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Hydrogenative Depolymerization of End-of-Life
Polycarbonates by an Iron Pincer Complex
Christoph Alberti, Elena Fedorenko, and Stephan Enthaler*[a]

Chemical recycling processes can contribute to a resource-
efficient plastic economy. Herein, a procedure for the iron-
catalyzed hydrogenation of the carbonate function of end-of-
life polycarbonates under simultaneous depolymerization is
presented. The use of a straightforward iron pincer complex
leads to high rate of depolymerization of poly(bisphenol A
carbonate) and poly(propylene carbonate) yielding the mono-
mers bisphenol A and 1,2-propanediol, respectively, as products
under mild reaction conditions. Furthermore, the iron complex
was able to depolymerize polycarbonates containing goods and
mixture of plastics containing polycarbonates.

The high standard of life in modern societies strongly benefits
from easily affordable plastic[1] goods, which results at the same
time in the generation of plastic waste after completing the
operational purpose.[2] In general, waste management depends
on landfill storage and incineration that results in long-term
environmental problems and pollutions.[3] Moreover, significant
amounts of plastic waste are reaching uncontrolled the bio-
sphere generating environmental problems.[4] As an alternative,
primary recycling is applied which is defined as reusing the
good without mechanical or chemical transformations of the
latter, which is in contrast to secondary recycling.[5–6] Hereby,
the material is thermally or mechanically converted to another
good of similar or lower quality, because chemical degradation,
contaminations or additives of the virgin material hamper the
properties of the recycled material.[7] Both, primary and
secondary recycling are downcycling processes because after
several cycles the material has to be submitted to landfill or
incineration.[8] This lost material has to be replaced by
consumption of fossil resources, whereby several synthetic
transformations are required. Alternatively, chemical recycling
allows the conservation of the monomeric unit, so that the
number of transformations is reduced and significant amounts
of energy and resources are saved. As a consequence, it has

become a matter of research to enable end-of-life polymers as
feedstock for new polymers with adjustable properties.[9–10]

Therefore, a sequence of depolymerization followed by purifica-
tion of the monomers and a (re)polymerization are required,
which can, under optimal conditions, substitute fossil
resources.[9] Polycarbonates, especially on the basis of bisphenol
A (2) as diol component, are used as materials for data storage
(CD/DVD, hard disk drives, Blu-Ray), suit cases and artificial
glass.[11] Moreover, poly(propylene carbonate) (1b) based
plastics have been established for packaging applications.[12] A
variety of chemical depolymerization approaches for polycar-
bonates are reported, e.g. pyrolysis, biochemical degradation
and chemical recycling, e.g. alcoholysis, glycolysis or
aminolysis.[13–14] In addition, several procedures were reported
for the ruthenium-catalyzed hydrogenative depolymerization
(Scheme 1).[15] In case of end-of-life 1a bisphenol A (2) and
methanol are formed as suitable chemicals during hydro-
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Scheme 1. Chemical recycling concept for poly(bisphenol A carbonate) and
poly(propylene carbonate).
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genative depolymerization. The monomer bisphenol A (2) can
be used to regenerate the polymer 1a, while methanol can be
used as hydrogen or energy carrier.[16]

After releasing the in methanol stored energy carbon
dioxide is formed, which can be converted with phenol to
diphenylcarbonate (5), which can be applied with 2 for
synthesizing 1a.[17] On the other hand, poly(propylene
carbonate) (1b) is converted to 1,2-propanediol (3) and
methanol by hydrogenative depolymerization. Chemical 3 can
be transformed to propylene oxide, which can react with
carbon dioxide to polymer 1b.[12,18] In both cases a cycling of
monomeric units of the polycarbonates is feasible. A number of
ruthenium-based catalyst (6-10) have been found suitable for
the hydrogenative depolymerization of 1a (Scheme 1).[15] How-
ever, the use of ruthenium as catalyst compartment causes
some economic and sustainability problems.[19] In this regard,
the use of systems with non-noble, cheap and abundant metals
can be an alternative.[20] For instance the group of Milstein
reported the application of a manganese complex (11) modified
with a pincer type ligand in the hydrogenative depolymeriza-
tion of 1b. After 50 h 1b was converted to 1,2-propanediol in
68% yield and propylene carbonate in 30% yield.[21]

In this regard, we studied the hydrogenative depolymeriza-
tion of 1a and 1b in the presence of catalytic amounts of an
iron complex modified with a pincer type ligand (12), which has
been established for the hydrogenation of low-molecular
weight organic esters.[22]

