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Development of Ni and Co catalysts for the
(co-)polymerization of olefins and polar monomers and
hydrofunctionalization of olefins

Andreea Enachi, Matthias Freytag, Peter G. Jones, Marc Walter*

Technische Universitat Braunschweig, Institute for Inorganic and Analytical Chemistry,
Hagenring 30, 38106 Braunschweig, Germany

email: a.enachi@tu-bs.de

Transition metal alkyl complexes are among the most reactive species in organome-
tallic chemistry, therefore preparing and isolating them can be a challenge.[ However, we
were able to synthesize dialkyl metal complexes in a good yield using [(tmeda)M(acac);]
(M=Ni, Co) as a M?* source and [(tmeda)MgR>] (R= CH.SiMes;, CH,CMe,Ph) as the alkyl
transfer reagent. Furthermore, the tmeda ligand can be readily displaced by tunable biden-
tate phosphines and N-heterocyclic carbenes (NHCs) which are good sigma donors and
‘spectator’ ligands and confer good stability to transition metal complexes. The lower oxophi-
licity and presumed greater functional-group tolerance of late transition metals relative to
early metals make them promising targets for the development of catalysts suitable for the
preparation of ethylene and polar vinyl monomer copolymers which are currently industrially
prepared by radical polymerization.?? This and further applications in the hydrofunctionaliza-

tion of olefins and functionalized olefins will be reported.
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Scheme 1. Preparation of N-heterocyclic carbene Ni?* and Co?* dialkyl compounds.

[1 D. Zhu, F.F.B.J. Janssen, P.H.M. Budzelaar, Organometallics 2010, 29, 1897.
[2] a) L.K. Johnson, S. Mecking, M. Brookhart, J. Am. Chem. Soc. 1996, 118, 267; b) S. Mecking, L.K. John-
son, L. Wang, M. Brookhart, J. Am. Chem. Soc. 1998, 120, 888.



From NHC-phosphinidene to NHC-phosphinidyne
complexes

Marius Peters, Matthias Tamm*

Technische Universitat Braunschweig, Institute of Inorganic and Analytical Chemistry,
Hagenring 30, 38106 Braunschweig, Germany

email: marius.peters@tu-bs.de

Over the past ten years the coordination and main-group chemistry of imidazoline-2-
iminato and imidazoline-2-imine ligands has been studied intensivelyll, whereas the coordi-

nation chemistry of NHC-phosphinidenes gained interest in the last years.?
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We report about the reactivity of the parent NHC-phosphinidene (IPr)PH and synthetic, spec-
troscopic and structural details of several NHC-phosphinidene complexes.®! Our group also
developed the synthesis of a P-silylated carbene-phosphinidene (IPr)PTMS which was used

as starting material for NHC-phosphinidyne complexes.

[1 X. Wu, M. Tamm, Coord. Chem. Rev. 2014, 260, 116-138; T. Ochiai, D. Franz, S. Inoue, Chem. Soc. Rev.
2016, 45, 6327-6344.

[2] 0. Back, M. Henry-Ellinger, C. D. Martin, D. Martin, G. B, Angew. Chem. Int. Ed. 2013, 52, 2939-2943; T.
G. Larocque, G. G. Lavoie, New J. Chem. 2014, 38, 499-502; V. A. K. Adiraju, M. Yousuffuddin, H. V. R.
Dias, Dalton Trans. 2015, 44, 4449-4454; L. Liu, D. A. Ruiz, F. Dahcheh, G. Bertrand, Chem. Commun.
2015, 51, 12732-12735; A. Doddi, D. Bockfeld, A. Nasr, T. Bannenberg, P. G. Jones, M. Tamm, Chem.
Eur. J. 2015, 21, 16178-16189; M. Bispinghoff, A. M. Tondreau, H. Gritzmacher, C. A. Faradji, P. G. Prin-
gle, Dalton Trans. 2016, 45, 5999-6003; M. Bispinghoff, H. Griitzmacher, Chimia 2016, 279-283; D. Bock-
feld, A. Doddi, P. G. Jones, M. Tamm, Eur. J. Inorg. Chem. 2016, 3704-3712.

[3] M. Peters, A. Doddi, M. Freytag, D. Bockfeld, P. G. Jones, M. Tamm, manuscript in preparation.

[4] A. Doddi, D. Bockfeld, T. Bannenberg, P. G. Jones, M. Tamm, Angew. Chem. Int. Ed. 2014, 53, 13567-
13572.



Hydroxylation Catalysis
with a Peroxide Dicopper(ll) Complex

Patricia Liebhauser, Kristina Keisers, Isabella Sommer, Anne Thoma, Alexan-
der Hoffmann, Sonja Herres-Pawlis*®

RWTH Aachen University, Institute of Inorganic Chemistry,
Landoltweg 1, 52074 Aachen, Germany

email: patricia.liebhaeuser@ac.rwth-aachen.de
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Fig. 1. UV/Vis spectra of the side-on-peroxo species and the hydroxylation of 8-hydroxyquinoline.

In nature, the amino acid tyrosine is selectively oxidised by tyrosinase to the ortho-
catechol L-DOPA and furthermore to L-dopaquinone. This ortho-selectivity derives from the
protein structure, especially its catalytic centre. It consists of two copper ions each coordinat-
ed by three histidine residues. The incorporation of one oxygen molecule results in a
u-n?:n?-peroxodicopper(ll) complex (Fig. 1). So far, different model systems for the active site
of tyrosinase were developed, but only few show the catalytic hydroxylation of phenolic sub-
strates!'! as bis(pyrazolyl)methane copper complexes do.l?l Peroxo complexes can be moni-
tored via UV/Vis spectroscopy because of their characteristic absorptions (Fig. 1). Successful
hydroxylation catalysis is obtained with phenolic substrates and furthermore with the sophis-

ticated substrate 8-hydroxyquinoline (Fig. 1).

[1 M. Réglier et al., J. Chem. Soc., Chem. Commun. 1990, 1752-1755; L. Casella et al., J. Chem. Soc.,
Chem. Commun. 1991, 1611-1612; F. Tuczek et al., Angew. Chem. Int. Ed. 2010, 49, 6438-6442; P.
Liebhauser et al., Tyrosinase Models: Synthesis, Spectroscopy, Theory, and Catalysis in Molecular Sci-
ences and Chemical Engineering, Waltham, MA, Elsevier, 2016.

