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1.) Einleitung 

1.1.) Krebs 

Bösartige Neubildungen als Konsequenz eines unkontrollierten Zellwachstums werden als 

Krebserkrankung bezeichnet. Im Gegensatz zu gutartigen Neubildungen können Krebszellen 

in Nachbargewebe einwachsen und/oder über Blut- oder Lymphgefäße in andere 

Körperregionen streuen. Bei der Entstehung von Metastasen, haben diese vergleichbare 

Eigenschaften wie der Primärtumor, von dem sie abstammen. Jede Zelle im Köper kann sich 

zu einem Tumor entwickeln, weshalb eine Unterscheidung in verschiedene Krebs-

erkrankungen hinsichtlich ihres Entstehungsortes vorgenommen werden kann. Die Bildung 

von Tumoren erfolgt durch eine Schädigung des Genoms. Ursachen für die genetischen 

Schäden sind Mutationen, die in den Genen selbst oder in den Kontrollsystemen des Genoms 

auftreten. Die Entwicklung von Mutationen können erblich bedingt sein, zufällig auftreten 

oder durch die Umwelt ausgelöst werden. Bei genetischen Schädigungen, die zu Krebs führen, 

kann es zu Störungen lebenswichtiger Funktionen einer Zelle auf allen Ebenen kommen. 

Hierbei können sowohl die Zellteilung, die Einordnung in den Gewebeverband, die 

Differenzierung, das Altern (Seneszenz) als auch das Sterben (Apoptose) betroffen sein.1 

 

 

Abbildung 1: Überblick Apoptose2 

 

Der Körper verfügt über Kontrollmechanismen, welche Mutationen korrigieren können. Bei 

schwerwiegender Schädigung, wie beispielsweise unkontrolliertem Wachstum einer Zelle, 

wird durch Apoptose der Zelle, der Körper vor der Weitergabe genetischer Defekte bei der 

Zellteilung geschützt. Bei Defekten der genetischen Reparatursysteme und/oder der Apoptose 

kommt es zur Akkumulation genetischer Schäden mit zunehmendem Alter, wodurch eine 

Krebserkrankung ausgebildet werden kann. Genetische Veränderungen bedeutender 

Steuerpositionen der Zelle erklären die Entartung zur Krebszelle. Kennzeichen von Krebszellen  
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sind unter anderem das Nutzen von Wachstumssignalen, die Resistenz gegen 

Wachstumsblocker sowie die Inaktivierung des natürlichen Zelltodes. Dies ist möglich, da sie 

den Stoffwechsel für ihr eigenes Wachstum anpassen und die Bildung neuer Blut- und 

Lymphgefäße zur Energieversorgung stimulieren. Die bei Entzündungsprozessen nützlichen 

Abwehrreaktionen werden bei einer Krebserkrankung ebenfalls als Wachstumshilfen 

missbraucht, da die Angiogenese einer vom Primärtumor abgelösten Krebszelle hilft, rasch 

Anschluss an das Blutsystem zu finden.3,4  

Bei Krebs sind Krankheitssymptome am Entstehungsort und in der Umgebung von Metastasen 

möglich. Natürlich ist eine Früherkennung durch Vorsorgeuntersuchungen bei erworbenen 

Krebserkrankungen und sogenanntem Alterskrebs mit der größten Chance auf Heilung 

verbunden. Bei fortgeschrittenen Krebserkrankungen ist eine Beseitigung der Metastasen 

durch eine Operation oder Bestrahlung meist nicht ausreichend, oder der Tumor kann mit den 

genannten Methoden nicht behandelt werden, weshalb Chemotherapie als Behandlungs-

methode Anwendung findet.5  

Bei der Chemotherapie greifen chemische Substanzen, die sogenannten Chemotherapeutika 

oder Zytostatika, in den Vermehrungszyklus der Krebszellen ein, wobei die Wirkstoffe der 

Chemotherapie in Form von Spritzen, Tabletten oder Infusionen verabreicht werden. Die 

Wirkung der Zytostatika richtet sich vorrangig gegen die Erbsubstanz jener Zellen, die sich in 

der Vermehrungsphase befinden, weshalb auch sich üblicherweise rasch teilende, nicht 

maligne Zellen durch die Wirkstoffe der Chemotherapie beeinflusst werden. Dadurch ergeben 

sich auch viele Nebenwirkungen dieser Wirkstoffe. Damit beeinflusst die zellschädigende 

Wirkung der Chemotherapie auch besonders natürlicherweise sich schnell teilende Zellen, wie 

Zellen der Schleimhaut, der Haarwurzeln oder des Knochenmarks. Weitere Auswirkungen sind 

Störungen des Verdauungstraktes, Veränderungen der Zusammensetzung des Blutes, 

Haarausfall, anhaltende Erschöpfungszustände, Konzentrations- und Gedächtnisstörungen, 

Beeinträchtigung des Menstruationszyklus bei Frauen, Schädigungen der Keimdrüsen sowie 

Störungen der Fortpflanzungsfähigkeit und ein gesteigertes Risiko für weitere 

Krebserkrankungen.6-9   

Bedingt durch die meist sehr hohen Teilungsrate von Krebszellen, sind diese natürlich auch 

Ziel des Wirkungsmechanismus der Chemotherapeutika. Aufgrund der Vielzahl von  
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Nebenwirkungen der Chemotherapeutika sollten neue Medikamente zur Krebsbehandlung 

entwickelt und klinisch erprobt werden, die besonders effektiv, selektiv und besser verträglich 

sind. Außerdem gibt es bereits Resistenzen gegenüber derzeit eingesetzten Medikamenten, 

die durch Mutation der Tumore entstehen, wodurch ebenfalls neue Behandlungs-

möglichkeiten benötigt werden.6-9  

Bei Krebszellen sind unter anderem die Zellpermeabilität, die Substanzaufnahme sowie der 

intrazelluläre pH verändert. Außerdem zeigen sie höhere intrinsische ROS-Spiegel, wobei mit 

reaktiver Sauerstoffspezies (ROS) hochreaktive Verbindungen wie Peroxide, Hydroxylradikale, 

Singulett-Sauerstoff und Alpha-Sauerstoff gemeint sind. Die Wirkung neuer Medikamente 

kann selektiver werden, indem man diese genannten Veränderungen für die chemische 

Modifikation neuer Substanzen nutzt, um die Beeinträchtigung nicht maligner Zellen durch 

die Chemotherapie zu verringern.8,10,11   

Im Gegensatz zur Operation und der Bestrahlung ermöglicht die Chemotherapie eine 

Verteilung der Wirkstoffe im ganzen Körper, womit auch potenziell verstreute Tumorzellen 

erreicht und zerstört werden können. Das Gehirn stellt jedoch eine Ausnahme dar, weshalb 

spezielle Zytostatika nötig sind, welche die Blut-Hirn-Schranke überwinden. Die Chemo-

therapie ist neben fortgeschrittenen Krebsstadien auch in Frühstadien unterstützend zu 

anderen Verfahren einsetzbar, da viele Tumore winzige Tochtergeschwülste bilden, die in 

bildgebenden Verfahren noch nicht sichtbar sein können.12,13  

 

1.2.) Aktuelle Behandlungsstandards und zukünftige Wirkungsziele neuer Zytostatika 

In der Chemotherapie gibt es momentan verschiedene Wirkstoffklassen, um Krebszellen in 

unterschiedlichen Phasen des Zellzyklus angreifen zu können. Vertreter der Zytostatika sind 

Alkylanzien wie zum Beispiel Cyclophosamid, Antimetabolite wie das Pyrimidin-Analogon 5-

Fluorouracil, sowie die zu den Diterpenoiden gehörende Taxane aus der Rinde der pazifischen 

Eibe.7,14  
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Abbildung 2: verschiedene Zytostatika 

Die Wirkung der zuletzt genannten pflanzlichen Zytostatika erfolgt an den sogenannten 

Mikrotubuli, indem sie den Abbau des Spindelapparates hemmen, wodurch die Teilung des 

Zellkerns und die Verteilung des Erbgutes verhindert wird.12,13  

Bei der nächsten Generation von Chemotherapeutika werden unter anderem Verbindungen 

entwickelt, deren Ziel ihres Wirkmechanismus die Mitochondrien sind. Diese zyto-

plasmatischen Organellen sind wichtig für die normalen Zellfunktionen, wobei nicht nur die 

Energiebereitstellung von Bedeutung ist, sondern die Mitochondrien können zudem einen 

programmierten Zelltod, die Apoptose, induzieren.  

Zytostatika mit den Mitochondrien als Ziel des Wirkmechanismus, werden als Mitocane 

bezeichnet. Diese können je nach Wirkungsmechanismus in unterschiedliche Klassen 

eingeteilt werden. Eine Übersicht über die Einteilung der Klassen und ihren Wirkungsort ist in 

der nachfolgenden Tabelle dargestellt.9 

Tabelle 1: verschiedene Klassen der Mitocane und ihr Wirkort9 

Klasse Wirkungsort 

1 Hexokinase-Inhibitoren 

2 BCl-2-Proteinfamilie 

3 Thiol-Redox-Inhibitoren 

4 sowie VDAC/ANT 

5 Elektronen-Redoxkette 

6 Innere Zellmembran (lipophile Kationen) 

7 Zitronensäurezyklus 

8 mtDNA 

9 Unbekannter Wirkort 
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Zu den Mitocanen gehören strukturell unter anderem lipophile Kationen. Da Studien ein 

erhöhtes Mitochondrienmembranpotenzial für maligne Zellen im Vergleich zu nicht malignen 

Zellen nachweisen konnten,12,13 führt dieser erhöhte Potenzialunterschied zur Begünstigung 

der Anhäufung von kationischen Verbindungen. Auf Grundlage dieser Befunde wird für neue 

Wirkstoffstrukturen eine Steigerung der Antitumoraktivität und ein selektiveres zytotoxisches 

Verhalten gegenüber Krebszellen im Vergleich zu nicht malignen Zellen erwartet.13,15 

 

1.3.) Naturstoffe und deren Konjugate als Quelle neuer Arzneimittel 

Obwohl nur 1 % aller bekannten organischen Verbindungen Naturstoffe sind und 99 % 16 

synthetisch hergestellt wurden, sind 50 % 17 aller zugelassenen Arzneimittel auf Naturstoffe 

zurückzuführen. Oft wurden Naturstoffe als Leitstruktur für weitere chemische 

Modifikationen verwendet, da chemische Verbindungen mit natürlichem Ursprung 

einzigartige komplexe Funktionalisierungsmuster aufweisen, welche schon durch einfache 

chemische Modifikationen ihre Wirkweise sowie ihren Wirkungsort verändern können.16 Für 

die Auswahl geeigneter Strukturen sind daher eine Vielzahl von bioaktiven Molekülen auf 

pflanzlicher Basis von Interesse, als Alternative für synthetische Wirkstoffe. Mehrere 

wissenschaftliche Studien zu Tiermodellen und Menschen belegen bereits das 

krebsvorbeugende Potenzial von Phytochemikalien.18 

 

1.4.) Bioaktive Kaffeeinhaltsstoffe 

Vor allem Kaffee, als ein sehr häufig konsumiertes Getränk, setzt sich aus einer komplexen 

Mischung bioaktiver Moleküle zusammen. Beispielsweise die in rohen Kaffeebohnen 

enthaltenen Diterpene Cafestol und Kahweol, sowie die Hydroxyzimtsäuren stellen 

interessante Strukturen dar, um chemische Modifikationen vorzunehmen.  
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Abbildung 3: Beispiele für bioaktive Inhaltsstoffe in Kaffee 

Die chemische Zusammensetzung von ungerösteten Kaffeebohnen besteht aus über 50 % 

Kohlenhydraten, wobei hier vor allem wasserunlösliche Polysaccharide wie zum Beispiel 

Cellulose, Mannane oder Galactane, aber auch Saccharose und geringe Anteile an 

Monosacchariden vorliegen. Die Lipidfraktion setzt sich hauptsächlich aus Triglyceriden 

zusammen, aber beinhaltet ebenfalls Sterole, Di- und Triterpene sowie deren Fettsäureester. 

Cafestol und Kahweol unterscheiden sich strukturell nur um eine Doppelbindung zwischen 

den Kohlenstoffatomen C-1 und C-2. Cafestol und Kahweol sind Derivate des Kaurans, einem 

Tetracyclophytan mit anelliertem Furanring. Weitere Inhaltstoffe der rohen Kaffeesamen sind 

Proteine, Chlorogensäuren, Coffein, Trigonellin, organische Säuren und Mineralstoffe. Als 

Chlorogensäuren bezeichnet man die Summe aller Kaffeoyl-, Feruloyl- und Coumaroyl-

chinasäuren, wobei die 5-Caffeoylchinasäure im Kaffee mengenmäßig bedeutend ist.19,20 Die 

genaue Zusammensetzung und die Konzentrationen der Inhaltsstoffe im Kaffee hängt jedoch 

von verschiedenen Faktoren ab und ändert sich mit der Röstung.  

Die Diterpene Cafestol und Kahweol sind sehr empfindlich gegenüber Licht, Hitze und Säuren, 

weshalb bei den Röstprozessen der Kaffeebohnen verschiedene Zersetzungsprodukte wie z.B. 

das Dehydrocafestol bzw. -kahweol entstehen.19,21 Hinsichtlich der Einschätzung des anti-

karzinogenen Potenzials der Kaffeediterpene gibt es einige Untersuchungen, wie z.B. das die 

orale Verabreichung von Kahweolacetat und Cafestol zur Hemmung der Proliferation und 

Migration von Prostatakrebszellen beitragen, indem die Diterpene unter anderem die 

Apoptose induzieren.22,23 

Neben den Diterpenen sind phenolische Verbindungen als sekundäre Metaboliten der Pflanze 

von Relevanz, um positive gesundheitliche Einflüsse für den Menschen zu betrachten. Diverse 

Phenole zeigten sich bereits als vielversprechende Grundstruktur für zytotoxische 

Antikrebsmittel, die die Apoptose fördern, die Proliferation reduzieren und auf verschiedene  
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Aspekte von Krebs abzielen (Angiogenese, Wachstum und Differenzierung sowie Metas-

tasierung).   

 

Abbildung 4: Wirkorte der Zimtsäuren24 

Phenolsäuren gehören zu einer Unterklasse von Pflanzenphenolen, welche wiederum in 

Benzoe- und Zimtsäuren unterteilt werden können, die in verschiedenen in-vitro- und in-vivo-

Studien mit starken Antikrebsfähigkeiten in Verbindung gebracht werden.24 

Hydroxyzimtsäuren besitzen sowohl antioxidative sowie entzündungshemmende Eigen-

schaften, wobei die Wirksamkeit der Zimtsäuren als Antioxidationsmittel abhängig von pH, 

sowie ihren strukturellen Merkmalen ist und intrinsisch mit dem Vorhandensein von 

Hydroxylfunktionen in der aromatischen Struktur zusammenhängt. Daher zeigt Kaffeesäure, 

mit ihrer ortho-Hydrochinonstruktur ein größeres antioxidatives Potential als p-Cumarsäure. 

Hydroxyzimtsäuren finden sich nicht nur in Kaffee, sondern auch in Teeblättern, Getreide, 

verschiedenen Früchten sowie Gemüsearten. In den Pflanzen sind sie Vorläufermoleküle für 

Stilbene, Chalcone, Flavonoide, Lignane und Anthocyane.25,26 
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Abbildung 5: Zimtsäure-Grundgerüst mit verschiedenen Substitutionsmustern 

Strukturelles Hauptmerkmal dieser Verbindungen ist ein aromatisches System, an dem eine 

Propylkette gebunden ist, wobei sowohl die Substitution am aromatischen Ring verändert sein 

kann, aber auch Reaktionen mit der Doppelbindung sowie der Carbonsäuregruppe möglich 

sind. 

Die Tumorspezifität für phenolische Zimtsäureverbindungen korreliert mit der Form, Größe 

und dem Ionisationspotential (IP) der Moleküle. Der Ersatz einer Hydroxylgruppe durch eine 

Methoxygruppe reduziert dabei die zytotoxische Aktivität um ein Vielfaches.27 Eine 

Methylierung von Hydroxylgruppen kann zwar die antioxidativen Eigenschaften verbessern, 

aber das zytotoxische Potenzial signifikant reduzieren.27 Eine Erhöhung der 

Phenolsäureaktivität, kann u.a. durch Bildung von Estern erreicht werden, die im Gegensatz 

zu ihren entsprechenden ungiftigen Phenolsäuren (IC50 > 100 µmol/L) eine gewisse 

zytotoxische Aktivität aufweisen.  Andererseits zeigten trihydroxylierte Ester bei Verbind-

ungen gleicher Alkylkettenlänge eine höhere antiproliferative und zytotoxische Wirkung als 

jene mit zwei OH-Gruppen.27 In mehreren Experimenten wurde festgestellt, dass 

Phenolverbindungen die Fluidität von Phospholipidmembranen beeinflussen, ihre 

Aggregation und Starrheit induzieren, und dieses Merkmal mit der Anzahl hydrophiler 

Seitenketten zusammenhängt. Polare Hydroxygruppen sind in der Lage, Wasserstoff-

bindungen mit der Kopfgruppe von Membran-Phospholipiden zu bilden und die Phospholipid-

Aggregation zu vermitteln. Dies verursacht eine Verringerung der Membranfläche und die 

Membran wird unbeweglicher gemacht. Des Weiteren wird angenommen, dass das 

Vorhandensein von Hydroxygruppen ein Schlüssel zur Wechselwirkung mit Zellmembranen 

ist. Phenolische Hydroxylgruppen fungieren als Wasserstoffbrückendonoren, während 

Sauerstoffatome in Phospholipiden als Akzeptoren dienen können.10,28 
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Aktuelle Berichte über die Anti-Krebs-Eigenschaften von Phenolsäuren konzentrieren sich 

darauf, den Mechanismus ihrer Wirkung aufzuklären, wobei ROS-abhängige Signalwege 

besonders empfindlich auf das Vorhandensein von Antioxidantien wie Phenolsäuren 

reagieren.29 Hydroxylgruppen scheinen besonders wichtig zu sein, bei der Reduktion freier 

Radikale, sowie bei intermolekularen Wechselwirkungen und der Gestaltung des 

zytotoxischen Potentials.10,30 

 

1.5.) Triterpene 

Terpene gehören zu den am weitesten verzweigten sekundären Phytochemikalien. Ihr 

Grundgerüst lässt sich auf Isopren-Einheiten zurückführen, wodurch durch diverse 

Bindungsvarianten eine sehr große Anzahl an Kohlenstoffgerüsten und funktionellen Gruppen 

entsteht, welche sich, wie in Abbildung 6 gezeigt, zu Hemi-, Mono-, Sesqui-, Di-, Tri-, Tetra- 

und Polyterpenen zusammensetzen.31  

 

Abbildung 6: Überblick der Terpenoidskelette, welche durch Addition von Isopreneinheiten gebildet werden32 
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In den letzten Jahren wurden verfügbare natürliche pentazyclische Triterpenoide wie Betulin, 

Betulinsäure-, Ursol-, Oleanol- und Glycyrrhetinsäure als vielversprechende Gerüste für die 

Entwicklung neuer, auf Mitochondrien abzielende Antikrebsmittel, untersucht.  Die Anti-

tumorwirkung nativer Triterpensäuren, die in vitro gegen verschiedene Tumorzelllinien 

(Melanom, Adenokarzinom, Neuroblastom, Medulloblastom und Glioblastom) nachgewiesen 

wurde, wird durch eine geringe systemische Toxizität ergänzt.33-39 Diese Sekundärmetaboliten 

beeinflussen die Funktionalität der Mitochondrien von Tumorzellen, indem sie eine 

Überproduktion reaktiver Sauerstoffspezies (ROS) initiieren, was zur Bildung von 

mitochondrialen „Transition Pores“ (Permeabilitätszunahme der inneren Mitochondrien-

membran) führt und zur  Freisetzung von Cytochrom c in das Zytosol, wodurch es schließlich 

zur Induktion des Zelltodes kommt.40,41  

 

Abbildung 7: Strukturformel pentazyklischer Triterpen-Grundgerüste 

Außerdem verleiht das Fehlen einer zytotoxischen Wirkung gegen normale menschliche Zellen 

(Fibroblasten oder normale Lymphozyten) Triterpensäuren einen signifikanten Vorteil 

hinsichtlich einer selektiveren Wirkweise. Ihre hohe Hydrophobizität, ihre geringe 

Bioverfügbarkeit, sowie eine schlechte Löslichkeit im Blutserum erschweren die Entwicklung 

von Triterpenoiden als Arzneimittelkandidaten gegen Krebs erheblich.41,42 

Als vielversprechende Verbindungen für die Arzneimittelentwicklung erwiesen sich Konjugate 

aus pentazyklischen Triterpenoiden und kationischen, lipophilen Molekülen als potenzielle 

Mitocan-Wirkstoffe. Dabei durchdringen delokalisierte lipophile Kationen, die hydrophoben 

Barrieren von Plasma und Mitochondrienmembranen, wie z.B. Rhodamin-123, Triphenyl-

phosphonium und Guanidiniumkationen.41 Der Ansatz Zytostatika zu entwickeln, welche die 

Mitochondrien als Zielort ihres Wirkmechanismus haben, ist nicht als allgemeine Lösung zu 

sehen. Man kann aber von einer Wirksamkeit bei Tumoren ausgehen, die nachweislich stark 

vom oxidativen Stoffwechsel abhängig sind, wie z. B. Hirntumore, akute myeloische  
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Leukämie,43,44 Cisplatin-resistente Eierstockkrebszellen45 oder bestimmte Stadien der 

Tumorprogression.41,46 

 

1.6.) Betulin, Betulinsäure und Platansäure 

Betulin und Betulinsäure gehören zu Triterpenoiden vom Lupantyp, die aus der Rinde 

verschiedener Baumarten, wie der Moor-Birke (Betula pubescens), isoliert werden 

können.42,47,48 In den natürlichen Quellen kommt Betulinsäure, wie alle anderen 

Triterpencarbonsäuren, in Form von polareren Konjugaten vor, die hauptsächlich mit Mono- 

und Oligosacchariden oder Zuckerestern gebildet werden.49,50 

Im Allgemeinen wurde Betulinsäure in verschiedenen Pflanzen gefunden, sowohl als freies 

Aglycon als auch in Form von glykosylierten Derivaten, wodurch die Bioverfügbarkeit erhöht 

wird.49,51 Die Isolierung aus pflanzlichen Quellen ist durchaus herausfordern, da das Triterpen 

von einer Reihe anderer Pflanzenprodukte auf Terpenbasis begleitet wird. Betulin hingegen 

ist ein sehr häufig vorkommender Sekundärmetabolit von verschiedenen Pflanzen, welcher 

oft in größeren Mengen als Betulinsäure selbst vorhanden ist. Es ist jedoch möglich Betulin 

mit Hilfe einer Umwandlung in einen Aldehyd zu überführen, welcher gefolgt durch eine 

weitere Oxidation zur Betulinsäure umgesetzt wird.47,52 Die Reinigung der Zielverbindungen 

kann durch eine Kombination verschiedener chromatographischer Methoden, gefolgt von 

Kristallisation, erreicht werden.50,52,53 

Betulin wurde erstmals 1788 von Lowitz beschrieben und Betulinsäure 1902 von Retzlaff. Erst 

im Jahr 1995 entdeckte Pisha et al., dass die Apoptose bestimmter Krebszellen durch 

Betulinsäure induziert wird, was zu einem signifikanten Anstieg des Interesses an dieser Art 

von Verbindungen führte.54,55 Betulin und Betulinsäure zeigen ähnliche Wirkungen auf 

lebende Organismen und besitzen ein breites Wirkungsspektrum  biologische Aktivitäten, wie 

antitumorale,56,57 antibakterielle,58,59 anti-HIV,60,61 entzündungshemmende,62,63 antiretro-

virale,64-66 antimalaria-,59,61,63 antiadipositas,67 hepatoprotektive,68,69 und immunmodu-

latorische Eigenschaften67.42 Darüber hinaus sind diese Verbindungen Antioxidantien70 und 

reduzieren oxidativen Stress.61,67 Des Weiteren haben Betulin und Betulinsäure eine positive  
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Wirkung auf die Behandlung von atopischer Dermatitis71 und beschleunigen die 

Wundheilung.42,72 

Chemische Modifikationen der Triterpenoide erfolgen, wie in Abbildung 8 dargestellt, 

hauptsächlich an den drei reaktiven funktionellen Gruppen:  

an der sekundären Hydroxygruppe (C-3-Position; gelb), an der primären Hydroxygruppe 

(Betulin; rot) bzw. an der Carbonsäuregruppe (Betulinsäure) an Position C-28, und an der 

Isopropenyl-Seitenkette (blau). Modifikationen an Position C-2 oder im Triterpenring des 

Betulin- bzw. Betulinsäuregerüsts sind deutlich seltener.42  

 

Platansäure, welche ebenfalls ein Lupan-Grundgerüst aufweist, wurde beispielsweise aus der 

Rinde von der Ahornblättrigen Platane (Platanus hybrida),73  der Südseemyrte (Leptospermum 

scoparium),74 der brasilianischen Pflanze Eugenia moraviana75 oder aus dem Kajeputbaum 

(Melaleuca leucadendra)76 isoliert.77 

Bei pharmakologischen Untersuchungen der Platansäure bzw. ihrer Konjugate wurden 

inhibitorische Eigenschaften für die Replikation von HIV,78 die Inhibierung von Cholinesterase-

Inhibitoren (AChE und BChE),79 was für die Behandlung der Alzheimer Krankheit von 

Bedeutung ist,80 und zytotoxische Eigenschaften,15,81-84 sowie die Inhibierung von Carbo-

anhydrase II,85 nachgewiesen.  

Abbildung 8: wichtigste funktionelle Gruppen für chemische Modifikationen Abbildung 8: wichtigste funktionelle Gruppen für chemische Modifikationen 
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2.) Zielstellung 

Naturstoffe sind in der Arzneimittelforschung weiterhin ein relevanter Ausgangspunkt, um 

mithilfe chemischer Modifikationen geeignete Leitstrukturen zu finden, welche die 

Entdeckung neuer, selektiver und effektiver Wirkstoffe ermöglichen. Hierbei besteht natürlich 

ein großes Interesse an der Entwicklung von möglichst nebenwirkungsfreien und gleichzeitig 

hochwirksamen Zytostatika. 

In Pflanzen finden sich diverse interessante Stoffklassen mit bioaktiven Eigenschaften, wie z.B. 

phenolische Verbindungen oder Terpene, welche bereits durch eine Vielzahl von Studien 

nachgewiesene positive Eigenschaften auf den menschlichen Organismus haben. Jedoch 

können die in der Natur vorkommenden Verbindungen durch geeignete chemische 

Modifikationen ihre Wirkweise verändern, sowie steigern. 

Im Rahmen dieser Arbeit lag der Schwerpunkt auf Hydroxyzimtsäuren sowie Vertretern der 

pentazyklischen Triterpene, wie Betulin- und Platansäure als Ausgangspunkt für die 

Wirkstoffforschung, wobei neuartige Konjugate hergestellt werden sollten. 

Um möglichst selektive und zytotoxische Verbindungen zu synthetisieren, wurden Strukturen 

dahingehend verändert, dass durch die Kupplung von natürlichen Sekundärmetaboliten mit 

lipophilen, kationischen Verbindungen, wie Rhodamin B, potentielle Mitocane hergestellt 

werden sollten. 

Ein weiteres Ziel beinhaltete zusätzliche chemische Veränderungen an verschiedenen 

reaktiven Gruppen der pentazyklischen Triterpene, um den Einfluss diverser Substituenten an 

unterschiedlichen Positionen einschätzen zu können und einen Vergleich mit ähnlichen 

Strukturen hinsichtlich ihrer Zytotoxizität und Selektivität zu ermöglichen. Bei der 

strukturellen Modifikation müssen die Änderungen der Verbindungen hinsichtlich der 

Polarität und Löslichkeit möglichst auf physiologische Verhältnisse angepasst werden. 

Ansonsten müssten weiter Methoden für den Transport der Zielstruktur zum Wirkort 

angewendet werden, bzw. kann die entsprechende Bioverfügbarkeit nicht ausreichend für 

den Einsatz in der Human- oder Tiermedizin gewährleistet werden. 
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Es sollten in dieser Arbeit u.a. der Einsatz diverser Amino-Substituenten untersucht werden, 

sowie vergleichbare Modifikationen an Betulin und Betulinsäure vorgenommen werden, um 

die Struktur-Aktivitäts-Beziehung hinsichtlich geringfügiger Unterschiede besser beurteilen zu 

können. Des Weiteren sollte neben der Variation der Substitution auch die Relevanz der 

Position des Substituenten untersucht werden, wobei bereits zuvor gewonnene Erkenntnisse 

bei der Erforschung der Triterpene berücksichtigt wurden, um eine Verbesserung der 

biologischen Aktivität ermöglichen zu können. 

Nach erfolgreicher Synthese werden die neuen Verbindungen mittels SRB-Assay, 

Färbeexperimenten mit Annexin V, gefolgt von Durchflusszytometrie und Zellzyklus-

untersuchungen hinsichtlich ihrer Zytotoxizität untersucht, wobei für die Abschätzung der 

Selektivität neben den humanen Tumorzelllinien auch nicht maligne Zelllinien für den SRB-

Assay verwendet wurden. Weiterführende biologische Untersuchungen dienten der 

Aufklärung, ob die eingesetzten Testverbindungen Apoptose oder Nekrose in den Zellen 

auslösen bzw. in welchem Teil der Zelle eine Anreicherung der Verbindungen erkennbar war.



15 
Diskussion und Einordnung der Forschungsergebnisse 

 

3.) Diskussion und Einordnung der Forschungsergebnisse 

3.1.) Hydroxyzimtsäure-Rhodamin-Konjugate 

Es wurden Carbonsäureamide synthetisiert, indem der Fluoreszenzfarbstoff Rhodamin B mit 

Piperazin umgesetzt wurde, gefolgt von einer Kupplung mit verschiedenen 

Hydroxyzimtsäuren. 

Hierbei wurde zuerst das Säurechlorid von Rhodamin B mit Oxalylchlorid hergestellt, welches 

mit Piperazin zum Amid überführt wurde. Bei dieser Reaktion findet neben der 

Monoacylierung des symmetrischen Diamins, eine Nebenreaktion statt, bei der auch das 

bisacylierte Produkt gebildet wird. Mit entsprechenden Anpassungen der Reaktions-

bedingungen, war es möglich eine, für die weiteren Synthesen und der anschließend 

folgenden Untersuchungen, ausreichende Ausbeute des Produkts herzustellen. 

Anschließend wurden Zimtsäure, p-Cumarsäure, Ferulasäure und Sinapinsäure in 

Anwesenheit von TBTU zu Hydroxyzimtsäure-Rhodamin-Konjugaten umgesetzt. 