At first, the influence of reaction parameters on the hydro-
genative depolymerization of commercially available 1a (pel-
lets, diameter ~3 mm) was investigated. Therefore, a mixture of
1a and catalytic amounts of complex 12 (1.0 mol%) in THF was
placed in an autoclave and pressurized with 45 bar of hydrogen
and kept at 120 °C for 24 hours (Table 1, entry 2). After cooling
to ambient temperature, quantification of the product was
performed by 1H NMR spectroscopy using the ratios of the Ar-H
of the polymer/oligomers 1a (7.06–7.07 ppm) and of the Ar-H
signal of 2 (6.70–6.71 ppm). Based on that, a NMR yield of 90%
of 2 was calculated. Increasing the amount of catalyst revealed
an increase of the yield of 2, while decreasing the catalyst
loading showed a diminished yield (Table 1, entries 3–5).
Importantly, in the absence of the catalyst no product
formation was observed (Table 1, entry 1). Lowering the catalyst
loading to 0.5 mol% reveals high yields for 2, while at 0.1 mol%
no significant product formation is observed. Next, the
influence of the reaction temperature was evaluated. The yield
of 2 decreases significantly when the temperature is reduced
below 80 °C when the temperature is reduced to 100 °C still
excellent yields are observed. At 80 °C, a notable decrease was
observed while almost no catalytic activity is observed at 60 °C
(Table 1, entries 6–8). When the reaction is stopped after 6 h at
140 °C a yield of 31% was observed (Table 1, entry 9). Moreover,
the influence of the hydrogen pressure was evaluated, reveal-
ing, that at 20 bar or 5 bar pressure, the yield was significantly
diminished (Table 1, entries 10 and 11). Replacement of THF by
anisole or 1,4-dioxane as solvent had a negative influence on
the reaction outcome (Table 1, entries 12 and 13).

With the optimized conditions (2.0 mol% 12, 120 °C, 45 bar
H2, 24 h) two kinds of plastics containing 1a were studied in the
hydrogenative depolymerization (Scheme 2). For instance, a
digital versatile disc (DVD) a composite of 1a, aluminum, plastic
foils and dyes was tested. The DVD was ball-milled to get a
powder (1aa), which was subjected to depolymerization with-
out further pretreatments. Interestingly, after 24 hours a NMR
yield of 99% of 2 was observed, revealing that the depolymeri-
zation was successful and the additional compounds had no
negative impact on the catalytic activity. A similar result was
obtained for a sample of safety goggles (1ab) containing 1a.

For purification/isolation of 2 filtration over silica gel and
subsequent crystallization was carried out. Chemical 2 was
attained in 81% (1aa) and 55% (1ab) isolated yield or 93%
(1aa) under the assumption that the DVD contains 87 wt% of
1a.[15b–d] The isolated yields obtained for this catalyst systems
are comparable to those reported for other catalysts.[15]

Importantly, additives for catalyst activation are not required

Table 1. Iron-catalyzed depolymerization of poly(bisphenol A carbonate)
1a.

Entry[a] Catalyst
loading
[mol%]

T
[°C]

t
[h]

p (H2)
[bar]

Yield
[%][b]

1 0 120 24 45 <1
2 1.0 120 24 45 90
3 2.0 120 24 45 >99
4 0.5 120 24 45 91
5 0.1 120 24 45 4
6 2.0 100 24 45 93
7 2.0 80 24 45 70
8 2.0 60 24 45 2
9 2.0 140 6 45 31
10 2.0 120 24 20 70
11 2.0 120 24 5 26
12[c] 2.0 120 24 45 42
13[d] 2.0 120 24 45 58

[a] Reaction conditions: 1a (0.135 mmol, based on repeating unit of 1a), 12
(0-2 mol%, 0–2.7 μmol based on the repeating unit of 1a), THF (1.0 mL),
60–140 °C, 6–24 h, 5–45 bar H2. [b] The yield was determined by

1H NMR. [c]
1,4-dioxane (1.0 mL) as solvent. [d] PhOMe (1.0 mL) as solvent.

