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The	 Beifuss	 group	 has	 a	 strong	 interest	 in	 the	 development	 of	 synthetic	 methods	 for	 the	

selective	 and	 efficient	 preparation	 of	 heterocycles.	 Another	 area	 of	 focus	 involves	 oxidative	

transformations,	 such	 as	 phenolic	 couplings	 and	 laccase‐catalyzed	 domino	 reactions.	 A	 third	

area	of	interest	is	the	isolation	and	structure	elucidation	of	natural	products.	Great	emphasis	is	

also	placed	to	the	synthesis	and	development	of	pressure	and	temperature	sensors.	

	

	

Development	of	efficient	synthetic	methods	for	heterocycles	

	

The	 focus	 of	 our	 activities	 in	 this	 field	 is	 on	 the	 development	 of	 new	 domino	 reactions.	 It	

comprises	 Cu‐catalyzed	 reactions	 between	 bisfunctionalized	 substrates,	 the	 synthesis	 of	

heterocycles	via	cationic	intermediates	as	well	as	reductive	cyclizations	of	nitro	compounds.		

Cu(I)‐catalyzed	cross	couplings	between	aryl	halides	and	C‐,	N‐,	O‐	as	well	as	S‐nucleophiles	offer	

a	powerful	tool	for	the	formation	of	C‐C‐	as	well	as	C‐heteroatom	bonds.	The	synthetic	potential	

of	 Cu(I)‐catalyzed	 cross	 couplings	 can	 be	 significantly	 extended	 by	 combining	 such	 couplings	

with	 other	 reactions	 to	 new	 domino	 processes.	 Following	 this	 approach,	 the	 Beifuss	 group	

successfully	established	transformations	of	o‐dihalobenzenes	(Aljaar	et	al.,	2012),	o‐halobenzyl	

halides	 (Malakar	 et	 al.,	 2011;	Malakar	 et	 al.,	 2012a;	 Sudheendran	 et	 al.,	 2013)	 and	 –tosylates	

(Omar	 et	 al.,	 2014a),	 1‐(2‐halophenyl)methanamines	 (Omar	 et	 al.,	 2014b)	 and	

o‐halobenzaldehydes	 (Malakar	 et	 al.,	 2012b)	 with	 bisfunctionalized	 nucleophiles,	 such	 as	

1,3‐dicarbonyls,	 amidines,	 imidates	 and	 2‐mercaptoimidazoles.	 This	 resulted	 in	 the	

development	 of	 powerful	 methods	 for	 the	 selective	 and	 efficient	 preparation	 of	 a	 number	 of	

carbo‐	 and	 heterocyclic	 systems,	 including	 dihydrodibenzo[b,d]furan‐1(2H)‐ones,	

4H‐chromenes	und	naphthalenes,	quinazolines	and	imidazobenzothiazines.	

Another	 topic	 is	 the	 stereoselective	 synthesis	 of	 heterocycles	 via	 cationic	 intermediates.	 One	

aspect	of	this	work	is	the	development	of	regio‐	and	stereoselective	multiple	functionalizations	

of	positively	 charged	aromatic	N‐,	O‐	 and	S‐heterocycles	by	 sequential	 transformations,	which	

provide	efficient	access	to	a	great	number	of	relevant	classes	of	compounds,	including	quinolone	

alkaloids,	 acridones,	 xanthones,	 pyranones	 and	 thioxanthones.	 Another	 part	 of	 this	 work	

consists	in	studying	new	aspects	of	cationic	cycloadditions	and	cationic	cyclizations.	The	Beifuss	

group	has	also	extensive	experience	in	Mo‐catalyzed	reductive	cyclizations	of	nitro	compounds	

to	different	N‐heterocycles.		

	

	



2 

Development	of	oxidative	transformations	

	

Regio‐	and	stereoselective	phenolic	couplings		

In	nature,	enzymatic	oxidative	phenolic	couplings	often	proceed	with	excellent	regio‐,	diastereo‐	

and	enantioselectivities.	In	contrast,	the	importance	of	phenolic	couplings	in	organic	synthesis	is	

only	 limited.	 Therefore,	 the	 key	 focus	 of	 one	 of	 our	 research	 topics	 is	 the	 development	 of	

oxidative	 couplings	 of	 phenolics	 with	 oxygen	 as	 oxidant	 to	 a	 highly	 efficient	 and	 selective	

synthetic	 method.	 In	 addition	 to	 structural	 and	 mechanistic	 studies	 of	 this	 central	 biological	

process,	which	aim	at	getting	more	insights	into	the	interactions	between	oxidizing	enzymes	and	

so‐called	 dirigent	 proteins,	 we	 focus	 on	 the	 use	 of	 transition	 metal	 compounds	 as	 well	 as	

laccases	as	catalysts	 for	selective	oxidative	couplings	of	phenolics	and	other	types	of	oxidative	

transformations.	 Some	 aspects	 of	 this	 project	 are	 studied	 in	 collaboration	 with	 the	 research	

groups	of	Profs.	Schmid,	Urlacher,	Pleiss	and	Schaller.	As	part	of	these	efforts,	we	were	able	to	

discover	 and	 characterize	 the	 first	 enantiocomplementary	 dirigierent	 protein	 (Pickel	 et	 al.,	

2010).	 Further	 projects	 were	 devoted	 to	 the	 oxidative	 dimerization	 of	 (E)‐	 and	

(Z)‐2‐propenylsesamol	 for	 the	 diastereoselective	 formation	 of	 carpanones	 and	 benzopyrans	

(Constantin	 et	 al.,	 2012a),	 the	 laccase‐catalyzed	 dimerization	 of	 vanillidene	 derivatives	

(Constantin	et	al.,	2012b)	and	the	laccase‐catalyzed	trimerization	of	sesamol.	

