� ��B�����5	 �%���;�������� $��1 ! ��

���+,/>&�����5 �<4� ����6����������������������-���������*��������� �
C���*������������������
������������� 	��! ���������? E! E@�. 3�
� �����. 3�
� �������C�����������3 �
�	
 Y� ���-����
���6��B� 	��� �������*��������������������6������������ E>�����5 ��'3
�� ����6�������������
����� �� 4&'&4C'� �� � ���6��B� 	��+ � �������� ? E!� ���� �����*������*� ����)�� ��� ����&� ���� �������
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4.1.2. Manganese-Catalyzed Sustainable Synthesis of Pyrroles from Alcohols and 
Amino Alcohols 

 

N-Heterocycles are a privileged class of compounds in chemistry due to their multitude of uses 
in everything from commodity chemicals to pharmaceuticals, materials, and pesticides. 
Recently, the KEMPE group introduced an iridium-based catalyst for the sustainable synthesis 
of pyrroles from abundantly available starting materials, namely alcohols and 1,2-amino 
alcohols (see scheme in Table 4.1). An even more sustainable approach would avoid the use of 
rare and expensive iridium. Since the manganese complexes developed in this work showed 
promising results in hydrogenation catalysis, they were investigated as catalysts in the 
acceptorless dehydrogenative condensation reaction, which involves two dehydrogenation 
steps (i.e. the reverse reaction to the hydrogenation presented in the previous chapter) as key 
elements of the reaction.  

The cheapest manganese complex, Mn-Ic (Table 4.1), was used to optimize relevant reaction 
parameters, like base, solvent, base amount, and reactant ratio. The optimal conditions were 
with KOtBu (1.5 equiv) as the base and 2-methyltetrahydrofuran (2-MeTHF) as the solvent. 
The secondary alcohol was used in two-fold excess and the mixture was refluxed for 18 hours. 
By comparing the rate of consumption of secondary alcohol versus the amino alcohol, it could 

 

Table 4.1. Precatalyst screening for the synthesis of pyrroles. 

 
Entry Precatalyst Yield [%] 

  
1 

 

R = H Mn-Ia 60 
2 R = Me Mn-Ib  58 
3 R = Ph Mn-Ic 69 
4 R = (4-CF3)C6H4 Mn-Id  49 
5 R = NHcPr Mn-Ie 37 
6 R = NEt2 Mn-If  45 
7 
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8 

 

M = Mn  0 
9 M = Fe  0 
10 M = Co  0 
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Figure 4.2. Molecular structure of Cr-Id  (left) and Cr-II d (right). Solvent molecules and CH atoms omitted for 
clarity; thermal ellipsoids set at 50 % probability. 

 

The complexes were then applied as precatalysts in the alkylation of aniline by benzyl alcohol 
(see scheme in Table 4.2). Initially, the highest conversion was observed when Cr-IId  was 
employed as precatalyst. However, contrary to when Cr-Id  is used, the yield of product could 
not be increased any further by optimization of reaction parameters.  

 

Table 4.2. Precatalyst screening for the N-alkylation of aniline using a library of Cr complexes. [a]: after 
optimization of common reaction parameters. 

 
Precatalyst Yield [%] Precatalyst Yield [%] 

    
Cr-Ia 21 Cr-IIa  23 
Cr-Ib  24 Cr-IIb  35 
Cr-Ic 29 Cr-IIc  22 
Cr-Id  52 (97[a]) Cr-IId  58 
Cr-Ie 18 Cr-IIe  31 
Cr-If  15 Cr-IIf  1 
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General 
 

All reactions and manipulations with air sensitive compounds were performed under dry argon 
(Ar 5.0) or nitrogen (N2 5.0), using Schlenk and glove box techniques. Non-halogenated 
solvents were dried over sodium benzophenone and halogenated solvents were dried over P2O5. 
Deuterated solvents were bought from Cambridge Isotope Laboratories, distilled and stored 
over molecular sieves (3 �@�;. Chemicals were purchased from commercial sources and used 
without further purification ���S�X�U�L�W�\���•������������. NMR spectra were received using a Varian INOVA 
300 MHz spectrometer. Chemical shifts are reported in ppm relative to the deuterated solvent. 
GC analyses were carried out on an Agilent Technologies 6890N system equipped with an 
Optima17 column (30 m, 320 µm, 0.25 µm). GC/MS analyses were carried out on an Agilent 
7890A/MSD 5975C system equipped with a HP-5MS column (30 m, 320 µm, 0.25 µm). X-ray 
crystal structure analyses were performed with a STOE IPDS-II diffractometer and a STOE 
�6�7�$�'�,�9�$�5�,���>�����0�R-K �.)= 0.71073 Å]  equipped with an Oxford Cryostream low temperature 
unit. Structure solution and refinement were accomplished with SIR97[1], SHELXL-2014[2], 
WinGX[3] and Mercury 3.5.1[4]. FTIR measurements were carried out under a nitrogen 
atmosphere on an Agilent Cary 630 FTIR equipped with a Diamond ATR unit. Elemental 
analyses were performed by using a Vario elementar EL III . The hydrogenation experiments 
were carried out using Parr Instrument stainless steel autoclaves N-MT5 300 mL equipped with 
heating mantles and temperature controller. 

 

 

General procedure for ketone hydrogenation: 

In a nitrogen filled glovebox, a 10 mL glass vial was charged with a magnetic stirring rod, 
500 µL of a stock solution of the pre-catalyst, 1 mL of a stock solution of a base and 3 mmol 
substrate. The vial was sealed with a perforated screw lid and placed inside a 300 mL Parr 
Instruments high pressure autoclave, which was then removed from the glovebox and purged 5 
times with hydrogen (H2 5.0). Afterwards, the final pressure was applied and the reaction vessel 
was heated. The reaction was stopped by releasing the hydrogen and adding 1 mL water to the 
solution. For quantitative GC analysis, dodecane was added and the mixture diluted with diethyl 
ether. After vigorous shaking, an aliquot was removed, dried over sodium sulfate and analyzed 
via gas chromatography. 
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Alcohol syntheses 
 

Synthesis of 1-phenylpentan-1-ol (4d):  

 

Pre-catalyst 3b (30 µmol, 1 mol%, 17.7 mg), KOtBu (300 µmol, 10 mol%, 33.7 mg), 
1.5 mL toluene and 1-phenylpentan-1-one (3 mmol, 499 µL) are added consecutively to a glass 
vial. The glass vial is placed in an autoclave which is purged five times with H2 gas before it is 
pressurized with 20 bar H2. After 4 hours, the reaction is stopped by releasing the hydrogen and 
the addition of 1 mL water. The product was isolated by column chromatography over SiO2 
(ethyl acetate/pentane : 1/9). Yield: 98 % (481 mg) as a colorless oil. 1H NMR (CDCl3, 299.86 
MHz, 20 °C): �/ = 7.41 - 7.20 (m, 5H), 4.67 (dd, J = 7.3, 6.1 Hz, 1H), 1.85 - 1.64 (m, 3H), 
1.48 - 1.15 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (CDCl3, 75.41 MHz, 20 °C): 
�/ = 145.1, 128.6, 127.6, 126.0, 74.9, 39.0, 28.1, 22.8, 14.2 ppm. 