Scheme 2. Hydrogenative depolymerization of poly(bisphenol A carbonate)
products (Reaction conditions: 1aa or 1ab (3.95 mmol, based on repeating
unit of 1a), 12 (2 mol%, 79.0 μmol based on the repeating unit of 1a), THF
(20 mL), 120 °C, 24 h, 45 bar H2).
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and reaction temperature and pressure are sufficiently lower
than for other system.[15]

Nevertheless, with regards to reaction temperature and
time, pressure and catalyst loading, the Fe-catalyst was out-
performed by Ru-catalyst 9 (Scheme 1).[15]

Next, the iron-catalyzed procedure was applied in the
hydrogenative depolymerization of poly(propylene carbonate)
(1b) (Scheme 3). In accordance to the optimized conditions
(2.0 mol% 11, 120 °C, 45 bar H2, 24 h) a sample of 1b was
tested. 1,2-propanediol (3) was observed in 99% NMR yield.
Purification by distillation gave selectively 3 in 77% yield. In
comparison to the Mn-based catalyst established Kumar et al.[21]

the system does not require the usage of additional base and
reveals higher yields for diol formation within shorter reaction
times. Moreover, the Fe-based system demonstrated some
benefits regarding temperature and pressure compared to the
work of Krall et al.[15e]

Moreover, the hydrogenative depolymerization of polycar-
bonate 1a was studied in the presence of different types of
polymers, which can add some benefits to separation technol-
ogies (Table 2). Therefore, best conditions for 1a were applied

(2.0 mol% 12, 120 °C, 45 bar H2, 24 h). In more detail, polymer
1a was mixed with an equimolar amount of another polymer
(based on its repeating unit) and the mixture was subjected to
the hydrogenation. First, a mixture of 1a and 1b was
investigated, revealing the formation of 2 in 91% and 3 in 89%
NMR yield, which is comparable to earlier experiments (Table 2,
entry 1). Moreover, polymers containing ester functionalities
like poly(lactide) (PLA), poly(ethylene terephthalate) (PET) and
poly(ɛ-caprolactone) (PCL) were tested as additives (Table 2,
entries 2–4). Excellent NMR yields of 2 of >99% were detected
in the presence of PLA and PET. In case of the experiment with
PLA the formation of 1,2-propanediol (3) was not observed.
However, a reduction of the molecular weight of the initial PLA
was observed by DOSY NMR. For PET no formation of 1,4-
benzenedimethanol and ethylene glycol was detected maybe
due to solubility issues. Conversely, using poly(ɛ-caprolactone)
(PCL) as second polymer the iron catalyst produces 46% (NMR
yield) of 1,6-hexanediol and 72% (NMR yield) of 2 as
depolymerization products (Table 2, entry 4). Other polymers
containing functional groups, which can be potentially hydro-
genated by 12, revealed no hydrogenation of the second
polymer (Table 2, entries 5–6). Polymers ”inert” to hydrogena-
tion with 12 revealed good to excellent bisphenol A formation
(Table 2, entries 6–10). Diminished yields of 2 were observed
when poly(vinyl chloride) (PVC), poly(dimethylsiloxane) (PDMS)
or poly(ethylene glycol) (PEG) were added (Table 2, entries 11–
13).

In summary, we have set up a protocol for the hydro-
genation of end-of-life polycarbonates enabled by iron catalysis.
High yields of the corresponding diols were obtained under
mild conditions. At 120 °C and 45 bar H2 pressure, bisphenol A
was isolated in 93% yield when a DVD was submitted to
depolymerization. Moreover, poly(propylene carbonate) was
successfully converted to 1,2-propanediol, which was isolated in
77% yield. Furthermore, the catalytic hydrogenation of poly
(bisphenol A carbonate) was carried out in the presence of
other industrially relevant polymers, demonstrating the robust-
ness of the applied iron catalyst.
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Scheme 3. Hydrogenative depolymerization of poly(propylene carbonate)
(Reaction conditions: 1b (9.84 mmol, based on repeating unit of 1b), 12
(2 mol%, 197 μmol based on the repeating unit of 1b), THF (40 mL), 120 °C,
24 h, 45 bar H2).

Table 2. Influence of additional polymers on the hydrogenative depolyme-
rization of 1a.