	

Laccase‐catalyzed	domino	reactions		

The	 combination	 of	 several	 enzyme‐catalyzed	 reactions	 as	 well	 as	 the	 combination	 of	

enzyme‐catalyzed	 reactions	 with	 other	 transformations	 to	 new	 synthetic	 sequences	 is	 of	 key	

importance	for	our	group.	So	far,	we	have	successfully	studied	the	combination	of	the	Hantzsch	

dihydropyridine	synthesis	with	the	laccase‐catalyzed	oxidation	of	dihydropyridines	to	pyridines	

(Abdel‐Mohsen	et	al.,	2012),	the	synthesis	of	6,7‐dihydrobenzofuran‐4(5H)‐ones	by	linking	the	

laccase‐catalyzed	 ring	 opening	 of	 furans	 to	 2‐ene‐1,4‐diones	 with	 a	 Lewis	 acid‐catalyzed	

annulation	 (Asta	 et	 al.,	 2013a)	 and	 the	 preparation	 of	 6‐hydroxy‐(2H)‐pyran‐3(6H)‐ones	 by	

means	 of	 the	 first	 enzyme‐catalyzed	 Achmatowicz	 reaction	 (Asta	 et	 al.,	 2013b).	 The	

combinations	 of	 laccase‐catalyzed	 oxidations	 of	 catechols	 as	 well	 as	 hydroquinones	 with	

1,4‐additions	 of	 C‐,	 N‐	 and	 S	 nucleophiles	 proved	 to	 be	 broadly	 applicable.	 In	 addition	 to	

substituted	 catechols	 (Abdel‐Mohsen	 et	 al.,	 2014;	 Emirdağ‐Öztürk	 et	 al.,	 2013)	 and	

p‐benzoquinones	 (Hajdok	 et	 al.,	 2012)	 numerous	 heterocycles	 can	 be	 obtained	 following	 this	

approach.	 Among	 them	 are	 benzofuro[3,2‐c]chromen‐6‐ones	 and	

pyrano[4,3‐b]benzofuran‐1‐ones	 (Leutbecher	 et	 al.,	 2011a)	 as	 well	 as	 benzofuropyridinones,	

benzofurochinolinones	 and	 thiocoumestans	 (Hajdok	 et	 al.,	 2009),	 2‐aryl‐1H‐benzimidazoles	

(Leutbecher	 et	 al.,	 2011b),	 7,8‐dihydroxy‐2H‐dibenzofuran‐1‐ones	 (Hajdok	 et	 al.,	 2007)	 and	

pyrimidobenzothiazoles	(Abdel‐Mohsen	et	al.,	2013).		
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Isolation	and	structure	elucidation	of	natural	products	

	

Since	the	characterization	of	the	coenzyme	methanophenazine,	which	turned	out	to	be	not	only	

the	first	phenazine	isolated	from	methanogenic	archaea	but	also	the	first	phenazine	derivative	

with	a	 function	 in	a	respiratory	chain	(Beifuss	et	al.,	2000)	we	are	 interested	 in	structure	and	

function	of	natural	products.	Our	current	 focus	 is	on	 the	 isolation	and	structure	elucidation	of	

secondary	metabolites	 from	 plants,	 such	 as	 flavonoids	 (Conrad	 et	 al.,	 2009;	 Zehl	 et	 al.,	 2011;	

Braunberger	 et	 al.,	 2013),	 cyclic	 oligopeptides	 (Mongkolvisut	 et	 al.,	 2006),	 terpenoids	

(Nareeboon	 et	 al.,	 2006)	 and	 carotenoids.	 Some	 of	 these	 projects	 are	 performed	 in	 close	

cooperation	with	groups	from	the	University	of	Hohenheim	or	with	partners	 from	abroad.	For	

the	structure	elucidation	of	natural	products,	which	often	are	available	in	minute	amounts	only,	

we	rely	primarily	on	the	combination	of	MS	based	methods,	such	as	HPLC‐MS	and	GC‐MS,	and	

NMR	spectroscopic	methods,	including	HPLC‐NMR.	

	

Pressure	sensors	and	temperature	sensors	

	

This	 project	 focusses	 on	 dyes	whose	 luminescence	 intensity	 and	 luminescence	 lifetime,	 resp.,	

depends	 on	 the	 ambient	 oxygen	 partial	 pressure.	 Immobilized	 in	 polymers	 or	 attached	 to	

surfaces	they	can	be	employed	for	noninvasive	pressure	measurements	on	surfaces	within	the	

field	of	aerodynamics.	It	has	been	demonstrated	that	pyrene	derivatives	immobilized	in	silicones	

(Engler	 et	 al.,	 2009)	 are	 particular	 powerful	 pressure	 sensors.	 We	 are	 also	 involved	 in	 the	

synthesis	 and	 evaluation	 of	 dyes	 exhibiting	 temperature	 dependent	 luminescence.	 These	

compounds	find	application	as	temperature	sensitive	paints	(TSPs)	for	noninvasive	temperature	

measurements.	 Europium(III)‐	 (Henne	 et	 al.,	 2014)	 as	 well	 as	 ruthenium(II)	 complexes	

immobilized	 in	 polymers	 (Egami	 et	 al.,	 2008)	 have	 proved	 to	 be	 outstanding	 successful.	 Our	

sensor	 projects	 are	 conducted	 in	 close	 cooperation	 with	 Dr.	 Klein	 (DLR,	 Göttingen)	 and	 Dr.	

Guntermann	(ETW,	Köln).		
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