 

Synthesis of 1-(4-chlorophenyl)ethanol (4g):  

 

Pre-catalyst 3b (3 µmol, 0.1 mol%, 500 µL of a 6 mM stock solution), KOtBu (30 µmol, 1 
mol%, 1000 µL of a 30 mM stock solution) and 1-(4-chlorophenyl)ethanone (3 mmol, 389 µL) 
are added consecutively to a glass vial. The glass vial is placed in an autoclave which is purged 
five times with H2 gas before it is pressurized with 20 bar H2. After 4 hours, the reaction is 
stopped by releasing the hydrogen and the addition of 1 mL water. The product is purified by 
filtration over a plug of SiO2. Yield: 96 % (449 mg) as a colorless oil. 1H NMR (CDCl3, 299.86 
MHz, 20 °C): �/ =  7.54 �± 7.43 (m, 2H), 7.30 �± 7.21 (m, 2H), 4.87 (q, J = 6.4 Hz, 1H), 1.99 (s, 
1H), 1.48 (dd, J = 6.5, 1.5 Hz, 3H) ppm. 13C NMR (CDCl3, 75.41 MHz, 20 °C): �/ = 144.9, 
131.7, 127.3, 121.3, 69.9, 25.4 ppm. 

 

Synthesis of 1-(4-bromophenyl)ethanol (4h):  

 

Pre-catalyst 3b (3 µmol, 0.1 mol%, 500 µL of a 6 mM stock solution), KOtBu (30 µmol, 1 
mol%, 1000 µL of a 30 mM stock solution) and 1-(4-bromophenyl)ethanone (3 mmol, 597 mg) 
are added consecutively to a glass vial. The glass vial is placed in an autoclave which is purged 
five times with H2 gas before it is pressurized with 20 bar H2. After 4 hours, the reaction is 
stopped by releasing the hydrogen and the addition of 1 mL water. The product is purified by 
filtration over a plug of SiO2. Yield: 95 % (574 mg) as an off-white solid. 1H NMR (CDCl3, 
299.86 MHz, 20 °C): �/ = 7.33 �± 7.22 (m, 4H), 4.82 (q, J = 6.4 Hz, 1H), 2.45 (s, 1H), 1.43 (dd, 
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J = 6.5, 1.0 Hz, 3H)  ppm. 13C NMR (CDCl3, 75.41 MHz, 20 °C): �/ = 144.3, 133.1, 128.7, 
126.9, 69.8, 25.4 ppm.  

Upscaling: Pre-catalyst 3b (45 µmol, 0.1 mol%, 26.5 mg), KOtBu (450 µmol, 1 mol%, 50.5 
mg), 1-(4-bromophenyl)ethanone (45 mmol, 8.955 g) and 22.5 mL toluene were added 
consecutively to a 100 mL beaker. The beaker is placed in an autoclave which is purged five 
times with H2 gas before it is pressurized with 20 bar H2. After 4 hours, the reaction is stopped 
by releasing the hydrogen and the addition of 15 mL water. The product is purified by filtration 
over a plug of SiO2. Yield: 97 % (8.780 g) as an off-white solid. The purity was verified by 
GC-analysis. 

 

Synthesis of 1-(4-methoxyphenyl)ethanol (4i):  

 

Pre-catalyst 3b (30 µmol, 1 mol%, 17.7 mg), KOtBu (300 µmol, 10 mol%, 33.7 mg), 
1.5 mL toluene and 1-(4-methoxyphenyl)ethanone (3 mmol, 451 mg) are added consecutively 
to a glass vial. The glass vial is placed in an autoclave which is purged five times with H2 gas 
before it is pressurized with 20 bar H2. After 4 hours, the reaction is stopped by releasing the 
hydrogen and the addition of 1 mL water. The product was isolated by column chromatography 
over SiO2 (ethyl acetate/pentane : 1/3). Yield: 91 % (415 mg) as a colorless oil. 1H NMR 
(CDCl3, 299.86 MHz, 20 °C): �/ = 7.34 �± 7.27 (m, 2H), 6.92 �± 6.85 (m, 2H), 4.86 (q, J = 6.4 Hz, 
1H), 3.81 (s, 3H), 1.72 (s, 1H), 1.48 (d, J = 6.4 Hz, 3H) ppm. 13C NMR (CDCl3, 75.41 MHz, 
20 °C): �/ = 159.1, 138.1, 126.8, 114.0, 70.2, 55.5, 25.2 ppm. 

 

Synthesis of methyl-4-(1-hydroxyethyl)benzoate (4k): 

 

Pre-catalyst 3b (30 µmol, 1 mol%, 17.7 mg), KOtBu (300 µmol, 10 mol%, 33.7 mg), 1.5 mL 
toluene and methyl 4-acetylbenzoate (3 mmol, 535 mg) are added consecutively to a glass vial. 
The glass vial is placed in an autoclave which is purged five times with H2 gas before it is 
pressurized with 20 bar H2. After 4 hours, the reaction is stopped by releasing the hydrogen and 
the addition of 1 mL water. The product was isolated by column chromatography over SiO2 
(diethyl ether/pentane : 2/1). Yield: 52 % (281 mg) as a colorless oil. 1H NMR (CDCl3, 299.86 
MHz, 23 °C): �/ = 8.01 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 4.95 (q, J = 6.2 Hz, 1H), 
3.90 (s, 3H), 2.03 (s, 1H), 1.50 (d, J = 6.5 Hz, 3H) ppm. 13C NMR (CDCl3, 75.41 MHz, 23 °C): 
�/ = 166.96, 150.91, 129.84, 125.27, 69.98, 52.10, 25.30 ppm. 
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Synthesis of 1-(2-fluorophenyl)ethanol (4n): 

 

Pre-catalyst 3b (30 µmol, 1 mol%, 17.7 mg), KOtBu (300 µmol, 10 mol%, 33.7 mg), 
1.5 mL toluene and 1-(2-fluorophenyl)ethanone (3 mmol, 364 µL) are added consecutively to 
a glass vial. The glass vial is placed in an autoclave which is purged five times with H2 gas 
before it is pressurized with 20 bar H2. After 4 hours, the reaction is stopped by releasing the 
hydrogen and the addition of 1 mL water. The product was isolated by column chromatography 
over SiO2 (ethyl acetate/pentane : 1/3). Yield: 92 % (387 mg) as a colorless oil. 1H NMR (C6D6, 
299.86 MHz, 25 °C): �/ = 7.71 �± 7.29 (m, 1H), 6.98 �± 6.63 (m, 3H), 4.94 (dd, J = 6.3, 2.6 Hz, 
1H), 1.29 (d, J = 6.4 Hz, 3H) ppm. 13C NMR (CDCl3, 75.41 MHz, 25 °C): �/ = 161.6, 158.3, 
128.7, 128.6, 127.1, 127.0, 124.5, 124.4, 115.3, 115.0, 64.1, 24.5 ppm. 19F NMR (C6D6, 
282 MHz, 25 °C) �/ = -120.3 ppm. 

 

Synthesis of 1-(pyridin-2-yl)ethanol (4o): 

 

Pre-catalyst 3b (15 µmol, 0.5 mol%, 500 µL of a 30 mM stock solution), KOtBu (150 µmol, 
5 mol%, 16.8 mg), 1.0 mL toluene and 1-(pyridin-2-yl)ethanone (3 mmol, 336 µL) are added 
consecutively to a glass vial. The glass vial is placed in an autoclave which is purged five times 
with H2 gas before it is pressurized with 20 bar H2. After 4 hours, the reaction is stopped by 
releasing the hydrogen and the addition of 1 mL water. The product was isolated by column 
chromatography over SiO2 (ethyl acetate/pentane : 3/1). Yield: 92 % (338 mg) as a yellow oil. 
1H NMR (C6D6, 299.86 MHz, 23 °C): �/ = 8.27 (d, J = 3.9 Hz, 1H), 6.99 (t, J = 7.6 Hz, 1H), 
6.77 (d, J = 7.7 Hz, 1H), 6.62 �± 6.50 (m, 1H), 4.82 (dd, J = 12.3, 5.9 Hz, 1H), 4.36 (s, 1H), 
1.42 (d, J = 6.5 Hz, 3H) ppm. 13C NMR (C6D6, 75.41 MHz, 23 °C): �/ = 164.1, 148.3, 136.4, 
121.9, 119.8, 69.0, 24.7 ppm. 