[2] S. Herres-Pawlis et al., Angew. Chem. Int. Ed. 2013, 52, 5398-5401; S. Herres-Pawlis et al., Chem. Eur. J.
2015, 21, 17639-17649; P. Liebhauser et al., Chem. Eur. J. 2017, in press.



Decomposition of a Tungsten Propylidyne Complex
Featuring a cis-Coordinated Formato Ligand

Tobias Schindler, Albert Paparo, Jun Okuda*

RWTH Aachen University, Institute of Inorganic Chemistry,
Landoltweg 1, 52074 Aachen, Germany

email: jun.okuda@ac.rwth-aachen.de
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Fig. 1. Decomposition of complex 2 to produce 3.

The acidity of the formate proton and the basicity of the alkylidyne carbyne are well
documented, but little is known about any interaction between these two ligands.['-3l Meta-
lation and deprotonation of the formato ligand produces a dimetalloxycarbene which has
been proposed as an intermediate in carbon-carbon-coupling reactions.!"l Interconversion
reactions between alkylidyne, alkylidene and vinylidene complexes have been utilized to
produce the targeted compounds, relying on reactions at the negatively polarized carbyne
M(5+)=C(6-).4

We report the synthesis and characterization of a tungsten propylidyne complex featuring a
cis-coordinated formato ligand stabilized by an OSSO-type backbone. We prepared the
(OSSO)W(CEt)(OCHO), 2, complex through salt metathesis between (OSSO)W(CEt)CI¥, 1,
and NaOCHO. Investigations on the basicity of the propylidyne ligand revealed an intramo-
lecular deprotonation of the formate, producing the decomposition product (OSSO)WO., 3.
Studies with isotopic labelled formate complexes enabled the elaboration of a decomposition

mechanism.

(1]

(2]
(3]
[4]

A. Paparo, J. S. Sivlia, C. E. Kefalidis, T. P. Spaniol, L. Maron, J. Okuda, C. C. Cummins, Angew. Chem.
Int. Ed. 2015, 54, 9115-9119.

J. H. Freudenberger, R. R. Schrock, Organometallics 1985, 4, 1937-1944.

E. Bannwart, H. Jacobsen, F. Furno, H. Berke, Organometallics 2000, 19, 3605-3619.

H. Nishiyama, K. Yamamoto, A. Sauer, H. lkeda, T. P. Spaniol, H. Tsurugi, K. Mashima, J. Okuda, Organ-
ometallics 2016, 35, 932-935.



Alkali Metal Hydridotriphenylborates
[(MesTREN)M][HBPhs] (M = Li, Na, K): Synthesis,
Structure and Reactivity

Hassan Osseili, Debabrata Mukherjee, Thomas P. Spaniol, Jun Okuda*

RWTH Aachen University, Institute of Inorganic Chemistry,
Landoltweg 1, Aachen, 52074 Aachen, Germany.

email: Hassan.Osseili@ac.rwth-aachen.de

Hydridoborates [HBRs]™ are ubiquitous stoichiometric reducing agents in organic syn-
thesis.l"l The nature of the metal and the boron substituents influence their selectivity.?5 We
have synthesized a series of MesTREN-coordinated alkali metal hydridotriphenylborates
[(MesTREN)M][HBPh3] (M = Li, Na, K) following B-SiH abstraction from the corresponding
tetramethyldisilazides [(MesTREN)M][N(SiHMe2).]. Among them, the lithium derivative shows
remarkable efficiency in chemoselectivity toward catalytic hydroboration of carbonyls.l671 All
three metals activate CO, and also catalyze its hydroboration to selectively provide formyl-

borane HCO2Bpin without any over-reduction.
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[1] H. C. Brown, P. V. Ramachandran, In Reductions in Organic Synthesis, American Chemical Society: 1996,
Vol. 641, p 1.

[2] E. R. H. Walker, Chem. Soc. Rev. 1976, 5, 23.

[3] M. Zaidlewicz, H. C. Brown, In Encyclopedia of Reagents for Organic Synthesis, John Wiley & Sons, Ltd:
2001.

[4] N. M. Yoon, K. E. Kim, J. Kang, J. Org. Chem. 1986, 51, 226.

[5] G. Wittig, G. Keicher, A. Riickert, P. Raff, Justus Liebigs Ann. Chem. 1949, 563, 110.

[6] D. Mukherjee, H. Osseili, T. P. Spaniol, J. Okuda, J. Am. Chem. Soc. 2016, 138, 10790-10793.

[7] H. Osseili, D. Mukherjee, K. Beckerle, T. P. Spaniol, J. Okuda, Organometallics 2017, in press.



Unexpected Reactivity in N-methylated Iridium Pincer
Complexes for Oxygen Reduction

C. Schiwek?, S. Weske®, C. Wirtele?, K. Koszinowski®, S. Schneidera*

a Georg-August-Universitat Gottingen, Institut flir Anorganische Chemie,
TammannstralRe 4, 37077 Goéttingen, Germany
b Georg-August-Universitat Gottingen, Institut fiir Organische und Biomolekulare Chemie,
TammannstralBe 2, 37077 Goéttingen, Germany

email: christoph.schiwek(@stud.uni-goettingen.de

+ +
Me. —P'Buz 0, N PBuz
N-Ir—H — = MNoioH
CP H -Hzo P
tBUz tBUz
1 2
Ha e
-H, Me_|;PBu: +3 H,
N=-Ir—H
+H, CP/H - H,O
tBUz
3

The oxygen reduction reaction (ORR) requires the delivery of four electrons, which is
often accomplished by utilizing multiple redox active metal centers and/or non-innocent lig-
ands.l'3 Earlier we presented an iridium dihydrido complex capable of completing the ORR
in a synthetic cycle, in which all four electrons are stored in covalent metal-hydride bonds on
a single metal center.[I Based on kinetic studies, isotope labeling and computations a mech-
anism, which is first order in the dihydride as well as O, was proposed. However, questions
regarding the influence of water on the selectivity and the exact nature of the cooperativity of

the secondary amino ligand remained.

In an attempt to study this cooperativity complex [Ir'"(H){CH3sN(CH2CH2PBu,)2}]JOTf 1 was

synthesized, in which the acidic secondary amine has been blocked via N-methylation. How-

ever, unexpected formal deprotonation of this methyl group lead to formation of hydroxo

complex [IM"(OH)Y{CH2N(CH2CH2PBu.)2}]OTf 2. Under dihydrogen 2 very slowly forms dihy-

drogen adduct 3 as well as starting compound 1. In light of our results the assumption that N-

methylation prevents metal-ligand cooperativity should be questioned.