Entry[a] Additional polymer[b] Yield 2
[%][c]

Yield
[%][c]

1 1b 91 89 (3)
2 Poly(lactide) (PLA) >99 <1
3 Poly(ethylene terephthalate) (PET) >99 <1
4 Poly(ɛ-caprolactone) (PCL) 72 46[d]

5 Nylon 6 89 <1
6 Poly(formaldehyde) (POM) >99 –
7 Poly(phenylene sulfide) (PPS) >99 <1
8 Poly(ethylene) (PE) 87 <1
9 Epoxy resin 99 <1
11 Poly(styrene) (PS)[e] observed -
10 Poly(vinyl chloride) (PVC) 11 <1
12 Poly(ethylene glycol) (PEG) 52 <1
13 Silicone (PDMS) 50 <1

[a] Reaction conditions: 1a (0.135 mmol, based on repeating unit of 1a), 12
(2 mol%, 0–2.7 μmol based on the repeating unit of 1a), THF (1.0 mL),
120 °C, 24 h, 45 bar H2. [b] 0.135 mmol, based on repeating unit. [c] The
yield was determined by 1H NMR for 2 and the hydrogenation product of
the additional polymer. [d] 1,6-hexanediol. [e] Determination of yield was
impossible due to signal overlap. However, the bisphenol A was
qualitatively detected.

ChemistryOpen
Communications
doi.org/10.1002/open.202000161

820ChemistryOpen 2020, 9, 818–821 www.chemistryopen.org © 2020 The Authors. Published by Wiley-VCH GmbH

Wiley VCH Dienstag, 11.08.2020

2008 / 174501 [S. 820/821] 1

https://doi.org/10.1002/open.202000161


1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

[1] Plastics are typically composed of polymers and often other substances
e.g. fillers, plasticizers, colorants.

[2] L. Sokka, R. Antikainen, P. E. Kauppi, Resour. Conserv. Recycl. 2007, 50,
457–488.

[3] Landfill storage depends strongly on local regulations, e.g. in the
European Union landfill storage has been limited to the necessary
minimum (Landfill directive; see for instance: a) S. Burnley, Resour.
Conserv. Recycl. 2001, 32, 349–358; b) http://ec.europa.eu/environment/
waste/landfill_index.htm (25.03.2020); c) K. H. Zia, H. N. Bhatti, I. A.
Bhatti, React. Funct. Polym. 2007, 67, 675–692.

[4] J. R. Jambeck, R. Geyer, C. Wilcox, T. R. Siegler, M. Perryman, A. Andrady,
R. Narayan, K. L. Law, Science 2015, 347, 768–771.

[5] a) I. A. Ignatyev, W. Thielemans, B. Vander Beke, ChemSusChem 2014, 7,
1579–1593; b) N. Singh, D. Hui, R. Singh, I. P. S. Ahuja, L. Feo, Composites
Part B 2016, 115, 409–422; c) A. Tukker, Plastics Waste: Feedstock
Recycling, Chemical Recycling and Incineration, Smithers Rapra Press,
1997.

[6] a) M. Newborough, D. Highgate, P. Vaughan, Appl. Therm. Eng. 2002, 22,
1875–1883; b) W. Kaminsky, F. Hartmann, Angew. Chem. Int. Ed. 2000,
39, 331–333; Angew. Chem. 2000, 112, 339–341; c) J. Brandrup, Recycling
and Recovery of Plastics, Hanser/Gardner, München, 1996; d) D. J.
Fortman, J. P. Brutman, G. X. D Hoe, R. L. Snyder, W. R. Dichtel, M. A.
Hillmyer, ACS Sustainable Chem. Eng. 2018, 6, 11145–11159; e) S. L.
Wong, N. Ngadi, T. A. T. Abdullah, I. M. Inuwa, Renewable Sustainable
Energy Rev. 2015, 50, 1167–1180; f) T. H. Christensen, Solid Waste
Technology & Management, Wiley, 2011; g) G. Braunegg, R. Bona, F.
Schellauf, E. Wallner, Polym.-Plast. Technol. Eng. 2004, 43, 1755–1767;
h) O. Eriksson, G. Finnveden, Energy Environ. Sci. 2002, 2, 907–914.

[7] a) R. Francis, Recycling of Polymers: Methods, Characterization and
Applications, Wiley-VCH, 2016; b) N. Rudolph, R. Kiesel, C. Aumnate,
Understanding Plastics Recycling: Economic, Ecological, and Technical
Aspects of Plastic Waste Handling, Carl Hanser Verlag GmbH & Co. KG,
2017.

[8] a) F. La Mantia, Handbook of Plastics Recycling, Smithers Rapra Technol-
ogy, 2002; b) N. Singh, R. Singh, I. P. S. Ahuja, Composites Part B 2017,
115, 409–422; c) A. Tukker, Plastics Waste: Feedstock Recycling, Chemical
Recycling and Incineration, Smithers Rapra Press, 1997; d) F. P. La Mantia,
Macromol. Symp. 1999, 147, 167–172.