 

Synthesis of (4-methoxyphenyl)(phenyl)methanol (4s): 

 

Pre-catalyst 3b (15 µmol, 0.5 mol%, 500 µL of a 30 mM stock solution), KOtBu (150 µmol, 
5 mol%, 16.8 mg), 1.0 mL toluene and (4-methoxyphenyl)(phenyl)methanone (3 mmol, 
637 mg) are added consecutively to a glass vial. The glass vial is placed in an autoclave which 
is purged five times with H2 gas before it is pressurized with 20 bar H2. After 4 hours, the 
reaction is stopped by releasing the hydrogen and the addition of 1 mL water. The product was 
isolated by column chromatography over SiO2 (ethyl acetate/pentane : 1/5). Yield: 93% 
(595 mg) as a colorless solid. 1H NMR (C6D6, 299.86 MHz, 25 °C): �/  = 7.34 (d, J = 7.6 Hz, 
2H), 7.19 (d, J = 8.8 Hz, 3H), 7.14 �± 7.01 (m, 2H), 6.73 (d, J = 8.6 Hz, 2H), 5.52 (s, 1H), 3.27 
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(s, 3H), 1.77 (d, J = 12.6 Hz, 1H) ppm. 13C NMR (C6D6, 75.41 MHz, 25 °C): �/ = 159.5, 145.2, 
137.1, 128.5, 128.3, 127.4, 126.9, 114.1, 75.8, 54.8 ppm. 

 

Synthesis of hex-5-en-2-ol (5d): 

 

Pre-catalyst 3b (3 µmol, 0.1 mol%, 500 µL of a 6 mM stock solution), KOtBu (30 µmol, 
1 mol%, 1000 µL of a 30 mM stock solution) and hex-5-en-2-one (3 mmol, 348 µL) are added 
consecutively to a glass vial. The glass vial is placed in an autoclave which is purged five times 
with H2 gas before it is pressurized with 20 bar H2. After 4 hours, the reaction is stopped by 
releasing the hydrogen and the addition of 1 mL water. The product was isolated by column 
chromatography over SiO2, which was deactivated prior to use by flushing with triethylamine 
(diethyl ether/pentane : 1/1). Yield: 95 % (286 mg) as a slightly yellow oil. 1H NMR (C6D6, 
299.86 MHz, 23 °C): �/ = 5.75 (ddt, J = 16.9, 10.1, 6.7 Hz, 1H), 5.07 �± 4.88 (m, 2H), 
3.61 - 3.42 (m, 1H), 2.19 �± 1.88 (m, 2H), 1.49 �± 1.04 (m, 3H), 0.97 (d, J = 6.2 Hz, 3H) ppm. 
13C NMR (CDCl3, 75.41 MHz, 23 °C): �/ = 138.6, 114.3, 66.8, 38.3, 30.1, 23.3 ppm. 

 

Synthesis of 6-methylhept-5-en-2-ol (5e): 

 

Pre-catalyst 3b (6 µmol, 0.2 mol%, 500 µL of a 12 mM stock solution), KOtBu (60 µmol, 
2 mol%, 1000 µL of a 60 mM stock solution) and 6-methylhept-5-en-2-one (3 mmol, 441 µL) 
are added consecutively to a glass vial. The glass vial is placed in an autoclave which is purged 
five times with H2 gas before it is pressurized with 20 bar H2. After 4 hours, the reaction is 
stopped by releasing the hydrogen and the addition of 1 mL water. The product was isolated by 
column chromatography over SiO2 (diethyl ether/pentane : 3/1). Yield: 86 % (331 mg) as a 
colorless oil. 1H NMR (C6D6, 299.86 MHz, 23 °C): �/ = 5.17 (ddd, J = 8.6, 5.8, 1.4 Hz, 1H), 
3.58 (dd,  J = 12.1, 6.0 Hz, 1H), 2.19 �± 1.94 (m, 2H), 1.65 (s, 3H), 1.56 (s, 3H), 1.50 �± 1.26 (m, 
2H), 1.18 (s, 1H), 1.07 �± 0.99 (m, 3H) ppm. 13C NMR (CDCl3, 75.41 MHz, 23 °C): �/ = 131.5, 
125.0, 67.4, 39.7, 25.9, 24.9, 23.8, 17.7 ppm. 
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Ligand syntheses 
 

(4-Ph)Triaz(NHPiPr2)2 (1a)[5], (4-NHCpr)Triaz(NHPiPr2)2 (1b, Cpr = Cyclopropyl)[6] and 
(4-Me)Triaz(NHPiPr2)2 (1c)[5] were prepared according to literature. 

 

Synthesis of N2,N2-diethyl-1,3,5-triazine-2,4,6-triamine: 

 

Following the procedure of WÜRTHNER et al.[7], a solution of 6-chloro-1,3,5-triazine-2,4-
diamine (50 mmol, 7.3 g, 1 eq), diethylamine (55 mmol, 5.8 mL, 1.1 eq) and NaHCO3 
(55 mmol, 4.6 g, 1.1 eq) in DMF (200 mL) was heated to reflux for 15 h. After cooling to room 
temperature, 500 mL of water were added. The aqueous layer was extracted with DCM 
(5x100 mL), the organic phases were combined, washed with brine, dried over Na2SO4 and 
evaporated. The resulting crude product was recrystallized from warm CHCl3. Yield: 58 % 
(5.3 g) as colorless crystals. 1H NMR (CDCl3, 299.86 MHz, 23 °C): �/ = 4.74 (s, 4H), 3.52 (q, 
J = 7.1 Hz, 4H), 1.13 (t, J = 7.1 Hz, 6H) ppm. 13C NMR (CDCl3, 75.41 MHz, 23 °C): �/ = 167.5, 
165.4, 40.9, 13.4 ppm. 

 

Synthesis of (4-NEt2)Triaz(NHP iPr2)2 (1d): 

 

To a suspension of N2,N2-diethyl-1,3,5-triazine-2,4,6-triamine (16.4 mmol, 3.0 g, 1 eq) in 
thf (75 mL) at 0 °C, chlorodiisopropylphosphine (36.1 mmol, 6 mL, 2.2 eq) was added. 
Afterwards, triethylamine (66 mmol, 9.5 mL, 4 eq) was added dropwise and the solution was 
stirred at 0 °C for an additional 30 min before the solution was heated to 50 °C for 20 h. After 
filtration, all volatiles were removed in vacuo and the resulting crude product was recrystallized 
from hot toluene to yield 74 % (5 g) of (4-NEt2)Triaz(NHPiPr2)2 as colorless crystals. 1H NMR 
(CDCl3, 299.86 MHz, 23 °C): �/ = 5.27 (s, 2H), 3.53 (q, J = 7.0 Hz, 4H), 1.70 (s, 4H), 1.16 �± 
0.84 (m, 32H) ppm. 13C NMR (CDCl3, 75.41 MHz, 23 °C): �/ = 41.4, 26.6, 26.4, 19.4, 19.1, 
18.2, 13.7 ppm. 31P NMR (C6D6, 202 MHz, 23 °C): �/ = 49.6 ppm. 
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Complex syntheses 
 

Synthesis of (4-Ph)Triaz(NHPiPr2)2MnCl 2 (2a): 

 

In a Schlenk tube, (4-Ph)Triaz(NHPiPr2)2 (3 mmol, 1.24  g, 1 eq) and manganese(II) chloride 
(3 mmol, 378 mg, 1 eq) were dissolved in thf (20 mL) and stirred for 20 h at 55 °C. After 
filtration, half of the solvent was removed in vacuo. After cold filtration, yellow crystals, 
suitable for X-ray single crystal analysis, were obtained by adding toluene (5 mL) and storing 
the solution at -20 °C for 3 days. Yield: 1.2 g (75%). Elemental analysis calcd for 
C21H35Cl2MnN5P2 (M: 545.33) [%]: C 46.25, H 6.47, N 12.84; found: C 44.86, H 6.46, N 12.13. 