[1] L. Que, W. B. Tolman, Nature 2008, 455, 333.

[2] D. K. Dogutan, S. A. Stoian, R. McGuire Jr., M. Schwalbe, T. S. Teets, D. G. Nocera, J. Am. Chem. Soc.,
2011, 133, 131.

[3] Z. M. Heiden, T. B. Rauchfuss, J. Am. Chem. Soc., 2007, 129, 14303.

[4] C. Schiwek, J. Meiners, M. Forster, C. Wirtele, M. Diefenbach, M. C. Holthausen, S. Schneider, Angew.
Chem. Int. Ed. 2015, 54, 15271.



Bioinspired Dinuclear Copper Complexes for Catalytic
Phenol Oxidation using Aerial Dioxygen

Marten Seeba; Angelina Prokofieva; Sebastian Dechert; Franc Meyer*

Georg-August-University Goéttingen, Institute for Inorganic Chemistry,
TammannstralBe 4, 37077 Goéttingen, Germany

marten.seeba@chemie.uni-goettingen.de

Inspired by tyrosinase and related polyphenol oxidases (PPOs), all type-Ill copper
proteins, that are capable of oxygenating and oxidizing phenolic substrates using aerial diox-
ygen as the oxidantl'l, complex 1 was synthesized based on a compartimental pyrazolate

based dinucleating scaffold(?l.

1 was shown to be able to catalyze C—C coupling reactions with substituted phenols such
as 2,4,6-trimethyl phenol (TMP) and is furthermore capable of generating different functional-

ization’s of the 4-methyl group of TMPEIL. Hereby aerial dioxygen is used as the oxidant.

During the reaction the initial Cu"Cu" complex 1 undergoes either partial reduction to a va-
lence localized Cu'Cu" species in case of C—C coupling, or reduction to a Cu'Cu' species.
Both species are reoxidized to their initial state by aerial dioxygen. Catalytic applications and

mechanistic insight will be presented.

1 a) T. Klabunde, C. Eicken, J. C. Sacchettini, B. Krebs, Nat. Struct. Biol. 1998, 5, 1084; b) Y. Matoba, T.
Kumagai, A. Yamamoto, H. Yoshitsu, M. J. Sugiyama, Biol. Chem. 2006, 31, 8981; c) W. T. Ismaya, H. J.
Rozeboom, A. Weijn, J. J. Mes, F. Fusetti, H. J. Wichers, B. W. Dijkstra, Biochemistry 2011, 50, 5477; d)
C. Molitor, S. G. Mauracher, A. Rompel, PNAS 2016, 113, E1806.

[2] A. Prokofieva, A. |. Prikhod’ko, E. A. Enyedy, E. Farkas, W. Maringgele, D. Demeshko, S. Dechert, F.
Meyer, Inorg.Chem. 2007, 46, 4298.

[3] a) A. Prokofieva, A.l. Prikhod’ko, S. Dechert, F. Meyer, Chem Comm. 2008, 8, 1005; b) A. Prokofieva, S.
Dechert, C. GroRRe, G. M. Sheldrick, F. Meyer, Chem. Eur. J. 2009, 15, 4994.



Phosphane-Substituted Troticenes — Transition Metal
Complexes and Catalysis

Sabrina Trondle, Matthias Tamm*

Technische Universitat Braunschweig, Institute of Inorganic and Analytical Chemistry,
Hagenring 30, 38106 Braunschweig, Germany

email: s.troendle(@tu-bs.de
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Recent results by us demonstrate the selective modification of troticene by varying
the reaction conditions. Mono-functionalization of troticene can either occur selectively at the
five- or the seven-membered ring according to the reaction conditions.['l Also the synthesis of

di-functionalized troticene containing phosphanes is feasible.["2

Using these different phosphane-substituted troticenes as ligands we were able to synthe-
size and fully characterize a large variety of transition metal complexes e.g. with palladium,
platinum, gold, iridium and rhodium.l'3l Remarkably, in some cases the cycloheptatrienyl

moiety acts as a reducing agent.

The performance of palladium-catalyzed cross coupling reactions strongly depends on the
nature of the phosphane ligand and the incorporation of troticene as non-innocent scaffold
offers novel aspects as recently reported.! Suzuki-Miyaura coupling reactions were per-
formed with the monophosphane-functionalized troticenes and its pentamethyl derivatives

indicating the reducing properties of these ligands.

[1 S. K. Mohapatra, S. Biischel, C. G. Daniliuc, P. G. Jones, M. Tamm, J. Am. Chem. Soc. 2009, 131, 17014-
17023.

[2] L. B. Kool, M. Ogasa, M. D. Rausch, Organometallics, 1989, 8, 1785-1790.

[3] S. Buschel, A.-K. Jungton, T. Bannenberg, S. Randoll, C. G. Hrib, P. G. Jones, M. Tamm, Chem. Eur. J.
2009, 75, 2176-2184.

[4] A. C. Tagne Kuate, S. Sameni, M. Freytag, P. G. Jones, M. Tamm, Angew. Chem. 2013, 125, 8800-8804;
Angew. Chem. Int. Ed. 2013, 52, 8638-8642.



Development of Ambiphilic Diphosphinoboron and
Diphosphinometal Ligands

Patrick Steinhoff, Danny Schuhknecht, Florian Ritter, Michael E. Tauchert*

RWTH Aachen University, Institute of Inorganic Chemistry,
Landoltweg 1, D-52064 Aachen, Germany

email: Michael.Tauchert@ac.rwth-aachen.de
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The combination of Lewis basic and Lewis acidic functional groups in so called am-
biphilic ligands provides interesting perspectives for homogeneous transition metal cataly-
sis.[ The borane functionality in diphosphinoborane (DPB) ligands serves as a strong o-
acceptor ligand to Lewis basic transition metals resulting in complexes with unique electronic
and steric properties, which have successfully been utilized in transition metal catalysis.['?
Recently, we and the Ozerov group used DPB complexes to access PBP pincer complexes
featuring a boryl functionality permitting the coordination of Lewis bases to the ligand.!