Tabelle 2: verwendete Zelllinien für die biologische Evaluierung 

 

 

Die biologische Evaluierung der Zytotoxizität mittels SRB-Assay vom Carbonsäureamid von 

Rhodamin B und Piperazin ergab für 4 untersuchte Zelllinien EC50-Werte > 30 µM und 

moderate EC50-Werte von 26 µM für A2780 und 18 µM für MCF-7. Hieraus ersichtlich wird, 

dass die zytotoxischen Eigenschaften nicht direkt mit dem Rhodamin-B-Gerüst in  

 

Zelllinie Krebsart/ursprüngliches Gewebe 

A375 Melanom (Hautkrebs) 

A2780 Eierstockkarzinom 

FaDu Plattenepithelkarzinom von Kopf und 

Nacken 

 HT29 Dickdarmkrebs 

MCF-7 Mammakarzinom 

NIH3T3 nicht maligne Fibroblasten 
Abbildung 9: Hydroxyzimtsäure-Rhodamin-

Konjugate 
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Zusammenhang stehen und somit erst durch Kupplung mit einer weiteren Verbindung ein 

biologisch aktives Produkt entsteht. 

Fast alle hergestellten Konjugate zeigten eine gute zytotoxische Aktivität, wobei das Apoptose 

auslösende Zimtsäure-Konjugat mit Piperazinyl-Spacer für alle getesteten Tumorzelllinien 

(A375, HT29, MCF-7, A2780, FaDu) niedrige EC50-Werte von 1-3 µM und eine Selektivität von   

S = 3.5 aufwies. Das Sinapinsäure-Rhodamin-Konjugat hatte mit S = 4.4 den höchsten 

Selektivitätsfaktor, jedoch waren die zytotoxischen Eigenschaften geringer als die des 

Zimtsäure-Konjugats. Diese Ergebnisse deuten darauf hin, dass das Vorhandensein einer 

Hydroxy- oder einer Methoxygruppe in den Hydroxyzimtsäure-Konjugaten die EC50-Werte 

leicht erhöhen kann, jedoch gleichzeitig die Selektivität nicht deutlich verbessert werden 

kann. 

 

3.2.) Safirinium-Triterpen-Konjugate 

Um die Aktivität der Rhodamin-Triterpen-Konjugate mit anderen kationischen 

Kupplungskomponenten zu vergleichen, wurden unterschiedlich substituierte Fluorenszenz-

marker des Typs Safirinium-P hergestellt, wie in der nachfolgenden Abbildung dargestellt. 

 

Abbildung 10: Übersicht der Synthese von Safirinium P 

4,6-Dimethylisoxazolo[3,4-b]pyridin-3(1H)-on wurde gemäß bereits bekannten Verfahren,86 

aus der Kondensation von N-hydroxy-3-(hydroxylamino)-3-iminopropanamid87 mit Acetyl-

aceton in Gegenwart von Piperidin zu dem genannten Zwischenprodukt umgesetzt. 

Die nächste Synthesestufe basiert auf einer selektiven Tandem-Mannich-elektrophilen 

Aminierungsreaktion von fluorogenem 4,6-Dimethyl-isoxazolo[3,4-b]pyridin-3(1H)-on mit 

Formaldehyd und sekundären Aminen.  Aus dieser Mehrkomponentenreaktion wird eine neue  
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Klasse von photostabilen Fluoreszenzfarbstoffen mit Pyridotriazolium-Kernstrukturen 

erhalten.88 Danach erfolgte der Umsatz mit gespacerten Triterpensäuren, welche erneut über 

ein Carbonsäurechlorid als reaktive Zwischenstufe erhalten wurden. In früheren 

Veröffentlichungen wurde bekannt, dass Safirinium-Hybride gut in Zellen transportiert 

werden,86,88-94 weshalb dieses kationische Grundgerüst für neue Triterpen-Konjugate gewählt 

wurde. Hierbei zeigten die Safirinium-Stammverbindungen keine zytotoxische Aktivität, 

während viele Triterpenoid-Safirinium-Konjugate eine mäßige Zytotoxizität aufzeigten. Die 

aktivste Verbindung war ein Safirinium P Konjugat, welches mit dem Piperazinamid der 

Betulinsäure verknüpft wurde, mit EC50-Werten von 4.6 µM für Zelllinien des 

Eierstockkarzinoms (A2780). 

 

Abbildung 11: Übersichtsstruktur des Safirinium P-Konjugates der acetylierten Betulinsäure mit Piperazin-Spacer 
(R1 und R2 = Ethyl-/Hexyl-/Dodecylest) 

Bildgebende Fluoreszenzuntersuchungen ergaben, dass die Safirinium-Grundstrukturen auch 

bei längeren Inkubationszeiten von 24 Stunden nicht in die Zelle eindringen können, während 

sich die Konjugate im endoplasmatischen Retikulum, aber nicht in den Mitochondrien 

anreichern. Diese Ergebnisse könnten ihre verringerte Aktivität im Vergleich zu Rhodamin-B-

Analoga erklären, welche in die Mitochondrien gelangen. 

 

3.3.) Benzylamide der Betulinsäure 

Es wurden monosubstituierte Benzylamide der acetylierten Betulinsäure hergestellt, um ihre 

Bioaktivität sowie ihre Selektivität bezüglich Tumorzellen und nicht maligne Zellen in 

Abhängigkeit des Substitutionsmusters des aromatischen Ringes zu untersuchen.  
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Fast alle Verbindungen zeigten signifikante zytotoxische Aktivitäten. Beim direkten Vergleich 

der verschiedenen Substituenten ergab sich, dass die Verbindungen mit einer Methoxygruppe 

die niedrigsten EC50-Werte erzielten, während die mit Chlor substituierten Strukturen die 

geringsten Aktivitäten für die verwendeten Tumorzelllinien aufzeigten. Es ist erkennbar, dass 

die Antitumoraktivität der Benzylamide mit Chlor als Substituent von der ortho- über meta- 

bis zur para-Position geringer wird. Bei den mit Fluor substituierten Verbindungen ist ein 

ähnlicher Trend ersichtlich, wobei der Unterschied zwischen den EC50-Werten deutlich 

geringer ist. Von den Methoxy-Konjugaten hat die meta-Position die niedrigsten EC50-Werte 

mit 2.1 µM für A375, danach folgt die ortho-Verbindung mit 2.5 µM und die geringste 

Zytotoxizität besitzen die para-substituierten Benzylamide. Jedoch ist das Methoxy-Konjugat 

in meta-Position als einzige Verbindung dieser Reihe in geringen Maß für die nicht maligne 

Zelllinie zytotoxisch, weshalb die Selektivität geringer ist, als die der ortho-substituierten 

Verbindung. Auch bei den Konjugaten mit Methylgruppe hat die meta-Verbindung die beste 

Antitumoraktivität, während die para-Position wieder die geringste Aktivität aufweist, wie in 

Abbildung 12 dargestellt. 

 

Abbildung 12: Selektivitätsfaktoren unterschiedlich substituierter Benzylamide der Betulinsäure für die Zelllinie 
A375 (links) und für die Zelllinie A2780 (rechts) 

Aus Abbildung 12 ist außerdem erkenntlich, dass bei den ermittelten Selektivitätsfaktoren 

nicht nur die Art der Substitution, sondern auch die Position des Substituenten einen 

erkennbaren Einfluss auf die Selektivität der Strukturen haben. Anhand der Ergebnisse wird 

deutlich, dass mit Ausnahme der fluorhaltigen Konjugate die para-Position die geringsten 

Selektivitätsfaktoren erreichten, während die selektivste Verbindung für die dargestellten 

Tumorzelllinien eine Methoxygruppe in ortho-Position ist. 
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3.4.) Amide von Betulin und Betulinsäure 

Wie bereits aus vorherigen Studien95-98 bekannt, sorgt eine 

Acetylierung an Position 3 nicht nur für eine höhere 

Zytotoxizität, sondern erreicht dies wahrscheinlich durch ihre 

bessere Bioverfügbarkeit. Aus genannten Gründen wurden die 

Ausgangsverbindungen daher, wie in Abbildung 13 dargestellt, 

zuerst acetyliert und danach noch mit Benzylamin amidiert. Die 

erhaltenen Produkte wurden darauf mittels Hydroborierung mit 

BH3 in THF, anschließender Oxidation und abschließender 

Amidierung in die von Betulin und Betulinsäure abgeleiteten 29-

Oxo-Amide überführt. Als Amin-Komponente kamen 

Ethylendiamin, Morpholin, Piperazin und N-Methylpiperazin 

zum Einsatz. Des Weiteren wurden die Methylpiperazin-

Verbindungen mit Methyliodid quarternisiert, wordurch eine 

kationische Struktur erzielt wurde. 

Alle hergestellten Verbindungen waren zytotoxisch für eine 

Reihe menschlicher Tumorzelllinien, wobei die von 

Ethylendiamin abgeleiteten Strukturen besonders aktiv waren 

mit EC50-Werten von 1.9 µM für HT29. 

Beim direkten Vergleich von der biologischen Aktivität von den 

Betulin- und Betulinsäurekonjugaten, für die in der folgenden 

Abbildung dargestellten Tumorzelllinien, fällt auf, dass die von 

Betulinsäure abgeleiteten Konjugate, welche noch zusätzlich an 

Position 28 einen Benzylamidrest aufwiesen, minimal höhere EC50-

Wert besitzen, im Vergleich zu den Konjugaten des diacetylierten Betulins. 

Abbildung 13: Syntheseüberblick 
der Betulinsäure-Konjugate 
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Außerdem war bei dieser Auswahl von Verbindungen auffällig, dass strukturell ähnliche 

Verbindungen unterschiedliche Wirkmechanismen zeigten, da das Betulinsäurekonjugat mit 

Methylpiperazin-Einheit hauptsächlich Apoptose verursacht, während diese Verbindung mit 

Ethylendiamin-Rest bevorzugt Nekrose/Spätapoptose auslöst. Dieses Ergebnis zeigt, dass 

kleine strukturelle Veränderungen am Molekül einen signifikanten Einfluss auf die Wirkung in 

den Zellen haben können. 

 

 

Abbildung 15: FACS-Untersuchungen von der Kontrolle (links; als Vergleich), Betulinsäure-Konjugat mit 
Methylpiperazin (Mitte) und Betulinsäure-Konjugat mit Ethylendiamin (rechts) für A375; (R1 = nekrotisch, R2 = 

sekundär nekrotisch/spätapoptotisch, R3 = vital und R4 = apoptotisch) 
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  Abbildung 14: EC50-Werte der Betulin- und Betulinsäurekonjugate für MCF-7 (links) und HT29 (rechts) in [µM] 
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3.5.) Platansäure-Konjugate 

Während von Betulinsäure eine große Bandbreite an Konjugaten erforscht wurde, ist der 

Einsatz von der strukturell ähnlichen Platansäure deutlich weniger erforscht.  

Es wurden daher verschiedene Konjugate der 3-O-Acetylplatansäure hergestellt. Zuerst 

erfolgte die Synthese diverser Carbonsäureamide mit N-Methylpiperazin, Ethylendiamin, 

Morpholin, Piperazin und Homopiperazin. Anschließend wurde die Verbindung mit der 

Methylpiperazin-Einheit mit einem Überschuss an Iodmethan quaternisiert.             

Danach erfolgte die Reaktion der Platansäureamide mit Hydroxylammoniumchlorid, wodurch 

als Endprodukt die (E) konfigurierten Oxime gebildet wurden. 

 

Abbildung 16: Syntheseübersicht Platansäure-Konjugate 

 

Das Ergebnis der biologischen Evaluierung ergab, dass alle Amide zytotoxisch für menschliche 

Tumorzelllinien waren und vor allem das Konjugat mit der Homopiperazinyl-Einheit die 

höchste Zytotoxizität mit EC50-Werten von 0.9 µM für die Zelllinie A375 aufwies. Der 

aktivitätssteigernde Einfluss von Homopiperazin als Spacer im Vergleich zu Piperazin wurde 

bereits mit verschiedenen Homopiperazinyl-Derivaten von Triterpenoiden in weiteren 

Studien13,99 nachgewiesen. Zusätzliche FACS- und Zellzyklusmessungen zeigten, dass diese 

Verbindung eher durch Apoptose als durch Nekrose auf die A375-Zellen wirkt. Die biologische 

Aktivität der Oxime war im Vergleich zu der für die entsprechenden Amide bestimmten 

Zytotoxizität verringert, da sich die Löslichkeit dieser Konjugate deutlich verringerte. Von den 

hergestellten Oximen hatte das Konjugat mit dem Piperazin-Rest die niedrigsten EC50-Werte 

mit 2.2 µM für A375. 
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3.6.) Vergleich von Betulin-, Betulinsäure- und Glycyrrhetinsäure-Konjugaten 

Neben den bereits beschriebenen Triterpenen des Lupantyps, wurden zum Vergleich 

Konjugate der zum β-Amyrintyp gehörende Glycyrrhetinsäure betrachtet, wobei die 

verschiedenen Positionen der Verknüpfung mit dem gespacerten Rhodamin hinsichtlich der 

Zytotoxizität verglichen werden sollte. Hierbei wurde anhand der dargestellten Beispiele 

deutlich, dass die zwei Verbindungen, die über Position 28 verknüpft waren, niedrigere EC50-

Werte aufzeigten, als die drei Verbindungen die über C-29 mit dem gespacerten Rhodamin B 

verbunden sind. Des Weiteren zeigten weiterführende Untersuchungen der Lupantypen der 

zuletzt genannten Verbindungen, dass diese einen nekrotischen Zelltod verursachen. 

 

 

Abbildung 17: Vergleich der Triterpen-Piperazin-Rhodamin-Konjugate mit EC50-Werten in [µM] für A2780 

 

 

3.7.) Der Einfluss des Rhodamin-Substituenten auf die Zytotoxizität von Maslinsäure-

Rhodamin-Konjugate 

Nachdem bereits Untersuchungen zur verschiedenen Triterpenen, sowie zum Einsatz von 

verschiedenen Spacern durchgeführt wurden, erwies sich eine Untersuchung des Einflusses 

des distalen Rhodaminrests als erforderlich.  
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Für die Synthese substituierter Rhodamine gibt es verschiedene Synthesemöglichkeiten. 

Aufgrund der guten kommerziellen Verfügbarkeit des Ausgangsmaterials und der relativ 

geringen Synthesestufenanzahl, wurde 3-Aminophenol für die Verwendung als Ausgangsstoff 

gewählt. Dessen Reaktion mit den jeweiligen Alkylhalogeniden ergab Dialkyl-3-aminophenole 

als entsprechend substituierte Zwischenstufen.   

 

Abbildung 18: Überblick Synthese der Rhodamine 

Die Rhodamine wurden durch die Reaktion der zuvor hergestellten Verbindungen mit 

Phthalsäureanhydrid in Gegenwart katalytischer Mengen Aluminiumtrichlorid erhalten.  

Maslinsäure wurde nach bereits bekannter Methode aus entkernten Oliven extrahiert. Die 

Acetylierung der Maslinsäure ergab das Diacetat. Die Reaktion der diacetylierten Maslinsäure 

mit Oxalylchlorid in Gegenwart katalytischer Mengen Dimethylformamid (DMF) und die 

anschließende Reaktion mit Piperazin lieferten das Piperazinylamid (3).  Die zuvor 

hergestellten Rhodamine wurden mit Oxalylchlorid in situ in die entsprechenden 

Säurechloride umgewandelt. Die Umsetzung der Säurechloride der Rhodamine mit dem 

Piperazinylamid (3) ergab die Piperazinyl-verknüpften Triterpen-Rhodamin-Konjugate.  

 

Abbildung 19: Reaktionsschema für die Maslinsäure-Rhodamin-Konjugate 
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In Tabelle 3 sind die zellbiologischen Ergebnisse zusammengefasst. Für die Rhodamin-

Konjugate 12 - 14 wurde im Vergleich zu den Vorstufen ein deutlicher Anstieg der Zytotoxizität 

bis zu einem etwa 100-fachen Faktor beobachtet.  Alle Verbindungen zeigen eine besondere 

Zytotoxizität für A2780-Zellen (EC50 0,02 bis 0,01 μM).  Allerdings ist Verbindung 14 sowohl 

für A2780-, A375- als auch für MCF-7-Zellen am stärksten zytotoxisch, während für NIH3T3-

Zellen eine viel schwächere Zytotoxizität beobachtet wurde.  Dies spiegelt sich auch in der 

berechneten Selektivität S wider (S = EC50, NIH3T3 / EC50 jeweilige Zelllinie).   

Tabelle 3: SRB-Assay EC50-Werte [µM] nach 72 h Behandlung; gemittelt aus drei unabhängigen Experimenten, 
die jeweils in dreifacher Ausfertigung durchgeführt wurden; Konfidenzintervall CI = 95 %.  Menschliche 
Krebszelllinien: A375 (Melanom), HT29 (kolorektales Karzinom), MCF-7 (Brustadenokarzinom), A2780 
(Ovarialkarzinom), HeLa (Zervixkarzinom), NIH3T3 (nicht-maligne Fibroblasten); Cut-off 30 µM, n.l. nicht löslich; 
Doxorubicin (DX) wurde als positiver Standard verwendet; Verbindung 15 war unter den Testbedingungen nicht 
löslich. 

[µM] A3735 HT29 MCF-7 A2780 HeLa NiH3T3 

MA >30 28.8 ± 0.5 >30 19.5 ± 0.8 >30 21.1 ± 0.2 

3 2.0 ± 0.1 1.6 ± 0.1 1.0 ± 0.1 1.9 ± 01 2.1 ± 0.1 3.2 ± 0.02 

12 0.07 ± 0.01 0.11 ± 0.04 0.05 ± 0.02 0.02 ± 0.001 0.15 ± 0.02 0.30 ± 0.04 

13 0.05 ± 0.01 0.09 ± 0.03 0.03 ± 0.01 0.02 ± 0.005 0.08 ± 0.03 0.25 ± 0.03 

14 0.02 ± 0.004 0.07 ± 0.02 0.03 ± 0.005 0.01 ± 0.001 0.05 ± 0.01 0.15 ± 0.04 

DX n.l. 0.9 ± 0.01 1.1 ± 0.3 0.01 ± 0.01 n.l. 0.4 ± 0.0 

 

Selektivität 

12 4.3 2.7 6.0 15.0 2.0  

13 5.0 2.8 8.3 12.5 3.1  

14 7.5 2.1 5.0 15.0 3.0  

 

Die Zellselektivität ist für A2780-Zellen am höchsten (S = 15,0).  Grundsätzlich scheint die 

Zytotoxizität mit zunehmender Kettenlänge des Alkylsubstituenten am Rhodaminrest 

zuzunehmen.  Dies korreliert auch gut mit den berechneten logarithmischen log POctanol/Wasser 

Verteilungskoeffizienten für die Rhodamin-Piperazinyl-Reste. Der Koeffizient steigt von 0,61 

(für Methylsubstitution) über 1,72 (für Ethyl) auf 3,05 (für Propyl).  Es scheint also ein gewisser, 

aber nicht abschließend geklärter Zusammenhang zwischen dem Substitutionsmuster am 

Rhodamin und der beobachteten Zytotoxizität zu bestehen.  Zuvor konnte bereits gezeigt  
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werden, dass Triterpen-Piperazinyl-Rhodamin-Konjugate als Mitocane zu betrachten sind. 

Ihre zytotoxische Wirkung beruht wahrscheinlich auf einer Wechselwirkung mit der inneren 

Mitochondrienmembran beruht.   

Diese Maslinsäure-Rhodamin-Konjugate waren für eine Reihe menschlicher Tumorzelllinien 

zytotoxisch, für nichtmaligne Fibroblasten jedoch weniger.  Erwähnenswert ist, dass diese 

Verbindungen eine gewisse Selektivität für A2780-Zellen aufwiesen, und insbesondere 

Verbindung 14, ein Rhodamin-Konjugat mit Propyl-Substituenten, zeigte EC50-Werte von nur 

0,01 μM und war ca.  15-mal zytotoxischer für die Krebszellen als für die Fibroblasten.  

Abschließend ist festzustellen, dass die gemessene Zytotoxizität offensichtlich parallel zum 

berechneten Oktanol/Wasser-Verteilungskoeffizienten verläuft und lässt, da die Verbin-

dungen als Mitocane wirken, auf eine Wechselwirkung mit der inneren Mitochon-

drienmembran schließen. 
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4.) Zusammenfassung und Ausblick 

Die große Diversität von natürlich vorkommenden Verbindungen ist Grundlage zahlreicher 

Studien zur Entwicklung von gezielt wirksamen und nebenwirkungsarmen Medikamenten. Vor 

allem Triterpene wie Betulinsäure und Maslinsäure als Ausgangsstoffe sind in der Forschung 

von großem Interesse. Neben ihrer Zugänglichkeit ist auch die chemische Modifikations-

möglichkeit mit dem Ziel selektiver Zytotoxizität von Bedeutung. 

Für die Modifikation der Naturstoffe wurden verschiedene Konjugate mit gespacertem 

Rhodamin B verknüpft. Hierbei wurde zuerst mit einfach zugänglichen Hydroxyzimtsäuren als 

Modellstruktur gearbeitet, wobei die niedrigsten EC50-Werte von 1-3 µM mit der Zimtsäure-

Verbindung erreicht wurde und sich mit Vorhandensein von Hydroxy- bzw. Methoxygruppen 

nicht weiter erniedrigen ließ. Der höchste Selektivitätsfaktor lag für das Sinapinsäure-

Rhodamin-Konjugat bei S = 4.4. 

Für weitere Untersuchungen wurden daher pentazyklische Triterpen-Konjugate als aktivere 

Ausgangsstruktur der Naturstoff-Komponente verwendet. Um den Einfluss des lipophilen 

Kations hinsichtlich der Zytotoxizität der Gesamtstruktur zu variieren, wurden 

unterschiedliche Safrinium P Derivate hergestellt, wobei nach Kupplung mit acetylierter 

Betulinsäure wieder EC50-Werte im einstelligen µM-Bereich erzielt wurden. Mit Hilfe 

entsprechender Untersuchungen konnte herausgefunden werden, dass die Anreicherung der 

Konjugate nicht in den Mitochondrien, sondern im endoplasmatischen Retikulum erfolgte. 

Eine deutliche Steigerung der Selektivität wurde mittels Synthese verschieden substituierter 

Benzylamide der acetylierten Betulinsäure erreicht, wobei die EC50-Werte wieder eine 

Zytotoxizität im zuvor erwähnten Bereich aufwiesen. Die Erhöhung der Selektivität S auf 12.0 

bei der ortho-Methoxy-Verbindung beweist, dass neben der Art des Substituenten auch die 

Position einen erkennbaren Einfluss hat. 

Von Betulin und von Betulinsäure abgeleitete 29-Oxo-Amide wurden durch Hydroborierung, 

gefolgt von Oxidation und anschließender Amidierung der eingeführten Carbonsäure 

hergestellt, wie in Abbildung 13 dargestellt. Alle Verbindungen zeigten eine signifikante 

zytotoxische Aktivität für verschiedene menschliche Tumorzelllinien. Kleine Änderungen in 

der Struktur führten jedoch zu signifikanten Änderungen in der Zytotoxizität der 

Verbindungen. Bei der Variation der Amin-Einheit zeigten die C-29-Amide, die mit  
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Ethylendiamin hergestellt wurden, die niedrigsten EC50-Werte und für beide Strukturen 

konnte in weiteren Untersuchungen hauptsächlich Apoptose nachgewiesen werden. Die vom 

Betulin abgeleiteten Strukturen waren im Vergleich zu denen der Betulinsäure in geringem 

Maß zytotoxischer. 

Außerdem wurde ausgehend von der acetylierten Platansäure weitere Carbonsäureamide 

hergestellt und anschließend zu den entsprechenden Oximen umgesetzt, wobei die Amide 

deutlich zytotoxischer waren und die aktivste Verbindung eine Homopiperazin-Einheit 

enthielt mit einem EC50 von 0.9 µM. 

Bei der Gegenüberstellung von Betulin, Betulinsäure, Platansäure und Glycyrrhetinsäure 

abgeleiteten pentazyklischen Triterpen-Piperazin-Rhodamin B-Konjugate, zeigte sich, dass die 

Verknüpfungsposition am E-Ring das Ausmaß der Zytotoxizität bestimmt. Die Verbindungen 

mit veränderte Kupplungsposition des gespacerten Rhodamins waren zytotoxisch, aber 

signifikant weniger zytotoxisch als diejenigen, die mit dem Piperazin-Fluorophor über C-28 

verknüpft sind. Färbeexperimente zeigten, dass die an C-29 verbundenen Rhodamin-B-

Konjugate mit Lupan-Grundgerüst nekrotische Verbindungen sind und als Mitocane wirken. 

Die aktivste Verbindung, die an C-28 amidiert ist, hatte einen EC50-Wert von 0.04 μM für A2780 

(Zelllinie des Ovarialkarzinoms). Im Vergleich dazu, wies die aktivste Verbindung von den über 

C-29 verbundenen Triterpen-Rhodamin-Konjugaten eine Aktivität von 0.2 µM auf. 

Bei der Synthese verschieden substituierter Maslinsäure-Rhodamin-Konjugate wurde der 

Einfluss der Rhodaminstruktur auf die Zytotoxizität untersucht. Die aktivste Verbindung war 

das Rhodamin-Konjugat mit Propylrest, welches einen EC50 Wert von 0,01 µM aufwies und 

eine Selektivität S von 15. Zudem verläuft die gemessene Zytotoxizität der Maslinsäure-

Rhodamin-Konjugate parallel zu den berechneten Oktanol/Wasser-Verteilungskoeffizienten 

und lässt, da es sich um Mitocane handelt, auf eine Wechselwirkung mit der inneren 

Mitochondrienmembran schließen. 

Zusammenfassend lässt sich feststellen, dass sowohl zytotoxische als auch selektive 

Verbindungen hergestellt wurden, wobei der Einfluss unterschiedlicher Naturstoffe als 

Ausgangsstoff, deren chemische Modifikationen sowie eine Variation der eingesetzten Amin-

Komponente und der kationischen Struktur vorgenommen wurde. 
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Abschließend ist zu bemerken, dass neben einer besseren Bioverfügbarkeit, durch das 

Einführen von Acetylgruppen am Triterpen, auch die Wahl des Spacers von Relevanz ist, um 

die höchst mögliche Zytotoxizität durch die Verknüpfung von Triterpenen mit einem lipohilen 

Kation wie Rhodamin B zu ermöglichen. Jedoch muss für die Substitution des Triterpens auch 

die Selektivität berücksichtigt werden, welche sich nachweislich durch Art und Position der 

eingebrachten Gruppen verändert. Bei der Wahl des Triterpens für sowohl zytotoxische als 

auch selektive Mitocane ist neben der Anzahl möglicher Modifikationsposition, wie 

Hydroxygruppen, die Polarität und damit verbundene Löslichkeitsmerkmale zu berück-

sichtigen, um die Wirksamkeit der synthetisierten Verbindungen noch weiter optimieren zu 

können. Hinsichtlich der kationischen Struktureinheit sind weitere chemische Modifikationen 

an Rhodamin B relevante Optimierungsoptionen, um die Entwicklung optimaler Wirkstoffe 

voranzutreiben.
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Publikation P-1: Synthesis and cytotoxic evaluation of hydroxycinnamic acid rhodamine B 

conjugates 

Marie Kozubek, Immo Serbian, Sophie Hoenke, Oliver Kraft, René Csuk Results in Chemistry 

2020, 10005, 2211-7156 

Abstract 

Four different hydroxycinnamic acid rhodamine B conjugates have been prepared and 

screened for their cytotoxic activity. In the sulforhodamine B (SRB) assay the majority of the 

conjugates displayed good cytotoxicity in the low μM range for different human tumor cell 

lines. Low EC50 values were obtained especially for an apoptose-triggering cinnamic acid 

rhodamine conjugate 3 holding a piperazinyl spacer and a cinnamoyl moiety. 

 

Keywords: Hydroxycinnamic acid, Amides, Rhodamine B, Cytotoxicity 

DOI: 10.1016/j.rechem.2020.100057  

Link: https://doi.org/10.1016/j.rechem.2020.100057 

 

 

Publikation P-2: Cytotoxic triterpenoid-safirinium conjugates target the endoplasmic 

reticulum 

Oliver Kraft, Marie Kozubek, Sophie Hoenke, Immo Serbian, Daniel Major, René Csuk Eur. J. 

Med. Chem. 2021, 209, 112920 

Abstract 

Safirinium P and Q fluorescence labels were synthesized and conjugated with spacered 

triterpenoic acids to access hybrid structures. While the parent safirinium compounds were 

not cytotoxic at all, many triterpenoid safirinium P and Q conjugates showed moderate 

cytotoxicity. An exception, however, was safirinium P derived compound 30 holding low EC50 

= 5.4 mM (for A375 cells) to EC50 = 7.5 mM (for FaDu cells) as well as EC50 = 6.6 mM for non-

malignant fibroblasts NIH 3T3. Fluorescence imaging showed that the safirinium core 

structures cannot enter the cells (not even after a prolonged incubation time of 24 h), while 

the conjugates (as exemplified for 30) are accumulating in the endoplasmic reticulum but not 

in the mitochondria. The development of safirinium-hybrids targeting the endoplasmic 

reticulum can be regarded as a promising strategy in the development of cytotoxic agents. 

 

Keywords: Betulinic acid, Safirinium, Cytotoxicity, Endoplasmic reticulum 

DOI: 10.1016/j.ejmech.2020.112920 

Link: https://doi.org/10.1016/j.ejmech.2020.112920 

 



C 
 

Publikation P-3: Apoptotic activity of substituted 3-O-acetyl-betulinic acid benzylamides 

Marie Kozubek, Linda Höhlich, Sophie Hoenke, Hans-Peter Deigner, Ahmed Al-Harrasi, René 

Csuk EJMECH Reports 2021, 100016, 2772-4174 

Abstract 

Acetylated betulinic acid (BA) was converted into mono-substituted benzylamides 2–14. 

Screening in SRB assays showed them as cytotoxic for a variety of different human tumor cell 

lines. While parent BA was not cytotoxic within the limits of the assay (cut-off 30 μM), the 

target amides were cytotoxic. Their bioactivity as well as their tumor cell/non-tumor cell 

selectivity depended on the substitution pattern of the aromatic ring. The most active 

compound 9 (holding an ortho methoxy substituent) acted mainly by apoptosis. 

 

Keywords: Betulinic acid, Benzylamides, Cytotoxicity, SRB assay 

DOI: 10.1016/j.ejmcr.2021.100016 

Link: https://doi.org/10.1016/j.ejmcr.2021.100016 

 

 

Publikation P-4: Synthesis and cytotoxicity of betulin and betulinic acid derived 30-oxo-

amides 

Marie Kozubek, Sophie Hoenke, Theresa Schmidt, Hans-Peter Deigner, Ahmed Al-Harrasi, 

René Csuk Steroids 2022 109014,0039-128X 

Abstract 

Betulin and betulinic acid derived 30-oxo-amides were prepared by hydroboration, 

subsequent oxidation and amidation; these novel compounds were screened for their 

cytotoxic activity by SRB assays. All of the compounds showed significant cytotoxic activity for 

different human tumor cell lines. Small changes in the structure, however, resulted in 

significant changes in the cytotoxicity of the compounds. Of special interest were compounds 

11 and 12, each holding an extra ethylenediamine moiety. These C-30 amides which showed 

low EC50 values, and both of them acted mainly by apoptosis. 