 

Synthesis of (4-NHCpr)Triaz(NHPiPr2)2MnCl 2 (2b): 

 

In a Schlenk tube, (4-NHCpr)Triaz(NHPiPr2)2 (1 mmol, 398 mg, 1 eq) and manganese(II) 
chloride (1 mmol, 126 mg, 1 eq) were dissolved in thf (20 mL) and stirred for 20 h at 55 °C. 
After filtration, all volatiles were removed in vacuo to afford (4-NHCpr)Triaz(NHPiPr2)2MnCl2 
(2b) as a colorless solid. Yield: 90 % (472 mg). Elemental analysis calcd for C18H36Cl2MnN6P2 
(M: 524.31) [%]: C 41.23, H 6.92, N 16.03; found: C 41.32, H 7.07, N 15.48. 

 

Synthesis of (4-Ph)Triaz(NHPiPr2)2Mn(CO)2Br (3a): 
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In a Schlenk tube, (4-Ph)Triaz(NHPiPr2)2 (3 mmol, 1.26 g, 1 eq) and manganese pentacarbonyl 
bromide (3 mmol, 0.82 g, 1 eq) were suspended in toluene (40 mL) and heated to reflux for 
16 h. After cooling to room temperature, the supernatant solution was filtered off and the 
precipitate was dried in vacuo at 100 °C to afford (4-Ph)Triaz(NHPiPr2)2Mn(CO)2Br (3a) as a 
bright yellow powder. Yield: 87 % (1.6 g). Elemental analysis calcd for C23H35BrMnN5O2P2 

(M: 610.35) [%]: C 45.26, H 5.78, N 11.47; found: C 44.26, H 5.06, N 11.32. 

 

Synthesis of (4-NHCpr)Triaz(NHPiPr2)2Mn(CO) 2Br (3b): 

 

In a Schlenk tube, (4-NHCpr)Triaz(NHPiPr2)2 (3 mmol, 1.20 g, 1 eq) and manganese 
pentacarbonyl bromide (3 mmol, 0.82 g, 1 eq) were suspended in toluene (40 mL) and heated 
to reflux for 16 h. After cooling to room temperature, the supernatant solution was filtered off 
and the precipitate was dried in vacuo at 100 °C to afford 
(4-NHCpr)Triaz(NHPiPr2)2Mn(CO)2Br (3b) as a bright yellow powder. Yield 91 % (1.6 g). 
Elemental analysis calcd for C20H36BrMnN6O2P2 (M: 589.34) [%]: C 40.76, H 6.16, N 14.26; 
found: C 41.03, H 6.09, N 13.99. 

Crystals, suitable for X-ray single crystal analysis, were prepared by layering a saturated 
solution of the compound in C6D6 with n-hexane and leave the solution to evaporate in a 
glovebox. 

 

Synthesis of (4-Me)Triaz(NHPiPr2)2Mn(CO)2Br (3c): 

 

In a Schlenk tube, (4-Me)Triaz(NHPiPr2)2 (3 mmol, 1.07 g, 1 eq) and manganese pentacarbonyl 
bromide (3 mmol, 0.82 g, 1 eq) were suspended in toluene (40 mL) and heated to reflux for 
16 h. After cooling to room temperature, the supernatant solution was filtered off and the 
precipitate was dried in vacuo at 100 °C to afford (4-Me)Triaz(NHPiPr2)2Mn(CO)2Br (3c) as a 
bright yellow powder. Yield: 91 % (1.5 g). Elemental analysis calcd for C18H33BrMnN5O2P2 
(M: 548.28) + 0.5 C7H8 (M: 92.14) [%]: C 43.37, H 6.43, N 11.76; found: C 41.69, H 6.14, N 
11.23.  
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Synthesis of (4-NEt2)Triaz(NHP iPr2)2Mn(CO)2Br (3d): 

 

In a Schlenk tube, (4-NEt2)Triaz(NHPiPr2)2 (1 mmol, 415 mg, 1 eq) and manganese 
pentacarbonyl bromide (1 mmol, 275 mg, 1 eq) were suspended in toluene (40 mL) and heated 
to reflux for 16 h. After cooling to room temperature, the supernatant solution was filtered off 
and the precipitate was dried in vacuo at 100 °C to afford (4-NEt2)Triaz(NHPiPr2)2Mn(CO)2Br 
(3d) as a bright yellow powder. Yield: 75 % (450 mg). Elemental analysis calcd for 
C21H40BrMnN6O2P2 (M: 605.37) [%]: C 41.66, H 6.66, N 13.88; found: C 41.18, H 6.56, N 
13.51. 

 

 

Screening Reactions 
 

 

Scheme S1. Model reaction for screening reactions. 

 

Table S1. Solvent Screening[a] 

Entry Solvent Yield[b] [%] 
1 thf 40 
2 1,4-dioxane 37 
3 toluene 78 
4 xylene 39 
5 2-methyl-2-butanol 27 
6 1-methoxy-2-(2-methoxyethoxy)ethane (diglyme) 20 
7 acetonitrile 3 

[a] Reaction conditions: 3 mmol acetophenone, 0.25 mol% pre-catalyst 3c (7.5 µmol), 
5 mol% NaOtBu (150 µmol), 2 mL solvent, 20 bar H2, 60 °C, 4 h. [b] Determined via GC 
with dodecane as internal standard. 
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Table S2. Base Screening[a] 

Entry Base Yield[b] [%] 
1 LiOtBu 8 
2 NaOtBu 51 
3 KO tBu 91 
4 LiOH 0 
5 NaOH 0 
6 KOH 5 
7 Cs2CO3 0 
8 KN(SiMe3)2 71 

[a] Reaction conditions: 3 mmol acetophenone, 0.25 mol% pre-catalyst 3c (7.5 µmol), 
5 mol% base (150 µmol), 2 mL toluene, 20 bar H2, 60 °C, 4 h. [b] Determined via GC with 
dodecane as internal standard. 

 

 

Table S3. Base Amount Screening[a] 

Entry Base Amount (equivalents with respect to the pre-catalyst) Yield[b] [%] 
1 0.5 0 
2 1 0 
3 1.5 2 
4 2 31 
5 3 65 
6 4 83 
7 5 90 
8 10 97 
9 20 91 

[a] Reaction conditions: 3 mmol acetophenone, 0.25 mol% pre-catalyst 3c (7.5 µmol), KOtBu, 
2 mL toluene, 20 bar H2, 60 °C, 4 h. [b] Determined via GC with dodecane as internal 
standard. 