Lewis acidic metals are known to form heterobimetallic complexes with Lewis basic transition
metals.*! We developed a ligand framework stabilizing such metal only Lewis pairs. These
complexes are designed for homogeneous transition metal catalysis with a Lewis acidic met-

al serving as a weak acceptor functionality in a PMP ligand.

[1] a) G. Bouhadir, D. Bourissou, Chem. Soc. Rev. 2016, 45, 1065; b) G. R. Owen, Chem. Commun. 2016,
52, 10712.

[2] a) T. Schindler, M. Lux, M. Peters. L. T. Scharf, H. Osseili, L. Maron, M. E. Tauchert, Organometallics
2015, 34, 1978; b) P. Steinhoff, M. E. Tauchert, Beilstein J. Org. Chem. 2016, 12, 1573.

[3] a) W. C. Shih, W. Gu, M. C. Maclnnis, S. D. Timpa, N. Bhuvanesh, J. Zhou, O. V. Ozerov, J. Am. Chem.
Soc. 2016, 138, 2086; b) D. Schuhknecht, F. Ritter, M. E. Tauchert, Chem. Commun. 2016, 52, 11823.

[4] J. Bauer, H. Braunschweig, R. D. Dewhurst, Chem Rev. 2012, 112, 4329.



Synthesis of Novel N-Heterocyclic Silylenes

Alexander Noel Paesch, Dietmar Stalke*

Georg-August-University Gottingen, Institute of Inorganic Chemistry,
Tammannstralie 4, 37077 Goéttingen, Germany

email: apaesch@gwdg.de

e N,
Ph : N
t-Bu . )\ ~t-Bu Ar< /‘?71 Ars /‘?le‘ : L l
N\F\/N N )N\ ! N \/\N
_Si. X =< )\/ Ph >~ R /
X~ Ph P~pn Ph7 P - N—giN_R
Ph pr | R
: R R
1 N\ J 'R 2
Scheme 1. Examples of the synthesis of novel 4-membered N-heterocyclic silylenes.

Since West and Denk reported the first isolable N-heterocyclic silylene (NHSI) in 1994
transition metal complexes now enjoy an enormous attention. But in comparison to the ubig-
uitous reports of N-heterocyclic carbene (NHC) complexes, NHSi complexes are still com-
paratively rare.l'l Nevertheless they can perform interesting stoichiometric transformations.
Since 2012 publications of catalytically active NHSi transition metal complexes are remarka-
bly increasing with a broad range of applications (e.g. C-H bond borylation of arenes, cy-

cloaddition reactions, etc.).?4

The main target is to synthesize and isolate suitable stable N-heterocyclic silylene ligands for
the complexation of group 11 metals (Cu, Ag and Au) on the basis of the 4-membered
N-heterocyclic silylene 1 (Scheme 1). There are just a few group 11 NHSi complexes known
so far but the various catalytically applications of their NHC analogues illustrate the huge
potential of such compounds.®¢l Therefore the first step is to provide new silylenes contain-
ing additional donor-sites for enhanced coordination of transition metal centres. Ongoing re-
search will also investigate the synthesis of sterical demanding silylenes (2) with a very simi-

lar binding motif to 1 by providing an intern donor-function.

1 M. Denk, R. Lennon, R. Hayashi, R. West, A. V. Belyakov, H. P. Verne, A. Haaland, M. Wagner, N. Metz-
ler, J. Am. Chem. So0c.1994, 116, 2691.

[2] A. Brick, D. Gallego, W. Wang, E. Irrane, M. Driess, J. F. Hartwig, Angew. Chem. Int. Ed. 2012, 51,
11478-11482.

[3] B. Blom, S. Enthaler, S. Inoue, E. Irrane, M. Driess, J. Am. Chem. Soc. 2013, 135, 6703-6713.

[4] W. Wang, S. Inoue, S. Enthaler, M. Driess, Angew. Chem. Int. Ed. 2012, 51, 6167-6171.

[5] L. Biasolo, A. Del Zotto, D. Zuccaccia, Organometallics 2015, 34, 1759.

[6] R. Yuan, Z. Lin, ACS Catal. 2015, 5, 2866.



Nitrobindin: Evolution of a Protein-Host
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The heme-containing protein nitrobindin was discovered in 2010." Two years later,
the heme-moiety was reconstituted with artificial metal cofactors to perform cis-selective
polymerization of phenylacetylene?? and to evolve hydrogen.# Furthermore, incorporation of
a Grubbs-Hoveyda type complex to construct an artificial metathesis resulted in an unex-
pected highly active catalyst for the ring-opening metathesis polymerization (ROMP).5 This
activity shows relation to the hydrophobic cavity structure that is provided by the protein ni-
trobindin.

In the recent work, we applied new strategies on the protein scaffold to generate a versatile
platform for biohybrid catalyst design, either in solution or as diffusion-barrier free whole-cell
systems.

[1 Bianchetti, C. M.; Blouin, G. C.; Bitto, E.; Olson, J. S.; Phillips, G. N., Proteins: Struct., Funct., Bioinf. 2010,
[2] (73%09311a7,-A.; Fukumoto, K.; Arlt, M.; Bocola, M.; Schwaneberg, U.; Hayashi, T., Chem. Commun. 2012, 48,
[3] %iﬁ.moto, K.; Onoda, A.; Mizohata, E.; Bocola, M.; Inoue, T.; Schwaneberg, U.; Hayashi, T., Chem-

CatChem. 2014, 6, 1229.
[4] Onoda, A.; Kihara, Y.; Fukumoto, K.; Sano, Y.; Hayashi, T., ACS Catal. 2014, 4, 2645.

[5] Sauer, D. F.; Himiyama, T.; Tachikawa, K.; Fukumoto, K.; Onoda, A.; Mizohata, E.; Inoue, T.; Bocola, M.;
Schwaneberg, U.; Hayashi, T.; Okuda, J., ACS Catal. 2015, 5, 7519.
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Vinylboronate esters are versatile reagents in organic synthesis of organic com-

pounds owing to their use as nucleophilic partners in C-C bond forming reactions.1,2 Hy-

droboration of terminal alkynes is a straightforward and atom economical method for the

preparation of vinylboronate esters and commonly yields products with E stereochemistry via

anti-Markovnikov and syn addition of the boron reagents.3,4

We report the synthesis of Z-vinylboronates via a chemo- region- and stereoselective boryla-

tion of terminal alkynes with pinacolborane catalyzed by the ruthenium acriphos complex 1

(Scheme 1), which is active with base KOtBu. This selective hydroboration reaction proceeds

for a broad scope of substrates under mild conditions. In addition, the regioselectivity of ter-

minal alkyne hydroborations can be inverted from Z selectivity to E selectivity by changing
the activator of catalysts 1 and 2 from KOtBu to KOiPr (Scheme 1).