 

Keywords: Betulin, Betulinic acid, Cytotoxicity 

DOI: 10.1016/j.steroids.2022.109014 

Link: https://doi.org/10.1016/j.steroids.2022.109014 
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Publikation P-5: Platanic acid derived amides are more cytotoxic than their corresponding 

oximes 

Marie Kozubek, Sophie Hoenke, Theresa Schmidt, Dieter Ströhl, René Csuk  Med Chem Res 

2022, 1554-8120 

Abstract 

Albeit platanic acid has been known since 1956, its potential to act as a valuable starting 

material for the synthesis of cytotoxic agents has been neglected for many years. Hereby we 

describe the synthesis of a small library of amides and oximes derived from 3-O-acetyl-platanic 

acid, and the results of their screening as cytotoxic agents for several human tumor cell lines. 

As a result, while the cytotoxicity of the oximes was diminished as compared to the parent 

amides, the homopiperazinyl amide 5 held the highest cytoxicity (EC50 =0.9 μM for A375 

human melanoma cells). Extra FACS and 

cell cycle measurements showed compound 5 to act onto A375 cells rather by apoptosis than 

by necrosis. 

 

Keywords: Platanic acid, cytotoxicity, SRB assay 

DOI: 10.1007/s00044-022-02902-1 

Link: https://doi.org/10.1007/s00044-022-02902-1 

 

 

P-6: Betulinic acid and glycyrrhetinic acid derived piperazinyl spacered rhodamine B 

conjugates are highly cytotoxic and necrotic 

Marie Kozubek, Sophie Hoenke, Hans-Peter Deigner, René Csuk Results in Chemistry 2022, 

100429, 2211-7156 

Abstract 

Pentacyclic triterpene-piperazine-rhodamine B conjugates with ursane or oleanane 

backbones have been shown in the past to be highly cytotoxic thereby acting as mitocans. 

Starting from betulinic acid or glycyrrhetinic acid, new analogues were now made available, 

and their cytotoxic activity was investigated employing several human tumor cell lines [A375 

(melanoma), HT29 (colorectal carcinoma), MCF-7 (breast adenocarcinoma), A2780 (ovarian 

carcinoma), and for comparison NIH 3T3 (non-malignant fibroblasts)]. For these conjugates it 

has been established that the linking position at ring E governs the magnitude of cytotoxicity. 

These conjugates were still highly cytotoxic but significantly less cytotoxic than those holding 

an oleanane skeleton. Staining experiments showed the rhodamine B conjugates as necrotic 

compounds and to act as mitocans. The most active compound (8) held an EC50 = 0.04 μM for 

A2780 ovarian carcinoma cells. 
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Keywords: Betulin, Betulinic acid, Glycyrrhetinic acid, Cytotoxicity, Rhodamine B 

conjugates 

DOI: 10.1016/j.rechem.2022.100429 

Link: https://doi.org/10.1016/j.rechem.2022.100429 

 

 

P-7: On the influence of the rhodamine substituents onto the cytotoxicity of mitocanic 

maslinic acid rhodamine conjugates 

Marie Kozubek, Toni C. Denner, Marc Eckert, Sophie Hoenke, René Csuk Results in Chemistry 

2023, 100708 

Abstract 

Maslinic acid was converted via a di-acetylated piperazinyl amide into rhodamine conjugates 

differing in their alkyl moieties. These conjugates were submitted to cytotoxicity assays 

employing a panel of human tumor cell lines. These conjugates held high cytotoxicity but 

also some selectivity especially for A2780 cells. Thereby, a propyl substituted rhodamine 

conjugate showed EC50 values as low as EC50 = 0.01 μM and was approx. 15 times more 

cytotoxic for the cancer cells than for non-malignant fibroblasts (NIH 3 T3). Cytotoxicity 

obviously parallels the lipophilicity of the residue and suggests - since the compounds act as 

mitocanes - an interaction of the conjugates with the inner mitochondrial membrane.   

 

Keywords: Maslinic acid, Mitocans, Rhodamine, Cytotoxicity 

DOI: 10.1016/j.rechem.2022.100708 
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Erklärung zu den Autorenanteilen der Publikationen 

Die Dissertation beruht auf sieben Publikationen, wobei in sechs Arbeiten der Schwerpunkt 

auf der Zytotoxizität der Triterpenkonjugate liegt und in einer Publikation stehen zytotoxische 

Eigenschaften von Hydroxyzimtsäurederivaten im Vordergrund. Die Manuskripte wurden in 

Zusammenarbeit mit allen Koautoren verfasst. Prof. Dr. René Csuk betreute zusätzlich die 

Arbeit und stand für fachliche Diskussionen zur Verfügung. Im Folgenden sollen die Anteile 

der Autoren an den durchgeführten Synthesen und der biologischen Evaluierung der Derivate 

näher erläutert werden. 
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Marie Kozubek, Immo Serbian, Sophie Hoenke, Oliver Kraft, René Csuk Results in Chemistry 

2020, 10005, 2211-7156 

Die Synthese wurde von mir durchgeführt und die Auswertung der spektroskopischen Daten 

wurde von mir vorgenommen. Die Bestimmung der EC50-Werte und weitere zytotoxische 

Untersuchungen wurde von S. Hoenke durchgeführt. R. Csuk betreute praktische sowie 

theoretische Aspekte der Arbeit. 
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Oliver Kraft, Marie Kozubek, Sophie Hoenke, Immo Serbian, Daniel Major, René Csuk Eur. J. 

Med. Chem. 2021, 209, 112920 

Die Synthese aller Konjugate ist in Zusammenarbeit mit O.Kraft, I.Serbian, D.Major und mir 

entstanden, wobei ich für die Safirinium P Konjugate zuständig war und hierfür auch die 

spektroskopische Auswertung übernommen habe. O.Kraft war für die Safirinium Q Konjugate 

verantwortlich, welche nicht Teil dieser Arbeit sind. Die Bestimmung der EC50-Werte und 

weitere zytotoxische Untersuchungen wurde von S. Hoenke durchgeführt. R. Csuk betreute 

praktische sowie theoretische Aspekte der Arbeit. 
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Die Synthesen und die Auswertung der spektroskopischen Daten wurden im Rahmen einer 
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Die Synthese wurde von mir durchgeführt und die Auswertung der spektroskopischen Daten 

wurde auch von mir vorgenommen. Die Bestimmung der EC50-Werte und weitere zytotoxische 
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Aspekte der Arbeit. 
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Die Synthese der Vorstufen ist in Zusammenarbeit mit T. C. Denner erfolgt, wobei die Synthese 

der Konjugate und die Auswertung der spektroskopischen Daten im Rahmen einer von mir 

betreuten Diplomarbeit von M. Eckert durchgeführt wurde. Die Bestimmung der EC50-Werte 

und weitere zytotoxische Untersuchungen wurde von S. Hoenke durchgeführt. R. Csuk 

betreute praktische sowie theoretische Aspekte der Arbeit. 
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Four different hydroxycinnamic acid rhodamine B conjugates have been prepared and screened for their cyto-
toxic activity. In the sulforhodamine B (SRB) assay the majority of the conjugates displayed good cytotoxicity
in the low μM range for different human tumor cell lines. Low EC50 values were obtained especially for an
apoptose-triggering cinnamic acid rhodamine conjugate 3 holding a piperazinyl spacer and a cinnamoyl moiety.

© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

1. Introduction

Todaymore than one-third of drug sales are based on products hold-
ing a natural product scaffold, although only 1% of all known organic
compounds are natural substances. [1] Therefore, natural products
have been and will be used, to develop helpful drugs to cure diseases,
among them cancer [2–4], neurodegenerative diseases [5,6], diabetes
[7–11] or atherosclerosis [12–17]. However, structural modifications
are necessary to increase both selectivity and the pharmacological pro-
file of these compounds. Bioactive plant-based molecules are of special
interest to be selected as suitable structures because of several reasons:
a) they are re-newable and b) several scientific studies on animal
models and humans have already demonstrated the cancer-
preventing potential of phytochemicals. [18] Polyphenols are secondary
metabolites of plants, and – among others - hydroxycinnamic acids
(HCAs) seem of importance since they hold antioxidant [19–23] and
anti-inflammatory properties [24–27]. HCAs are ubiquitous; they are
found not only in coffee but also in tea leaves, cereals, many fruits and
vegetables. In these plants, HCAs occur most often as esters, glycosides
or conjugated to proteins. Furthermore, HCAs are precursors for the bio-
synthesis of stilbenes, chalcones, flavonoids, lignans and anthocyanins.
[28–30]

Hybrids holding a combination of natural products or drugs and the
xanthene dye rhodamine B have previously been prepared. Thus, conju-
gates of rhodamine B and di- or triterpenes were found to be highly cy-
totoxic for human tumor cell lines in vitro even on a nanomolar range.
In addition, the fluorescent dye rhodamine B targets and enables the

conjugate to enter the mitochondria, whereby the conjugates act as
mitocan [31–34].

Mitochondria are likely to be the target of the next generation of che-
motherapeutic agents because these cytoplasmatic organelles can in-
duce programmed cell death, especially apoptosis. [31,35] A controlled
cell death causes the cell to shrink; it also leads to a change of themito-
chondrial pH value and, as a consequence, to a breakdown of the mito-
chondrial membrane potential. [36–38] In addition, condensation of
the chromatin and the cytoplasm is observed. [39,40] Furthermore, dur-
ing phagocytosis, the dying cells transfer phosphatidylserine from the
inside of the membrane to the outside of the membrane. [41] This pro-
motes the recognition of apoptotic cells and thus accelerates the process
of apoptosis. Accordingly, apoptosis-induced cell death is a desirable
goal in the therapy of cancer to minimize unwanted side effects.

Hence, we set out to synthesize hydroxycinnamic acid rhodamine B
conjugates and examine their cytotoxicity and selectivity towards
human tumor cells.

2. Results and discussion

2.1. Chemistry

The strategy was to synthesize the carboxamide 1 from the conden-
sation of the fluorescent dye rhodamine B and piperazine, followed by
the coupling of 1 with the respective hydroxycinnamic acid (Scheme
1). Thereby, the acyl chloride of rhodamine B (prepared in situ from
rhodamine B and oxalyl chloride) was used for the amidation of the
fluorescent dye and piperazine. In this reaction, a direct monoacylation
of a symmetrical diamine has to take place, but the formation of a
bisacylated product 2 as a by-product could not be avoided; this
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parallels previous findings of Bandgar about the synthesis of
monoacylated piperazine derivates. [42]

Compound 1 and cinnamic acid, p-coumaric acid, ferulic acid and
sinapinic acid were coupled in the presence of TBTU to yield the corre-
sponding conjugates 3–6.

The structure of the compoundswas determined by 1H and 13C NMR
andwas further confirmed byMS, IR and UV–vis investigations. Thus, in
the 1H NMR spectra of products 3–6 signals of the methylene groups of
the piperazine were detected at δ = 3.5 ppm. These signals showed a
significant line-broadening probably due to ring inversion by pyramidal
inversion. In the 13CNMR spectra, the signals of themethylene groups of
piperazine were detected at δ = 47 ppm; again, these signals show
some line broadening. In the UV–vis spectra λmax values between 5.56

and 5.61 nmwere recorded; these values are typical for an intact rhoda-
mine B structure.

2.2. Biology

The cytotoxicity of the synthesized carboxamides was evaluated
using a colorimetric sulforhodamine B (SRB) assay. The results of the
tests are compiled in Table 1.

Compound 1, the carboxamide of rhodamine B and piperazine
shows for four cell lines EC50 N 30 μM and moderate EC50 values of
26.4 μM for A2780 and 17.8 μM for MCF-7 cells; rhodamine B was not
cytotoxic at all for these cell lines (cut-off 30 μM; compounds holding
EC50 values N30 μMare usually regarded as not cytotoxic). This indicates

Scheme 1. Structure of rhodamine B and synthesis of the hydroxycinnamic acid conjugates 3–6; a) 1. DCM, (COCl)2, DMF; 2. DCM, piperazine, 67%; b) cinnamic acid or p-coumaric acid or
ferulic acid or sinapinic acid, TBTU, DIPEA, DMF, 57% (3), 45% (4), 48% (5), 54% (6).

Table 1
Cytotoxicity of rhodamineB, compounds1–6, and staurosporine (ST, standard): EC50 values in μMfromSRB assays after 72 h of treatment; the values are averaged from three independent
experiments performed each in triplicate. The human cancer cell lines A375 (epithelial melanoma), HT29 (colorectal adenocarcinoma), MCF-7 (human breast adenocarcinoma), A2780
(ovarian carcinoma), FaDu (pharynx squamous carcinoma) and the non-malignant mouse fibroblasts NIH 3 T3 were used.

A375 HT29 MCF-7 A2780 FaDu NIH 3 T3

Rhodamine B N 30 N 30 N 30 N 30 N 30 N 30
1 N 30 N 30 17.8 ± 3.9 26.4 ± 2.1 N 30 N 30
2 9.0 ± 0.8 10.5 ± 0.8 7.2 ± 0.7 4.3 ± 0.7 7.8 ± 0.3 15.2 ± 1.0
3 3.0 ± 0.1 3.3 ± 0.2 1.0 ± 0.1 1.5 ± 0.1 1.6 ± 0.2 3.3 ± 0.2
4 5.8 ± 0.6 11.3 ± 0.8 3.2 ± 0.2 4.4 ± 0.6 5.3 ± 0.5 10.9 ± 3.6
5 25.6 ± 1.3 N 30 9.3 ± 0.9 14.0 ± 1.1 17.5 ± 1.3 N 30
6 20.5 ± 0.8 N 30 6.8 ± 0.9 11.1 ± 0.6 14.8 ± 0.7 N 30
ST n.d. 0.2 ± 0.02 0.1 ± 0.01 0.1 ± 0.01 0.1 ± 0.05 0.008 ± 0.001
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that any relevant cytotoxicity is not directly connected to the rhoda-
mine B scaffold. An improved cytotoxicity was observed for 2. The
highest cytotoxicity was observed for this compound for ovarian carci-
noma cells A2780 (EC50 = 4.3 μM) while this compound was less cyto-
toxic for non-malignant NIH 3 T3 cells (EC50 = 15.4 μM). Furthermore,
for the fluorescent dye conjugates 3–6 cytotoxic effects could be noted
with the cinnamic acid conjugate 3 holding the lowest EC50-values for
all tested cell lines, ranging from1 μMto3 μM. Thereby, all of these com-
pounds were most cytotoxic for MCF-7 human breast adenocarcinoma
cells. Besides their cytotoxicity, the selectivity against tumor cell lines
(A375, HT29, MCF-7, A2780, FaDu) compared to a non-malignant cell
line (NIH 3 T3) is important for the development of novel anticancer
agents. For this reason, themaximumselectivity index of the rhodamine
B conjugates was calculated (FSI = EC50, NIH 3T3/EC50 tumor cell line), and
the results are summarized in Table 2.

The highest selectivity index was determined for sinapinic acid con-
jugate 6with FSI = 4.4. Compound 3 shows an FSI = 3.5 for the cell line
MCF-7 compared to the non-malignantNIH3 T3 cells, thus representing
the third-highest selectivity factor of this investigation. These results
seem to indicate that the presence of a hydroxy or a methoxy groups
in the hydroxycinnamic acid conjugates may slightly increase the EC50
values but does not significantly improve the selectivity of the com-
pounds. Flow cytometric Annexin V/PI measurements with compound
3 for 48 h at 2 x EC50 concentration employing A375 cells showed ca.
27% of apoptotic cells (Fig. 1).

Further studies should aim to access conjugates holding other sub-
stituents to improve both the selectivity and to decrease their EC50

values for tumor cell lines.

3. Conclusion

In conclusion, substituted hydroxycinnamic acid rhodamine B
conjugates 3–6 have been synthesized and screened in SRB assays for
their cytotoxic acitivity. Thereby a rhodamine B piperazine

carboxyamide 1 was prepared in good yields that was then coupled
with several hydroxycinnamic acids following a standard amidation
protocol. Almost all of the prepared conjugates showed cytotoxic activ-
ity with the cinnamic acid conjugate 3 holding low EC50 values between
1 and 3 μM for all tested tumor cell lines (A375, HT29, MCF-7, A2780,
FaDu). Although the sinapinic acid conjugate 6 was the most selective
compound of this studyholding a selectivity factor of 4.4, its cytotoxicity
was significantly lower than that of compound 3. The latter compound
acted in part by apoptosis on A375 cells. Thus, hydroxycinnamic acid
rhodamine B conjugates present an interesting class of rhodamine B
conjugates for the development as anticancer drugs, because of their
lowEC50 values. Further studieswill showwhether their cytotoxic effect
as well as their selectivity can be improved by altering the substitution
pattern of the cinnamic acid core.

4. Experimental part

4.1. General

NMR spectra were recorded using the Varian spectrometers Unity
Inova (500 MHz) or Gemini 2000 (400 MHz). MS spectra were taken
on a Finnigan MAT LCQ 7000 instrument. Thin-layer chromatography
was performed on pre-coated silica gel plates supplied by Macherey-
Nagel. IR spectra were recorded on a Spectrum 1000 FT-IR-
spectrometer from Perkin Elmer. The UV/Vis-spectra were recorded
on a Lambda 14 spectrometer from Perkin Elmer. The melting points
were determined using the Leica hot stage microscope Galen III and
are uncorrected. The solvents were dried according to usual procedures.
The used chemicals were obtained from different commercial suppliers
in bulk quantities.

4.2. Biology

4.2.1. Cell lines and culture conditions
Following human cancer cell lines A375 (epithelial melanoma),

HT29 (colorectal adenocarcinoma), MCF-7 (human breast adenocarci-
noma), A2780 (ovarian carcinoma), FaDu (pharynx squamous carci-
noma) and non-malignant mouse fibroblasts NIH 3 T3 were used. All
cell lines were obtained from the Department of Oncology (Martin-Lu-
ther-University Halle Wittenberg). Cultures were maintained as mono-
layers in RPMI 1640 medium with L-glutamine (Capricorn Scientific
GmbH, Ebsdorfergrund, Germany) supplemented with 10% heat-
inactivated fetal bovine serum (Sigma-Aldrich GmbH, Steinheim,
Germany) and penicillin/streptomycin (Capricorn Scientific GmbH,

Table 2
Selectivity factors of compounds 1–5 (FSI = EC50, NIH 3T3/EC50 tumor cell line).

FSI
(A375)

FSI
(HT29)

FSI
(MCF-7)

FSI
(A2780)

FSI
(FaDu)

1 – – 1.7 1.1 –
2 1.7 1.5 2.1 3.6 2.0
3 1.1 1.0 3.5 2.2 2.1
4 1.9 1.0 3.4 2.5 2.1
5 1.2 – 3.2 2.1 1.7
6 1.5 – 4.4 2.7 2.0

Fig. 1. Annexin V/PI flow cytometry of 3 (incubation for 48 h, 2 x EC50) and A375 cells: left: control, right: treated cells.
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Ebsdorfergrund, Germany) at 37 °C in a humidified atmospherewith 5%
CO2.

4.2.2. Cytotoxicity assay (SRB assay)
For the evaluation of the cytotoxicity of the compounds the

sulforhodamine-B (Kiton-Red S, ABCR) micro-culture colorimetric
assay was used; fluorescence measurements were performed as previ-
ously reported [31–35]. The EC50 valueswere averaged from three inde-
pendent experiments performed each in triplicate calculated from
semi-logarithmic dose-response curves applying a non-linear 4P Hills-
slope equation.

4.3. Syntheses

4.3.1. N-(6-(Diethylamino)-9-(2-(piperazin-1‑carbonyl)phenyl)-3H-
xanthen-3-yliden)-N-ethylethanaminium chloride (1)

The fluorescent dye rhodamine B (10.0 g, 22.3 mmol) was dissolved
in dry DCM (250mL), treatedwith oxalyl chloride (8.84mL) at 0 °C. One
drop of dry DMF was added, and the solution was allowed to warm up
to room temperature. After completion of the reaction, the solvent
was removed under reduced pressure. The residue was dissolved in
dry DCM (50 mL), and the solution was concentrated again to remove
excess oxalyl chloride. The acyl chloride of rhodamine B was diluted
with dry DCM (300 mL) and added dropwise to a solution of dry DCM
(350 mL) and piperazine (10.0 g). After 24 h, the solvent was removed
under reduced pressure followed by chromatographic purification (sil-
ica gel, chloroform/methanol, 9:1) of the crude material to yield 1
(7.24 g, 67%) as a dark purple solid; RF = 0.14 (chloroform/methanol,
8:2); m.p. N 350 °C; λmax (log ε) = 260 (0.23), 354 (0.06), 561 (0.82)
nm; IR (ATR) v = 3401br, 1589 m, 1529w, 1411s, 1328s, 1275s,
1246 m, 1180s, 1132 m, 1074 m, 1011w, 977 m, 922 m, 820 m, 683 m;
1H NMR (500 MHz, CD3OD): δ = 7.79–7.74 (m, 3H, 3-H + 4-H + 5-
H), 7.52 (m, 1H, 6-H), 7.28–7.25 (d, 1H, 10-H), 7.10–7.09 (m, 1H, 11-
H), 6.98–6.97 (d, 1H, 13-H), 3.72–3.59 (m, 6H, 15-Ha + 15-Hb + 17-
Ha + 17-Hb + 20-Ha + 20-Hb), 3.08–3.05 (t, 4H, 18-Ha + 18-
Hb + 19-Ha + 19-Hb), 1.33–1.30 (t, 3H, 16-Ha + 16-Hb + 16-Hc)
ppm; 13C NMR (126 MHz, CD3OD): δ = 169.53 (C-1), 159.2 (C-8),
157.3 (C-12), 156.7 (C-14), 135.7 (C-7), 133.0 (C-10), 132.3 (C-2),
131.8 (C-6), 131.5 (C-5), 131.4 (C-4), 128.9 (C-3), 115.4 (C-11), 114.8
(C-9), 97.4 (C-13), 46.9 (C-15), 46.8 (C-17 + C-20), 44.5 (C-18 + C-
19), 12.8 (C16) ppm; MS (ESI, MeOH): m/z = 256.2 (24%,
[M + H]2+), 511.4 (100%, [M]+); analysis calcd for C32H39ClN4O2

(547.14): C 70.25, H 7.18, N 10.24; found: C 70.01, H 7.34, N 10.02.

4.3.2. 9,9′-[Piperazine-1,4-diylbis(carbonyl-2,1-phenylene)]bis[6-
(diethylamino)-N,N-diethyl-3H-xanthen-3-iminium] dichloride (2)

To a solution of rhodamine B (500 mg, 1.04 mmol) in dry DCM
(15 mL), oxalyl chloride (0.4 mL, 4.18 mmol), DMF (17 mg,
0.23 mmol) and TEA (24 mg, 0.23 mmol) were added, and the mixture
was stirred at 25 °C for 3 h. The volatiles were removed under reduced
pressure, and the residuewas dissolved in dry DCM (15mL). At 0 °C, pi-
perazine (270 mg, 3.12 mmol), TEA (15 mg, 1.5 mmol) and a catal.
Amount of DMAPwere added. After stirring for 1 h at 25 °C, the solvents
were removed under reduced pressure, and the residue was subjected
to column chromatography (SiO2, chloroform/methanol, 9:1) to yield
2 (284 mg, 54%) as a pink solid; Rf = 0.27 (silica gel, CHCl3/MeOH
9:1); m.p. 212–216 °C; IR (ATR): ν = 3414br, 2964w, 1652 m, 1585s,
1410s, 1329s, 1271s. 1245s, 1178vs, 1130s, 1072s, 1002 m, 921 m,
821 m, 682 s cm−1; UV–Vis (MeOH): λmax (log ε) = 259 (4.55), 307
(4.20), 356 (3.92), 560 (5.07) nm; 1H NMR (500 MHz, CDCl3): δ =
7.59–7.51 (m, 4H, 3-H + 5-H), 7.37 (s, 2H, 4-H), 7.23–7.17 (m, 2H, 6-
H), 7.15–7.02 (m, 4H, 10-H + 10’-H), 7.00–6.73 (m, 4H, 11-H + 11’-
H), 6.66 (s, 4H, 13–H + 13’-H), 3.83 (s, 4H, 17-H + 18-H), 3.60–3.43
(m, 16H, 15-H + 15’-H), 1.20 (t, J = 7.1 Hz, 24H, 16-H + 16’–H) ppm;
13C NMR (125 MHz, CDCl3): δ = 167.9 (C-1), 157.6 (C-14 + C-14′),
155.6 (C-12 + C-12′ + C-8), 134.3 (C-7), 131.8 (C-11 + C-11′), 130.1

(C-4 + C-2 + C-6 + C-5), 127.6 (C-3), 114.2 (C-10 + C-10′), 113.5
(C-9 + C-9′), 96.1 (C-13 + C-13′), 45.9 (C-15 + C-15′), 12.3 (C-
16 + C-16′) ppm; MS (ESI, MeOH): m/z (%) = 936.5 ([M-2Cl]2+,
100); analysis calcd for C60H68Cl2N6O4 (1008.13): C 71.48, H 6.80, N
8.34; found: C 71.19, H 6.93, N 8.17.

4.3.3. (E)-N-(9-(2-(4-Cinnamoylpiperazin-1‑carbonyl)phenyl)-6-
(diethylamino)-3H-xanthen-3-yliden)-N-ethylethanaminium chloride (3)

To an ice cold solution of cinnamic acid (0.5 g, 3.37 mmol) in dry
DMF (15 mL) compound 1 (2.69 g, 4.92 mmol), TBTU (1.08 g) and
DIPEA (1.2 mL) were added. After completion of the reaction (as indi-
cated by TLC), the mixture was extracted with an aqueous solution of
NaHCO3 solution (satd., 100 mL), the organic layer was dried with
MgSO4, the solvents were removed under diminished pressure, and
the residuewas subjected to columnchromatography (silica gel, chloro-
form/methanol, 95:5) to yield 3 (1.23 g, 57%) as a dark purple solid;
RF = 0.19 (chloroform/methanol, 95:5); m.p. 172–175 °C; λmax (log
ε) = 262 (0.59), 355 (0.09), 561 (1.32) nm; IR (ATR):??v = 2978w,
1633w, 1585s, 1528w, 1411 m, 1332s, 1271 m, 1244 m, 1177s, 1130 m,
1071 m, 1005 m, 976 m, 921 m, 823 m, 745 m, 707 m, 682 s, 663 m,
546 m, 486 m; 1H NMR (400 MHz, CD3OD): δ = 7.80–7.71 (m, 3H, 3-
H + 6-H + 4-H), 7.61–7.52 (m, 3H, 3-H* + 5-H* + 3-H‘), 7.39–7.28
(m, 4H, 2-H* + 4-H* + 6-H* + 10-H), 7.10–7.04 (m, 2H, H2‘+ 11-H),
6.96 (d, 1H, 13-H), 3.71–3.64 (q, 2H, H15), 3.58–3.45 (t, 8H, 17-
Ha + 17-Hb + 18-Ha + 18-Hb + 19-Ha + 19-Hb + 20-Ha + 20-Hb),
1.32–1.26 (t, 3H, 16-Ha + 16-Hb + 16-Hc) ppm; 13C NMR (101 MHz,
CD3OD): δ = 169.7 (C-1), 168.3 (C-1′), 159.3 (C-8), 157.2 (C-14),
157.0 (C-12), 144.8 (C-3′), 136.5 (C-7), 136.3 (C-1*), 133.2 (C-10),
132.3 (C-2), 131.8 (C-5), 131.3 (C-4), 131.1 (C-4*), 130.0 (C-2* + C-
6*), 129.1 (C-3* + C-5*), 129.0 (C-3 + C-6), 117.8 (C-2′), 115.4 (C-
11), 114.9 (C-9), 97.4 (C-13), 46.9 (C-15), 43.3 (C-17 + C-18 + C-
19 + C-20), 12.9 (C16) ppm; MS (ESI, MeOH): m/z = 641.5 (100%,
[M]+); analysis calcd for C41H45ClN4O3 (677.29): C 72.71, H 6.70, N
8.27; found: C 72.45, H 6.91, N 7.97.

4.3.4. (E)-N-(6-(Diethylamino)-9-(2-(4-(3-(4-hydroxyphenyl)acryloyl)
piperazin-1‑carbonyl)phenyl)-3H-xanthen-3-yliden)-N-
ethylethanaminium chloride (4)

Following the conditions given for the synthesis of 2, from p-
coumaric acid (0.31 g, 1.89 mmol), 1 (0.97 g, 1.77 mmol), TBTU
(0.61 g) and DIPEA (0.32mL) followed by column chromatography (sil-
ica gel, chloroform/methanol, 95:5) 4 (535 mg, 45%) was obtained as a
dark purple solid; RF = 0.26 (chloroform/methanol, 95:5); m.p.
214–218 °C; λmax (log ε) = 259 (0.54), 310 (0.45), 556 (1.16) nm; IR
(ATR): v = 2925w, 1585s, 1409 m, 1333s, 1242 m, 1178s, 1123s,
1071s, 1004 m, 921 m, 822 m, 682 m; 1H NMR (500 MHz, CD3OD):
δ = 7.78–7.58 (m, 3H, 5-H + 3-H + H-2′), 7.52–7.36 (m, 5H, 3-
H* + 5-H* + 3-H‘+ H-2* + 6-H*), 7.28–7.19 (m, 1H, 10-H), 7.05–7.00
(m, 1H, 11-H), 6.91–6.89 (m, 1H, 13-H), 3.67–3.61 (m, 2H,
15-Ha + 15-Hb), 3.52–3.38 (m, 8H, 17-Ha + 17-Hb + 18-Ha + 18-
Hb + 19-Ha + 19-Hb + 20-Ha + 20-Hb), 1.35–1.22 (t, 3H, 16-
Ha + 16-Hb + 16-Hc) ppm; 13C NMR (126 MHz, CD3OD): δ = 169.7
(C-1), 168.3 (C-1′), 159.3 (C-8), 157.2 (C-14), 156.9 (C-12 + C-4*),
145.4 (C-3′), 136.5 (C-7), 136.5 (C-1*), 133.1 (C-10), 132.3 (C-2),
131.8 (C-3* + C-5*), 131.3 (C-5), 131.0 (C-2* + C-6*), 130.2 (C-2′),
128.9 (C-3), 127.0 (C-4), 115.4 (C-11), 114.9 (C-9), 97.4 (C-13), 46.9
(C-15), 43.2 (C-17 + C-18 + C-19 + C-20), 12.9 (C-16) ppm; MS (ESI,
MeOH): m/z = 657.5 (100%, [M]+); analysis calcd for C41H45ClN4O4

(693.29): C 71.03, H 6.54, N 8.08; found: C 72.84, H 6.75, N 7.73.