 

Table S4. Solvent Amount Screening[a] 

Entry Solvent Amount [mL] Yield[b] [%] 
1 0.5 86 
2 1 85 
3 1.5 90 
4 2 78 

[a] Reaction conditions: 3 mmol acetophenone, 0.25 mol% pre-catalyst 3c (7.5 µmol), 
5 mol% KOtBu, toluene, 20 bar H2, 60 °C, 4 h. [b] Determined via GC with dodecane as 
internal standard. 
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Table S5. Pre-catalyst Screening 

Entry Pre-catalyst Yield[c] [%] 

1 

2a[a] 

0 

2 

2b[a] 

0 

3 

3a[b] 

38 

4 

3b[b] 

72 

5 

3c[b] 

31 

6 

3d[b] 

55 

7 MnCl2 
[a] 0 

8 [MnBr(CO)5] [b] 0 

Reaction conditions: [a] 1 mmol acetophenone, 5 mol% pre-catalyst, 100 mol% KOtBu, 2 mL toluene, 
60 bar H2, 60 °C, 16 h. [b] 3 mmol acetophenone, 0.1 mol% pre-catalyst, 1 mol% KOtBu, 2 mL toluene, 
20 bar H2, 60 °C, 4 h. [c] Determined by GC with dodecane as internal standard. 
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Table S6. Temperature Screening[a] 

Entry Temperature [°C] Yield[b] [%] 
1 40 44 
2 60 72 
3 80 >99 

[a] Reaction conditions: 3 mmol acetophenone, 0.1 mol% pre-catalyst 3b (3 µmol), 1 mol% 
KOtBu (30 µmol), 2 mL toluene, 20 bar H2, 4 h. [b] Determined via GC with dodecane as 
internal standard. 

 

 

Product Screening 

Table S7. Hydrogenation of aryl-alkyl, diaryl carbonyl compounds and aldehydes.[a] 

 

Entry Product Pre-cat. loading [mol%] Yield[d] [%] 

1 

 

4a 0.1 >99 

2 

 

4b 
0.2 
1 

97 
>99 

3 

 

4c 
0.1 
1 

64 
>99 

4 

 

4d 1 
>99 (98[c]) 

 

5 

 

4e 1[e] 99 

6 

 

4f 1[e] 82 

7 

 

4g 0.1 97 (96[c]) 

8 

 

4h 0.1 97 (95[c]) 

9 

 

4i 
0.1 
1 

70 
>99 (91[c]) 
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10 

 

4j 2 89 

11 

 

4k 1 52[c] 

12 

 

4l 0.2 >99 

13 

 

4m 0.2 98 

14 

 

4n 1 >99 (92[c]) 

15 

 

4o 
0.1 
0.5 

79 
>99 (92[c]) 

16 

 

4p 0.5 >99 

17 

 

4q 0.5 75 

18 

 

4r 0.5 >99 

19 

 

4s 0.5 >99 

20 

 

4t 0.1[b] >99 

21 

 

4u 1 >99 

22 

 

4v 1 
0  

(ester formation was observed) 

23 

 

4w 1 
0 

(amide cleavage was observed) 

24 

 

4x 1 
0 

(no reaction) 

25 

 

4y 1 0 
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26 

 

4z 1 0 

27 

 

4za 1 0 

[a] Reaction conditions: 3 mmol substrate, pre-catalyst 3b, KOtBu, 1.5 mL toluene, 20 bar H2, 
80 °C, 4 h. [b] 40 °C. [c] Yield of isolated product. [d] Determined by GC with dodecane as 
internal standard. [e] 24 h. 
 

 

Table S8. Hydrogenation of dialkyl, and cycloalkyl carbonyl compounds. [a] 

 

entry product  pre-cat. loading [mol%] yield[b] [%] 

1 
 

5a 0.1 
0.5 

67 
>99 

 

2 
 

5b 0.2 
1 

95 
>99 

 

3 
 

5c 1 88 

4 
 

5d 0.1 >99 (95[c]) 

5 
 

5e 0.2 98 (86[c]) 
 

6 
 

5f 0.1 98 

7 
 

5g 0.2 96 

8 

 

5h 1 58 

9 
 

5i 1 97 

10 
 

5j 1 0 

[a] Reaction conditions: 3 mmol substrate, pre-catalyst 3b, KOtBu, 1.5 mL toluene, 20 bar H2, 
80 °C, 4 h. [b] Determined by GC with dodecane as internal standard. [c] Yield of isolated 
product.  
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Potassium graphite reduction experiment: 

 

 

 

Pre-catalyst 2a (50 µmol, 5 mol%, 27 mg), KOtBu (1 mmol, 100 mol%, 112 mg), KC8 (50 
µmol, 7 mg), 1.5 mL toluene and acetophenone (1 mmol, 117 µL) were added consecutively to 
a glass vial. The glass vial is placed in an autoclave which is purged five times with H2 gas 
before it is pressurized with 20 bar H2. After 16 hours, the reaction is stopped by releasing the 
hydrogen and the addition of 1 mL water. GC analysis indicated no signs of hydrogenation 
activity. 
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NMR spectra of isolated products 
1-phenylpentan-1-ol (4d):   
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1-(4-chlorophenyl)ethanol (4g) 
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1-(4-bromophenyl)ethanol (4h) 
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1-(4-methoxyphenyl)ethanol (4i) 
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methyl-4-(1-hydroxyethyl)benzoate (4k) 
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1-(2-fluorophenyl)ethanol (4n) 
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1-(pyridin-2-yl)ethanol (4o) 
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(4-methoxyphenyl)(phenyl)methanol (4s) 
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hex-5-en-2-ol (5d) 
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6-methylhept-5-en-2-ol (5e) 
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NMR spectra of ligands 
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1H NMR spectra of complexes 
1H NMR spectra of 2a 

 
1H NMR spectra of 2b 
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1H NMR spectra of 3a 

 
1H NMR spectra of 3b 

 
1H NMR spectra of 3c 



Supporting Information �± Highly Active and Selective Manganese C=O Bond Hydrogenation Catalysts: The 
Importance of the Multidentate Ligand, the Ancillary Ligands, and the Oxidation State 

78 

 
1H NMR spectra of 3d 
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IR Spectra 
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Activation of 3b with KO tBu: 

To a solution of 3b (0.5 mmol, 295 mg, 1 eq) in toluene (10 mL) in a Schlenk tube, potassium 
tert-butoxide (0.5 mmol, 56 mg, 1 eq) was added inside a glovebox. The mixture was then 
heated to 80 °C for 1 h. After cooling to room temperature, all volatiles were removed under 
reduced pressure. The resulting solid was then suspended in toluene (5 mL) and the solution 
was filtered off and dried in vacuo to yield a blue powder. ATR-IR: 1908 (��CO), 1830 (��CO) cm-

1.  
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Activation of 3b �³in situ�´���X�Q�G�H�U���K�\�G�U�R�J�H�Q���S�U�H�V�V�X�U�H�� 

A glass vial was subsequently charged with 3b (0.1 mmol, 59 mg, 1 eq), KOtBu (0.1 mmol, 
11.2 mg, 1 eq) and toluene (1.5 mL). The glass vial was then placed in an autoclave, which was 
pressurized to 20 bar hydrogen after purging it 5 times. The autoclave was then heated to 80 °C 
for 1 h. Afterwards the pressure was reduced to 1 bar and the autoclave was put inside a 
glovebox. The reaction solution had turned colourless and was directly placed on an IR 
spectrometer. ATR-IR: 1825 (��CO), 1740 (��CO) cm-1.  
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Crystallographic data 
 