(1]
(2]
(3]
(4]

E isomer

Scheme 1.

Bpin

cat. 1 or 2 [0.5 mol%] o) cat. 1or 2 - _
i / [0.25-1.5 mol%] Bpin
KO'Pr R—=——= + H—B 25-1.5m
16h, THF, 50°C \ KO'Bu
16h, THF, 50°C
1.0 equiv 1.2 equiv Z isomer
Cat. 1 Cat. 2
PPh2 P‘Bu2
N—| Ru PPh3 N—| Ru PPh3
/CI /CI
Pth P‘Bu2

Ruthnium Catalyzed Hydroboration of Terminal Alkynes with Pinacolborane Using
Catalyst 1 and 2.

Suzuki, A., Rev. Heteroatom Chem. 1997, 17, 271-314.

Cordova, A., Ed. Catalytic Asymmetric Conjugate Reactions; Wiley-VCH: Weinheim, 2010.

Brown, H. C.; Gupta, S. K., J. Am. Chem. Soc. 1972, 94, 4370.

For E-selective hydroboration of terminal alkynes: a) Neilson, B. M.; Bielawski, C. W., Organometallics

2013, 32, 3121; b) Semba, K.; Fujihara, T.; Terao, J.; Tsuji, Y., Chem.-Eur. J., 2012, 18, 4179.
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Over the past ten years the coordination and main-group chemistry of imidazoline-2-
iminato and imidazoline-2-imine ligands has been studied intensively.!"! In these ligands the
carbene moiety is capable to stabilize a positive charge, leading to highly basic ligands that
can act as 20,41-electron donors. They can be related to phosphoraneiminato ligands and

therefore also be seen as monodentate analogues of the widely-used cyclopentadienyl lig-

and.
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In this contribution, we report our latest results with these types of ligands in ruthenium
chemistry leading to a rare class of metal complexes as well as other metal complexes ex-

hibiting one-legged piano stool geometries around the metal center.

[1 X. Wu, M. Tamm, Coord. Chem. Rev. 2014, 260, 116-138; Inoue et al., Chem. Soc. Rev. 2016, 45, 6327-
6344
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Alkyne metathesis — the catalytic formation and breaking of C—C triple bonds — has
increasingly found applications in organic, polymer and supramolecular chemistry in the past
decades.l'?l Although several alkylidyne complexes of Mo and W have been established as
highly active catalysts for this reaction,!'-%! the functional group tolerance and substrate scope
differ from one catalyst to another. For example, terminal alkynes are particularly challenging
substrates, but our group recently reported a catalyst that is able to promote terminal alkyne
metathesis.[ On the other side, most of the catalysts are air-sensitive, which may be incon-

venient regarding some applications.

Catalyst design is crucial in order to improve the robustness of the alkylidyne complexes. Our
idea was to functionalise the alkylidyne moiety in order to favour inter- or intramolecular in-
teractions, which potentially results in air-stable complexes. In this contribution, the introduc-
tion of an ether group at different positions of the aryl ring as in complexes 1-4 (see

Scheme) will be discussed.

[1 W. Zhang, J. S. Moore, Adv. Synth. Catal. 2007, 349, 93-120.

[2] A. Firstner, Angew. Chem. Int. Ed. 2013, 52, 2794-2819.

[3] X. Wu, M. Tamm, Beilstein J. Org. Chem. 2011, 7, 82-93.

[4] B. Haberlag, M. Freytag, C. G. Daniliuc, P. G. Jones, M. Tamm, Angew. Chem. Int. Ed. 2012, 51, 3019-
13022.
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Supramolecular coordination cages bear new opportunities to influence catalytic pro-
cesses by tailor-made and well-positioned functional elements within confined spaces. Such
cage compounds have been proposed in the past as enzyme mimetics, and several exam-

ples for a successful implementation of supramolecular catalysts have been reported."

Fig.1. Coordination cage with metal corrole center, and strategic 10-azacorrole precursor.

In this project we aim towards encapsulated porphyrinoids as heme enzyme catalysts, in
particular for oxygenation reactions.?! As part of a modular approach towards such functional
porphyrinoid cages we have investigated the synthesis and coordination chemistry of 10-
heterocorroles with and without an active periphery (Fig. 1). The poster will give an overview

of the compounds that could be obtained so far along this path.

[1 R. Chakrabarty, P. S. Mukherjee, P. J. Stang, Chem. Rev. 2011, 111, 6810-6918; M. Yoshizawa, J. K.
Klosterman, M. Fujita, Angew. Chem. Int. Ed. 2009, 48, 3418-3438.
[2] S. T. Jung, R. Lauchli, F. H. Arnold, Curr. Opin. Biotechnol. 2011, 22, 809-817.
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Fig. 1. Reaction of D-A cyclobutanes with electron-rich arenes.

Highly strained carbocycles have become an important tool for the effective construc-
tion of complex molecular scaffolds. In the last decade, donor-acceptor (D-A) cyclopropanes
have turned into valuable building blocks in organic synthesis, whereas only limited exam-
ples for the corresponding reactions with analogous D-A cyclobutanes have been reported.
The ring strain of these four-membered rings (~110 kJ-mol-') is comparable to those of cy-
clopropanes (~115 kJ-mol"), but is distributed among four carbon centers. Due to their sub-
stitution pattern D-A cyclobutanes have a strongly polarized C-C bond and are able to react
with respect to their formal 1,4-zwitterionic character with various dipoles to generate (het-

ero)cyclic compounds.!-2

In this study, we present a novel protocol for the nucleophilic ring opening of D-A cyclobu-
tanes. The Lewis-acid catalyzed reaction of these highly strained four-membered rings with
electron-rich arenes produces aryl-functionalized butane diesters under formation of a new
C-C bond in good yields.®!

[1] a) T. F. Schneider, J. Kaschel, D. B. Werz, Angew. Chem. Int. Ed. 2014, 53, 5504-5523; T. F. Schneider,
J. Kaschel, D. B. Werz, Angew. Chem. 2014, 126, 5608-5628; b) H.-U. Reissig, R. Zimmer, Chem. Rev.
2003, 703, 1151-1196.