4.3.5. (E)-N-(6-(Diethylamino)-9-(2-(4-(3-(4-hydroxy-3-
methoxyphenyl)acryloyl)piperazin-1‑carbonyl)phenyl)-3H-xanthen-3-
yliden)-N-ethylethanaminium chloride (5)

Following the conditions given for the synthesis of 2, from ferulic
acid (0.22 g, 1.13 mmol), TBTU (0.36 g), 1 (0.58 g, 1.06 mmol) and
DIPEA (193 μL) followed by column chromatography (silica gel,
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chloroform/methanol, 8:2) 5 (364mg, 48%)was obtained as a dark pur-
ple solid; RF= 0.21 (chloroform/methanol, 9:1);m.p. 188–192 °C; λmax

(log ε) = 259 (0.25), 560 (0.47) nm; IR (ATR): v = 2975w, 1588s,
1411 m, 1336s, 1273 m, 1243 m, 1179s, 1072 m, 1006 m, 820 m, 744 s,
682 m; 1H NMR (500 MHz, CD3OD): δ = 7.84–7.81 (d, 1H, H-2*),
7.74–7.66 (m, 3H, 5-H + H-2′ + 3-H), 7.51–7.42 (m, 4H, 5-H* + 6-
H + 4-H + 3-H‘), 7.24–7.19 (d, 1H, 10-H), 7.05–6.96 (m, 2H, 11-
H + 6-H*), 6.85–6.63 (m, 1H, 13-H), 3.86–3.81 (s, 3H, H-7*a + H-
7*b + H-7*c), 3.64–3.57 (m, 2H, 15-Ha + 15-Hb), 3.51–3.39 (m, 8H,
17-Ha + 17-Hb + 18-Ha + 18-Hb + 19-Ha + 19-Hb + 20-Ha + 20-
Hb), 1.27–1.21 (t, 3H, 16-Ha + 16-Hb + 16-Hc) ppm; 13C NMR
(126 MHz, CD3OD): δ = 169.5 (C-1), 168.3 (C-1′), 159.1 (C-8), 157.0
(C-12), 156.8 (C-14), 150.1 (C-4*), 149.3 (C-3*), 145.3 (C-3′), 136.4
(C-7), 133.0 (C-10), 132.2 (C-2), 131.2 (C-5), 129.5 (C-1*), 128.8 (C-
3), 128.3 (C-5*), 128.2 (C-6), 127.1 (C-4), 124.2 (C-6*) 118.6 (C-2*),
115.4 (C-11), 114.8 (C-9), 111.4 (C-2′), 97.3 (C-13), 56.6 (C-7*), 46.8
(C-15), 43.2 (C-17 + C-18 + C-19 + C-20), 12.8 (C16) ppm; MS (ESI,
MeOH): m/z = 687.4 (100%, [M]+); analysis calcd for C42H47ClN4O5

(723.31): C 69.74, H 6.55, N 7.75; found: C 69.63, H 6.78, N 7.50.

4.3.6. (E)-N-(6-(Diethylamino)-9-(2-(4-(3-(4-hydroxy-3,5-
dimethoxyphenyl)-acryloyl)piperazin-1‑carbonyl)phenyl)-3H-xanthen-3-
yliden)-N-ethylethanaminium (6)

Following the conditions given for the synthesis of 2, from sinapinic
acid (0.5 g, 3.05 mmol), 1 (2.0 g, 3.65 mmol), TBTU (0.71 g) and DIPEA
(0.7 mL) followed by column chromatography (silica gel, chloroform/
methanol, 8:2) 6 (1.14 g, 54%) was obtained as a dark purple solid;
RF = 0.33 (chloroform/methanol, 95:5); m.p. 163–175 °C; λmax (log
ε) = 239 (0.60), 310 (0.45), 561 (1.65) nm; IR (KBr):? ? ̃ = 1584s,
1411 m, 1332s, 1177s, 1071 m, 1005 m, 772 s, 682 m; 1H NMR
(400 MHz, CD3OD): δ = 7.80–7.71 (m, 4H, 5-H + 4-H + 3-H + 6-H),
7.54–7.44 (m, 2H, 5-H* + 3-H‘), 7.31–7.26 (d, 1H, 10-H), 7.11–6.89
(m, 4H, 11-H + 13-H + H-9 + H-2′), 3.89–3.84 (s, 6H, H-7*a + H-
7*b + H-7*c + H-8*a + H-8*b + H-8*c), 3.70–3.64 (q, 2H, 15-Ha + 15-
Hb), 3.56–3.44 (s, 8H, 17-Ha + 17-Hb + 18-Ha + 18-Hb + 19-
Ha + 19-Hb + 20-Ha + 20-Hb), 1.32–1.27 (t, 3H, 16-Ha + 16-
Hb + 16-Hc) ppm; 13C NMR (101 MHz, CD3OD): δ = 169.6 (C-1),
168.3 (C-1′), 159.3 (C-8), 157.2 (C-12), 157.0 (C-14), 149.4 (C-4* + C-
2*), 145.7 (C-3′), 139.3 (C-7 + C-3*), 136.5 (C-1*), 133.2 (C-10), 132.3
(C-2), 131.8 (C-5*), 131.3 (C-5), 128.9 (C-6 + C-3 + C-4), 115.4 (C-
11),114.9 (C-9), 107.0 (C-2′), 97.4 (C-13), 56.9 (C-7* + C-8*), 46.9 (C-
15), 43.2 (C-17 + C-18 + C-19 + C-20), 12.8 (C-16) ppm; MS (ESI,
MeOH): m/z = 717.5 (100%, [M]+); analysis calcd for C41H45ClN4O4

(693.29): C 71.03, H 6.54, N 8.08; found: C 70.82, H 6.79, N 7.75.
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A B S T R A C T

Acetylated betulinic acid (BA) was converted into mono-substituted benzylamides 2–14. Screening in SRB assays
showed them as cytotoxic for a variety of different human tumor cell lines. While parent BA was not cytotoxic
within the limits of the assay (cut-off 30 μM), the target amides were cytotoxic. Their bioactivity as well as their
tumor cell/non-tumor cell selectivity depended on the substitution pattern of the aromatic ring. The most active
compound 9 (holding an ortho methoxy substituent) acted mainly by apoptosis.

1. Introduction

The therapeutic range of a compound is usually defined as the dis-
tance between its therapeutic dose and a dose that leads to a toxic effect
[1]. Often, the side effects associated with a particular biological effect
can be traced back to a lack of selectivity or insufficient selectivity of
complex metabolic pathways. This problem of lack of selectivity is
particularly relevant in the use of cytotoxic agents for the therapy of
malignant diseases. Cancer remains worldwide the leading cause of
death. Thereby alone in 2020, 19.3 million new cases have been reported
[2]. It is therefore of particular interest to develop selectively acting
substances. Some time ago, we reported on the high cytotoxic activity
combined with good selectivity of “EM2” (Fig. 1)[3–10], a diacetylated
benzylamide of the naturally occurring triterpene carboxylic acid mas-
linic acid.

We were therefore interested to find out to what extent these findings
can be transferred to betulinic acid BA (1). BA is one of the most
frequently studied pentacyclic triterpene carboxylic acids, and an almost
unmanageable number of derivatives have been prepared and studied for
their biological activities in recent decades. SciFinder held in September
2021 approximately 6000 abstracts containing the keyword “betulinic
acid” with 2000 of them dealing with cytotoxic/anti-cancer/anti-tumor
activity. This once again showed the unchanged high interest and po-
tential of BA and derivatives for possible applications in the therapy of
malignant diseases.

2. Results and discussion

Betulinic acid (BA) was converted into its acetate 1 (Scheme 1) in
90% yield as previously reported. Compound 1was activated with oxalyl
chloride in the presence of catalytic amounts of dimethylformamide

Fig. 1. Structure of cytotoxic lead compound EM2.
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(DMF); addition of the corresponding benzylamines in the presence of
catalytic amounts of trimethylamine gave the products 2–14 in good
yields.

To assess their cytotoxicity, photometric sulforhodamine B (SRB)
assays were performed employing a set of human malignant cell lines
(A375, HT29, MCF-7, A2780, FaDu) and non–malignant mouse

fibroblasts (NIH 3T3). The results from these assays are compiled in
Table 1.

All of the compounds (except 5) showed significant cytotoxic activ-
ities, but these compounds also held remarkable selectivity both towards
the different human tumor cell lines as well as to non-malignant fibro-
blasts. While good cytotoxicity was observed for A375 melanoma cells,
diminished cytotoxicity was determined for A2780 ovarian carcinoma
cells, and an even lower but still noteworthy activity was established for
pharynx carcinoma cells FaDu. Rather low or even no cytotoxicity was
determined for MCF-7 human breast adenocarcinoma cells (cut-off of the
assay 30 μM). Of interest to note that no significant cytotoxicity was
found for non-malignant NIH 3T3 fibroblasts. Hence, compound 9 held a
selectivity index S ¼ EC50, NIH 3T3/EC50, A375 > 12 for A375 cells and 8.8
for A2780 cells. Fig. 2 shows the selectivity to depend both on the kind of
substituent on the aromatic ring as well as the position of the substituent.

In addition, 9 is about two-times more selective than unsubstituted 2.
The finding that 5 was not cytotoxic at all while 9 was among the most
cytotoxic compounds underlines once again that even small structural
changes might hold a tremendous effect upon the bioactivity of penta-
cyclic triterpenoids.

Extra FACS measurements (FITC/annexin V/propidium iodide;
Fig. 3) showed compound 9 to act mainly by apoptosis. Thus, after an
incubation period of 48 h or 72 h only 1% of the A375 cells were necrotic
(Fig. 3, R1), 26.6% late apoptotic (R2), 33.4% (48 h) and 30.9% (72 h)
viable (R3) and 36.8 (48 h) and 41.3% (after 72 h) apoptotic,
respectively.

Furthermore, A375 cells were incubated with 9 to determine its in-
fluence onto the cell cycle. As a result (Fig. 4), After 24 h, only 0.8% of all
cells were apoptotic, while after another 24 h this number increased by a
factor of almost 30. A similarly high rate of apoptotic cells was achieved
only after 72 h when incubated with compound 3.

3. Conclusion

Betulinic acid (BA) was acetylated and transformed into mono-
substituted benzylamides 2–14. These compounds were screened in
SRB assays for cytotoxic activity employing several human tumor cell
lines and non-malignant fibroblasts (NIH 3T3). While parent BA was not
cytotoxic within the limits of the assay (cut-off 30 μM), notable cyto-
toxicity was established for the final compounds. Cytotoxicity as well
tumor cell/non-tumor cell selectivity was strongly dependent on the
substitution pattern of the aromatic ring. Extra experiments (FACS, cell

Table 1
SRB assay EC50 values [μM] after 72 h of treatment; averaged from three independent experiments performed each in triplicate; confidence interval CI ¼ 95%. Human
cancer cell lines: A375 (melanoma), HT29 (colorectal carcinoma), MCF-7 (breast adenocarcinoma), A2780 (ovarian carcinoma), FaDu (pharynx carcinoma), NIH 3T3
(non-malignant fibroblasts); cut-off 30 μM, n.d. not determined. Doxorubicin (D) has been used as a positive standard.

Compound A375 HT29 MCF-7 A2780 FaDu NIH 3T3

BA >30 >30 >30 >30 >30 >30
1 19.2 � 1.7 21.3 � 2.0 11.0 � 0.5 18.3 � 0.5 7.2 � 1.2 >30
2 4.1 � 0.2 >30 26.8 � 6.8 6.29 � 0.8 9.59 � 0.9 >30
3 4.6 � 0.2 >30 >30 10.8 � 1.8 >30 >30
4 7.5 � 0.7 >30 >30 13.2 � 1.4 >30 >30
5 >30 >30 >30 >30 >30 >30
6 4.7 � 0.6 >30 >30 8.3 � 2.4 10.2 � 1.6 >30
7 5.1 � 1.0 >30 >30 8.2 � 1.4 11.6 � 2.6 >30
8 4.6 � 0.2 >30 >30 9.2 � 1.6 11.7 � 1.4 >30
9 2.5 � 0.1 >30 16.9 � 1.5 3.4 � 0.4 5.3 � 0.2 >30
10 2.1 � 0.3 >30 11.3 � 2.6 2.7 � 0.3 3.6 � 0.4 10.3 � 2.1
11 7.2 � 1.1 >30 >30 14.7 � 5.4 >30 >30
12 5.0 � 0.3 >30 18.2 � 4.7 7.2 � 0.9 10.0 � 1.4 >30
13 3.5 � 0.2 >30 >30 6.8 � 0.6 13.2 � 1.6 >30
14 11.2 � 0.9 >30 >30 >30 >30 >30
DX n.d. 0.9 � 0.2 1.1 � 0.3 0.02 � 0.01 n.d. 0.06 � 0.03

Scheme 1. Synthesis of the amides 2–14: a) Ac2O, pyridine, DMAP (cat.), 12 h,
23 �C, 90%; b) (COCl)2, DCM, DMF (cat.), 1 h, 23 �C, then NH2-Bn-R, NEt3
(cat.), 1d, 23 �C.
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Fig. 2. Selectivity factors depending on the kind of substituent (A, A375 cells) as well as on its position (B, A2780 cells).

Fig. 3. FACS measurements of compound 9 and A375 cells after an incubation period of 48 h and 72 h, respectively.
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Fig. 4. Investigation of the cell cycle upon incubation with compounds 3 (A and B: control, C: after 48 h, D: after 72 h) and 9 (E and F: control, G: after 24 h, H: after
48 h), respectively.
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cycle) showed the most active compound 9 (holding an ortho methoxy
substituent) to act mainly by apoptosis.

4. Experimental

4.1. General

NMR spectra were recorded using the Varian spectrometers DD2
and VNMRS (400 and 500 MHz, respectively). MS spectra were taken
on a Advion expressionL CMS mass spectrometer (positive ion polarity
mode, solvent: methanol, solvent flow: 0.2 mL/min, spray voltage:
5.17 kV, source voltage: 77 V, APCI corona discharge: 4.2 μA, capillary
temperature: 250 �C, capillary voltage: 180 V, sheath gas: N2). Thin-
layer chromatography was performed on pre-coated silica gel plates
supplied by Macherey-Nagel. IR spectra were recorded on a Spectrum
1000 FT-IR-spectrometer from Perkin Elmer. The UV/Vis-spectra were
recorded on a Lambda 14 spectrometer from Perkin Elmer. The optical
rotations were measured either on a JASCO P-2000 or a Perkin-Elmer
polarimeter at 20 �C. The melting points were determined using the
Leica hot stage microscope Galen III and are uncorrected. The solvents
were dried according to usual procedures. Betulinic acid were bought
from “Betulinines” (St�ríbrn�a Skalice, Czech Republic) and used as
received.

4.2. Biology

4.2.1. Cell lines and culture conditions
Following human cancer cell lines A375 (malignant melanoma),

HT29 (colon adenocarcinoma), MCF-7 (breast cancer), A2780 (ovarian
carcinoma), FaDu (pharynx carcinoma) and non-malignant mouse fi-
broblasts NIH 3T3 were used. All cell lines were obtained from the
Department of Oncology (Martin-Luther-University Halle Wittenberg).
Cultures were maintained as monolayers in RPMI 1640 medium with L-
glutamine (Capricorn Scientific GmbH, Ebsdorfergrund, Germany) sup-
plemented with 10% heat-inactivated fetal bovine serum (Sigma-Aldrich
GmbH, Steinheim, Germany) and penicillin/streptomycin (Capricorn
Scientific GmbH, Ebsdorfergrund, Germany) at 37 �C in a humidified
atmosphere with 5% CO2.

4.2.2. Cytotoxicity assay (SRB assay)
For the evaluation of the cytotoxicity of the compounds the

sulforhodamine-B (Kiton-Red S, ABCR GmbH, Karlsruhe, Germany)
micro-culture colorimetric assay was used. The EC50 values were aver-
aged from three independent experiments performed each in triplicate
and calculated from semi-logarithmic dose-response curves applying a
non-linear 4P Hills-slope equation.

4.3. Syntheses

4.3.1. General procedure (GP)
Acetylated betulinic acid was dissolved in dry DCM, oxalyl chloride (2

eq) and a catalytic amount of DMF were added at 0 �C. After stirring for 1
h, the excess of oxalyl chloride was removed with THF (3� 20 mL) under
reduced pressure. The residue was dissolved in DCM and the corre-
sponding benzylamine (3 eq) and catalytic amounts of NEt3 were added.
After completion of the reaction (as indicated with TLC), the solution was
washed with an aqu. HCl solution (20 mL, 1 M) solution, dried, and the
solvent was distilled off under reduced pressure. For purification, the
residue was subjected to chromatography.

4.3.2. 3β-Acetyloxylup-20(29)-en-28-oic acid (1)
Betulinic acid (BA, 20.0 g, 43.7 mmol) was acetylated in dry pyridine

(100 mL) with Ac2O (12.8 mL, 135.4 mmol) in the presence of catalytic
amounts of DMAP as previously described to yield 2 (19.68 g, 90%) as an
off-white, crystalline solid; m.p. 285–290 �C (from EtOH) (lit[11].:
277–2780 �C); RF ¼ 0.41 (silica gel, n-hexane/ethyl acetate, 3:1); [α]D ¼

þ20.6� (c ¼ 0.14, CHCl3); [lit[11].: [α]D ¼ þ22� (c ¼ 0.49, CHCl3)]; MS
(ESI, MeOH): m/z ¼ 497.5 ([M � H]-, 100%), 995.5 ([2M � H]-, 50%),
1018.1 ([2M-2H þ Na]-, 25%).

4.3.3. 3β-Acetyloxy-N-(phenylmethyl)-lup-20(29)en-28-amide (2)
Following GP; yield: 73%; m.p. 134 �C (from EtOH) (lit [12].:

124–127 �C); RF ¼ 0.64 (SiO2, n-hexane/ethyl acetate, 7:1); [α]D ¼
þ21.7� (c ¼ 0.4, CHCl3) [lit[13].: [α]D ¼ þ23.2� (c ¼ 0.35, CHCl3); MS
(ESI, MeOH): m/z ¼ 588.6 ([MþH]þ, 60%), 1197.3 ([2 M þ Na]þ,
100%).

4.3.4. 3β-Acetyloxy-N-[(2-chlorophenylmethyl)]-lup-20(29)en-28-amide
(3)

Following GP; yield: 62%; m.p. 101–104 �C (from ethyl acetate/n-
hexane); RF ¼ 0.32 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ31.6� (c
¼ 0.18, CHCl3) IR (KBr): v ¼ 3345w, 2944 m, 2869w, 1735 m, 1667w,
1639 m, 1515 m, 1471 m, 1445 m, 1392w, 1367 m, 1316w, 1244vs,
1197w, 1107w, 1028 m, 979 m, 883 m, 747s, 689w, 680w, 656w, 608w,
544w, 492w, 448w, 431w, 416w cm�1; UV–Vis (CHCl3): λmax (log ε) ¼
264 (3.35) nm; 1H NMR (500MHz, CDCl3): δ¼ 7.47–7.40 (m, 1H, 36-H),
7.39–7.32 (m, 1H, 37-H), 7.25–7.17 (m, 2H, 38-H þ 39-H), 6.15 (dd, J ¼
6.1, 6.1 Hz, 1H, NH), 4.73 (d, J ¼ 2.3 Hz, 1H, 29-Ha), 4.61–4.58 (m, 1H,
29-Hb), 4.54 (dd, J ¼ 14.6, 6.2 Hz, 1H, 33-Ha), 4.49–4.39 (m, 2H, 3-H þ
33-Hb), 3.12 (td, J ¼ 11.1, 4.4 Hz, 1H, 19-H), 2.37 (ddd, J ¼ 12.9, 11.4,
3.6 Hz, 1H, 13-H), 2.03 (s, 3H, 32-H), 1.97–1.86 (m, 2H, 16-Ha þ 21-Ha),
1.75 (dd, J ¼ 12.0, 7.8 Hz, 1H, 22-Ha), 1.67 (s, 3H, 30-H), 1.64–0.94 (m,
22H, 1-H þ 22-Hb þ 12-H þ 2-H þ 18-H þ 16-Hb þ 6-H þ 11-H þ 7-H þ
15-H þ 9-H), 0.93 (s, 3H, 27-H), 0.84–0.79 (m, 9H, 25-H þ 24-H þ 23-
H), 0.78–0.72 (m, 1H, 5-H), 0.69 (s, 3H, 26-H ppm; 13C NMR (126 MHz,
CDCl3): δ ¼ 176.1 (C-28), 171.0 (C-31), 150.9 (C-20), 136.3 (C-34),
133.5 (C-35), 130.9 (C-36), 129.4 (C-37), 128.8 (C-39), 127.0 (C-38),
109.4 (C-29), 80.9 (C-3), 55.8 (C-17), 55.4 (C-5), 50.5 (C-9), 50.1 (C-18),
46.8 (C-19), 42.4 (C-14), 41.5 (C-33), 40.7 (C-8), 38.4 (C-1), 38.3 (C-22),
37.8 (C-4), 37.7 (C-13), 37.1 (C-10), 34.3 (C-7), 33.8 (C-16), 30.9 (C-21),
29.3 (C-15), 27.9 (C-23), 25.6 (C-12), 23.7 (C-2), 21.3 (C-32), 20.9 (C-
11), 19.5 (C-30), 18.2 (C-6), 16.5 (C-24), 16.2 (C-25), 15.8 (C-26), 14.6
(C-27) ppm; MS [ESI, MeOH/CHCl3 (4:1)]: m/z ¼ 620.3 (100%, [M �
H]-), 656.2 (92%, [MþCl]-); analysis calcd for C39H56ClNO3 (622.33): C
75.27, H 9.07, N 2.25; found: C 74.97, H 9.23, N 2.05.

4.3.5. 3β-Acetyloxy-N-[(3-chlorophenylmethyl)]-lup-20(29)en-28-amide
(4)

Following GP; yield: 78%; m.p. 134–137 �C (from ethyl acetate/n-
hexane); RF ¼ 0.23 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ25.0� (c
¼ 0.187, CHCl3); IR (KBr): v¼ 3365w, 2944m, 1734m, 1640m, 1514m,
1368 m, 1244vs, 1026 m, 979 m, 882 m, 755 m, 681 m, 444w cm�1;
UV–Vis (CHCl3): λmax (log ε) ¼ 268 (3.45), 275 (3.33) nm; 1H NMR (400
MHz, CDCl3): δ ¼ 7.28–7.26 (m, 1H, 35-H), 7.25–7.21 (m, 2H, 38-H þ
37-H) 7.19–7.15 (m, 1H, 39-H), 5.97 (dd, J ¼ 6.0, 6.0 Hz, 1H, NH), 4.74
(d, J ¼ 2.3 Hz, 1H, 29-Ha), 4.63–4.57 (m, 1H, 29-Hb), 4.52–4.42 (m, 2H,
3-H þ 33-Ha), 4.35–4.25 (m, 1H, 33-Hb), 3.15 (td, J ¼ 11.1, 4.3 Hz, 1H,
19-H), 2.51–2.42 (m, 1H, 13-H), 2.03 (s, 3H, 32-H), 2.01–1.88 (m, 2H,
21-Ha þ 16-Ha), 1.81–1.71 (m, 2H, 22-Ha þ 12-Ha), 1.68 (s, 3H, 30-H),
1.66–0-96 (m, 18 H, 1-Ha þ 1-Hb þ 18-H þ 2-Ha þ 2-Hb þ 16-Hb þ
12-Hb þ 9-H þ 6-Ha þ 6-Hb þ 15-Ha þ 15-Hb þ 21-Hb þ 11-Ha þ 11-Hb
þ 7-Haþ 7-Hbþ 22-Hb), 0.95 (s, 3H, 27-H), 0.88 (s, 3H, 26-H), 0.86–0.80
(m, 9H, 23-Ha þ 23-Hb þ 23-Hc þ 25-H þ 24-Ha þ 24-Hb þ 24-Hc),
0.80–0.74 (m, 1H, 5-H) ppm; 13C NMR (101 MHz, CDCl3): δ ¼ 176.2 (C-
28), 171.2 (C-31), 151.0 (C-20), 141.5 (C-34), 134.6 (C-36), 130.0 (C-
38), 127.9 (C-35), 127.6 (C-37), 126.0 (C-39), 109.6 (C-29), 81.9 (C-3),
55.9 (C-17), 55.6 (C-5), 50.73 (C-9), 50.3 (C-18), 46.8 (C-19), 42.9 (C-
14), 42.7 (C-33), 40.9 (C-8), 38.6 (C-1), 38.6 (C-22), 38.0 (C-4), 37.9 (C-
13), 37.3 (C-10), 34.5 (C-7), 33.9 (C-16), 31.0 (C-21), 29.6 (C-15), 28.1
(C-23), 25.8 (C-12), 23.9 (C-2), 21.5 (C-32), 21.1 (C-11), 19.6 (C-30),
18.4 (C-6), 16.6 (C-24), 16.4 (C-25), 16.3 (C-26), 14.8 (C-27) ppm; MS
[ESI, MeOH/CHCl3 (4:1)]: m/z ¼ 620.1 (17%, [M � H]-), 656.1 (100%,
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[MþCl]-); analysis calcd for C39H56ClNO3 (622.33): C 75.27, H 9.07, N
2.25; found: C 75.91, H 9.30, N 1.99.

4.3.6. 3β-Acetyloxy-N-[(4-chlorophenylmethyl)]-lup-20(29)en-28-amide
(5)

Following GP; yield: 90%; m.p. 126–129 �C (from ethyl acetate/n-
hexane); RF ¼ 0.18 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ23.2� (c
¼ 0.172, CHCl3); IR (KBr): v¼ 3359w, 2943m, 1734m, 1640m, 1492m,
1367 m, 1243vs, 1091 m, 1015 m, 979 m, 882 m, 476w cm�1; UV–Vis
(CHCl3): λmax (log ε) ¼ 269 (3.55), 277 (3.42) nm; 1H NMR (400 MHz,
CDCl3): δ ¼ 7.31–7.23 (m, 2H, 36-H þ 38-H), 7.23–7.16 (m, 2H, 35-H þ
39-H), 5.93 (dd, J¼ 5.9, 5.9 Hz, 1H, NH), 4.73 (d, J¼ 2.3 Hz, 1H, 29-Ha),
4.61–4.55 (m, 1H, 29-Hb), 4.50–4.39 (m, 2H, 3-Hþ 33-Ha), 4.29 (dd, J¼
14.8, 5.7 Hz, 1H, 33-Hb), 3.14 (td, J¼ 11.1, 4.2, 1H, 19-H), 2.50–2.40 (m,
1H, 13-H), 2.02 (s, 3H, 32-Haþ 32-Hbþ 32-Hc), 1.97–1.81 (m, 2H, 21-Ha
þ 16-Ha), 1.78–1.69 (m, 2H, 22-Ha þ 12-Ha), 1.67 (s, 3H, 30-H),
1.66–0.95 (m, 18H, 1-H þ 2-H þ 18-H þ 16-Hb þ 6-H þ 22-Hb þ 15-
Hþ 21-Hb þ 7-Hþ 11-Hþ 9-Hþ 12-Hb), 0.94 (s, 3H, 27-H), 0.87 (s, 3H,
26-H), 0.83 (s, 9H, 25-H þ 24-H þ 23-H), 0.80–0.72 (m, 1H, 5-H) ppm;
13C NMR (101 MHz, CDCl3): δ ¼ 176.2 (C-28), 171.1 (C-31), 151.0 (C-
20), 138.0 (C-34), 133.2 (C-37), 129.3 (C-35, C-39), 128.9 (C-36, C-38),
109.6 (C-29), 81.1 (C-3), 55.8 (C-17), 55.6 (C-5), 50.7 (C-9), 50.3 (C-18),
46.8 (C-19), 42.7 (C-14), 42.6 (C-33), 40.9 (C-8), 38.6 (C-1), 38.5 (C-22),
38.0 (C-4), 37.9 (C-13), 37.3 (C-10), 34.5 (C-7), 33.9 (C-16), 31.0 (C-21),
29.6 (C-15), 28.1 (C-23), 25.8 (C-12), 23.9 (C-2), 21.5 (C-32), 21.1 (C-
11), 19.6 (C-30), 18.3 (C-6), 16.6 (C-24), 16.4 (C-25), 16.3 (C-26), 14.8
(C-27) ppm; MS [ESI, MeOH/CHCl3 (4:1)]: m/z ¼ 620.2 (8%, [M � H]-),
656.1 (100%, [MþCl]-); analysis calcd for C39H56ClNO3 (622.33): C
75.27, H 9.07, N 2.25; found: C 75.02, H 9.36, N 2.06.

4.3.7. 3β-Acetyloxy-N-[(2-fluorophenylmethyl)]-lup-20(29)en-28-amide
(6)

Following GP; yield: 89%; m.p. 125–127 �C (from ethyl acetate/n-
hexane); RF ¼ 0.30 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ26.5� (c
¼ 0.163, CHCl3); IR (KBr): v¼ 2936w, 1740m, 1631m, 1542m, 1488m,
1457w, 1366 m, 1245vs, 1226s, 1033 m, 977 m, 883 m, 832 m, 769s,
695w, 545w, 510w cm�1; UV–Vis (CHCl3): λmax (log ε)¼ 263 (3.93), 269
(3.86) nm; 1H NMR (400 MHz, CDCl3): δ ¼ 7.41–7.32 (m, 1H, 39-H),
7.29–7.19 (m, 1H, 37-H), 7.07 (ddd, J ¼ 13.9, 7.0, 1.2 Hz, 1H, 38-H),
7.04–6.98 (m, 1H, 36-H), 6.00 (dd, J ¼ 6.0, 6.0 Hz, 1H, NH), 4.72 (d,
J ¼ 2.4 Hz, 1H, 29-Ha), 4.61–4.55 (m, 1H, 29-Hb), 4.55–4.35 (m, 3H, 33-
Hþ 3-H), 3.12 (td, J¼ 11.1, 4.3 Hz, 1H, 19-H), 2.40 (ddd, J¼ 12.9, 11.4,
3.6 Hz, 1H, 13-H), 2.03 (s, 3H, 32-H), 1.99–1.84 (m, 2H, 21-Ha þ 16-Ha),
1.73 (dd, J ¼ 11.8, 7.8 Hz, 1H, 22-Ha), 1.67 (s, 3H, 30-H), 1.66–0.95 (m,
19H, 12-H þ 1-H þ 2-H þ 18-H þ 16-Hb þ 6-H þ 7-H þ 11-H þ 21-Hb þ
15-Hþ 9-Hþ 22-Hb), 0.93 (s, 3H, 27-H), 0.82 (d, J¼ 2.4 Hz, 9H, 24-Hþ
25-Hþ 23-H), 0.78–0.72 (m, 1H, 5-H), 0.75 (s, 3H, 26-H) ppm; 13C NMR
(101 MHz, CDCl3): δ ¼ 176.1 (C-28), 171.0 (C-31), 161.08 (d, J ¼ 245.7
Hz, C-35), 150.9 (C-20), 129.9 (d, J ¼ 251.9 Hz, C-39), 129.8 (d, J ¼
155.6 Hz, C-37), 125.94 (d, J ¼ 14.6 Hz, C-34), 124.21 (d, J ¼ 3.5 Hz, C-
38), 115.23 (d, J ¼ 21.3 Hz, C-36), 109.4 (C-29), 81.0 (C-3), 55.7 (C-17),
55.4 (C-5), 50.5 (C-9), 50.1 (C-18), 46.7 (C-19), 42.4 (C-14), 40.7 (C-8),
38.4 (C-1), 38.3 (C-22), 37.8 (C-4), 37.7 (C-13), 37.5 (C-33), 37.4 (C-33),
37.1 (C-10), 34.3 (C-7), 33.8 (C-16), 30.8 (C-21), 29.3 (C-15), 27.9 (C-
23), 25.6 (C-12), 23.7 (C-2), 21.3 (C-32), 20.9 (C-11), 19.5 (C-30), 18.2
(C-6), 16.5 (C-24), 16.2 (C-25), 15.9 (C-26), 14.6 (C-27) ppm; MS [ESI,
MeOH/CHCl3 (4:1)]: m/z ¼ 604.2 (100%, [M � H]-), 640.3 (64%, [M �
Cl]-); analysis calcd for C39H56FNO3 (605.88): C 77.31, H 9.32, N 2.31;
found: C 77.03, H 9.51, N 2.01.