[9] a) A. Rahimi, J. M. Garcia, Nat. Rev. Chem. 2017, 1, 46; b) K. Ragaert, L.
Delva, K. Van Geem, Waste Manage. 2017, 69, 24–25; c) F. Perugini, M. L.
Mastellone, U. Arena, Environ. Progress 2005, 24, 137–154; d) M. E.
Grigore, Recycling 2017, 2, 24–34.

[10] M. Braungart, W. McDonough, Cradle to Cradle (Patterns of Life), Vintage,
2009.

[11] https://omnexus.specialchem.com/selection-guide/polycarbonate-pc-
plastic (28.03.20).

[12] a) Y. Xu, L. Lin, M. Xiao, S. Wang, A. T. Smith, L. Sun, Y. Meng, Prog.
Polym. Sci. 2018, 80, 163–182; b) G. A. Luinstra, Polym. Rev. 2008, 48,
192–219; c) R. Muthuraj, T. Mekonnen, Macromol. Mater. Eng. 2018, 303,
1800366.

[13] See for chemical depolymerization of poly(bisphenol A carbonate): a) J.
Katajisto, T. T. Pakkanen, T. A. Pakkanen, P. Hirva, J. Mol. Struct.
(Thermochem) 2003, 634, 305–310; b) F. Liu, L. Li, S. Yu, Z. Lv, X. Ge, J.
Hazard. Mater. 2011, 189, 249–254; c) S. T. Chiu, S. H. Chen, C. T. Tsai,
Waste Manage. 2006, 26, 252–259; d) R. Balart, L. Sanchez, L. Lopez, A.
Jimenez, Polym. Degrad. Stab. 2006, 91, 527–534; e) E. V. Antonakou,
D. S. Achilias, Waste Biomass Valorization 2013, 4, 9–21; f) E. Quaranta,
C. C. Minischetti, G. Tartaro, ACS Omega 2018, 3, 7261–7268; g) C.-H.
Wu, L.-Y. Chen, R.-J. Jeng, S. Dai, A. Shenghong, ACS Sustainable Chem.
Eng. 2018, 6, 8964–8975; h) T. Do, E. R. Baral, J. G. Kim, Polymer 2018,
143, 106–114; i) M. N. Siddiqui, H. H. Redhwi, E. V. Antonakou, D. S.
Achilias, J. Anal. Appl. Pyrolysis 2018, 132, 123–133; j) E. Quaranta, D.

Sgherza, G. Tartaro, Green Chem. 2017, 19, 5422–5434; k) E. Quaranta,
Appl. Catal. B 2017, 206, 233–241; l) G. Grause, R. Karrbrant, T. Kameda,
T. Yoshioka, Ind. Eng. Chem. Res. 2014, 53, 4215–4223; m) M. Liu, J. Guo,
Y. Gu, J. Gao, F. Liu, Polymer Degrad. Stab. 2018, 157, 9–14; n) M. Liu, J.
Guo, Y. Gu, J. Gao, F. Liu, S. Yu, ACS Sustainable Chem. Eng. 2018, 6,
13114–13121; o) J. Guo, M. Liu, Y. Gu, Y. Wang, J. Gao, F. Liu, Ind. Eng.
Chem. Res. 2018, 57, 10915–10921; p) C. Jehanno, M. M. Pérez-Madrigal,
J. Demarteau, H. Sardon, A. P. Dove, Polym. Chem. 2018, DOI: 10.1039/
c8py01284a; q) F. Iannone, M. Casiello, A. Monopoli, P. Cotugno, M. C.
Sportelli, R. A. Picca, N. Cioffi, M. M. Dell’Anna, A. Nacci, J. Mol. Catal. A
2017, 426, 107–116; r) Y. Liu, H. Zhou, J.-Z. Guo, W.-M. Ren, X.-B. Lu,
Angew. Chem. Int. Ed. 2017, 56, 4862–4866; Angew. Chem. 2017, 129,
4940–4944.

[14] See for chemical depolymerization of poly(propylene carbonate): a) W.
Kuran, P. Gorecki, Makromol. Chem. 1983, 184, 907–912; b) D. J. Dare-
nsbourg, S.-H. Wei, Macromolecules 2012, 45, 5916–5922; c) D. J. Dare-
nsbourg, Polym. Degrad. Stab. 2018, 149, 45–51; d) L. Monsigny, J.-C.
Berthet, T. Cantat, ACS Sustainable Chem. Eng. 2018, 6, 10481–10488.