[2] a) H.-U. Reissig, R. Zimmer, Angew. Chem. Int. Ed. 2015, 54, 5009-5011; H.-U. Reissig, R. Zimmer, An-
gew. Chem. 2015, 127, 5093-5095; b) N. Vemula, B. L. Pagenkopf, Org. Chem. Front. 2016, 3, 1205-
1212.

[3] A. Kreft, D. B. Werz, unpublished results.
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Fig. 1. (a) ring-opening polymerization of BLG-NCA and (b) amide coupling of
different phosphonates to PGA-Na.

Phosphoproteins mediate different processes like protein-protein interactions, protein
activation and inhibition as well as biomineralization.[ The synthesis of phosphoproteins is
very complex; therefore artificial analogs such as polypeptides are an interesting approach to
mimic the features of phosphor-proteins (e.g. secondary strucures). Phosphonate-containing
polypeptides can also be used as e.g. dental adhesives or adhesion promoters.??! Different
catalytic systems are used for the synthesis of polypeptides e.g. amine initiators or transition
metal complexes.®l The efficiency of these different initiators is compared for the living
polymerization of benzyl-L-glutamic-N-carboxy anhydride (BLG-NCA). After deprotection, the
resulting poly-L-glutamic acids can be modified with different phosphonate containing side
chains via amide coupling with DMT-MM.™ (Fig. 1) In this way well defined phosphonate
containing polypeptides with adjustable degree of polymerization and phosphonate group
density are obtained. Polypeptides with different side-chains and phosphonate densities are
characterized by CD-spectroscopy to determine changes in the secondary structure. Fur-

thermore, polypeptides are coated on titanium substrates creating monolayer polymer films.

[1 Yaffe, M. B.; Elia, A. E. H.; Curr. Opin. Cell Biol. 2001, 13, 131-138.

[2] Monge, S.; Canniccioni, B.; Graillot, A.; Robin, J.-J.; Biomacromolecules 2011, 12, 1973-1982.
[3] Deming, T.J.; Macromolecules 1999, 32, 4500-4502.

[4] Mildner, R.; Menzel, H.; J. Polym. Sci. Pol. Chem. 2013, 51, 3925-3931.
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Tyrosinase is important for melanin biosynthesis because the enzyme catalyses the
oxygenation of L-tyrosine to L-DOPA and afterwards the subsequent dehydrogenation to L-
dopaquinone. The catalytically active species is a p—n?n>-dicopper(ll) core. Till now just a
few catalytically active models are known.['? Bis(pyrazolyl)methane copper complexes mimic
the catalytic active site of tyrosinase structurally and functionally.*! By adding oxygen the

formation of the side-on bonded peroxo core can be monitored via UV/Vis spectroscopy
(Fig. 1).

Abs. [a.u.]

Wavelength [nm]

Fig. 1. UV/Vis spectra of the peroxo complex.

The designed peroxodicopper(ll) complex with an ethylene bridged bis(pyrazolyl)(pyridinyl)-
methane ligand shows catalytic activity towards phenolic substrates and is stable for several

days at room temperature. We have also characterised this complex by ESI spectrometry.

[1] P. Liebhauser, A. Hoffmann, S. Herres-Pawlis, Elsevier Reference Module in Chemistry, Molecular Sci-
ences and Chemical Engineering, 2016, DOI: 10.1016/B978-0-12-409547-2.11554-9.

[2] M. Rolff, J. Schottenheim, H. Decker, F. Tuczek, Chem. Soc. Rev. 2011, 40, 4077-4098.

[3] A. Hoffmann, C. Citek, S. Binder, A. Goos, M. Riibhausen, O. Troeppner, |. lvanovi¢-Burmazovi¢, E. C.
Wasinger, T. D. P. Stack, S. Herres-Pawlis, Angew. Chem. Int. Ed. 2013, 52, 5398-5401.

[4] C. Wilfer, P. Liebhauser, A. Hoffmann, H. Erdmann, O. Grossmann, L. Runtsch, E. Pfaffenholz, R. Schep-
per, R. Dick, M. Bauer, M. Duirr, |. lvanovié-Burmazovi¢, S. Herres-Pawlis, Chem. Eur. J. 2015, 21, 17639-
17649.

[5] P. Liebhauser, K. Keisers, A. Hoffmann, T. Schnappinger, I. Sommer, A. Thoma, C. Wilfer, R. Schoch, K.
Stihrenberg, M. Bauer, M. Dirr, |. Ivanovic-Burmazovic S. Herres-Pawlis, Chem. Eur. J. 2017, DOI:
10.1002/chem.201700887
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Cs-symmetric triaminoguanidinium based ligands are able to coordinate soft metal
ions like Zn(ll), Cd(Il) or Eu(lll) as well as hard metal ions like Ti(IV) or Zr(IV) in their triden-
tate chelating binding pockets. As the combination of ligands and metal ions provide flexible
coordination environments, a variety of different discrete supramolecular coordination cages,
such as tetrahedra, octahedra and trigonal bipyramids, are accessible.l'! Some of these
compounds showed activity in ring opening polymerization of lactide. Two donut shaped co-
ordination oligomers with a diameter of 31 A will be presented. They exhibit spherical cavities
of about 10.6 A and could be utilized as selective reaction chambers or to crystallize small
molecules. Attachment of long alkyl chains to the ligand leads to self-assembly in a positively

charged hexagonal structure at the octanoic acid/HOPG interface.?!

1 C. von ERen, C. R. Gob, I. M. Oppel, Top. Heterocycl. Chem. 2015.
[2] K. Tahara, M. L. Abraham, K. Igawa, K. Katayama, I. M. Oppel, Y. Tobe, Chem. Commun. 2014, 50, 7683.
[3] C. R. Gob, K. Iritani, Y. Tobe, I. M. Oppel, manuscript in preparation.
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Due to the easily modified electronic and steric properties of the NacNac ligand by
simply varying the substituents at the imine moieties so far a bulk of differently substituted
derivatives could be synthesized.[" In this context especially the Dipp (diisopropylphenyl)
substituted NacNac derivative developed to one of the most studied ligand systems.l? The
phenyl groups within this system display a nearly perpendicular orientation with respect to
the residual imine ligand backbone offering a unique shielding towards a coordinated metal
ion, thus avoiding oligomerization or electrophilic attacks.?! This rising interest has also initi-
ated the research for other promising ligand platforms mimicking the chelating ability of the
ubiquitous NacNac ligand. Examples of this development are the bis(2-pyridyl)methane lig-
and system and its N, P and As bridged derivatives bearing benzo-fused imine moieties.®
Our group was able to show that bis(benzoxazol-2-yl)- and bis(benzothiazol-2-yl)methanides
work as versatile platforms for Group 1 and 13 metal complexes. This Chemistry could also
be extended to the corresponding N bridged derivatives!® and most recently to benzimidazol-
and asymmetric substituted bis(heterocyclo)methane species.l”l This Chemistry is now also

extended to bulkier methanide ligand systems and to the s-Block elements.