4.3.8. 3β-Acetyloxy-N-[(3-fluorophenylmethyl)]-lup-20(29)en-28-amide
(7)

Following GP; yield: 88%; m.p. 228–231 �C (from ethyl acetate/n-
hexane); RF ¼ 0.21 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ18.9� (c
¼ 0.169, CHCl3); IR (KBr): v ¼ 2943 m, 1734 m, 1666 m, 1450 m, 1375
m, 1244vs, 1193 m, 1027 m, 979 m, 884 m, 742 m, 694 m, 441w cm�1;

UV–Vis (CHCl3): λmax (log ε) ¼ 263 (4.02), 270 (3.97) nm; 1H NMR (500
MHz, CDCl3): δ ¼ 7.32–7.24 (m, 1H, 38-H), 7.08–7.03 (m, 1H, 39-H),
7.02–6.91 (m, 2H, 35-H þ 37-H), 5.95 (dd, J ¼ 5.9, 5.9 Hz, 1H, NH),
4.74 (d, J¼ 2.3 Hz, 1H, 29-Ha), 4.62–4.57 (m, 1H, 29-Hb), 4.45–4.43 (m,
2H, 3-H þ 33-Ha), 4.34 (dd, J ¼ 14.9, 5.8 Hz, 1H, 33-Hb), 3.15 (td, J ¼
11.1, 4.5 Hz, 1H, 19-H), 2.47 (m, 1H, 13-H), 2.03 (s, 3H, 32-H), 1.94 (m,
2H, 22-Ha þ 16-Ha), 1.80–1.69 (m, 2H, 22-Ha þ 12-Ha), 1.69 (s, 3H, 30-
H), 1.66–0.97 (m, 18H, 2-H þ 1-H þ 16-Hb þ 18-H þ 6-H þ 15-H þ 21-
Hb þ 7-H þ 11-H þ 9-H þ 12-Hb þ 22-Hb), 0.96 (s, 3H, 27-H), 0.89 (s,
3H, 25-H), 0.86–0.81 (m, 9H, 23-Hþ 24-Hþ 26-H), 0.80–0.74 (m, 1H, 5-
H) ppm; 13C NMR (126 MHz, CDCl3): δ ¼ 176.4 (C-28), 171.4 (C-31),
163.4 (d, J ¼ 246.5 Hz, C-36), 151.2 (C-20), 142.3 (d, J ¼ 7.1 Hz, C-34),
130.5 (d, J ¼ 8.2 Hz, C-38), 123.6 (C-39), 114.9 (d, J ¼ 45.4 Hz, C-35),
130.5 (d, J ¼ 8.2 Hz, C-37), 109.9 (C-29), 81.4 (C-3), 56.1 (C-17), 55.9
(C-5), 51.0 (C-9), 50.6 (C-18), 47.1 (C-19), 43.2 (C-14), 42.9 (C-33), 41.2
(C-8), 38.8 (C-1), 38.8 (C-22), 38.2 (C-4), 38.1 (C-13), 37.5 (C-10), 34.8
(C-7), 34.2 (C-16), 31.3 (C21), 29.9 (C-15), 28.4 (C-23), 26.0 (C-12), 24.1
(C-2), 21.7 (C-32), 21.4 (C-11), 19.9 (C-30), 18.6 (C-6), 16.9 (C-24), 16.6
(C-25), 16.5 (C-26), 15.0 (C-27) ppm; MS [ESI, MeOH/CHCl3 (4:1)]: m/z
¼ 604.5 (100%, [M � H]-), 640.5 (20%, [M � Cl]-); analysis calcd for
C39H56FNO3 (605.88): C 77.31, H 9.32, N 2.31; found: C 77.06, H 9.57, N
1.95.

4.3.9. 3β-Acetyloxy-N-[(4-fluorophenylmethyl)]-lup-20(29)en-28-amide
(8)

Following GP; yield: 78%; m.p. 128–131 �C (from ethyl acetate/n-
hexane); RF ¼ 0.17 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ23.8� (c
¼ 0.182, CHCl3); IR (KBr): v ¼ 3371w, 2943 m, 1733 m, 1640 m, 1509s,
1368 m, 1243vs, 1155 m, 1026 m, 979 m, 882 m, 834 m, 487 m cm�1;
UV–Vis (CHCl3): λmax (log ε) ¼ 265 (3.93), 272 (3.87) nm; 1H NMR (400
MHz, CDCl3): δ ¼ 7.29–7.20 (m, 2H, 35-H þ 39-H), 7.05–6.94 (m, 2H,
36-Hþ 38-H), 5.91 (dd, J¼ 5.9, 5.9 Hz, 1H, NH), 4.74 (d, J¼ 2.4 Hz, 1H,
29-Ha), 4.62–4.57 (m, 1H, 29-Hb), 4.50–4.41 (m, 2H, 3-H þ 33Ha), 4.30
(dd, J ¼ 14.7, 5.7 Hz, 1H, 33-Hb), 3.15 (td, J ¼ 11.1, 4.2 Hz, 1H, 19-H),
2.52–2.41 (m, 1H, 13-H), 2.03 (s, 3H, 32-H), 2.02–1.85 (m, 2H, 21-Ha þ
16-Ha), 1.74 (m, 2H, 22-Ha þ 12-Ha), 1.68 (s, 3H, 30-H), 1.66–0.96 (m,
18H, 1-Hþ 2-Hþ 18-Hþ 16-Hb þ 6-Hþ 11-Hþ 7-Hþ 15-H, 21-Hb þ 9-
H þ 22-Hb þ 12-Hb), 0.95 (s, 3H, 27-H), 0.88 (s, 3H, 26-H), 0.88–0.81
(m, 9H, 25-H þ 24-H þ 23-H), 0.81–0.73 (m, 1H, 5-H) ppm; 13C NMR
(101 MHz, CDCl3): δ ¼ 176.1 (C-28), 171.2 (C-31), 162.2 (d, J ¼ 245.5
Hz, C-37), 151.0 (C-20), 135.2 (d, J¼ 3.1 Hz, C-34), 129.6 (d, J¼ 8.1 Hz,
C-35, C-39), 115.6 (d, J ¼ 21.4 Hz, C-36, C-38), 109.6 (C-29), 81.1 (C-3),
55.8 (C-17), 55.6 (C-5), 50.7 (C-9), 50.3 (C-18), 46.9 (C-19), 42.7 (C-14),
42.6 (C-33), 40.9 (C-8), 38.6 (C-1), 38.5 (C-22), 38.0 (C-4), 37.9 (C-13),
37.3 (C-10), 34.5 (C-7), 33.9 (C-16), 31.0 (C-21), 29.6 (C-15), 28.1 (C-
23), 25.8 (C-12), 23.9 (C-2), 21.5 (C-32), 21.1 (C-11), 19.6 (C-30), 18.3
(C-6), 16.6 (C-24), 16.4 (C-25), 16.3 (C-26), 14.8 (C-27) ppm; MS [ESI,
MeOH/CHCl3 (4:1)]: m/z ¼ 604.5 (100%, [M � H]-), 640.6 (14%, [M �
Cl] -); analysis calcd for C39H56FNO3 (605.88): C 77.31, H 9.32, N 2.31;
found: C 77.11, H 9.47, N 2.03.

4.3.10. 3β-Acetyloxy-N-[(2-methoxyphenylmethyl)]-lup-20(29)en-28-
amide (9)

Following GP; yield: 64%; m.p. 127–131 �C (from ethyl acetate/n-
hexane); RF ¼ 0.22 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ33.9� (c
¼ 0.175, CHCl3); IR (KBr): v ¼ 2942 m, 1733 m, 1640 m, 1492 m, 1367
m, 1240vs, 1028 m, 979 m, 881 m, 750 s cm�1; UV–Vis (CHCl3): λmax
(log ε) ¼ 272 (4.33), 277 (4.30) nm; 1H NMR (400 MHz, CDCl3): δ ¼
7.30–7.20 (m, 2H, 37-H þ 39-H), 6.94–6.83 (m, 2H, 36-H þ 38-H), 6.18
(dd, J ¼ 5.9, 5.9 Hz, 1H, NH), 4.72 (d, J ¼ 2.4 Hz, 1H, 29-Ha), 4.61–4.55
(m, 1H, 29-Hb), 4.49–4.32 (m, 3H, 3-H þ 33-H), 3.85 (s, 3H, 40-H), 3.11
(td, J¼ 11.1, 4.0 Hz, 1H, 19-H), 2.34 (ddd, J¼ 12.8, 11.4, 3.6 Hz, 1H, 13-
H), 2.03 (s, 3H, 32-H), 2.00–1.86 (m, 2H, 16-Ha þ 21-Ha), 1.78–1.70 (m,
1H, 22-Ha),1.68 (s, 3H, 30-H) 1.66–0.93 (m, 19H, 1-H þ 2-H þ 12-H þ
18-Hþ 16-Hbþ 6-Hþ 22-Hbþ 7-Hþ 11-Hþ 21-Hb þ 15-Hþ 9-H), 0.92
(s, 3H, 27-H), 0.84–0.78 (m, 9H, 25-H þ 24-H þ 23-H), 0.78–0.71 (m,
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1H, 5-H), 0.67 (s, 3H, 26-H) ppm; 13C NMR (101 MHz, CDCl3): δ ¼ 176.0
(C-28), 171.1 (C-31), 157.6 (C-35), 151.2 (C-20), 130.2 (C-37), 128.8 (C-
39), 127.1 (C-34), 120.9 (C-38), 110.3 (C-36), 109.4 (C-29), 81.1 (C-3),
55.9 (C-17), 55.6 (C-5), 55.4 (C-40), 50.6 (C-9), 50.2 (C-18), 47.1 (C-19),
42.6 (C-14), 40.8 (C-8), 39.6 (C-33), 38.5 (C-1), 38.4 (C-22), 37.9 (C-4),
37.9 (C-13), 37.2 (C-10), 34.4 (C-7), 34.0 (C-16), 31.0 (C-21), 29.4 (C-
15), 28.1 (C-23), 25.7 (C-12), 23.8 (C-2), 21.4 (C-32), 21.1 (C-11), 19.6
(C-30), 18.3 (C-6), 16.6 (C-24), 16.3 (C-25), 15.9 (C-26), 14.7 (C-27)
ppm; MS [ESI, MeOH/CHCl3 (4:1)]: m/z ¼ 616.7 (100%, [M � H]-);
analysis calcd for C40H59NO4 (617.92): C 77.75, H 9.62, N 2.27; found: C
77.48, H 9.82, N 2.11.

4.3.11. 3β-Acetyloxy-N-[(3-methoxyphenylmethyl)]-lup-20(29)en-28-
amide (10)

Following GP; yield: 62%; m.p. 124–127 �C (from ethyl acetate/n-
hexane); RF ¼ 0.17 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ16.8� (c
¼ 0.180, CHCl3); IR (KBr): v¼ 3359w, 2943m, 1733m, 1639m, 1453m,
1368 m, 1243vs, 1182 m, 1027 m, 979 m, 881 m, 734 m, 692 m cm�1;
UV–Vis (CHCl3): λmax (log ε) ¼ 274 (4.32), 281 (4.29) nm; 1H NMR (400
MHz, CDCl3): δ ¼ 7.28–7.19 (m, 1H, 38-H), 6.90–6.83 (m, 1H, 39-H),
6.83–6.77 (m, 2H, 35-H þ 37-H), 5.87 (dd, J ¼ 5.8, 5.8 Hz, 1H, NH),
4.74 (d, J¼ 2.3 Hz, 1H, 29-Ha), 4.63–4.56 (m, 1H, 29-Hb), 4.51–4.32 (m,
3H, 3-Hþ 33-H), 3.79 (s, 3H, 40-H), 3.16 (td, J¼ 11.1, 4.1 Hz, 1H, 19-H),
2.50 (ddd, J ¼ 12.8, 11.4, 3.6 Hz, 1H, 13-H), 2.03 (s, 3H, 32-H),
2.02–1.88 (m, 2H, 21-Ha þ 16-Ha), 1.80–1.71 (m, 2H, 22-Ha þ 12-Ha),
1.69 (d, J ¼ 1.4 Hz, 3H, 30-H), 1.67–0.97 (m, 18H, 1-H þ 2-H þ 18-H þ
16-Hb þ 15-H þ 6-H þ 21-Hb þ 7-H þ 11-Ha þ 11-Hb þ 9-H þ 12-Hb þ
22-Hb), 0.95 (s, 3H, 27-H), 0.91 (s, 3H, 26-H), 0.86–0.81 (m, 9H, 25-H þ
24-Hþ 23-H), 0.81–0.73 (m, 1H, 5-H) ppm; 13C NMR (101 MHz, CDCl3):
δ¼ 176.0 (C-28), 171.1 (C-31), 160.0 (C-36), 151.1 (C-20), 140.9 (C-34),
129.8 (C-38), 120.1 (C-39), 113.3 (C-37), 113.1 (C-35), 109.6 (C-29),
81.1 (C-3), 55.8 (C-17), 55.6 (C-5), 55.3 (C-40), 50.7 (C-9), 50.3 (C-18),
46.8 (C-19), 43.4 (C-33), 42.6 (C-14), 40.9 (C-8), 38.6 (C-1), 38.6 (C-22),
37.9 (C-4), 37.8 (C-13), 37.3 (C-10), 34.5 (C-7), 33.9 (C-16), 31.0 (C-21),
29.6 (C-15), 28.1 (C-23), 25.8 (C-12), 23.9 (C-2), 21.4 (C-32), 21.1 (C-
11), 19.6 (C-30), 18.3 (C-6), 16.6 (C-24), 16.4 (C-25), 16.3 (C-26), 14.7
(C-27) ppm; MS [ESI, MeOH/CHCl3 (4:1)]: m/z ¼ 616.6 (100%, [M �
H]-); analysis calcd for C40H59NO4 (617.92): C 77.75, H 9.62, N 2.27;
found: C 75.47, H 9.81, N 1.96.

4.3.12. 3β-Acetyloxy-N-[(4-methoxyphenylmethyl)]-lup-20(29)en-28-
amide (11)

Following GP; yield: 67%; m.p. 125–129 �C (from ethyl acetate/n-
hexane); RF ¼ 0.14 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ21.2� (c
¼ 0.175, CHCl3); IR (KBr): v¼ 2943 m, 1732 m, 1640 m, 1512s, 1465 m,
1368 m, 1243vs, 1174 m, 1108w, 1029 m, 979 m, 883w, 829w, 511w
cm�1; UV–Vis (CHCl3): λmax (log ε)¼ 277 (4.22) nm; 1H NMR (400 MHz,
CDCl3): δ ¼ 7.24–7.16 (m, 2H, 35-H þ 39-H), 6.89–6.81 (m, 2H, 36-H þ
38-H), 5.84–5.77 (m, 1H, NH), 4.74 (d, J¼ 2.4 Hz, 1H, 29-Ha), 4.62–4.56
(m, 1H, 29-Hb), 4.51–4.37 (m, 2H, 3-H þ 33-Ha), 4.29 (dd, J ¼ 14.5, 5.4
Hz, 1H, 33-Hb), 3.80 (s, 3H, 40-H), 3.17 (td, J ¼ 11.0, 4.0 Hz, 1H, 19-H),
2.49 (ddd, J ¼ 12.9, 11.5, 3.6 Hz, 1H, 13-H), 2.03 (s, 3H, 32-H),
2.02–1.90 (m, 1H, 21-Ha), 1.90–1.84 (m, 1H, 16-Ha), 1.79–1.70 (m,
2H, 22-Ha þ H-12a), 1.68 (s, 3H, 30-H), 1.67–0.96 (m, 18H, 1-H þ 2-Hþ
18-Hþ 16-Hb þ 6-Hþ 15-Hþ 7-Hþ 11-Hþ 21-Hb þ 9-Hþ 12-Hb þ 22-
Hb), 0.95 (s, 3H, 27-H), 0.91 (s, 3H, 26-H), 0.86–0.81 (m, 9H, 25-Hþ 24-
H þ 23-H), 0.80–0.75 (m, 1H, 5-H) ppm; 13C NMR (101 MHz, CDCl3): δ
¼ 176.0 (C-28), 171.2 (C-31), 159.1 (C-37), 151.1 (C-20), 131.5 (C-34),
129.2 (C-35, C-39), 114.2 (C-36, C-38), 109.5 (C-29), 81.1 (C-3), 55.8 (C-
17), 55.6 (C-5), 55.5 (C-40), 50.7 (C-9), 50.3 (C-18), 46.9 (C-19), 42.9 (C-
33), 42.7 (C-14), 40.9 (C-8), 38.6 (C-1), 38.6 (C-22), 38.0 (C-4), 37.9 (C-
13), 37.3 (C-10), 34.5 (C-7), 33.9 (C-16), 31.0 (C-21), 29.6 (C-15), 28.1
(C-23), 25.8 (C-12), 23.9 (C-2), 21.5 (C-32), 21.1 (C-11), 19.6 (C-30),
18.3 (C-6), 16.6 (C-24), 16.4 (C-25), 16.3 (C-26), 14.8 (C-27) ppm; MS
[ESI, MeOH/CHCl3 (4:1)]:m/z ¼ 616.6 (100%, [M � H]-); analysis calcd

for C40H59NO4 (617.92): C 77.75, H 9.62, N 2.27; found: C 77.58, H 9.88,
N 2.06.

4.3.13. 3β-Acetyloxy-N-[(2-methylphenylmethyl)]-lup-20(29)en-28-amide
(12)

Following GP; yield: 86%; m.p. 128–132 �C (from ethyl acetate/n-
hexane); RF ¼ 0.28 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ20.4� (c
¼ 0.169, CHCl3); IR (KBr): v¼ 3377w, 2943m, 1734m, 1640m, 1463m,
1367 m, 1243vs, 1027 m, 979 m, 882 m, 738 s cm�1; UV–Vis (CHCl3):
λmax (log ε) ¼ 263 (3.55) nm; 1H NMR (400 MHz, CDCl3): δ ¼ 7.27–7.19
(m, 2H, 39-H þ 37-H), 7.19–7.12 (m, 2H, 36-H þ 38-H), 5.66 (dd, J ¼
5.3, 5.3 Hz, 1H, NH), 4.74 (d, J ¼ 2.4 Hz, 1H, 29-Ha), 4.63–4.57 (m, 1H,
29-Hb), 4.51–4.35 (m, 3H, 3-H þ 33-H), 3.17 (td, J ¼ 11.0, 4.1 Hz, 1H,
19-H), 2.51 (ddd, J ¼ 12.9, 11.3, 3.6 Hz, 1H, 13-H), 2.33 (s, 3H, 40-H),
2.03 (s, 3H, 32-H), 2.03–1.93 (m, 1H, 21-Ha), 1.89 (m, 1H, 16-Ha),
1.80–1.71 (m, 2H, 22-Haþ 12-Ha), 1.69 (s, 3H, 30-H), 1.67–0.96 (m,
18H, 1-H þ 2-H þ 16-Hb þ 18-H þ 15-H þ 6-H þ 7-H þ 11-H þ 21-Hb þ
9-H þ 12-Hb þ 22-Hb), 0.95 (s, 3H, 27-H), 0.91 (s, 3H, 26-H), 0.87–0.81
(s, 9H, 25-H þ 24-H þ 23-H), 0.81–0.74 (m, 1H, 5-H) ppm; 13C NMR
(101 MHz, CDCl3): δ ¼ 175.9 (C-28), 171.1 (C-31), 151.1 (C-20), 136.6
(C-34), 136.5 (C-35), 130.7 (C-36), 128.8 (C-39), 127.8 (C-37), 126.3 (C-
38), 109.6 (C-29), 81.1 (C-3), 55.9 (C-17), 55.6 (C-5), 50.7 (C-9), 50.4 (C-
18), 46.8 (C-19), 42.6 (C-14), 41.6 (C-33), 40.9 (C-8), 38.6 (C-1), 38.6 (C-
22), 38.0 (C-4), 37.8 (C-13), 37.3 (C-10), 34.5 (C-7), 34.0 (C-16), 31.1 (C-
21), 29.6 (C-15), 28.1 (C-23), 25.8 (C-12), 23.9 (C-2), 21.5 (C-32), 21.1
(C-11), 19.6 (C-30), 19.1 (C-40), 18.4 (C-6), 16.6 (C-24), 16.4 (C-25),
16.3 (C-26), 14.7 (C-27) ppm;MS [ESI, MeOH/CHCl3 (4:1)]:m/z¼ 600.7
(100%, [M � H]-), 636.8 (5%, [M � Cl]-); analysis calcd for C40H59NO3

(601.92): C 79.82, H 9.88, N 2.33; found: C 79.65, H 10.04, N 2.00.

4.3.14. 3β-Acetyloxy-N-[(3-methylphenylmethyl)]-lup-20(29)en-28-amide
(13)

Following GP; yield: 89%; m.p. 109–113 �C (from ethyl acetate/n-
hexane); RF ¼ 0.27 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ26.0� (c
¼ 0.132, CHCl3); IR (KBr): v ¼ 2943 m, 1734 m, 1640 m, 1450 m, 1368
m, 1243vs, 1026 m, 979 m, 881 m, 764 m, 442w cm�1; UV–Vis (CHCl3):
λmax (log ε)¼ 265 (3.55), 272 (3.42) nm; 1H NMR (400 MHz, CDCl3): δ¼
7.21 (dd, J ¼ 7.5, 7.5 Hz, 1H, 38-H), 7.12–7.03 (m, 3H, 35-H þ 37-H þ
39-H), 5.87 (dd, J ¼ 5.7, 5.7 Hz, 1H, NH), 4.74 (d, J ¼ 2.4 Hz, 1H, 29-Ha
4.62–4.57 (m, 1H, 29-Hb), 4.51–4.41 (m, 2H, 3-Hþ 33-Ha), 4.31 (dd, J¼
14.6, 5.5 Hz, 1H, 33-Hb), 3.17 (td, J ¼ 11.0, 4.1 Hz, 1H, 19-H), 2.50 (m,
1H, 13-H), 2.33 (s, 3H, 40-H), 2.03 (s, 3H, 32-H), 1.93 (m, 2H, 21-Ha þ
16-Ha), 1.81–1.71 (m, 2H, 22-Ha þ 12-Ha), 1.69 (s, 3H, 30-H), 1.67–0.97
(m, 18H, 2-H þ 1-H þ 18-H þ 16-Hb þ 21-Hb þ 6-H þ 15-H þ 7-H þ 11-
H þ 9-H þ 12-Hb þ 22-Hb), 0.96 (s, 3H, 27-H), 0.92 (s, 3H, 26-H),
0.90–0.81 (m, 9H, 25-H þ 24-H þ 23-H), 0.81–0.74 (m, 1H, 5-H ppm;
13C NMR (101 MHz, CDCl3): δ ¼ 175.8 (C-28), 171.0 (C-31), 150.9 (C-
20), 139.1 (C-34), 138.3 (C-36), 128.5 (C-38, C-35), 128.0 (C-37), 124.8
(C-39), 109.4 (C-29), 80.9 (C-3), 55.7 (C-17), 55.5 (C-5), 50.6 (C-9), 50.2
(C-18), 46.7 (C-19), 43.2 (C-33), 42.5 (C-14), 40.8 (C-8), 38.4 (C-1), 38.4
(C-22), 37.8 (C-4), 37.7 (C-13), 37.1 (C-10), 34.4 (C-7), 33.8 (C-16), 30.9
(C-21), 29.4 (C-16), 27.9 (C-23), 25.6 (C-12), 23.7 (C-2),21.4 (C-40),
21.3 (C-32), 21.0 (C-11), 19.5 (C-30), 18.2 (C-6), 16.5 (C-24), 16.2 (C-
25), 16.2 (C-26), 14.6 (C-27) ppm; MS [ESI, MeOH/CHCl3 (4:1)]: m/z ¼
600.5 (100%, [M � H]-), 638.4 (15%, [M � Cl]-); analysis calcd for
C40H59NO3 (601.92): C 79.82, H 9.88, N 2.33; found: C 70.66, H 10.2, N
2.19.

4.3.15. 3β-Acetyloxy-N-[(4-methylphenylmethyl)]-lup-20(29)en-28-amide
(14)

Following GP; yield: 60%; m.p. 134–137 �C (from ethyl acetate/n-
hexane); RF ¼ 0.26 (SiO2, n-hexane/ethyl acetate, 9:1); [α]D ¼ þ21.2� (c
¼ 0.175, CHCl3); IR (KBr): v ¼ 2943 m, 1734 m, 1640 m, 1515 m, 1367
m, 1243vs, 1023 m, 979 m, 882 m, 751 m, 474w cm�1; UV–Vis (CHCl3):
λmax (log ε)¼ 265 (3.63), 274 (3.52) nm; 1H NMR (500 MHz, CDCl3): δ¼
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7.16 (d, J ¼ 8.1 Hz, 2H, 35-H þ 39-H), 7.13 (d, J ¼ 8.0 Hz, 2H, 36-H þ
38-H), 5.83 (dd, J¼ 5.7, 5.7 Hz, 1H, NH), 4.74 (d, J¼ 2.3 Hz, 1H, 29-Ha),
4.62–4.57 (m, 1H, 29-Hb), 4.50–4.40 (m, 2H, 3-Ha þ 33-Ha), 4.32 (dd, J
¼ 14.6, 5.5 Hz, 1H, 33-Hb), 3.17 (td, J ¼ 11.1, 4.3 Hz, 1H, 19-H),
2.54–2.45 (m, 1H, 13-H), 2.34 (s, 3H, 40-H), 2.03 (s, 3H, 32-H),
2.02–1.93 (m, 1H, 21-Ha), 1.90 (dt, J ¼ 13.5, 3.2 Hz, 1H, 16-Ha),
1.79–1.71 (m, 2H, 22-Ha þ 12-Ha), 1.68 (s, 3H, 30-H), 1.67–0.97 (m,
18H, 1-H þ 2-H þ 18-H þ 16-Hb þ 6-H þ 15-H þ 11-Hþ 21-Hb þ 7-H þ
9-H þ 12-Hb þ 22-Hb), 0.95 (s, 3H, 27-H), 0.92 (s, 3H, 26-H), 0.87–0.82
(m, 9H, 25-H þ 24-H þ 23-H), 0.81–0.75 (m, 1H, 5-H) ppm; 13C NMR
(126 MHz, CDCl3): δ ¼ 176.0 (C-28), 171.1 (C-31), 151.1 (C-20), 137.1
(C-34), 136.3 (C-37), 129.5 (C-36, C-38), 127.9 (C-35, C-39), 109.5 (C-
29), 81.1 (C-3), 55.8 (C-17), 55.6 (C-5), 50.7 (C-9), 50.3 (C-18), 46.9 (C-
19), 43.2 (C-33), 42.6 (C-14), 40.9 (C-8), 38.6 (C-1), 38.6 (C-22), 38.0 (C-
4), 37.9 (C-13), 37.3 (C-10), 34.5 (C-7), 33.9 (C-16), 31.0 (C-21), 29.6 (C-
15), 28.1 (C-23), 25.8 (C-12), 23.9 (C-2), 21.4 (C-32), 21.2 (C-40), 21.1
(C-11), 19.6 (C-30), 18.4 (C-6), 16.6 (C-24), 16.4 (C-25), 16.3 (C-26),
14.8 (C-27) ppm; MS [ESI, MeOH/CHCl3 (4:1)]: m/z ¼ 600.7 (100%, [M
� H]-), 636.8 (8%, [M � Cl]-); analysis calcd for C40H59NO3 (601.92): C
79.82, H 9.88, N 2.33; found: C 79.64, H 10.07, N 1.97.
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Abstract 

Albeit platanic acid has been known since 1956, its potential to act as a valuable starting 

material for the synthesis of cytotoxic agents has been neglected for many years. Hereby we 

describe the synthesis of a small library of amides and oximes derived from 3-O-acetyl-platanic 

acid, and the results of their screening as cytotoxic agents for several human tumor cell lines. 

As a result, while the cytotoxicity of the oximes was diminished as compared to the parent 

amides, the homopiperazinyl amide 5 held the highest cytoxicity (EC50 = 0.9 M for A375 

human melanoma cells). Extra FACS and cell cycle measurements showed compound 5 to act 

onto A375 cells rather by apoptosis than by necrosis. 

 

Keywords: Platanic acid, cytotoxicity, SRB assay 

 

Introduction 

 

Platanic acid (PA, Fig. 1) is a 20-oxo-30-norlupane analog to betulinic acid. The compound 

was first isolated by C. Djerassi [1] in 1956; it occurs in several plants, including Platanus sp., 

Melaleucas sp. or Melilotus sp.[2] This pentacyclic triterpenoic acid, however, can also be 

readily obtained in good yields by oxidative cleavage of the exo-cyclic double bond of betulinic 

acid (BA) or derivatives thereof. Typically, OsO4 [3], RuO4 [4], or ozone [5] have been utilized 

for this reaction. Its reconversion can be performed by means of a Wittig reaction [6]; this 

reaction has been used to access labelled PA and derivatives thereof.[7] 
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Figure 1. Structures of platanic acid (PA) and betulinic acid (BA). 

 

Despite the relatively good accessibility of platanic acid, the number of studies and structural 

modifications has remained relatively small over all these years. This is all the more astonishing 

since the number of publications on betulinic acid is almost unmanageably large, while less 

than 100 publications can be found under the keyword "platanic acid" in SciFinder (as of 

February 2022). This is surprising as several derivatives derived from platanic acid have proven 

to be strongly cytotoxic or enzyme inhibitors.[8] This included the synthesis of cytotoxic 

amides [9], access to rhodamine B conjugates that acted as mitocans in several human tumor 

cell lines even in low nano-molar concentration.[10-13] Several derivatives were potent 

inhibitors of the enzymes acetyl and butyrylcholinesterase (AChE, BChE)[8] but also of 

xanthine oxidase.[14, 15] The development of inhibitors for AChE and/or BChE as therapeutics 

to alleviate the symptoms of neurological disorders such as Alzheimer’s disease [16-19], 

Parkinson [20-26] or Lewy body dementias [27-32] has been in the focus of scientific interest 

now for many years. Inhibitors of xanthine oxidase are drugs intended for the therapy of 

hyperuricemia and gout but also for the management of reperfusion injury[33-45]. However, 

the focus of our own investigations was based on the cytotoxic potential of these compounds 

 

Results and discussion 

3-O-Acetyl-platanic acid [8] (Scheme 1) was chosen as a starting material for the synthesis of 

the derivatives. Thus, this very valuable stating material was allowed to react with oxalyl 

chloride in the presence of catal. amounts of dimethylformamide (DMF) followed by the 

addition of N-methylpiperazine to yield amide 1 in 76% isolated yield. The same procedure was 

applied for the synthesis of analogs 2 (from ethylenediamine, 87%), 3 (from morpholine, 73%), 

and 4 (from piperazine, 95%). Activation of 1 with oxalyl chloride followed by the reaction 

with homopiperazine furnished 5 while from the reaction of 1 with an excess of iodomethane 
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in dry DCM compound 6 was obtained. Reaction of amides 1–4 with hydroxylammonium 

chloride in dry pyridine at 60 °C for 3h furnished (E) configurated oximes 7–10, respectively. 