[15] a) S. Westhues, J. Idel, J. Klankermayer, Sci. Adv. 2018, 4, eaat9669; b) T.-
O. Kindler, C. Alberti, J. Sundermeier, S. Enthaler, ChemistryOpen, 2019,
8, 1410–1412; c) C. Alberti, S. Eckelt, S. Enthaler, ChemistrySelect, 2019, 4,
12268–12271; d) C. Alberti, J. Kessler, S. Eckelt, M. Hofmann, T.-O.
Kindler, N. Santangelo, E. Fedorenko, S. Enthaler, ChemistrySelect 2020,
5, 4231–4234; e) E. M. Krall, T. W. Klein, R. J. Andersen, A. J. Nett, R. W.
Glasgow, D. S. Reader, B. C. Dauphinais, S. P. Mc Ilrath, A. A. Fischer, M. J.
Carney, D. J. Hudson, N. J. Robertson, Chem. Commun. 2014, 50, 4884–
4887.

[16] a) A. Zuettel, A. Borgschulte, L. Schlapbach, (Eds.) Hydrogen as a Future
Energy Carrier, Wiley-VCH, Weinheim, 2008; b) G. A. Olah, A. Goeppert,
S. G. K. Prakash, Beyond Oil and Gas: The Methanol Economy, Wiley-VCH,
Weinheim, 2018.

[17] a) G. Fiorani, A. Perosa, M. Selva, Green Chem. 2018, 20, 288–322; b) S.
Fukuoka, M. Tojo, H. Hachiya, M. Aminaka, K. Hasegawa, Polymer J.
2007, 39, 91–114; c) M. Selva, A. Perosa, D. Rodríguez-Padrón, R. Luque,
ACS Sustainable Chem. Eng. 2019, 7, 6471–6479.

[18] a) G. Fouquet, F. Merger, K. Baer, Germany Patent DE 2709440A1, 1978;
b) Z. Liu, Chinese Patent CN 101773822A, 2010; c) T. Y. Kim, J. Baek,
C. K. Song, Y. S. Yun, D. S. Park, W. Kim, J. W. Han, J. Yi, J. Catal. 2015,
323, 85–99; d) C. Liu, J. Xin, J. Tan, T. Liu, M. R. Kessler, J. Zhang, ACS
Omega 2018, 3, 8718–8723.

[19] a) Abundance in earth crust: Ru (1 μg/kg), Mn (950 mg/kg), Fe (56 g/kg),
W. M. Haynes (ed.), CRC Handbook of Chemistry and Physics, 97th Edition,
CRC Press Taylor & Francis Group, New York, 2016; b) Price: Ru (869 E/
mol (2020)), Mn (10 ct/mol (2018)), Fe (0.4 ct/mol(2020)), http://
www.metalary.com/ (28.03.20).

[20] S. Enthaler, K. Junge, M. Beller, Angew. Chem. Int. Ed. 2008, 47, 3317–
3321; Angew. Chem. 2008, 120, 3363–3367.

[21] A. Kumar, T. Janes, N. A. Espinosa-Jalapa, D. Milstein, Angew. Chem. Int.
Ed. 2018, 57, 12076–12080; Angew. Chem. 2018, 130, 12252–12256.

[22] a) S. Werkmeister, K. Junge, B. Wendt, E. Alberico, H. Jiao, W. Baumann,
H. Junge, F. Gallou, M. Beller, Angew. Chem. Int. Ed. 2014, 53, 8722–
8726; Angew. Chem. 2014, 126, 8867–8871; b) S. Chakraborty, H. Dai, P.
Bhattacharya, N. T. Fairweather, M. S. Gibson, J. A. Krause, H. Guan, J.
Am. Chem. Soc. 2014, 136, 7869–7872; c) S. Elangovan, B. Wendt, C.
Topf, S. Bachmann, M. Scalone, Michelangelo, A. Spannenberg, H. Jiao,
W. Baumann, K. Junge, M. Beller Adv. Synth. Catal. 2016, 358, 820–825.

Manuscript received: June 3, 2020
Revised manuscript received: July 7, 2020

ChemistryOpen
Communications
doi.org/10.1002/open.202000161

821ChemistryOpen 2020, 9, 818–821 www.chemistryopen.org © 2020 The Authors. Published by Wiley-VCH GmbH

Wiley VCH Dienstag, 11.08.2020

2008 / 174501 [S. 821/821] 1

https://doi.org/10.1002/open.202000161