[1] L. Bourget-Merle, M. F. Lappert, J. R. Severn; Chem. Rev. 2002, 102, 3031-3066.

[2] a) J. Feldman, S. J. MclLain, A. Parthasarathy, W. J. Marshall, J. C. Calabrese, S. D. Arthur;
Organometallics 1997, 16, 1514-1516; b) M. Cheng, D. R. Moore, J. J. Reczek, B. M. Chamberlain, E. B.
Lobkovsky, G. W. Coates; J. Am. Chem. Soc. 2001, 123, 8738-8749; c) M. Stender, R. J. Wright, B. E.
Eichler, J. Prust, M. M. Olmstead, H. W. Roesky, P. P. Power; J. Chem. Soc., Dalton Trans. 2001, 3465-
3469.

[3] W. W. Schoeller; Inorg. Chem. 2011, 50, 2629-2633.

[4] a) H. Gornitzka, D. Stalke, Angew. Chem. 1994, 106, 695-698.; Angew. Chem. Int. Ed. 1994, 33, 693-695;
b) T. Kottke, D. Stalke; Chem. Ber. 1997, 130, 1365-1374; c) H. Gornitzka, C. Hemmert, G. Bertrand, M.
Pfeiffer, D. Stalke; Organometallics 2000, 19, 112-114; d) M. Pfeiffer, F. Baier, T. Stey, D. Leusser, D.
Stalke, B. Engels, D. Moigno, W. Kiefer; Journal of Molecular Modeling 2000, 6, 299-311; e) A. Steiner, D.
Stalke; J. Chem. Soc., Chem. Commun. 1993, 444-446; f) A. Steiner, D. Stalke, Angew. Chem. 1995, 107,
1908-1910.; Angew. Chem. Int. Ed. 1995, 34, 1752-1755.

[5] a) D.-R. Dauer, D. Stalke; Dalton Trans. 2014, 43, 14432-14439; b) D.-R. Dauer, M. Fliigge, R. Herbst-
Irmer, D. Stalke; Dalton Trans. 2016, 45, 6149-6158.

[6] D.-R. Dauer, M. Fligge, R. Herbst-Irmer, D. Stalke; Dalton Trans. 2016, 45, 6136-6148.

[7 D.-R. Dauer, I. Koehne, R. Herbst-Irmer, D. Stalke; Eur. J. Inorg. Chem. 2017, 2017, 1966-1978.
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Fig. 1. Water contact angle measurement (degree of the surface-polarity) of
A: unfunctionalized wood and B: polyethylene-coated wood.

Controlled polymerization techniques revolutionized modern polymer chemistry and
offer many advantages compared to conventional polymerization systems. These techniques
give access to properties as low dispersities, variable end-group functionalities, synthesis of
block copolymers and defined macromolecular architectures with predictable and adjustable
properties. One controlled polymerization technique suitable for the synthesis of polyethylene
is catalyzed chain growth (CCG). CCG is based on a degenerative chain transfer polymeriza-
tion mechanism including a main group organyl (organomagnesium compound) as a chain
transfer agent and a transition metal catalyst ([Nd]).['? Within this work different types of
(nano)particles (wood, gold, silica) were coated with functionalized polyethylene via diverse
synthetic approaches. These hybrid materials were fully characterized with a multitude of
methods (e.g. DLS, TEM, IR, NMR, TGA, contact angle). Additionally, the efficient functional-
ization of polyethylene with a charged end-group was performed. This gives an easy access

to the characterization of polyethylene via mass spectrometry.

[1 V. C. Gibson, Science 2006, 312, 703-704.
[2] T. Chenal, X. Olonde, J.F. Pelletier, K. Bujadoux, A. Mortreux, Polymer 2007, 48, 1844-1856.
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Functionalised polymers obtained by co-polymerisation of polar monomers and ole-
fins display excellent polymeric materials with different properties. Studies have shown that
polar groups, such as methyl methacrylate, acrylates and vinyl acetate, play a crucial role in
the copolymer and have influence on the polymer properties for example on the toughness,
the adhesion, the surface properties and the solvent resistance. In recent years, catalysts for
functionalized polyolefins have been studied intensively.[ Developments in this area have
led to the design of catalysts with mostly late transition metals as metal centre since they are
less oxophilic and more functional group tolerant than early transition metals. Several nickel
catalysts show high activities in the co-polymerisation of methyl methacrylate and eth-

ylenelPl Bl and only few examples use titanium metal ions with tridentate ligand systems. 6l

These results prompted us to develop tridentate ligand systems with an N,N,O-donorset
bearing a phenoxy- or an anisole-, a pyridinyl- and a imidazolyl-unit. The ligands were uti-
lised to synthesise the respective chromium and titanium complexes, which were then inves-
tigated upon their activity in ethylene and methyl methacrylate polymerisation and co-

polymerisation.

[1 L. S. Boffa, B. M. Novak, Chem. Rev. 2000, 100, 1479-1494.

[2] F. Olscher, . Géttker-Schnetmann, V. Monteil, S. Mecking, J. Am. Chem. Soc. 2015, 137, 14819-14828.

[3] V. C. Gibson, A. Tomov, Chem. Commun. 2001, 1964-1965.

[4] X.-F. Li, Y.-G. Li, Y.-S. Li, Y.-X. Chen, N.-H. Hu, Organometallics 2005, 24, 2502-2510.

[5] M.-L. Gao, X.-L. Sun, Y.-F. Gu, X.-L. Yao, C.-F. Li, J.-Y. Bai, C. Wang, Z. Ma, Y. Tang, Z. Xie, S.-Z. Bu, C.
Qian, J. Polym. Sci., Part A: Polym. Chem. 2008, 46, 2807-2819.