A 2D ROESY NMR spectrum (Fig. 2) of compound 9 was recorded to determine the absolute 

configuration of the oximes 7-10. This spectrum revealed evidence of ROE interactions 

between the protons from the methyl group (H-29 at  = 1.66 ppm) with the proton from the 

hydroxyl group (at  = 10.04 ppm) indicated by the presence of a ROE cross peak. Based on 

these results, the oximes hold an (E) configuration. This result is in full agreement with 

previously obtained results. Careful examination of the synthesis of 9 revealed that very small 

amounts (as indicated via HPTLC-ESI-MS) of (Z) configured product were also formed during 

the reaction, but this material could not be isolated. 

 

Figure 2. Determination of the absolute configuration of oxime 9 by 2D ROESY NMR. 
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Scheme 1. Reactions and conditions: a) (COCl)2, DCM, DMC (catal.), then N-

methylpiperazine (→ 1) or ethylenediamine (→ 2) or morpholine (→ 3) or piperazine (→ 4) or 

homopiperazine (→ 5), 3 h, 21 °C; b) MeI, DCM, 24 h, 21 °C; c) hydroxylammonium chloride, 

pyridine, 1 (→ 7) or 2 (→ 8) or 3 (→ 9) or 4 (→ 10), 3 h 60 °C,  

To assess their cytotoxicity, photometric sulforhodamine B (SRB) assays were performed 

employing a set of human malignant cell lines (A375, HT29, MCF-7, A2780, HeLa) and non–

malignant mouse fibroblasts (NIH 3T3). The results from these assays are compiled in Table 1. 
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Table 1. SRB assay EC50 values [µM] after 72 h of treatment; averaged from three independent 

experiments performed each in triplicate; confidence interval CI = 95%. Human cancer cell 

lines: A375 (melanoma), HT29 (colorectal carcinoma), MCF-7 (breast adenocarcinoma), 

A2780 (ovarian carcinoma), HeLa (cervical cancer), NIH 3T3 (non-malignant fibroblasts), 

HEK293 (human embryonic kidney cells); cut-off 30 M, n.s. not soluble, n.d. not determined. 

Doxorubicin (DX) has been used as a positive standard. 

 

 

Amides 2–5 were highly cytotoxic for all human tumor cell lines but also for non-malignant 

NIH 3T3 and HEK293 cells. The highest cytotoxicity was observed for amide 5 holding a 

homopiperazinyl moiety. This follows previous findings for homopiperazinyl holding 

derivatives of triterpenoids and their cytotoxicity. This compound showed an EC50 value for 

A375 human melanoma cells as low as 0.9 M. Compounds 1, 3 and 6 were not soluble under 

the conditions of the assay. The cytotoxicity of the oximes was diminished as compared to the 

cytotoxicity determined for the corresponding amides. Thereby piperazine derived compound 

10 showed the lowest EC50 value (2.2 ± 0.4 M) again for A375 tumor cells followed by EC50 

= 2.7 ± 0.3 M for human ovarian carcinoma cells A2780. 

Extra FACS based investigation (Fig. 3) of compounds 2 and 5 (A375 cells, incubation time 48 

h) showed 0.4% of the cells necrotic (R1), 15.5% late-apoptotic (R2) and 3.6% apoptotic (R3), 

while for 5 the percentage of necrotic cells was also low (0.7%) but the number of apoptotic 

cells ca. five-times larger (20.8%, R4) than for compound 2. 

Compound A375 HT29 MCF7 A2780 HeLa NIH 3T3 HEK293 

1 n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

2 1.7 ± 0.7 3.8 ± 0.2 3.4 ± 0.2 3.0 ± 0.3 3.7 ± 0.2 1.6 ± 0.6 3.1 ± 0.2 

3 n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

4 1.9 ± 0.4 3.9 ± 0.2 2.7 ± 0.3 2.6 ± 0.4 2.9 ± 0.4 1.3 ± 0.1 2.7 ± 0.6 

5 0.9 ± 0.1 2.3 ± 0.2 1.8 ± 0.2 1.6 ± 0.1 n.d. 0.6 ± 0.1 n.d. 

6 n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

7 7.9 ± 0.6 11.1 ± 0.3 6.3 ± 0.6 8.1 ± 0.8 9.8 ± 0.6 6.9 ± 0.9 6.1 ± 1.1 

8 7.8 ± 1.2 10.1 ± 0.4 8.2 ± 0.4 10.0 ± 0.7 10.0 ± 0.5 5.5 ± 0.6 11.8 ± 1.2 

9 9.0 ± 1.4 20.3 ± 1.0 6.8 ± 0.4 10.4 ± 0.8 13.6 ± 0.7 15.4 ± 1.8 7.4 ± 0.4 

10 2.2 ± 0.4 4.8 ± 0.4 2.7 ± 0.3 3.5 ± 0.4 4.0 ± 0.2 1.8 ± 0.1 3.8 ± 0.3 

DX n.d. 0.9 ± 0.2 1.1 ± 0.3 0.02 ± 0.01 n.d. 0.06 ± 0.03 n.d. 
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Figure 3. FACS investigation of compounds 2 and 5 (48h incubation, A375 cells). 

 

Investigation of the cell cycle (48 h, A375 cells, Fig. 4) showed for 2 73.8% of the cells in G1 

phase, 15.9% in S, 10.4% in G2/M and 24.5% as apoptotic while for 5 under the same 
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conditions the percentage of cells in G1 was slightly lowered (65.3%) while those in the S phase 

were higher (24.4%). 

 

Figure 4. Cell cycle investigation for compounds 2 and 5 (incubation 48 h, A375 cells), red G1 

G2/M, striped S phase, blue apoptosis. 

 

Conclusion 

Long time neglected platanic acid was acetylated and subsequently converted into a variety of 

amides (1–6) and their respective oximes (7–10). Their cytotoxic potential was evaluated in 

SRB assays employing several human tumor cell lines as well as non-malignant NIH 3T3 and 

HEK293 cells. As a result, the amides held a higher cytotoxicity than the oximes. The highest 

cytotoxicity was observed for a homopiperazinyl amide 5 with an EC50 = 0.9 M for human 

melanoma cells. These results as well as extra FACS and cell cycle measurements reflect that 

even small changes in the substitution pattern might lead to a significant change in activity and 

probably in their respective mode of action of these compounds. 

 

Experimental 

General 

NMR spectra were recorded using the Varian spectrometers DD2 and VNMRS (400 and 500 

MHz, respectively). MS spectra were taken on a Advion expressionL CMS mass spectrometer 

(positive ion polarity mode, solvent: methanol, solvent flow: 0.2 mL/min, spray voltage: 5.17 

kV, source voltage: 77 V, APCI corona discharge: 4.2 μA, capillary temperature: 250 °C, 

capillary voltage: 180 V, sheath gas: N2). Thin-layer chromatography was performed on pre-

coated silica gel plates supplied by Macherey-Nagel. IR spectra were recorded on a Spectrum 

1000 FT-IR-spectrometer from Perkin Elmer. The UV/Vis-spectra were recorded on a Lambda 

14 spectrometer from Perkin Elmer. The optical rotations were measured either on a JASCO P-

2000 or a Perkin-Elmer polarimeter at 20 °C. The melting points were determined using the 
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Leica hot stage microscope Galen III and are uncorrected. The solvents were dried according 

to usual procedures. Platanic acid was bought from “Betulinines” (Stříbrná Skalice, Czech 

Republic) and used as received. 

 

Cell lines and culture conditions 

Following human cancer cell lines A375 (malignant melanoma), HT29 (colon 

adenocarcinoma), MCF-7 (breast cancer), A2780 (ovarian carcinoma), HeLa (cervical cancer), 

NIH 3T3 (non-malignant mouse fibroblasts) and HEK293 (human embryonic kidney cells) 

were used. All cell lines were obtained from the Department of Oncology (Martin-Luther-

University Halle Wittenberg). Cultures were maintained as monolayers in RPMI 1640 medium 

with L-glutamine (Capricorn Scientific GmbH, Ebsdorfergrund, Germany) supplemented with 

10% heat-inactivated fetal bovine serum (Sigma-Aldrich GmbH, Steinheim, Germany) and 

penicillin/streptomycin (Capricorn Scientific GmbH, Ebsdorfergrund, Germany) at 37 °C in a 

humidified atmosphere with 5% CO2. 

 

Cytotoxicity assay (SRB assay) 

For the evaluation of the cytotoxicity of the compounds the sulforhodamine-B (Kiton-Red S, 

ABCR GmbH, Karlsruhe, Germany) micro-culture colorimetric assay was used. The EC50 

values were averaged from three independent experiments performed each in triplicate and 

calculated from semi-logarithmic dose-response curves applying a non-linear 4P Hills-slope 

equation.[10]  

 

General procedure for the synthesis of amides (GPA) 

To an ice-cold solution of 3-O-acetyl-platanic acid (1.8 g, 3.5 mmol) in dry DCM (20 mL), 

oxalyl chloride (0.6 mL, 7.0 mmol) and DMF (cat.) were added. After stirring for 3 h at 21 °C, 

the volatiles were removed under reduced pressure. The residue was dissolved in DCM (25 

mL), and at 0 °C 4 equivalents of the corresponding amine were added; stirring at 21 °C was 

continued for 12 h. Usual aqueous workup followed by chromatographic purification of the 

crude product yielded the amides. 

 

General procedure for the synthesis of oximes (GPB) 

To a solution of the carboxamide in dry pyridine (19 mL), hydroxylammonium chloride was 

added, and the mixture was stirred at 60 °C for 3h. The solvent was removed under reduced 
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pressure by co-evaporating with toluene (3 × 20 mL). The residue was fractionated by column 

chromatography. 

 

3β-Acetyloxy-N-(1-methylpiperazinyl) 20-oxo-30-norlupan-28-amide (1) 

According to GPA with methylpiperazine (1.7 mL, 15.6 mmol) followed by column 

chromatography (silica gel, n-hexane/chloroform/methanol, 5:4.75:0.25) gave 1 (1.8 g, 76 %) 

as a white solid; m. p. > 300 °C; RF = 0.22 (n-hexane/chloroform/methanol, 5:4.75:0.25); [α]D 

= -21.8° (c 0.12, CHCl3); IR (ATR): ν = 2988w, 2970m, 2940m, 2867m, 2793m, 1733s, 1716m, 

1622s, 1458m, 1413m, 1369m, 1346m, 1300m, 1289m, 1248s, 1222m, 1195m, 1167m, 1143m, 

1133m, 1111m, 1077m, 1036m, 1027m, 1009m, 977m, 900m, 782m, 751w, 695m, 656w, 

598m, 549w, 509m cm−1; 1H NMR (500 MHz, CDCl3) δ = 4.45 (dd, J = 10.8, 5.4 Hz, 1H), 3.62 

(s, 4H, 32-H + 32’-H), 3.22 (dt, J = 11.4, 6.0 Hz, 1H), 2.67 (td, J = 12.5, 3.8 Hz, 1H), 2.39 (s, 

4H, 33-H + 33’-H), 2.32 (s, 3H, 34-H), 2.14 (s, 3H, 29-H), 2.10-2.03 (m, 2H, 16-Ha + 18-H), 

2.01 (s, 3H, 31-H), 1.99-1.85 (m, 2H, 22-Ha + 21-Ha), 1.66-1.55 (m, 4H, 1-Ha  + 16-Hb + 2-H), 

1.50-1.43 (m, 3H, 22-Hb + 21-Hb + 6-Ha), 1.43-1.32 (m, 5H, 11-Ha + 6-Hb + 7-H + 15-Ha), 

1.31-1.25 (m, 2H, 11-Hb  + 9-H), 1.18-1.13 (m, 1H, 15-Hb), 1.06-1.00 (m, 1H, 12-Ha), 0.98-

0.92 (m, 5H, 1-Hb + 27-H + 12-Hb), 0.90 (s, 3H, 26-H), 0.83 (s, 3H, 25-H), 0.82 (s, 3H, 23-H), 

0.81 (s, 3H, 24-H), 0.79-0.75 (m, 1H, 5-H) ppm; 13C NMR (126 MHz, CDCl3) δ = 212.9 (C-

20), 173.2 (C-28), 170.8 (C-30), 80.8 (C-3), 55.4 (C-5), 55.0 (C-33 + C-33’), 54.3 (C-17), 52.4 

(C-18), 50.5 (C-9), 49.9 (C-19), 45.7 (C-34), 41.6 (C-32 + C-32’), 40.5 (C-14), 38.2 (C-1), 37.7 

(C-8), 37.0 (C-4 + C-10), 35.8 (C-13), 35.5 (C-22), 34.1 (C-7), 31.9 (C-16), 30.2 (C-29), CH3, 

29.7 (C-15), 28.6 (C-21), 27.8 (C-23), 27.4 (C-12), 23.6 (C-2), 21.2 (C-31), 21.0 (C-11), 18.0 

(C-6), 16.4 (C-24), 16.1 (C-25), 15.9 (C-26), 14.5 (C-27) ppm; MS (ESI, MeOH:CHCl3, 4:1): 

m/z 605.4 ([M+H+Na]+, 100%); analysis calcd for C36H58N2O4 (582.87): C 74.18, H 10.03, N 

4.81; found: 73.86, H 10.29, N 4.57. 

 

3β-Acetyloxy-N-(2-aminoethyl) 20-oxo-30-norlupan-28-amide (2)  

According to GPA with ethylenediamine (0.7 mL, 11.0 mmol) followed by chromatography 

(silica gel, chloroform/methanol/ammonium hydroxide, 9:1:0.1) gave 2 (2.4 g, 87 %) as a white 

solid; m.p. 230-233 °C (lit.:[46] 231-234 °C); RF = 0.17 (chloroform/methanol/ammonium 

hydroxide, 9:1:0.1); [α]D = -13.9° (c 0.13, CHCl3) [lit.:[47] [α]D = -8.5° (c=0.16, CHCl3); IR 

(ATR): ν = 2941m, 2866m, 1732m, 1703m, 1633m, 1524m, 1467m, 1449m, 1391m, 1367m, 

1317m, 1247s, 1196m, 1163m, 1108w, 1073w, 1028m, 979m, 945m, 901m, 866m, 820w, 

753m, 657m, 610m, 556m, 506m cm−1; 1H NMR (500 MHz, CDCl3) δ = 4.44 (dd, J = 10.9, 5.3 



10 
 

Hz, 1H, 3-H), 3.42-3.24 (m, 3H, 19-H + 32-H), 2.86 (t, J = 5.9 Hz, 2H, 33-H), 2.21 (td, J = 

12.0, 4.2 Hz, 1H, 13-H), 2.14 (s, 3H, 29-H), 2.12-2.02 (m, 2H, 18-H + 21-Ha), 2.01 (s, 3H, 31-

H), 1.99-1.95 (m, 1H, 16-Ha), 1.81-1.76 (m, 1H, 22-Ha), 1.66-1.56 (m, 4H, 1-Ha + 16-Hb + 2-

H), 1.52-1.43 (m, 3H, 22-Hb + 21-Hb + 6-Ha), 1.43-1.34 (m, 4H, 15-Ha + 11-Ha + 6-Hb + 7-Ha), 

1.33-1.29 (m, 1H, 7-Hb), 1.28-1.20 (m, 2H, 11-Hb + 9-H), 1.18-1.13 (m, 1H, 15-Hb), 1.10-0.99 

(m, 2H, 12-H), 0.97 (s, 3H, 27-H), 0.95-0.91 (m, 1H, 1-Hb), 0.89 (s, 3H, 26-H), 0.83-0.81 (m, 

6H, 25-H + 23-H), 0.80 (s, 3H, 24-H), 0.78-0.74 (m, 1H, 5-H); 13C NMR (126 MHz, CDCl3) δ 

= 213.0 (C-20), 176.8 (C-28), 171.1 (C-30), 81.0 (C-3), 55.7 (C-17), 55.5 (C-5), 51.3 (C-19), 

50.5 (C-9), 50.2 (C-18), 42.4 (C-14), 41.5 (C-33), 41.1 (C-32), 40.8 (C-8), 38.5 (C-1), 38.1 (C-

22), 37.9 (C-4), 37.2 (C-10), 36.9 (C-13), 34.4 (C-7), 33.0 (C-16), 30.2 (C-29), 29.6 (C-15), 

28.7 (C-21), 28.0 (C-23), 27.3 (C-12), 23.8 (C-2), 21.4 (C-31), 21.0 (C-11), 18.3 (C-6), 16.6 

(C-24), 16.3 (C-25), 16.2 (C-26), 14.8 (C-27) ppm; MS (ESI, MeOH:CHCl3, 4:1): m/z 541.3 

([M]-, 100%); analysis calcd for C33H54N2O4 (542.79): C 73.02, H 10.03, N 5.16; found: 72.86, 

H 10.29, N 46. 

 

3β-Acetyloxy-N-(4-morpholinyl) 20-oxo-30-norlupan-28-amide (3) 

According to GPA with morpholine (1.4 mL, 16.4 mmol) followed by chromatography (silica 

gel, n-hexane/chloroform/acetone, 5:4.75:0.25) gave 3 (1.7 g, 73 %) as a white solid; m.p. 255-

258 °C; RF = 0.17 (n-hexane/chloroform/acetone, 5:4.75:0.25); [α]D = -20.5° (c 0.14, CHCl3); 

IR (ATR): ν = 2943m, 2864m, 1732m, 1709m, 1634s, 1452m, 1409m, 1367m, 1314w, 1263m, 

1244s, 1188s, 1173w, 1116s, 1066w, 1031s, 979m, 901w, 844w, 751w, 609w, 598w, 577w, 

556w, 507w cm−1; 1H NMR (400 MHz, CDCl3) δ = 4.45 (dd, J = 10.5, 5.5 Hz, 1H, 3-H), 3.67-

3.53 (m, 8H, 33-H + 33’-H + 32-H + 32’-H), 3.26 – 3.18 (m, 1H, 19-H), 2.68 (td, J = 12.2, 4.0 

Hz, 1H, 13-H), 2.16 (s, 3H, 29-H), 2.11-2.03 (m, 2H, 16-Ha + 18-H), 2.02 (s, 3H, 31-H), 1.97-

1.86 (m, 2H, 22-Ha + 21-Ha), 1.65-1.58 (m, 3H, 1-Ha + 16-Hb + 2-Ha), 1.58-1.45 (m, 4H, 2-Hb 

+ 22-Hb + 21-Hb + 6-Ha), 1.44-1.42 (m, 1H, 11-Ha), 1.41-1.34 (m, 4H, 6-Hb + 7-H + 15-Ha),  

1.31-1.23 (m, 2H, 9-H + 11-Hb), 1.21-1.14 (m, 1H, 15-Hb), 1.07-1.01 (m, 1H, 12-Ha), 0.97 (s, 

3H, 27-H), 0.96-0.92 (m, 2H, 1-Hb + 12-Hb), 0.91 (s, 3H, 26-H), 0.83 (s, 3H, 25-H), 0.82 (s, 

3H, 23-H), 0.82 (s, 3H, 24-H), 0.80-0.76 (m, 1H, 5-H) ppm;13C NMR (101 MHz, CDCl3) δ = 

213.0 (C-20), 173.7 (C-28), 171.1 (C-30), 81.0 (C-3), 67.1 (C-33 + C-33’ + C-32 + C-32’), 55.6 

(C-5), 54.6 (C-17), 52.6 (C-18), 50.8 (C-9), 50.1 (C-19), 41.9 (C-14), 40.7 (C-8), 38.5 (C-1), 

37.9 (C-4), 37.3 (C-10), 36.1 (C-13), 35.7 (C-22), 34.4 (C-7), 32.1 (C-16), 30.5 (C-29), 30.0 

(C-15), 28.9 (C-21), 28.1 (C-23), 27.6 (C-12), 23.8 (C-2), 21.4 (C-31), 21.3 (C-11), 18.3 (C-6), 

16.6 (C-24), 16.4 (C-25), 16.2 (C-26), 14.8 (C-27) ppm; MS (ESI, MeOH:CHCl3, 4:1): m/z 
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592.5 ( [M+H+Na]+, 100%); analysis calcd for C35H55NO5 (569.81): C 73.77, H 9.73, N 2.46; 

found: C 73.55, H 9.97, N 2.11. 

 

3β-Acetyloxy-N-(1-piperazinyl) 20-oxo-30-norlupan-28-amide (4) 

According to GPA with piperazine (0.7 g, 8.0 mmol) followed chromatography (silica gel, 

CHCl3/MeOH, 9:1) gave compound 4 (1.1 g, 95 %)  as a white solid; m.p. 220-223 °C 

(lit.:[10]115-125 °C); RF = 0.15 (CHCl3/MeOH, 9:1); [α]D = -20.3° (c 0.13, CHCl3); IR (ATR): 

ν = 2941m, 2866m, 1731m, 1709m, 1628s, 1450m, 1413m, 1393m, 1367m, 1318w, 1244s, 

1193s, 1163m, 1133m, 1110w, 1102w,  1027s, 979m, 900w, 858w, 803w, 752m, 679w, 659w, 

608w, 572w, 552w 507w, 453w cm−1; 1H NMR (500 MHz, CDCl3) δ = 4.45 (dd, J = 10.7, 5.4 

Hz, 1H, 3-H), 3.78-3.63 (m, 4H, 32-H + 32’-H), 3.20 (t, J = 11.4 Hz, 1H, 19-H), 3.00-2.89 (m, 

4H, 32-H + 32’-H), 2.64 (t, J = 10.3 Hz, 1H, 13-H), 2.15 (s, 3H, 29-H), 2.10-2.03 (m, 2H, 18-

H + 16-Ha), 2.02 (s, 3H, 31-H), 1.94-1.84 (m, 2H, 22-Ha + 21-Ha), 1.67-1.55 (m, 4H, 1-Ha + 

16-Hb + 2-H), 1.53-1.45 (m, 3 H, 22-Hb + 6-Ha + 21-Hb), 1.42-1.30 (m, 5H, 11-Ha + 6-Hb + 7-

H + 15-Ha), 1-29-1.28 (m, 1H, 9-H), 1.25-1.21 (m, 1H, 11-Hb), 1.20-1.15 (m, 1H, 15-Hb), 1.07-

1.00 (m, 1H, 12-Ha ), 0.99-0.94 (m, 5H, 1-Hb + 27-H + 12-Hb), 0.90 (s, 3H, 26-H), 0.83 (s, 3H, 

25-H), 0.82 (s, 3H, 23-H), 0.81 (s, 3H, 24-H), 0.80-0.75 (m, 1H, 5-H) ppm; 13C NMR (126 

MHz, CDCl3): δ = 212.9 (C-20), 173.7 (C-28), 171.1 (C-30), 81.0 (C-3), 58.5 (C-33 + C-33’), 

55.6 (C-5), 54.6 (C-17), 52.6 (C-18), 50.7 (C-9), 50.1 (C-19), 45.4 (C-32 + C-32‘) 41.9 (C-14), 

40.7 (C-8), 38.5 (C-1), 37.9 (C-4), 37.3 (C-10), 36.1 (C-13), 35.7 (C-22), 34.3 (C-7), 32.1 (C-

16), 30.5 (C-29), 30.0 (C-15), 28.9 (C-21), 28.0 (C-23), 27.6 (C-12), 23.8 (C-2), 21.4 (C-31), 

21.3 (C-11), 18.3 (C-6), 16.6 (C-24), 16.4 (C-25), 16.2 (C-26), 14.8 (C-27) ppm; MS (ESI, 

MeOH:CHCl3, 4:1): m/z 569.6 ([M]+, 100%); analysis calcd for C35H56N2O4 (568.83): C 73.90, 

H 9.92, N 4.92; found: C 73.65, H 10.13, N 4.75. 

 

3β-Acetyloxy-N-(1-homopiperazinyl) 20-oxo-30-norlupan-28-amide (5) 

According to GPA with homopiperazine (0.4 g, 4.0 mmol)  followed by column 

chromatography (silica gel, CHCl3/ MeOH, 95:5) gave 5 (387 mg, 67%) as a white solid; m. p. 

160-165 °C; RF = 0.14  (CHCl3/MeOH, 9:1); [α]D = -29.2° (c 0.16, CHCl3); IR (ATR): ν = 

2940m, 1732s, 1622s, 1367m, 1244vs, 979m, 750s cm−1; 1H NMR (500 MHz, CDCl3): δ = 4.45 

(dd, J = 10.7, 5.4 Hz, 1H, 3-H), 3.24 (td, J = 11.4, 3.6 Hz, 1H, 19-H), 3.89 – 2.55 (m, 8H, 32-

H, 33-H, 34-H, 36-H), 2.73 (t, J = 12.4 Hz, 1H, 13-H), 2.15 (s, 3H, 29-H), 2.14 – 2.02 (m, 3H, 

16-Ha, 18-H, 22-Ha), 2.02 (s, 3H, 31-H), 1.98 – 1.87 (m, 1H, 21-Ha), 1.68 – 1.12 (m, 17H, 35-

H, 1-Ha, 2-H, 16-Hb, 22-Hb, 21-Hb, 6-H, 11-Ha, 7-H, 15-Ha, 9-H, 11-Hb, 15-Hb), 1.06 – 0.99 (m, 
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2H, 12-H), 0.97 (s, 3H, 27-H), 0.96 – 0.94 (m, 1H, 1-Hb), 0.91 (s, 3H, 26-H), 0.82 (s, 3H, 25-

H), 0.82 (s, 3H, 23-H), 0.81 (s, 3H, 24-H), 0.79 – 0.74 (m, 1H, 5-H); 13C NMR (126 MHz, 

CDCl3): δ = 213.4 (C-20), 174.7 (C-28), 171.3 (C-30), 81.3 (C-3), 55.9 (C-5), 55.3 (C-17), 53.2 

(C-18), 51.0 (C-9), 50.5 (C-19), 42.2 (C-14), 41.0 (C-8), 38.8 (C-1), 38.2 (C-4), 37.5 (C-10), 

36.3 (C-13), 36.3 (C-22), 34.6 (C-7), 32.2 (C-16), 30.7 (C-29), 30.3 (C-15), 29.2 (C-21), 28.3 

(C-23), 27.8 (C-12), 24.1 (C-2), 21.7 (C-31), 21.6 (C-11), 18.5 (C-6), 16.9 (C-24), 16.6 (C-25), 

16.4 (C-26), 15.1 (C-27) ppm; MS (ESI, MeOH): m/z 583.3 ([M]+, 100%); analysis calcd. for 

C36H58N2O4 (582.86): C 74.18, H 10.03, N 4.81; found: C 73.82, H 10.31, N 4.56. 

 

3β-Acetyloxy-N-(1,1-dimethylpiperazin-1-ium-4-yl) 20-oxo-30-norlupan-28-amide iodide (6) 

A solution of 1 (1.8 g, 3.0 mmol) and iodomethane (3.2 mL, 51 mmol) in dry DCM (60 mL) 

was stirred for 1 day at 21 °C. The volatiles were removed under reduced pressure followed by 

chromatography (silica gel, chloroform/methanol/formic acid, 4.5:0.4:0.1) to afford 6 (1.2 g, 

63 %) as a yellowish solid; m.p. 130-231 °C; RF = 0.27 (chloroform/methanol/formic acid, 

4.5:0.4:0.1); [α]D = -1.3° (c 0.13, CHCl3); IR (ATR): ν = 2825m, 2776w, 2740w, 2696w, 

1646m, 1578s, 1382m, 1351s, 1227m, 1066m, 790m, 764m, 726m cm−1; 1H NMR (500 MHz, 

CD3OD): δ = 4.44-4.39 (m, 1H, 3-H), 4.05-3.89 (m, 4H, 32-H + 32’-H), 3.45 (s, 4H, 33-H + 

33’-H), 3.25 (s, 6H, 34-H + 35-H), 3.19-3.11 (m, 1H, 19-H), 2.70-2.61 (m, 1H, 13-H), 2.15 (s, 

3H, 29-H), 2.14-2.01 (m, 3H, 21-Ha + 18-H + 22-Ha), 1.99 (s, 3H, 31-H), 1.97-1.88 (m, 1H, 16-

Ha), 1.71-1.55 (m, 4H, 1-Ha + 21-Hb + 2-H),  1.55-1.33 (m, 9H, 16-Hb + 22-Hb + 6-Ha + 11-Ha 

+ 6-Hb + 7-H + 15-Ha + 9-H), 1.32-1.23 (m, 2H, 11-Hb + 15-Hb), 1.11-1.05 (m, 1H, 12-Ha), 

0.99 (s, 3H, 27-H), 0.98-0.94 (m, 2H, 1-Hb + 12-Hb), 0.92 (s, 3H, 26-H), 0.87 (s, 3H, 25-H), 

0.83 (s, 3H, 23-H), 0.83 (s, 3H, 24-H), 0.81-0.78 (m, 1H, 5-H) ppm; 13C NMR (126 MHz, 

CD3OD) δ = 215.6 (C-20), 175.6 (C-28), 172.9 (C-30), 82.5 (C-3), 62.4 (C-33 + C-33’), 56.9 

(C-5), 55.8 (C-17), 53.9 (C-18), 52.0 (C-34 + C-35), 52.0 (C-9), 51.6 (C-19), 42.9 (C-14), 41.9 

(C-8), 39.6 (C-1), 39.5 (C-32 + C-32’), 38.8 (C-4), 38.3 (C-10), 37.4 (C-13), 36.5 (C-22), 35.4 

(C-7), 32.8 (C-21), 31.1 (C-15), 29.8 (C-29), 29.7 (C-16), 28.5 (C-12), 28.4 (C-23), 24.6 (C-2), 

22.4 (C-11), 21.1 (C-31), 19.2 (C-6), 16.9 (C-24), 16.8 (C-25), 16.6 (C-26), 15.0 (C-27) ppm; 

MS (ESI, MeOH:CHCl3, 4:1): m/z 597.0 ([M-I]+, 100%); analysis calcd for C37H61IN2O4 

(724.79): C 61.31, H 8.48, N 3.87; found: C 61.03, H 8.67, N 3.58. 