Compound 2a 3b 
Formula C21H35Cl2MnN5P2 C20H36BrMnN6O2P2 

Formula weight 545.33 589.33 
Crystal system triclinic orthorhombic 
Space group �2�s$ P212121 

a [�@] 13.644(5) 9.731(5) 
b [�@] 15.533(5) 14.214(5) 
c [�@] 17.006(5) 21.861(5) 
�. [°] 101.726(5) 90.000(5) 
�� [°] 95.589(5) 90.000(5) 
�[ [°] 100.739(5) 90.000(5) 

Cell volume [�@³] 3433(2) 3024(2) 
Z 2 4 

Crystal size [mm³] 0.533 x 0.296 x 0.164 0.286 x 0.157 x 0.097 
Habit block block 
Color yellow orange 

Density [gcm-3] 1.264 1.466 
T [K] 133(2) 133(2) 

Theta range 1.235-28.42 1.709-25.998 
Unique reflections 13235 5931 

Observed reflections 
[I>2s(I)] 8989 5023 

Parameters 726 363 
wR2 (all data) 0.1332 0.0787 

R [I>2s(I)] 0.0521 0.0383 
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Crystallographic data of 2a 

 

 
checkCIF/PLATON report of 2a 
 
Structure factors have been supplied for datablock(s) shelx 
 
THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE 
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED 
CRYSTALLOGRAPHIC REFEREE. 
 
No syntax errors found.  CIF dictionary   Interpreting this report 
 
Datablock: shelx 
 
Bond precision: C - C = 0.0080 A   Wavelength=0.71069  
 
Cell:  a=13.644(5)   b=15.533(5)  c=17.006(5)  

alpha=101.726(5)  beta=95.589(5)  gamma=100.739(5)  
Temperature: 133 K  
 

Calculated    Reported  
Volume    3433(2)     3433(2)  
Space group   P - 1      P -1 
Hall group   - P 1      - P 1  
Moiety formula  

2(C21 H35 Cl2 Mn N5 P2),  
3(C4 H8 O)  

C42 H70 Cl4 Mn2 N10 
P4,3(C4 H8 O)  

Sum formula   C54 H94 Cl4 Mn2 N10 O3 P4  C54 H94 Cl4 Mn2 N10                   
                                                 O3 P4  
Mr     1306.95     1306.95  
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Dx,g cm - 3    1.264     1.264  
Z     2      2 
Mu (mm- 1)    0.662     0.662  
F000     1380.0     1380.0  
�)�������¶��    1383.66  
h,k,lmax    16,19,20     16,19,20  
Nref     13494     13235  
Tmin,Tmax    0.790,0.897    0.899,0.962  
�7�P�L�Q�¶��   0.703  
 
Correction method= # Reported T Limits: Tmin=0.899 Tmax=0.962  
AbsCorr = NUMERICAL  
 
Data completeness= 0.981   Theta(max)= 25.998  
 
R(reflections)= 0.0521( 8989)  wR2(reflections)= 0.1442( 13235)  
 
S = 0.918     Npar= 726  
 
 
The following ALERTS were generated. Each ALERT has the format 

test-name_ALERT_alert-type_alert-level . 
Click on the hyperlinks for more details of the test. 
 
 

Alert level C  
�3�/�$�7�������B�$�/�(�5�7�B���B�&���+�L�J�K���¶�6�R�O�Y�H�Q�W�¶���8�H�T���D�V���&�R�P�S�D�U�H�G���W�R���1�H�L�J�K�E�R�U�V���R�I���&�������&�K�H�F�N 
�3�/�$�7�������B�$�/�(�5�7�B���B�&���+�L�J�K���¶�6�R�O�Y�H�Q�W�¶���8�H�T���D�V���&�R�P�S�D�U�H�G���W�R���1�H�L�J�K�E�R�U�V���R�I���&�������&�Keck 
�3�/�$�7�������B�$�/�(�5�7�B���B�&���/�R�Z���¶�6�R�O�Y�H�Q�W�¶���8�H�T���D�V���&�R�P�S�D�U�H�G���W�R���1�H�L�J�K�E�R�U�V���R�I���2�����&�K�H�F�N 
�3�/�$�7�������B�$�/�(�5�7�B���B�&���/�R�Z���¶�6�R�O�Y�H�Q�W�¶���8�H�T���D�V���&�R�P�S�D�U�H�G���W�R���1�H�L�J�K�E�R�U�V���R�I���&�������&�K�H�F�N 
�3�/�$�7�������B�$�/�(�5�7�B���B�&���/�R�Z���¶�6�R�O�Y�H�Q�W�¶���8�H�T���D�V���&�R�P�S�D�U�H�G���W�R���1�H�L�J�K�E�R�U�V���R�I���2�����&�K�H�F�N 
�3�/�$�7�������B�$�/�(�5�7�B���B�&���/�R�Z���¶�6�R�O�Y�H�Q�W�¶��Ueq as Compared to Neighbors of C52 Check 
PLAT341_ALERT_3_C Low Bond Precision on C-C Bonds ............... 0.008 Ang. 
PLAT352_ALERT_3_C Short N-H (X0.87,N1.01A) N5 - H5N .. 0.74 Ang. 
PLAT360_ALERT_2_C Short C(sp3)-C(sp3) Bond C52 - C53 .. 1.38 Ang. 
PLAT411_ALERT_2_C Short Inter H...H Contact H54B .. H54B .. 2.05 Ang. 
PLAT906_ALERT_3_C Large K value in the Analysis of Variance ...... 4.411 Check 
PLAT911_ALERT_3_C Missing # FCF Refl Between THmin & STh/L= 0.600 253 Report 
PLAT976_ALERT_2_C Check Calcd Residual Density 0.71A From O3 -0.49 eA-3 
 

Alert level G  
PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite 2 Note 
PLAT003_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ... 7 Report 
PLAT042_ALERT_1_G Calc. and Reported MoietyFormula Strings Differ Please Check 
�3�/�$�7�������B�$�/�(�5�7�B���B�*���7�K�H���V���X���¶�V���R�Q���W�K�H���&�H�O�O���$�Q�J�O�H�V���D�U�H���(�T�X�D�O���������1�R�W�H�����������������'�H�J�U�H�H 
PLAT172_ALERT_4_G The CIF-Embedded .res File Contains DFIX Records 1 Report 
PLAT186_ALERT_4_G The CIF-Embedded .res File Contains ISOR Records 2 Report 
PLAT432_ALERT_2_G Short Inter X...Y Contact O3 .. C50 .. 2.97 Ang. 
PLAT860_ALERT_3_G Number of Least-Squares Restraints ............. 43 Note 
PLAT912_ALERT_4_G Missing # of FCF Reflections Above STh/L= 0.600 6 Note 
PLAT913_ALERT_3_G Missing # of Very Strong Reflections in FCF .... 1 Note 
PLAT961_ALERT_5_G Dataset Contains no Negative Intensities ....... Please Check 
PLAT978_ALERT_2_G Number C-C Bonds with Positive Residual Density 1 Note 
 

0 ALERT level A = Most likely a serious problem - resolve or explain 
0 ALERT level B = A potentially serious problem, consider carefully 
13 ALERT level C = Check. Ensure it is not caused by an omission or oversight 
12 ALERT level G = General information/check it is not something unexpected 
 
2 ALERT type 1 CIF construction/syntax error, inconsistent or missing data 
7 ALERT type 2 Indicator that the structure model may be wrong or deficient 
6 ALERT type 3 Indicator that the structure quality may be low 
9 ALERT type 4 Improvement, methodology, query or suggestion 
1 ALERT type 5 Informative message, check 
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It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the 
minor alerts point to easily fixed oversights, errors and omissions in your CIF or refinement 
strategy, so attention to these fine details can be worthwhile. In order to resolve some of the more 
serious problems it may be necessary to carry out additional measurements or structure 
refinements. However, the purpose of your study may justify the reported deviations and the more 
serious of these should normally be commented upon in the discussion or experimental section of a 
paper or in the "special_details" fields of the CIF. checkCIF was carefully designed to identify 
outliers and unusual parameters, but every test has its limitations and alerts that are not important 
in a particular case may appear. Conversely, the absence of alerts does not guarantee there are no 
aspects of the results needing attention. It is up to the individual to critically assess their own 
results and, if necessary, seek expert advice. 
 