[6] X.-H. Yang, C.-R. Liu, C. Wang, X.-L. Sun, Y.-H. Guo, X.-K. Wang, Z. Xie, Y. Tang, Angew. Chem., Int.
Ed. 2009, 48, 8099-8102.
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Anionic palladium(0) complexes are often suggested to be important intermediates in
palladium-catalyzed transformations, but have up to now been only scarcely characterized at
the molecular level.l'-3l Herein, we have examined the formation of anionic palladium(0)
complexes from the electron-poor palladium catalyst [LsPd] (L = tris[3,5-bis(trifluoromethyl)-
phenyllphosphine) and a lithium salt LiX (X = Br, I, OAc) with a variety of analytical tech-
niques, including electrospray-ionization mass spectrometry, electrical conductivity meas-
urements, and 3'P NMR studies. It was shown that [LsPd] readily reacts with the lithium salt
to form [LsPdX] Li*, whereas more electron-rich ligands do not tend to be incorporated in ani-
onic Pd® complexes. Furthermore, the addition of an aryl iodide Arl to the palladate complex

resulted in the formation of [L.PdArIX]™ via oxidative addition.

[1 E. Negishi, T. Takahashi, K. Akiyoshi, J. Chem. Soc., Chem. Commun. 1986, 1338—1339.
[2] C. Amatore, M. Azzabi, A. Jutand, J. Am. Chem. Soc. 1991, 113, 8375-8384.
[3] C. Amatore, A. Jutand, Acc. Chem. Res. 2000, 33, 314-321.
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The necessity for sustainable polymers increases as the end of the fossil fuel feed-

stock approaches. Polycarbonates, prepared from epoxides with CO,, provide 100% atom
economics and qualify as Green Polymers, allowing the use of the industrial waste product
CO, as a C1 feedstock. In the poly (cyclohexane carbonate) (PCHC) depicted above, 31% of
the weight is contributed by CO,.["

The Co-symmetric pyrazolate-bridged bis(oxazoline) complexes here presented copolymerize
cyclohexene oxide with CO,. Moreover, the complexes address the important correlation of
microstructure and material properties by transferring their stereochemical information to the

polymer. Thus, up to 66% of m-centered tetrads can be observed in the formed PCHC.12!

[1 a) Taherimehr, M.; Pescarmona, P. P. J. Appl. Polym. Sci. 2014, 131, 1-17; b) Trott, G.; Saini, P. K.; Wil-
liams, C. K. Philos. Trans. A. Math. Phys. Eng. Sci. 2016, 374, 20150085.

[2] Cohen, C. T.; Thomas, C. M.; Peretti, K. L.; Lobkovsky, E. B.; Coates, G. W. Dalton Trans. 2006, 1, 237-
249.
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Base metal-catalyzed C—H activation represents a powerful alternative to the use of
precious and rare 4d and 5d transition metals in the synthesis of biologically relevant com-
pounds.["'In recent years, cobalt,’l manganesel®! and iron*! catalysts emerged, among oth-
ers, as versatile alternatives to noble metal catalysts. Indoles and pyrroles are among the
most abundant structural motifs in bioactive molecules and represent key scaffolds in crop

protection and pharmaceutical chemistry.?!

Herein, we report on two distinct protocols for cobalt-®! and manganese-catalyzed”l C-H al-
kynylations of heteroarenes. Notable features of the cobalt-catalyzed reaction are (i) exceed-
ingly mild reaction conditions, (i) excellent regioselectivity and (ii/) good functional group tol-
erance. The manganese-catalyzed reaction provides two outstanding advantages, On the
one hand no costly silver salts are necessary, on the other the addition of Lewis-acidic BPhs

as a cocatalyst enabled the utilization of aryl and alkyl substituted.

[1 a) O. Daugulis, J. Roane, L. D. Tran, Acc. Chem. Res. 2015, 48, 1053-1064.

[2] a) M. Moselage, J. Li, L. Ackermann, ACS Catal. 2016, 6, 498-525. b) K. Gao, N. Yoshikai, Acc. Chem.
Res. 2014, 47, 1208-1219.

[3] a) W. Liu, L. Ackermann, ACS Catal. 2016, 6, 3743-3752. b) C. Wang, Synlett 2013, 24, 1606-1613.

[4] a) G. Cera, L. Ackermann, Top. Curr. Chem. 2016, 374, 57. b) E. Nakamura, N. Yoshikai, J. Org. Chem.
2010, 75, 8948-8954.

[5] A. W. Schmidt, K. R. Reddy, H.-J. Kndlker, Chem. Rev. 2012, 112, 3193-3328.

[6] N. Sauermann, M. J. Gonzalez, L. Ackermann, Org. Lett. 2015, 17, 5316-5319.

[7] Z. Ruan, N. Sauermann, E. Manoni, L. Ackermann, Angew. Chem. Int. Ed. 2017, 56, 3172-3176.
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Cooperative effects in di- and multinuclear metal systems play a key role in many en-
zymatic reactions.ll Such cooperative effects can lead to more efficient and selective trans-
formations, conformational control of substrates, higher local reagent concentration at the
metal centers and stabilization of reactive species and complex intermediates.!? The combi-
nation of nickel and S-based ligands is of particular current interest, due to its relevance in

various biological systems.l

We have been working on the development of highly preorganized dinuclear metal complex-
es of metal---metal-bridging compartmental pyrazolate ligands, many of which mediate the
bioinspired transformation of small substrates.*% Here we present a series of hydrosulfido,
sulfido and persulfido nickel(ll) complexes based on a new compartmental pyrazolate/NHC

hybrid ligand.

[1 L. C. Seefeldt, B. M. Hoffman, D. R. Dean, Annu. Rev. Biochem. 2009, 78, 701-722.

[2] S. Liu, A. R. Mouat, M. Delferro, T. J. Marks, J. Am. Chem. Soc. 2014, 136, 10460-10469.
[3] J. K. Boer, S. B. Mulrooney, R. P. Hausinger, Arch. Biochem. Biophys. 2014, 544, 142-152.
[4] J. Klingele, S. Dechert, F. Meyer, Coord. Chem. Rev. 2009, 253, 2698-2741.

[5] K. E. Dalle, F. Meyer, Eur. J. Inorg. Chem. 2015, 3391-3405.