 

(3β, 20E) 3-Acetyloxy-20-hydroxyimino-N-(1-methylpiperazinyl)-30-norlupan-28-amide (7) 

According to GPB from 1 (1.9 g, 3.3 mmol) and hydroxylammonium chloride (1.5 g, 22 mmol) 

followed by chromatography (silica gel, n-hexane/chloroform/methanol, 5:4.5:0.5) 7 (1.5 g, 75 
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%) was obtained as a white solid; m.p. 295-300 °C; RF = 0.27 (n-hexane/chloroform/methanol, 

5:4.5:0.5); [α]D = + 0.21° (c 0.12, MeOH); IR (ATR): ν = 2944m, 2872m, 2686w, 2583w, 

2513w, 2452w, 1712m, 1627s, 1456m, 1449m, 1488m, 1373s, 1315w, 1300w, 1249s, 1206m, 

1153m, 1130w, 1086w, 1049m, 1025m, 975s, 947m, 911w, 850w, 763m, 746m, 690m, 667m, 

606m, 545m, 511m, 476m cm−1; 1H NMR (500 MHz, DMSO-d6) δ 4.36 (dd, J = 11.6, 4.6 Hz, 

1H, 3-H), 3.70-3.30 (m, 6H, 33-H + 33’-H + 32-H), 3.00 – 2.93 (m, 1H, 19-H), 2.93-2.82 (m, 

2H, 32’-H), 2.80-2.75 (m, 1H, 13-H), 2.74 (s, 3H, 34-H), 2.10-2.01 (m, 1H, 16-Ha), 1.98 (s, 3H, 

31-H), 1.95-1.90 (m, 1H, 22-Ha),  1.77-1.70 (m, 1H, 21-Ha), 1.66 (s, 3H, 29-H), 1.64-1.37 (m, 

9H, 18-H + 1-Ha + 2-Ha + 12-Ha +  16-Hb + 2-Hb + 22-Hb + 6-Ha + 21-Hb), 1.37-1.24 (m, 6H, 

11-Ha + 6-Hb + 7-H + 9-H + 15-Hb), 1.16-1.08 (m, 2H, 11-Hb + 15-Hb), 0.97-0.92 (m, 1H, 1-

Hb), 0.91 (s, 3H, 27-H), 0.85 (s, 3H, 26-H), 0.83-0.81 (m, 1H, 12-Hb),  0.80 (s, 3H, 25-H), 0.79-

0.74 (m, 7H, 23-H + 24-H + 5-H) ppm; 13C NMR (126 MHz, DMSO-d6) δ = 172.8 (C-28), 

170.1 (C-30), 159.9 (C-20), 79.9 (C-3), 54.7 (C-5), 53.6 (C-17), 52.1 (C-33 + C-33‘ + C-32 + 

C-32‘), 51.5 (C-18), 49.8 (C-9), 43.3 (C-19), 41.8 (C-34), 41.4 (C-14), 40.2 (C-8), 37.8 (C-1), 

37.4 (C-4), 36.6 (C-10), 35.0 (C-22), 35.8 (C-13), 33.7 (C-7), 31.5 (C-16), 29.3 (C-15), 28.5 

(C-21), 27.6 (C-23), 25.1 (C-12), 23.4 (C-2), 21.0 (C-31), 20.6 (C-11), 17.7 (C-6), 16.4 (C-24), 

15.9 (C-25), 15.7 (C-26), 14.3 (C-27), 10.7 (C-29) ppm; MS (ESI, MeOH:CHCl3, 4:1): m/z 

598.6 ([M+CH3OH+H]+, 100%) 1197.3 ([2M+2CH3OH+H]+, 10%); analysis calcd for 

C36H59N3O4 (597.87): C 72.32, H 9.95, N 7.03; found: 72.08, H 10.15, N 6.80. 

 

(3β, 20E) 3-Acetyloxy-20-hydroxyimino-N-(2-aminoethyl)-30-norlupan-28-amide (8) 

According to GPB from 2 (1.3 g, 2.5 mmol) and hydroxylammonium chloride (1.2 g, 17 mmol) 

followed by chromatography (silica gel, n-hexane/chloroform/methanol, 4:3.5:1.5) 8 (0.7g, 

51%) was obtained as a white solid; m.p. > 300 °C; RF = 0.22 (n-hexane/chloroform/methanol, 

4:3.5:1.5); [α]D = + 3.12° (c 0.10, MeOH); IR (ATR): ν = 2940s, 2872m, 1733m, 1709m, 

1657m, 1639m, 1516m, 1467m, 1451m, 1367s, 1317w, 1245s, 1195m, 1172w, 1156w, 1131w, 

1108w, 1024s, 978s, 946m, 902m, 878w, 850m, 803w, 774w, 691m, 611m, 560m, 548m, 

500m, 471m cm−1; 1H NMR (500 MHz, DMSO-d6) δ = 4.36 (dd, J = 11.5, 4.6 Hz, 1H, 3-H), 

3.32-3.28 (m, 2H, 32-H), 3.10 (dt, J = 11.0, 5.6 Hz, 1H, 19-H), 2.82-2.73 (m, 2H, 33-H), 2.54-

2.46 (m, 1H, 13-H), 2.24-2.17 (m, 1H, 16-Ha), 1.99 (s, 3H, 31-H), 1.90-1.84 (m, 1H, 22-Ha), 

1.74-1.66 (m, 1H, 21-Ha), 1.64 (s, 3H, 29-H), 1.60-1.46 (m, 5H, 1-Ha + 2-Ha + 18-H + 12-Ha + 

2-Hb),  1.46-1.37 (m, 3H, 6-Ha + 16-Hb + 22-Hb),  1.37-1.22 (m, 7H, 11-Ha + 21-Hb + 6-Hb + 

7-H + 9-H + 15-Ha), 1.19-1.08 (m, 1H, 11-Hb), 1.06-1.01 (m, 1H, 15-Hb), 0.97-0.91 (m, 1H, 1-

Hb), 0.90 (s, 3H, 27-H), 0.84 (s, 3H, 26-H), 0.83-0.81 (m, 1H, 12-Hb),  0.80 (s, 3H, 25-H), 0.79-
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0.74 (m, 7H, 23-H + 24-H + 5-H) ppm; 13C NMR (126 MHz, DMSO-d6) δ = 176.1 (C-28), 

170.1 (C-30), 159.7 (C-20), 79.9 (C-3), 54.7 (C-5), 54.6 (C-17), 49.7 (C-9), 49.4 (C-18), 44.0 

(C-19), 41.8 (C-14), 40.2 (C-8), 38.6 (C-33), 37.7 (C-1), 37.4 (C-4), 37.3 (C-22), 36.6 (C-10), 

36.5 (C-32), 36.3 (C-13), 33.7 (C-7), 32.0 (C-16), 28.9 (C-15), 28.2 (C-21), 27.6 (C-23), 25.1 

(C-12), 23.4 (C-2), 21.0 (C-31), 20.4 (C-11), 17.7 (C-6), 16.4 (C-24), 15.9 (C-25), 15.8 (C-26), 

14.3 (C-27), 10.6 (C-29) ppm; ; MS (ESI, MeOH:CHCl3, 4:1): m/z 558.1 ([M+H]+, 100%) 

1170.5 ([2M+H]+, 50%); analysis calcd for C33H55N3O4 (557.81): C 71.06, H 9.94, N 7.53; 

found: C 70.78, H 10.12, N 7.35. 

 

 (3β, 20E) 3-Acetyloxy-20-hydroxyimino-N-(4-morpholinyl)-30-norlupan-28-amide (9) 

According to GPB from 3 (1.5 g, 2.6 mmol) and hydroxylammonium chloride (1.2 g, 17 mmol) 

followed by chromatography (silica gel, n-hexane/chloroform/methanol, 5:4.75:0.25) 

compound 9 (1.3 g, 85%) was obtained as a white solid; m.p. 283-286 °C; RF = 0.24 (n-

hexane/chloroform/methanol, 5:4.75:0.25); [α]D = + 0.76 ° (c 0.10, MeOH); IR (ATR): ν = 

3400m, 2967m, 2940m, 2927m, 2860m, 1735w, 1706s, 1636s, 1467w, 1445m, 1393m, 1385m, 

1363m, 1313w, 1299w, 1268s, 1224w, 1185m, 1119s, 1065w, 1046m, 1031m, 978m, 948w, 

915w, 904w, 881w, 854m, 751w, 662m, 646m, 596m, 550w, 510w cm−1; 1H NMR (500 MHz, 

DMSO-d6) δ = 4.37 (dd, J = 11.6, 4.7 Hz, 1H, 3-H), 3.56-3.46 (m, 8H, 33-H + 33’-H + 32-H + 

32’-H), 2.98 (q, J = 6.5 Hz, 1H, 19-H), 2.86-2.79 (m, 1H, 13-H), 2.11-2.05 (m, 1H, 16-Ha), 1.99 

(s, 3H, 31-H), 1.97-1.92 (m, 1H, 22-Ha), 1.74-1.68 (m, 1H, 21-Ha), 1.65 (s, 3H; 29-H), 1.64-

1.43 (m, 8H, 18-H + 1-Ha + 12-Ha +  2-Ha + 2-Hb + 16-Hb + 22-Hb + 6-Ha), 1.42-1.29 (m, 7H, 

21-Hb + 6-Hb + 11-Ha + 7-H + 9-H + 15-Ha), 1.19-1.08 (m, 2H, 11-Hb + 15-Hb), 0.98-0.92 (m, 

1H, 1-Hb), 0.91 (s, 3H, 27-H), 0.85 (s, 3H, 26-H), 0.84-0.82 (m, 1H, 12-Hb), 0.81 (s, 3H, 25-

H), 0.79 (m, 7H, 23-H + 24-H + 5-H) ppm; 13C NMR (126 MHz, DMSO-d6) δ = 172.5 (C-28), 

170.1 (C-30), 159.8 (C-20), 79.9 (C-3), 66.3 (C-33 + C-33‘ + C-32 + C-32‘), 54.7 (C-5), 53.5 

(C-17), 51.6 (C-18), 49.8 (C-9), 43.4 (C-19), 41.4 (C-14), 40.2 (C-8), 37.8 (C-1), 37.4 (C-4), 

36.6 (C-10), 35.8 (C-13), 35.0 (C-22), 33.7 (C-7), 31.4 (C-16), 29.2 (C-15), 28.5 (C-21), 27.6 

(C-23), 25.1 (C-12), 23.4 (C-2), 20.9 (C-31), 20.6 (C-11), 17.7 (C-6), 16.4 (C-24), 15.9 (C-25), 

15.7 (C-26), 14.3 (C-27), 10.6 (C-29) ppm; MS (ESI, MeOH:CHCl3, 4:1): m/z 585.7 ([M+H]+, 

86%) 1115.2 ([2M+H]+, 20%); analysis calcd for C35H56N2O5 (584.83): C 71.88, H 9.65, N 

4.79; found: 71.64, H 9.87, N 4.51. 

 

(3β, 20E) 3-Acetyloxy-20-hydroxyimino-N-(1-piperazinyl)-30-norlupan-28-amide (10) 
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According to GPB from 4 (1.5 g, 2.6 mmol) and hydroxylammonium chloride (1.2 g, 17 mmol)  

followed by chromatography (silica gel, n-hexane/chloroform/methanol, 4:3.5:1.5) compound 

10 (1.1 g, 75%) was obtained as white solid; m.p. 211-215 °C; RF = 0.17 (n-

hexane/chloroform/methanol, 4:3.5:1.5); [α]D = - 14.4° (c 0.11, CHCl3); IR (ATR): ν = 2943s, 

2713s, 2667s, 2163w, 1983w, 1894w, 1732m, 1623m, 1577m, 1506m, 1468m, 1393m, 1372m, 

1315m, 1246m, 1193m, 1160m, 1146m, 1027m, 999s, 981m, 947m, 901m, 850m, 575s, 540s, 

510s, 471s, 419s cm−1; 1H NMR (500 MHz, CDCl3) δ = 4.48 – 4.43 (m, 1H, 3-H), 3.78-3.67 

(m, 4H, 33-H + 33’-H), 3.07 (m, 1H, 19-H), 3.04-2.90 (m, 4H, 32-H + 32’-H),  2.81 (m,1H, 13-

H), 2.11-2.04 (m, 1H, 16-Ha), 2.03 (s, 3H, 31-H), 2.00-1.82 (m, 2H, 22-Ha + 21-Ha), 1.80 (s, 

3H, 29-H), 1.75-1.46 (m, 9H, 18-H + 1-Ha  + 2-H + 16-Hb + 12-Ha  + 21-Hb + 6-Ha + 22-Hb), 

1.43-1.39 (m, 1H, 11-Ha), 1.39-1.31 (m, 4H, 6-Hb + 7-H + 15-Ha), 1.30-1.24 (m, 2H, 9-H + 11-

Hb),  1.19-1.13 (m, 1H, 15-Hb), 0.98-0.93 (m, 2H, 1-Hb + 12-Hb),  0.92 (s, 3H, 27-H), 0.90 (s, 

3H, 26-H), 0.83 (s, 3H, 25-H), 0.82 (s, 3H, 23-H), 0.82 (s, 3H, 24-H), 0.79-0.75 (m, 1H, 5-H) 

ppm; 13C NMR (126 MHz, CDCl3) δ = 173.4 (C-28), 171.2 (C-30), 162.7 (C-20), 81.1 (C-3), 

58.5 (C-33 + C-33’), 55.7 (C-5), 54.4 (C-17), 52.7 (C-18), 50.8 (C-9), 45.0 (C-32 + C-32‘), 

44.0 (C-19), 41.9 (C-14), 40.8 (C-8), 38.6 (C-1), 37.9 (C-4), 37.3 (C-10), 36.5 (C-13), 35.8 (C-

22), 34.4 (C-7), 32.5 (C-16), 29.9 (C-15), 29.3 (C-21), 28.1 (C-23), 26.0 (C-12), 23.8 (C-2), 

21.4 (C-31), 21.3 (C-11), 18.3 (C-6), 16.6 (C-24), 16.4 (C-25), 16.2 (C-26), 14.7 (C-27), 11.8 

(C-29) ppm; MS (ESI, MeOH:CHCl3, 4:1): m/z 584.0 ([M+H]+, 50%) 1167.0 ([2M+H]+, 

100%); analysis calcd for C35H57N3O4 (583.86): C 72.00, H 9.84, N 7.20; found: 71.86, H 10.03, 

N 6.97. 
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A B S T R A C T   

Pentacyclic triterpene-piperazine-rhodamine B conjugates with ursane or oleanane backbones have been shown 
in the past to be highly cytotoxic thereby acting as mitocans. Starting from betulinic acid or glycyrrhetinic acid, 
new analogues were now made available, and their cytotoxic activity was investigated employing several human 
tumor cell lines [A375 (melanoma), HT29 (colorectal carcinoma), MCF-7 (breast adenocarcinoma), A2780 
(ovarian carcinoma), and for comparison NIH 3T3 (non-malignant fibroblasts)]. For these conjugates it has been 
established that the linking position at ring E governs the magnitude of cytotoxicity. These conjugates were still 
highly cytotoxic but significantly less cytotoxic than those holding a oleanane skeleton. Staining experiments 
showed the rhodamine B conjugates as necrotic compounds and to act as mitocans. The most active compound 
(8) held an EC50 = 0.04 μM for A2780 ovarian carcinoma cells.   

Introduction 

For a long time, the potential of pentacyclic triterpene carboxylic 
acids was underestimated. Although betulin (BN, Fig. 1) was first iso-
lated and described by J. T. Lowitz [1] as early as 1788, it was not until 
1995 that the cytotoxic effect of the BN-derived betulinic acid (BA) 
against melanoma was recognized by E. Pisha et al. [2] For decades since 
then, a large number of pentacyclic triterpene carboxylic acids have 
been isolated from a wide variety of different plant sources and also 
studied for their cytotoxic potential. [3–11] However, many of these 
compounds were only weakly cytotoxic or not cytotoxic at all. Even BA- 
derived platanic acid (PA) did not live up to the expectations placed in it, 
since PA itself is also practically not cytotoxic and, in addition, it is even 
more poorly soluble than betulinic acid in biological fluids. [12–21]. 

More recently, a renaissance of this class of compounds has been 
achieved, as acylated amides have been shown to have good cytotox-
icity, in particular a diacetylated benzylamide (“EM2”) [22–27] derived 
from maslinic acid or (iso)-quinolinyl amides (“IQAA”) [28] derived 
from augustic acid. 

Triterpenoid piperazine amides also stand out as cytotoxic, but are 
far surpassed [29] by derivatives that have a general structure as an 
acetylated triterpene carboxylic acid-piperazine-rhodamine B conju-
gate. [30–36] Thereby, a triterpene carboxylic acid – acetylated one or 

more times in ring A – is linked to rhodamine B via a piperazine residue 
(attached to the triterpene carboxylic acid as an amide) at its distal ni-
trogen to form a cationic, lipophilic conjugate. These compounds are 
supposed to interact with mitochondrial membranes and therefore act as 
mitocans (mitochondria targeted drugs) even in the low nanomolar 
concentration range. [29]. 

Thereby, compounds of the ursane or oleanane type were mainly 
investigated. Little is known about derivatives of this type with a lupane 
or with a β-amyrin backbone, such as in compounds derived from 
betulin (BN), betulinic acid (BA), platanic acid (PA) or glycyrrhetinic 
acid (GA). This will be the subject of this study. 

Results and discussion 

BN, BA, PA and GA were selected as starting materials. They are 
available in large quantities and very good purity from local suppliers. 
Their acetylation (Scheme 1) gave the known acetates 1–3. Reaction of 
1–3 with oxalyl chloride followed by reaction with piperazine gave the 
amides 4–6, and their reaction with rhodamine B (which was previously 
converted into the corresponding acid chloride with oxalyl chloride) led 
to the formation of the acetylated piperazinyl-spacered triterpene- 
rhodamine B conjugates 7–9. These compounds are pink colored thus 
indicating the presence of an intact cationic rhodamine B moiety. This is 
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usually regarded as a pre-requisite for obtaining compounds of mito-
canic activity. [29]. 

Especially for a comparison with the corresponding glycyrrhetinic 
acid derivatives, two additional compounds were prepared (Scheme 2). 
BN was acetylated to form known diacetate 10 whose reduction with 
BH3 in THF at 0 ◦C [37] gave 11. Jones oxidation of the latter afforded 
12 whose reaction with oxalyl chloride followed by the addition of 
piperazine yielded 13. Reaction of 13 with rhodamine B (activated with 
oxalyl chloride) gave 14. BA acetate 1 was converted into its corre-
sponding benzylamide 15 whose reduction with BH3 yielded 16. The 
latter compound was oxidized, and acid 17 was obtained in 52% yield. 
Coupling of this compound with 18 (having been accessed from the 
reaction of rhodamine B with oxalyl chloride followed by the addition of 
piperazine) finally gave 19. 

To assess their cytotoxicity these compounds were subjected to sul-
forhodamine B (SRB) assays employing several human tumor cell lines. 
The results of these assays have been compiled in Table 1. 

The results from extra staining experiments employing A375 cells 
(having been incubated with either 14 or 19 at 2 × EC50 concentration 
for 24 h and 48 h, respectively) are depicted in Fig. 2 and Fig. 3. These 
FITC/annexin V/propidium iodide staining experiments allowed a 
quantification of the apoptosis/necrosis inducing activity of compounds 
14 and 19, respectively. Thereby, cells found in R1 (upper left) are 
regarded necrotic, those in R2 (upper right) late apoptotic, in R3 (bot-
tom left) viable cells can be found and in R4 (bottom right) apoptotic 
cells are registered. Treatment of A375 cells with 14 for 24 h showed 
42% of the cells being necrotic; after 2 days 50% of the cells were 
necrotic, and only 1.6% of the cells had died by apoptosis. 

As shown in Figs. 2 and 3, the number of necrotic cells after treat-
ment with 19 for 2 days amounted to 32.8% and 5.7% of the cells having 
died by apoptosis. This clearly indicates that A375 cells die rather by 
necrosis than by apoptosis. 

Although generalizations are always difficult, betulin derived 14 is 
more cytotoxic than betulinic acid derived 19. Compounds 7–9 are 
approximately equally cytotoxic but significantly better than 14. This 
might be caused by a higher bioavailability of the former compounds 
due to an increased solubility. Tumor/non-tumor cell selectivity is 
approximately the same in all cases but significantly worse than that 
previously measured for EM2. However, the results also show that 
betulin, betulinic acid and glycyrrhetinic acid derived conjugates are 
slightly less cytotoxic than the previously reported corresponding ole-
anolic and ursolic-piperazinyl-rhodamine-B hybrids. All compounds 
together, however, are significantly worse than those derivatives pre-
viously accessed from maslinic acid [38], tormentic acid [29] or 
madecassic acid [31]. This proves the original assumption that both the 
type of spacer (piperazine being better than ethylenediamine) is crucial, 
but also that the presence of a second acetoxy group in ring A improves 
cytotoxicity, and that the mode of attachment of the rhodamine residue 
(spacered better than directly bound) and the corresponding triterpene 
skeleton are also of crucial importance. Worthwhile to mention that 15 
(albeit being not a rhodamine derivative) seems perhaps to be a more 
valuable compound over both, 14 and 19, because 15 is much less 
cytotoxic to the non-malignant cells than 14 and 19. Moreover, it shows 
certain selectivity in its effect. 

Fig. 1. Structure of betulin (BN), betulinic acid (BA), platanic acid (PA) and the generalized depiction of a piperazinyl spacered triterpene-rhodamine B conjugate as 
well as of most cytotoxic derivatives EM2 and IQAA. 
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Conclusion 

Pentacyclic triterpene-piperazine-rhodamine B conjugates derived 
from betulin, betulinic acid or glycyrrhetinic acid were synthesized and 
screened for their cytotoxic activity. This study is based on previous 
investigations showing similar compounds holding an ursane or ole-
anane backbone of high cytotoxicity thereby acting as mitocans. For 

these new conjugates it was shown, however, that the linking position at 
ring E governs the magnitude of cytotoxicity. As a result, these conju-
gates were still highly cytotoxic but significantly less cytotoxic than 
those holding a oleanane skeleton. Staining experiments showed the 
rhodamine B conjugates as necrotic compounds and to act as mitocans. 
The most active compound (8) held an EC50 = 0.04 μM for A2780 
ovarian carcinoma cells. 

Scheme 1. Synthesis of compounds 1–9: a) Ac2O, py, DMAP (cat.), 21 ◦C, 12 h, →1 (75%), →2 (79%), →3 (91%); b) DCM, (COCl)2, DMF (cat.) then piperazine, 
DCM, 21 ◦C, 12 h, →4 (73%), →5 (68%), →6 (67%); c) rhodamine B, DCM, (COCl)2, DMF (cat.), then 4, 5 or 6, DCM, 21 ◦C, 24 h, 4 → 7 (67%), 5 → 8 (70%), 6 → 9 
(64%); the rhodamine B part has been colored in pink. 
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Experimental 

Equipment and general methods are described in the supplementary 
materials file. 

3β-Acetyloxy-lup-20(29)-en-28-oic acid (1) 

Following GPA, from betulinic acid (BA, 5.0 g, 0.011 mol) 1 (4.1 g, 
75%) was obtained as a colorless solid; Rf = 0.71 (toluene/ethyl acetate/ 
n-heptane/formic acid, 80:26:10:5); m.p. 274–277 ◦C (lit.: [39] 
277–278 ◦C); [α]D = +21.5◦ (c = 0.40, CHCl3), lit.: [40] [α]D= + 26.4◦

Scheme 2. Synthesis of conjugates 14 and 19: a) Ac2O, py, DMAP (cat.), 21 ◦C, 12 h, 83%; b) THF, BH3⋅THF, 1 h, 0 ◦C then NaOAc, H2O2, 1 h, 0 ◦C, 67%; c) Jones 
oxidation (CrO3/H2SO4), 0 ◦C, 1 h, 81%; d) (COCl)2, DCM, DMF (cat.), then piperazine, 12 h, 21 ◦C, 91%; e) rhodamine B, (COCl)2, DCM, DMF (cat.), then 13, 24 h, 
21 ◦C, 24%; f) DCM, (COCl)2, DMF (cat.) then Bn-NH2, 12 h, 21 ◦C, 67%; g) THF, BH3⋅THF, 1 h, 0 ◦C then NaOAc, H2O2, 1 h, 0 ◦C, 70%; h) Jones oxidation (CrO3/ 
H2SO4), 0 ◦C, 1 h, 52%; i) (COCl)2, DCM, DMF (cat.); j) piperazine, 12 h, 21 ◦C, 67%; k) DCM, (COCl)2, DMF (cat), then 18, DCM, 21 ◦C, 24 h, 9%. 
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(c = 0.54, CHCl3); MS (ESI): m/z (%) = 497.1 ([M− H]− , 25), 995.3 ([2 
M− H]− , 100). 

3β-Acetyloxy-20-oxo-30-norlupan-28-oic acid (2) 

Following GPA, from platanic acid (PA, 5.0 g, 0.011 mol) 2 (4.3 g, 
79%) was obtained as a colorless solid; Rf = 0.52 (toluene/ethyl acetate/ 

n-heptane/formic acid, 80:26:10:5); m.p. 259–261 ◦C (lit.: [41] 
252–255 ◦C); [α]D = –9.0◦ (c = 0.35, CHCl3), [lit.: [41] [α]D = –9.5◦ (c =
0.80, CHCl3)]; MS (ESI): m/z (%) = 499.0 ([M− H]− , 14), 999.2 ([2 
M− H]− , 100). 

3β-Acetyloxy-11-oxo-olean-12-en-29-oic acid (3) 

Following GPA, from glycyrrhetinic acid (GA, 5.0 g, 0.011 mol) 3 
(5.0 g, 91%) was obtained as a colorless solid; Rf = 0.50 (n-hexane/ethyl 
acetate, 7:3); m.p. 316–318 ◦C (decomp.) (lit.: [42] 310–313 ◦C); [α]D =

+165.7◦ (c = 0.5, CHCl3) [lit.: [42] [α]D = +163.2◦ (c = 1.0, CHCl3)]; 
MS (ESI): m/z (%) = 513.5 ([M + H]+, 100), 535.5 ([M + Na]+, 60), 
567.0 ([M + MeOH + Na]+,69). 

3β-Acetyloxy-28-(1-piperazinyl)-lup-20(29)-en-28-one (4) 

Following GPD, from 1 (2.5 g, 5 mmol) and piperazine (1.6 g, 20.0 
mmol), compound 4 (2.1 g, 73%) was obtained as a colorless solid; Rf =

0.38 (chloroform/methanol, 9:1); m.p. = 166–173 ◦C (lit.: [38] 
162–167 ◦C); [α]D = − 1.4◦ (c = 0.21, MeOH), [lit.: [38] [α]D = − 1.8◦

(c = 0.32, MeOH); MS (ESI): m/z (%) = 567.3 ([M + H]+, 100). 

3β-Acetyloxy-28-(1-piperazinyl)- 30-norlupane ¡20,28- dione (5) 

Following GPD, from 2 (2.5 g, 5.0 mmol) and piperazine (1.6 g, 20.0 
mmol), 5 (1.93 g, 68%) was obtained as a colorless solid; Rf = 0.40 
(chloroform/methanol, 9:1); m.p. = 126–129 ◦C (lit: [38] 115–125 ◦C); 
[α]D = − 20.3◦ (c = 0.13, CHCl3); MS (ESI): m/z (%) = 569.3 ([M + H]+, 
100). 

3β-Acetyloxy-30-(1-piperazinyl)-olean-12-ene-11,30-dione (6) 

Following GPD, from 3 (0.5 g, 1.0 mmol) and piperazine (0.3 g, 4.0 
mmol), 6 (0.4 g, 67%) was obtained as a colorless solid; Rf = 0.30 
(chloroform/methanol, 9:1); m.p. 162–164 ◦C [lit.: [38] 160 ◦C 
(decomp.]; MS (ESI): m/z (%) = 581.4 ([M + H]+, 42). 

9-[2-[[4-(3β-Acetyloxy-28-oxo-lup-20(29)en-28-yl)-1- 
piperazinyl]carbonyl]phenyl]-3,6-bis(diethylamino]- 
xanthylium chloride (7) 

Following GPE, from 4 (360 mg, 0.64 mmol) and rhodamine B, 7 
(440 mg, 67%) was obtained as a dark purple solid; Rf = 0.37 (chloro-
form/methanol, 9:1); m.p. 246–251 ◦C (lit.: [38] m.p. 246–250 ◦C); MS 
(ESI, MeOH): m/z (%) = 991.6 ([M− Cl]+, 100). 

Table 1 
SRB assay EC50 values [µM] after 72 h of treatment; averaged from three inde-
pendent experiments performed each in triplicate; confidence interval CI = 95%. 
Human cancer cell lines: A375 (melanoma), HT29 (colorectal carcinoma), MCF- 
7 (breast adenocarcinoma), A2780 (ovarian carcinoma), NIH 3T3 (non-malig-
nant fibroblasts); cut-off 30 µM, n.d. not determined; n.s. not soluble under the 
conditions of the assay; doxorubicin (DX) has been used as a positive standard.  

Compound A375 HT29 MCF-7 A2780 NIH 3T3 

1 19.2 ±
1.7 

21.3 ±
2.0 

11.0 ±
0.5 

18.3 ± 0.5 >30 

2 >30 >30 >30 >30 >30 
3 >30 >30 >30 >30 >30 
4 1.5 ± 0.3 1.0 ± 0.1 1.4 ± 0.1 1.9 ± 0.1 0.9 ±

0.06 
5 1.9 ± 0.4 3.9 ± 0.2 2.7 ± 0.3 2.6 ± 0.4 1.3 ± 0.1 
6 3.7 ± 0.4 4.5 ± 0.6 8.4 ± 0.8 8.2 ± 0.5 8.7 ± 0.7 
7 0.1 ±

0.04 
0.2 ±
0.04 

0.1 ±
0.05 

0.05 ±
0.002 

0.2 ±
0.05 

8 0.1 ±
0.03 

0.1 ±
0.04 

0.1 ±
0.03 

0.04 ±
0.006 

0.2 ±
0.06 

9 0.1 ±
0.05 

0.1 ±
0.05 

0.1 ±
0.05 

0.1 ± 0.05 0.1 ±
0.03 

10 18.7 ±
0.9 

15.9 ±
1.3 

20.4 ±
2.6 

11.1 ± 1.4 >30 

11 10.0 ±
0.3 

18.2 ±
1.5 

11.5 ±
1.7 

9.9 ± 0.8 15.9 ±
0.8 

12 21.5 ±
1.1 

27.7 ±
0.8 

16.1 ±
1.3 

12.5 ± 1.8 25.3 ±
0.6 

13 n.s. n.s. n.s. n.s. n.s. 
14 0.5 ±

0.05 
0.3 ±
0.04 

0.3 ±
0.05 

0.2 ± 0.06 0.5 ±
0.07 

15 4.1 ± 0.2 >30 26.8 ±
6.8 

6.3 ± 0.8 >30 

16 >30 >30 25.1 ±
5.7 

16.8 ± 2.6 >30 

17 16.2 ±
1.4 

26.1 ±
1.2 

13.6 ±
0.9 

14.1 ± 1.1 21.2 ±
1.5 

18 >30 >30 17.8 ±
3.9 

26.4 ± 2.1 >30 

19 1.3 ± 0.1 0.7 ± 0.1 0.6 ± 0.2 0.5 ± 0.1 1.6 ± 0.1 
DX n.d. 0.9 ±

0.01 
1.1 ± 0.3 0.01 ±

0.006 
0.4 ±
0.07  

Fig. 2. FITC/Annexin V/Propidium iodide assay utilizing compounds 14 and 19 (A375 cells, 24 h, 2 × EC50 concentration).  
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9-[2-[[4-(3β, 20R) 3-Acetyloxy-20,28-dioxo-30-norlupan-28-yl)- 
1-piperazinyl]carbonyl] phenyl]-3,6-bis(diethylamino)- 
xanthylium chloride (8) 

Following GPE from 5 (360 mg, 0.64 mmol) and rhodamine B, 8 
(460 mg, 70%) was obtained as a dark purple solid; Rf = 0.35 (chloro-
form/methanol, 9:1); m.p. 246–252 ◦C (lit.: [38] 235–243 ◦C); MS (ESI, 
MeOH): m/z (%) = 993.7 ([M− Cl]+, 100). 