Publication of your CIF in IUCr journals 
 
A basic structural check has been run on your CIF. These basic checks will be run on all CIFs 
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied 
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta 
Crystallographica Section C or E or IUCrData, you should make sure that full publication checks 
are run on the final version of your CIF prior to submission. 
 
Publication of your CIF in other journals 
 
Please refer to the Notes for Authors of the relevant journal for any special instructions relating to 
CIF submission. 
 
 
PLATON version of 30/03/2016; check.def file version of 30/03/2016 
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Crystallographic data of 3b 
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checkCIF/PLATON report of 3b 

Structure factors have been supplied for datablock(s) shelx 

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW 
PROCEDURE FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF 
AN EXPERIENCED CRYSTALLOGRAPHIC REFEREE. 

No syntax errors found.   CIF dictionary    Interpreting this report 

Datablock: shelx 

Bond precision:   C-C = 0.0117 A    Wavelength=0.71069 

Cell:   a=9.731(5)   b=14.214(5)   c=21.861(5) 

alpha=90   beta=90   gamma=90 

Temperature: 133 K 

Calculated    Reported 

Volume    3024(2)    3024(2) 

Space group    P 21 21 21    P 21 21 21 

Hall group    P 2ac 2ab    P 2ac 2ab 

Moiety formula  C20 H36 Br Mn N6 O2 P2,  

C6 H6 

C20 H36 Br Mn N6 O2 P2,  

C6H6 
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Sum formula    C26 H42 Br Mn N6 O2 P2  C26 H42 Br Mn N6 O2 P2 

Mr     667.44    667.44 

Dx,g cm-3    1.466     1.466 

Z     4     4 

Mu (mm-1)    1.898     1.898 

F000     1384.0    1384.0 

�)�������¶��    1385.36 

h,k,lmax    12,17,26    12,17,26 

Nref     5930[ 3344]    5931 

Tmin,Tmax    0.706,0.832    0.902,0.951 

�7�P�L�Q�¶��    0.575 

Correction method= # Reported T Limits: Tmin=0.902 Tmax=0.951 

AbsCorr = NUMERICAL 

 

Data completeness= 1.77/1.00 Theta(max)= 25.998 

 

R(reflections)= 0.0383( 5023)  wR2(reflections)= 0.0827( 5931) 

S = 0.998   Npar= 363 

The following ALERTS were generated. Each ALERT has the format 

test-name_ALERT_alert-type_alert-level. 

Click on the hyperlinks for more details of the test. 

Alert level C 

PLAT147_ALERT_1_C s.u. on Symmetry Constrained Cell Angle(s) ..... Please Check 

PLAT222_ALERT_3_C Non-Solvent Resd 1 H Uiso(max)/Uiso(min) Range 8.1 Ratio 

PLAT245_ALERT_2_C U(iso) H4N Smaller than U(eq) N4 by ... 0.015 AngSq 

PLAT245_ALERT_2_C U(iso) H5N Smaller than U(eq) N5 by ... 0.014 AngSq 

PLAT245_ALERT_2_C U(iso) H6N Smaller than U(eq) N6 by ... 0.015 AngSq 

PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor .... 2.2 Note 

PLAT331_ALERT_2_C Small Average Phenyl C-C Dist. C21 -C26 1.36 Ang. 

PLAT332_ALERT_2_C Large Phenyl C-C Range C21 -C26 0.17 Ang. 

PLAT341_ALERT_3_C Low Bond Precision on C-C Bonds ............... 0.01171 Ang. 
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PLAT352_ALERT_3_C Short N-H (X0.87,N1.01A) N5 - H5N .. 0.68 Ang. 

PLAT352_ALERT_3_C Short N-H (X0.87,N1.01A) N6 - H6N .. 0.75 Ang. 

PLAT420_ALERT_2_C D-H Without Acceptor N4 -- H4N ... Please Check 

PLAT420_ALERT_2_C D-H Without Acceptor N6 -- H6N ... Please Check 

PLAT978_ALERT_2_C Number C-C Bonds with Positive Residual Density 0 Note 

 

Alert level G 

PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite 3 Note 

PLAT003_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ... 2 Report 

�3�/�$�7�������B�$�/�(�5�7�B���B�*���7�K�H���V���X���¶�V���R�Q���W�K�H���&�H�O�O���$�[�H�V���D�U�H���(�T�X�D�O���������1�R�W�H�����������������$�Q�J�� 

PLAT172_ALERT_4_G The CIF-Embedded .res File Contains DFIX Records 2 Report 

PLAT186_ALERT_4_G The CIF-Embedded .res File Contains ISOR Records 1 Report 

PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X) Br1 -- Mn1 .. 7.2 s.u. 

PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X) Mn1 -- C1 .. 7.7 s.u. 

PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X) Mn1 -- C2 .. 6.0 s.u. 

PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 2 Note 

C6 H6 

PLAT860_ALERT_3_G Number of Least-Squares Restraints ............. 14 Note 

PLAT961_ALERT_5_G Dataset Contains no Negative Intensities ....... Please Check 

 

0 ALERT level A = Most likely a serious problem - resolve or explain 

0 ALERT level B = A potentially serious problem, consider carefully 

14 ALERT level C = Check. Ensure it is not caused by an omission or oversight 

11 ALERT level G = General information/check it is not something unexpected 

2 ALERT type 1 CIF construction/syntax error, inconsistent or missing data 

14 ALERT type 2 Indicator that the structure model may be wrong or deficient 

5 ALERT type 3 Indicator that the structure quality may be low 

3 ALERT type 4 Improvement, methodology, query or suggestion 

1 ALERT type 5 Informative message, check 
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It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often 
the minor alerts point to easily fixed oversights, errors and omissions in your CIF or 
refinement strategy, so attention to these fine details can be worthwhile. In order to resolve 
some of the more serious problems it may be necessary to carry out additional measurements 
or structure refinements. However, the purpose of your study may justify the reported 
deviations and the more serious of these should normally be commented upon in the 
discussion or experimental section of a paper or in the "special_details" fields of the CIF. 
checkCIF was carefully designed to identify outliers and unusual parameters, but every test 
has its limitations and alerts that are not important in a particular case may appear. 
Conversely, the absence of alerts does not guarantee there are no aspects of the results 
needing attention. It is up to the individual to critically assess their own results and, if 
necessary, seek expert advice. 

Publication of your CIF in IUCr journals 

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs 

submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied 

Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta 

Crystallographica Section C or E or IUCrData, you should make sure that full publication 
checks are run on the final version of your CIF prior to submission. 

Publication of your CIF in other journals 

Please refer to the Notes for Authors of the relevant journal for any special instructions 
relating to CIF submission. 

 

PLATON version of 06/05/2016; check.def file version of 05/05/2016 
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General 
 

All reactions and manipulations with air sensitive compounds being present were performed 
under dry argon (Ar 5.0) or nitrogen (N2 5.0), using Schlenk and glove box techniques. Non-
halogenated solvents were dried over sodium benzophenone, 2-methyltetrahydrofuran 
(2-MeTHF) was dried over calcium hydride, and halogenated solvents were dried over P2O5. 
Deuterated solvents were bought from Cambridge Isotope Laboratories, distilled accordingly, 
and stored over molecular sieves (3 �@�;. Other chemicals were purchased from commercial 
vendors and used without further purification. Alcohols that are not commercially available 
were obtained by reduction of the corresponding ketones with LiAlH4 or NaBH4 followed by 
purification via column chromatography or distillation. 1-(4-(pyrrolidin-1-yl)phenyl)ethanol 
was prepared according to literature.[1] 2-((1-phenylethylidene)amino)butan-1-ol was prepared 
according to literature.[2] NMR spectra were collected on a Varian INOVA 300 MHz 
spectrometer, NMR spectra for novel compounds were collected on a Bruker Avance III HD 
500. Chemical shifts (�/) are reported in ppm relative to residual solvent signal. Coupling 
constants (J) are given in Hz (coupling patterns: s: singlet, s_br: broad singlet, d: doublet, t: 
triplet, q: quartet, m: multiplet). GC analyses were carried out using an Agilent Technologies 
6890N system equipped with a Macherey-Nagel (MN) Optima 5 HT column (30 m, 320 µm, 
0.25 µm) or an Agilent Technologies 6850 system equipped with a MN Optima 17 column (30 
m, 320 µm, 0.25 µm). GC/MS analyses were carried out on an Agilent 7890A/MSD 5975C 
system equipped with a HP-5MS column (30 m, 320 µm, 0.25 µm). Gas mixtures were analyzed 
using an Agilent Technologies 6890N equipped with an TCD and an Agilent special plot and 
molsieve capillary column (30 m, 320 µm, 0.25 µm). FTIR measurements were carried out 
under a nitrogen atmosphere on an Agilent Cary 630 FTIR equipped with a Diamond ATR unit. 
Elemental analyses were performed using the Elementar Vario EL III . MN silica gel 60 (0.040 
�± 0.063 mm particle size) was used for flash column chromatography. X-ray crystal structure 
analysis was performed with a STOE STADIVARI [�����0�R-K �.) = 0.71073 Å] equipped with an 
Oxford Cryostream low temperature unit. Structure solution and refinement were accomplished 
wit SIR97[3], SHELXL-2014[4], WinGX[5] and Mercury 3.5.1[6]. 

General procedure for the synthesis of pyrroles: In a glovebox, 1.5 eq KOtBu (4.5 mmol, 
505 mg), 0.5 mol% precatalyst (15 µmol, 1000 µL of a 15 mM stock solution in 2-MeTHF), 
2 eq of secondary alcohol (6 mmol), 1 eq of amino alcohol (3 mmol) and 2-MeTHF (5 mL) 
were consecutively added to a Schlenk tube. The tube was sealed, taken outside of the glovebox 
and a reflux condenser with a bubble counter was attached under argon. The reaction was heated 
to reflux (oil bath 110 °C) and stirred for 18 h. Afterwards, the reaction was quenched by 
addition of water (3 mL). The aqueous layer was extracted using tert-butyl methyl ether 
(MTBE), the organic layers were combined, dried using Na2SO4 and the solvents removed in 
vacuo. The crude product was purified by column chromatography.  
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Synthesis of precatalysts 
 

The precatalysts 4a-f[7,8], 8[9], 5c[7], and 5a[10] were synthesized according to published 
procedures. 

The precatalyst 5b was prepared following a modified procedure of Kirchner and coworkers.[11] 

 

In a Schlenk tube, to a suspension of FeCl2 (1 eq, 1 mmol, 127 mg) in thf (10 mL) was quickly 
added a solution of N2,N4-bis(diisopropylphosphino)-6-phenyl-1,3,5-triazine-2,4-diamine 
(1 eq, 1 mmol, 419 mg) in thf (10 mL) under inert gas. The solution was then heated to 50 °C 
for 18 h upon which the color changed to orange. The solution was filtered and the solvent was 
removed in vacuo to yield 5b (88 %, 0.88 mmol, 480 mg) as an orange paramagnetic solid. 
Elemental analysis calcd for C21H35Cl2FeN5P2 (M: 546.23) [%]: C 46.18, H 6.46, N 12.82, 
found: C 45.83, H 6.66, N 12.68. 

 

Synthesis of 4c*H 

 

a) H2: In a glovebox, a 10 mL glass vial is charged with 4c (0.33 mmol, 203 mg), KOt-Bu 
(0.33 mmol, 37 mg) and toluene (4 mL). The vial is then transferred to an autoclave 
(Parr Instrument stainless steel N-MT5 300mL autoclave) which is then sealed, 
removed from the glovebox, purged three times and finally filled with hydrogen 
(60 bar). After stirring at room temperature for 16 h the hydrogen is replaced with argon, 
the autoclave is transferred to a glovebox, and the solution is filtered (Roth, Rotilabo®-
Fibre glass syringe filters, Ø 15 mm, 1-2 µm) into a flame dried Schlenk tube. Upon 
storing the Schlenk tube for 3 days at -24 °C red crystals formed, which were dried over 
night at high vacuum (1 x 10-3 mbar). Yield: 46 % (0.15 mmol, 80 mg) as red crystalline 
solid. 1H NMR (299.86 MHz, 23.0 °C, C6D6): �/ = 8.66 (d, J = 6.5 Hz, 2H), 7.32 �± 7.21 
(m, 3H), 5.79 (d, J = 3.9 Hz, 2H), 2.20 �± 2.05 (m, 2H), 1.82 (dt, J = 9.1, 6.9 Hz, 2H), 
1.29 (dd, J = 15.3, 7.2 Hz, 6H), 1.23 �± 1.09 (m, 12H), 1.03 (dd, J = 14.4, 6.9 Hz, 
6H), -5.63 (t, J = 51.0 Hz, 1H) ppm. 13C NMR (125.76 MHz, 20.0 °C, C6D6): �/ = 170.3, 
170.2, 170.1, 168.6, 136.5, 132.2, 128.9, 128.7, 128.6, 33.2, 33.1, 33.0, 31.4, 31.3, 31.2, 
18.8, 18.3, 18.2, 18.2 ppm. 31P NMR (202.46 MHz, 20.0 C, C6D6): �/ = 164.7 ppm. 

b) BnOH: In a Young NMR tube, 4c (0.1 mmol, 61 mg), KOt-Bu (0.1 mmol, 11 mg), 
benzyl alcohol (1 mmol, 104 µL, 10 eq.) and C6D6 (1 mL) were mixed and heated at 
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100 °C for 18 h. 1H NMR spectroscopy showed the presence of the characteristic triplet 
at -5.63 ppm of 4c*H. 

c) 2-Aminobutanol: In a Young NMR tube, 4c (0.1 mmol, 61 mg), KOt-Bu (0.1 mmol, 
11 mg), 2-aminobutan-1-ol (1 mmol, 95 µL, 10 eq.) and C6D6 (1 mL) were mixed and 
heated at 100 °C for 18 h. 1H NMR spectroscopy showed the presence of the 
characteristic triplet at -5.63 ppm of 4c*H.  
































































































































































































































































