9-[2-[[4-(3β, 20β)-3-Acetyloxy-11,29-dioxo-olean-12-en-29-yl) 
piperazinyl]carbonyl] phenyl]-3,6-bis(diethylamino]- 
xanthylium chloride (9) 

As previously described, 9 (214 mg, 64%) was obtained as a violet 
solid; Rf = 0.32 (chloroform/methanol, 9:1); m.p. 237–240 ◦C (lit.: [38] 
235–238 ◦C); MS (ESI): m/z (%) = 1005.8 ([M− Cl]+, 100). 

3β, 28-Diacetyloxylup-20(29)-ene (10) 

Following GPA, betulin (20.0 g, 39.0 mmol) was acetylated, and 10 
(16.6 g, 83%) was obtained as a colorless, crystalline solid; Rf = 0.66 (n- 
hexane/ethyl acetate, 7:1); m.p. 216–219 ◦C (lit.: [43] 223–224 ◦C); 
[α]D = +21.0◦ (c = 0.20, CHCl3) [lit.: [44] [α]D = +23◦ (c = 0.46, 
CHCl3)]; MS (ESI, MeCN): m/z (%) = 549.7 ([M− Na]+, 34), 1075.7 ([2 
M + Na]+, 100). 

(3β, 20R) 3,28,29-lupanetriol-3,28-diacetate (11) 

Following GPB from 10 (5.7 g, 10.8 mmol) and chromatographic 
purification (silica gel, chloroform/n-hexane/ethyl acetate, 8:7:1) 11 
(2.6 g, 67%) was obtained as white solid; Rf = 0.30 (silica gel, chloro-
form/n-hexane/ethyl acetate, 8:7:1); m.p. 231–233 ◦C (lit.: [45,46] 
235–236 ◦C); [α]D = -13.4◦ (c = 0.15, CHCl3) (lit.: [45,46] [α]D = -14.0◦

(c = 0.65, CHCl3)); MS (ESI, MeOH): m/z (%) = 567.6 ([M + Na]+, 85), 
1111.3 ([2 M + Na]+, 100). 

(3β, 20R) 3, 28-Bis(acetyloxy)-lupan-39-oic acid (12) 

Following GPC from 11 (3.5 g, 6.4 mmol) 12 (3.2 g, 81%) was ob-
tained as a white solid; Rf = 0.25 (chloroform/n-hexane/ethyl acetate, 
8:7:1); m.p. 231–234 ◦C (lit.: [45,46] 239–241 ◦C; 238–240 ◦C); [α]D =

-43.2◦ (c = 0.2, CHCl3) (lit.: [45,46] [α]D = -44.0◦ (c = 0.68, CHCl3), 
[α]D = -56◦ (c = 1, CHCl3)[29,38]); MS (ESI, MeOH): m/z (%) = 557.4 
([M− H]− , 75), 1115.3 ([2 M− H]− , 100). 

(3β, 20R) 3, 28-Bis(acetyloxy)-(1-piperazinyl)-lupan-29-amide 
(13) 

Following GPD from 12 (1.4 g, 2.5 mmol) and piperazine (0.86 g, 10 
mmol), compound 13 (1.4 g, 91%) was obtained as white solid; Rf =

0.24 (n-heptane/chloroform/isopropanol, 6:2:2); m.p. 125–128 ◦C (lit.: 
[37] m.p. 127–130 ◦C); [α]D = -19.4◦ (c = 0.20, CHCl3) (lit.: [37] [α]D =

-18.3◦ (c = 0.16, CHCl3); MS (ESI, MeOH/DCM (4:1)): m/z (%) = 627.5 
([M− H]+, 100%). 

9-[2-[[4-(3β-Diacetyloxy-(29-piperazinyl)-lupan-30-amid-37- 
oyl)-1-piperazinyl]carbonyl]phenyl]-3,6-bis(diethylamino]- 
xanthylium chloride (14) 

Following GPE from 13 (0.5 g, 0.8 mmol) and rhodamine B (0.5 g, 
1.0 mmol), 14 (0.2 g, 24 %) was obtained as a dark purple solid; Rf =

0.34 (chloroform/methanol, 9:1); IR (ATR): ν = 2970w, 2935w, 2870w, 
1720 m, 1645 m, 1584 s, 1556 m, 1529 m, 1480 m, 1466 m, 1433 m, 
1410 s, 1394 m, 1334 s, 1272 s, 1245 s, 1196 m, 1177 s, 1160 m, 1130 s, 
1072 s, 1006 m, 976 m, 921 m, 868w, 822 m,758 m,709 m, 681 m, 
666w, 619w, 608w, 580w, 547w, 520w, 496w, 486w, 465w, 456w 
cm− 1; UV–Vis (MeOH): λmax (log ε) = 223 (4.6), 257 (4.6), 556 (5.1) nm; 
1H NMR (500 MHz, CDCl3) δ = 8.28 (d, J = 7.8 Hz, 1H, 47-H), 7.83–7.66 
(m, 3H, 46-H + 39-H + 42-H), 7.40–7.29 (m, 2H, 40-H + 41-H), 
7.08–7.04 (m, 1H, 47-H), 6.89–6.86 (m, 1H, 47-H’), 6.81(m, 1H, 49′-H), 
4.46 (m, 1H, 3-H), 4.20 (m, 1H, 28-Ha), 3.76–3.26 (m, 21H, 28-Hb + 35- 
H + 35′-H + 36-H + 36′-H + 51-H + 51′-H + 51′’-H + 51′’’-H), 
2.24–2.17 (m, 1H, 2-Ha), 2.11 (m, 1H, 19-H), 2.05–2.01(m, 6H, 32-H +
34-H), 1.84–1.71 (m, 3H, 20-H + 16-Ha + 21-Ha), 1.67–1.62 (m, 4H, 1- 
Ha + 13-H + 15-Ha + 2-Hb), 1.55–1.40 (m, 5H, 12-Ha + 6-Ha + 12-Hb +

9-H + 11-Hb), 1.37–1.20 (m, 20H, 6-Hb + 7-H + 52-H + 52-H’+52′’-H 
+ 52′’’-H + 11-Hb + 22-Hb + 18-H + 16-Hb + 21-Hb), 1.01 (s, 3H, 26-H), 
0.99–0.92 (m, 2H, 1-Hb + 15-Hb), 0.90–0.77 (m, 15H, 27-H + 25-H +
24-H), 0.77–0.73 (m, 1H, 5-H) ppm; 13C NMR (126 MHz, CDCl3) δ =
175.3 (C-29), 171.7 (C-33), 171.2 (C-31), 167.9 (C-37), 165.6 (C-48), 
159.1 (C-50), 159.1 (C-50′), 157.9 (C-48‘), 155.7 (C-45), 133.8 (C-50‘) 
133.3 (C-46), 133.1 (C-39), 131.4 (C-42), 131.4 (C-47), 130.9 (C-46′), 
130.6 (C-42), 130.4 (C-49), 130.3 (C-41), 129.9 (C-38), 114.3 (C-47′), 
113.7 (C-43), 113.7 (C-45′), 96.6 (C-49‘), 81.1 (C-3), 62.9 (C-28), 55.6 
(C-5), 50.2 (C-18), 48.8 (C-9), 46.9 (C-17), 46.4 (C-35 + C-35′+C-36 +
C-36′), 46.3 (C-51 + C-51′+C-51′’+C-51′’’), 43.9 (C-20), 43.0 (C-14), 
41.0 (C-8), 38.7 (C-1), 37.9 (C-4), 37.2 (C-10), 36.8 (C-13), 34.3 (C-7), 
33.8 (C-22), 29.8 (C-16), 29.8 (C-21), 28.1 (C-23), 27.7 (C-12), 27.0 (C- 
15), 23.8 (C-2), 21.7 (C-19), 21.4 (C-34), 21.1 (C-32), 20.9 (C-11), 18.3 

Fig. 3. FITC/Annexin V/propidium iodide assay utilizing compounds 14 and 19 (A375 cells, 48 h, 2 × EC50 concentration).  
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(C-6), 16.6 (C-24 + C-25 + C-27), 16.2 (C-26), 16.1 (C-30), 12.8 (C-52 +
C-52′+C-52′’+C-52′’’) ppm; MS (ESI, MeOH): m/z (%) = 1051.6 
([M− Cl]+, 100). 

3β-Acetyloxylup-N-benzyl-lup-20(29)-en-28-amide (15) 

Following GPD from 1 (3. g, 6.6 mmol) and benzylamine (1.9 mL, 
17.6 mmol) followed by usual work-up and chromatographic purifica-
tion (silica gel, n-hexane/ethyl acetate, 9:1) 15 (2.6 g, 67%) was ob-
tained as a white solid; Rf = 0.26 (silica gel, n-hexane/ethyl acetate, 
7:1); m.p. 124–126 ◦C (lit.: [37] 124–127 ◦C); [α]D = +22.3◦ (c = 0.51, 
CHCl3) [lit.: [37] [α]D =+23.2◦ (c = 0.35, CHCl3); MS (ESI, MeOH): m/z 
(%) = 588.4 ([M− H]+, 100). 

(20R) 3β-Acetyloxy-30-hydroxy-N-benzyl-lupan-17-carboxamide 
(16) 

Following GPB, from 15 (7.0 g, 11.9 mmol) and chromatographic 
purification (silica gel, chloroform/n-hexane/ethyl acetate, 8:5:3) 16 
(5.0 g, 70%) was obtained as a white solid; Rf = 0.35 (chloroform/n- 
hexane/ethyl acetate, 8:5:3); m.p. 142–144 ◦C (lit.: [37] m.p. 
143–145 ◦C; [α]D = -0.25◦ (c = 0.11, CHCl3) (lit.: [37] [α]D = -0.2◦ (c =
0.18, CHCl3); MS (ESI, MeOH): m/z (%) = 604.0 ([M− H] − , 100%). 

(20R) 3β-Acetoxy-17-benzyl-carbamoyl-lupan-30-oic acid (17) 

Following GPC from 16 (2.5 g, 4.1 mmol) 17 (1.3 g, 52%) was ob-
tained as a white solid; RF = 0.35 (chloroform/n-hexane/ethyl acetate, 
8:7:1); m.p. 163–167 ◦C (lit.: [37] m.p. 162–165 ◦C; [α]D = -26.5◦ (c =
0.15, CHCl3) lit.: [37] [α]D = -27.0◦ (c = 0.12, CHCl3); MS (ESI, MeOH/ 
CHCl3 (4:1)): m/z (%) = 618.1 ([M− H]− , 100%). 

3,6-Bis(diethylamino)-9[2-(1-piperazinyl)carbonyl]-xanthylium 
chloride (18) 

Reaction of rhodamine B (10.0 g, 22.3 mmol) in dry DCM (250 mL) 
with oxalyl chloride (8.84 mL) at 0 ◦C followed by the addition of 
piperazine (10.0 g) as described above gave after 24 h and chromato-
graphic purification (silica gel, chloroform/methanol, 9:1) 18 (7.2 g, 
67%) as a dark purple amorphous solid; Rf = 0.12 (chloroform/meth-
anol, 8:2); m.p. > 250 ◦C; MS (ESI, MeOH): m/z = 256.2 (26%, [M + H- 
Cl]2+), 511.6 (100%, [M− Cl]+); analysis calcd for C32H39ClN4O2 
(547.14): C 70.25, H 7.18, N 10.24; found: C 69,98, H 7.29, N 9.97. 

9-[2-[[4-(3β-Acetyloxy-17β-benzyl-carbamoyl-lupan-29-amid- 
40-oyl)-piperazinyl]carbonyl]phenyl]-3,6-bis(diethylamino]- 
xanthylium chloride (19) 

Compound 17 (0.4 g, 0.6 mmol) was dissolved in dry DCM (20 mL), 
oxalyl chloride (0.3 mL) and DMF were added at 0 ◦C. After 2 h, the 
volatiles were removed under reduced pressure. The residue was dis-
solved in dry DCM (10 mL), and the solution was concentrated again to 
remove excess oxalyl chloride. The acyl chloride of 17 was diluted with 
dry DCM (15 mL) and added dropwise to a solution of 18 in dry DCM 
(20 mL). After completion of the reaction (as indicated by TLC), the 
solvent was removed under diminished pressure, and the residue was 
subjected to column chromatography (silica gel, chloroform/methanol, 
9:1) to yield 19 (51 mg, 9 %) as a dark purple amorphous solid; Rf = 0.30 
(chloroform/methanol, 9:1); 1H NMR (500 MHz, CDCl3): δ = 8.16–8.10 
(m, 1H), 8.09–8.02 (m, 1H), 7.95–7.53 (m, 4H), 7.48–7.14 (m, 8H), 
7.08–6.64 (m, 3H), 4.52–4.43 (m, 1H), 3.96–3.95 (m, 1H), 3.76–3.69 
(m, 5H), 3.69–3.53 (m, 6H), 3.50–3.48 (m, 2H), 3.44–3.42 (m, 1H), 
3.41–3.23 (m, 4H), 3.19–3.08 (m, 1H), 3.04–2.86 (m, 2H), 2.08–2.01 
(m, 6H), 1.99–1.89 (m, 8H), 1.88–1.79 (m, 3H), 1.75–1.57 (m, 6H), 
1.55–1.38 (m, 9H), 1.37–1.30 (m, 9H), 1.28–1.22 (m, 8H), 1.19–1.11 
(m, 3H), 1.10–1.06 (m, 3H), 1.05–0.96 (m, 2H), 0.93–0.79 (m, 12H), 

0.79–0.71 (m, 1H) ppm; 13C NMR (126 MHz, CDCl3): δ = 175.6, 175.3, 
170.1, 168.4, 157.2, 155.8, 155.3, 139.7, 137.2, 136.0, 132.2, 130.6, 
129.4, 129.4, 128.3, 127.6, 114.7, 114.1, 113.4, 113.2, 98.5, 96.5, 80.2, 
55.8, 53.5, 51.3, 50.7, 46.1, 45.7, 45.6, 45.0, 42.6, 42.4, 41.5, 40.0, 
39.6, 38.7, 37.8, 37.0, 33.7, 32.6, 31.5, 29.4, 28.2, 27.4, 25.7, 24.2, 
21.6, 19.0, 17.8, 16.6, 16.2, 15.7, 14.6, 12.4, 12.0 ppm; MS (ESI, 
MeOH): m/z (%) = 1113.9 ([M− Cl]+, 12%) ppm; analysis calcd for 
C71H94N5O6Cl (1148.99): C 74.22, H 8.25, N 6.10; found: C 73.87, H 
8.51, N 5.86. 
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On the influence of the rhodamine substituents onto the cytotoxicity of 
mitocanic maslinic acid rhodamine conjugates 
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A B S T R A C T   

Maslinic acid was converted via a di-acetylated piperazinyl amide into rhodamine conjugates differing in their 
alkyl moieties. These conjugates were submitted to cytotoxicity assays employing a panel of human tumor cell 
lines. These conjugates held high cytotoxicity but also some selectivity especially for A2780 cells. Thereby, a 
propyl substituted rhodamine conjugate showed EC50 values as low as EC50 = 0.01 μM and was approx. 15 times 
more cytotoxic for the cancer cells than for non-malignant fibroblasts (NIH 3 T3). Cytotoxicity obviously par-
allels the lipophilicity of the residue and suggests - since the compounds act as mitocanes - an interaction of the 
conjugates with the inner mitochondrial membrane.   

Introduction 

Compounds that selectively address mitochondria of cancer cells are 
currently considered an innovative and promising option for cancer 
chemotherapy. [1–12] This is partly due to the discovery that mito-
chondria are more than just the “power plants” of cells. [13–18]. 

Some time ago, we showed that pentacyclic triterpenes are ideal 
starting materials for the development of cytotoxic compounds. [19–22] 
Thereby, we revealed that the following prerequisites must be present: 
an amide-bound spacer between the carboxyl group of the triterpene 
and a distal cationic group. While “simple” quaternary ammonium salts 
showed improved cytotoxicity as compared to the parent compounds, a 
breakthrough could be achieved by accessing lipophilic rhodamine B 
derivatives. The use of a piperazinyl spacer proved to be particularly 
advantageous. [23–32]. 

While a hybrid of acetylated oleanolic acid (Fig. 1) with piperazinyl 
spacer and rhodamine B already showed good cytotoxicity towards 
human tumor cells, the corresponding analogue from maslinic acid, [33] 
which - in comparison to oleanolic acid - also carries an additional hy-
droxyl group at C-2, was clearly more cytotoxic; at the same time the 
latter compound showed a higher selectivity towards tumor cells in 
comparison to non-malignant cells (NIH 3 T3). [21] This trend of better 
cytotoxicity was also observed for the corresponding benzylamides. The 
benzylamide of 3-O-acetyloleanolic acid showed an EC50 of 4.3 μM for 
A2780 human ovarian adenocarcinoma cells, while the benzylamide of 
di-acetylated maslinic acid (EM2) held a significantly higher 

cytotoxicity (EC50 = 0.5 μM) for the same cell line. [34] The same ap-
plies to the acetylated piperazinyl amides. After already having carried 
out investigations on the spacer (ethylenediamine or piperazine), the 
piperazinyl spacer proved to be beneficial for obtained low EC50 values. 
Thus, an investigation of the influence of the distal rhodamine residue 
[25] was called for. 

Results and discussion 

Several routes have been suggested for the synthesis of substituted 
rhodamines. [35,36] Due to good commercial availability of the starting 
material and the shortness of the route (Scheme 1), we decided to use 3- 
aminophenol as a starting material, whose reaction with alkyl-halides 
gave the dialkyl-3-aminophenols 4–7. The rhodamines 8–11 were 
accessed from the reaction of 4–7 with phthalic anhydride in the pres-
ence of catalytic amounts of aluminum trichloride. 

Maslinic acid (1) was extracted from pitted olives as previously 
described; [34,37] its acetylation (Scheme 2) gave known di-acetate 2. 
[33] The reaction of 2 with oxalyl chloride in the presence of catalytic 
amounts of dimethylformamide (DMF) followed by a reaction with 
piperazine furnished piperazinyl-amide 3. [30]. 

The reaction of 8–11 with oxalyl chloride converted the rhodamines 
in situ into the corresponding acid chlorides; these were allowed to react 
with 3 to afford the piperazinyl-spacered triterpene-rhodamine conju-
gates 12–15. 

To assess the cytotoxicity of these compounds sulforhodamine B 
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(SRB) assays were performed employing several human tumor cell lines. 
The results from these assays as well the tumor/non-tumor cell selec-
tivity S [EC50 (NIH 3T3) / EC50 (respective cell line)] are summarized in 
Table 1. 

As a result, compound 1 was cytotoxic to only a minor extent; much 
stronger cytotoxicity was observed for piperazinyl amide 3. This com-
pound is cytotoxic to all tumor cell lines but also to non-malignant fi-
broblasts (NIH 3 T3) to about the same extent. In contrast, a marked 
increase in cytotoxicity up to an approximately 100-fold factor was 
observed for the rhodamine conjugates 12–14. All compounds show a 
particular cytotoxicity for A2780 cells (EC50 0.02 to 0.01 μM). However, 
14 is the most cytotoxic for both A2780, A375 and MCF-7 cells, while a 
much weaker cytotoxicity was observed for NIH 3 T3 cells. This is also 
reflected in the calculated selectivity S (S = EC50, NIH 3T3 / EC50 respective 

cell line). The cell selectivity is highest (S = 15.0) for A2780 cells. In 
principle, the cytotoxicity seems to increase with a longer chain length 
of the alkyl substituent on the rhodamine moiety. This also correlates 
well with the calculated log poctanol/water partition coefficients for the 
rhodamine-piperazinyl residues: this coefficient increases from 0.61 (for 
methyl-substitution) to 1.72 (for ethyl) to 3.05 (for propyl). Thus, there 
seems to be a certain - but not conclusively clarified - correlation be-
tween the substitution pattern on the rhodamine and the observed 
cytotoxicity. Earlier we could show that triterpene-piperazinyl- 
rhodamine conjugates are to be considered and act as mitocanes and 
their cytotoxic effect is probably due to an interaction with the inner 
mitochondrial membrane. 

Conclusion 

Maslinic acid (from the extraction of pitted olives) was acetylated 
and converted into the corresponding piperazinyl amide 3 whose 
coupling with rhodamines differing in their alkyl moieties led to the 
formation of triterpene-rhodamine conjugates 12–15. These conjugates 
were cytotoxic to a panel of human tumor cell lines but less to non- 
malignant fibroblasts. Worthwhile to mention that these compounds 
held some selectivity for A2780 cells, and especially compound 14, a 
propyl substituted rhodamine conjugate showed EC50 values as low as 
EC50 = 0.01 μM and was approx. 15 times more cytotoxic for the cancer 
cells than for the fibroblasts. The measured cytotoxicity obviously par-
allels the calculated octanol/water partition coefficient and suggests - 
since the compounds act as mitocanes - an interaction with the inner 
mitochondrial membrane. 

Experimental 

General 

NMR spectra were recorded using the Varian spectrometers DD2 and 
VNMRS (400 and 500 MHz, respectively). MS spectra were taken on a 

Advion expressionL CMS mass spectrometer (positive or negative ion 
polarity mode, solvent: methanol, solvent flow: 0.2 mL/min, spray 
voltage: 5.17 kV, source voltage: 77 V, APCI corona discharge: 4.2 μA, 
capillary temperature: 250 ◦C, capillary voltage: 180 V, sheath gas: N2). 
Thin-layer chromatography was performed on pre-coated silica gel 
plates supplied by Macherey-Nagel. IR spectra were recorded on a 
Spectrum 1000 FT-IR-spectrometer from Perkin-Elmer. The UV/Vis- 
spectra were recorded on a Lambda 14 spectrometer from Perkin- 
Elmer. The optical rotations were measured either on a JASCO P-2000 
or a Perkin-Elmer polarimeter 341 at 20 ◦C. The melting points were 
determined using the Leica hot stage microscope Galen III and are un-
corrected. Elemental analyses were performed on a Foss-Heraeus Vario 
EL (CHNS) unit. The solvents were dried according to usual procedures. 

Biological testing 

Cell lines and culture conditions 
Following human cancer cell lines A375 (malignant melanoma), 

HT29 (colon adenocarcinoma), MCF-7 (breast cancer), A2780 (ovarian 
carcinoma), HeLa (cervical cancer) and NIH 3 T3 (non-malignant mouse 
fibroblasts) were used. All cell lines were obtained from the Department 
of Oncology (Martin-Luther-University Halle Wittenberg). Cultures were 
maintained as monolayers in RPMI 1640 medium with L-glutamine 
(Capricorn Scientific GmbH, Ebsdorfergrund, Germany) supplemented 
with 10 % heat-inactivated fetal bovine serum (Sigma-Aldrich GmbH, 
Steinheim, Germany) and penicillin/streptomycin (Capricorn Scientific 
GmbH, Ebsdorfergrund, Germany) at 37 ◦C in a humidified atmosphere 
with 5 % CO2. 

Cytotoxicity assay (SRB assay) 
For the evaluation of the cytotoxicity of the compounds the 

sulforhodamine-B (Kiton-Red S, ABCR GmbH, Karlsruhe, Germany) 
micro-culture colorimetric assay was used. The EC50 values were aver-
aged from three independent experiments performed each in triplicate 
and calculated from semi-logarithmic dose–response curves applying a 
non-linear 4P Hills-slope equation. 

Syntheses 

General procedure a (GPA) 
3-Aminophenol (7.6 g, 69.6 mmol) was dissolved in DMF (50 mL) 

and the respective alkyl halide (205 mmol) and potassium carbonate 
(18.0 g, 130 mmol) were added; stirring was continued at 100 ◦C for 3–8 
h. Usual aqueous workup followed by chromatographic purification 
furnished compounds 4–7. 

General procedure B (GPB) 
The rhodamines 8–11 were synthesized by heating a mixture of the 

respective dialkyl-3-aminophenol 4–7 (28.4–41.4 mmol), phthalic 

Fig. 1. Structure of oleanolic acid (OA), maslinic acid (MA, 1) and cytotoxic derivative EM2.  
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anhydride (14.2 – 20.7 mmol) and a catalytic amount of aluminum 
trichloride to 200 ◦C for 5–60 min (completion of the reaction checked 
by TLC). After the completion of the reaction the crude product was 
purified by column chromatography. 

General procedure C (GPC) 
Compounds 8–11 (0.4 mmol) were dissolved each in dry DCM (10 

mL) and at 0 ◦C oxalyl chloride (0.1 mL, 1.4 mmol) and a catalytic 
amount of DMF were added, stirring continued at room temperature for 
2 h. The volatiles were removed under reduced pressure, and the residue 
was re-dissolved with THF (3 × 10 mL), and the solvent was removed 
again. The residue was dissolved in dry DCM (5 mL) and added to a 
solution of compound 3 (330 mg, 0.5 mmol), triethylamine (0.9 mL, 0.7 
mmol) and a catalytic amount of DMAP in dry DCM (5 mL); the mixture 
was stirred at room temperature for 24 h. The solvent was removed, and 
the residue subjected to chromatography to yield 12–15. 

Maslinic acid (1) 
Pitted green olives (bought from a local discounter, 10 kg) were 

crushed into small pieces and dried for 2 days at 130–135 ◦C. The dry 
material (2.6 kg) was suspended in methanol (3 L) and allowed to stand 
(with occasional swaying) for 2 days. The mixture was filtered, and the 
filter cake was extracted with methanol (each 3 L, 2 days, procedure 
repeated 3 times). The solvent was removed, and the residue subjected 
to chromatography (silica gel, n-hexane/ethyl acetate/methanol, 5:5:1). 
re-crystallization (n-hexane/ethyl acetate) yielded 1 (13.8 g) as a 
colorless solid; m.p. 264–267 ◦C (decomp.), (lit.: [38] 265–268 ◦C 
(decomp.); RF = 0.36 (n-hexane/ethyl acetate, 1:2). 

2α, 3β-Bis(acetyloxy)-olean-12-en-28-oic acid (2) 
Maslinic acid (1) was acetylated as previously described followed by 

a chromatographic purification of the crude product (silica gel, n-hex-
ane/ethyl acetate, 9:1) to yield 2 (78 %); m.p. 280–283 ◦C (lit.: [33] 
287–289 ◦C); RF = 0.31 (silica gel, n-hexane/ethyl acetate, 6:4). 

2α, 3β-Bis(acetyloxy)-olean-12-en-28-oyl piperazine (3) 
Compound 2 was converted into its piperazinyl amide 3 as previ-

ously reported in 86 % yield. m.p. 156–159 ◦C (lit.: [30] 157–160 ◦C); 
RF = 0.35 (silica gel, chloroform/methanol, 9:1). 

3-(Dimethylamino)phenol (4) 
According to GPA from methyl iodide followed by chromatography 

(silica gel, n-hexane/ethyl acetate, 4:1) 4 (52 %) was obtained as a white 
solid; m.p. 82–85 ◦C (lit: [39] 84–85 ◦C); RF = 0.55 (chloroform/ 
methanol, 95:5). 

3-(Diethylamino)phenol (5) 
According to GPA from ethyl bromide followed by chromatography 

(silica gel, n-hexane/ethyl acetate, 9:1), 5 (67 %) was obtained as an off- 

white solid; m.p. 52–55 ◦C (lit.: [40] 55 ◦C); RF = 0.42 (chloroform/ 
methanol, 95:5). 

3-(Dipropylamino)phenol (6) 
According to GPA from n-propyl bromide followed by chromatog-

raphy (silica gel, n-hexane/ethyl acetate, 9:1) 6 (61 %) was obtained as 
an off-white solid; m.p. 98–99 ◦C (lit: [41] 99.7–100.1 ◦C); RF = 0.37 
(chloroform/methanol, 95:5). 

3-(Dibenzylamino)phenol (7) 
According to GPA with benzyl bromide (25 mL) followed by chro-

matography (silica gel, n-hexane/ethyl acetate, 9:1) 7 (8.3 g, 41 %) was 
obtained as a white solid; m.p. 61–63 ◦C (lit.: [42] 62–64 ◦C); RF = 0.68 
(chloroform/methanol, 95:5); IR (ATR): ν = 3514br, 3387br, 3084w, 
3061 m, 3027 m, 2905 m, 2865 m, 1703 m, 1615 s, 1603 s, 1578 s, 1502 
s, 1494 s, 1451 s, 1395 s, 1359 s, 1328 s, 1297 s, 1277 s, 1262 s, 1166 s, 
1074 s, 1044 m, 1027 s, 1001w cm-1; 1H NMR (400 MHz, CDCl3): δ =
7.42 – 7.18 (m, 10H, 9-H + 10-H + 11-H), 7.01 (t, J = 8.1 Hz, 1H, 5-H), 
6.37 (d, J = 5.4 Hz, 1H, 6-H), 6.26 (br s, 1H, 2H), 4.63 (s, 4H, 7-H) ppm; 
13C NMR (101 MHz, CDCl3): δ = 156.8 (C-1), 151.0 (C-3), 138.5 (C-8), 
130.3 (C-5), 128.8 (C-10), 127.1 (C-11), 126.8 (C-9), 105.5 (C-4), 104.0 
(C-6), 99.7 (C-2), 54.3 (C-7) ppm; MS (ESI, MeOH/chloroform, 4:1): m/ 
z = 288.1 (56 %, [M− H]-), 290.1 (40 %, [M + H]+). 

9-(2-Carboxyphenyl)-3,6-bis(dimethylamino)xanthylium chloride (8) 
According to GPB from 4 followed by chromatography (silica gel, 

chloroform/MeOH, 9:1) 8 (35 %) was obtained as a violet solid; [43] m. 
p. 250 ◦C; RF = 0.12 (chloroform/methanol, 9:1); UV–vis (MeOH): λmax 

(log ε) = 254 (3.81), 354 (3.30), 541 (4.28) nm; IR (ATR): ν = 3362br, 
2925br, 1718 m, 1645 s, 1590 s, 1537 s, 1514 s, 1490 s, 1407 s, 1364 s, 
1346 s, 1262 m, 1220 s, 1187 s, 1138 s, 1090 m, 1071 s cm− 1; 1H NMR 
(500 MHz, DMSO‑d6): δ = 7.96 (d, J = 7.6 Hz, 1H, 3-H), 7.77 (td, J =
7.5, 1.0 Hz, 1H, 5-H), 7.70 (td, J = 7.6 Hz, 1H, 4-H), 7.20 (d, J = 7.6 Hz, 
1H, 6-H), 6.64 – 6.33 (m, 6H, 10-H + 10′-H + 11-H + 11′-H + 13-H +
13′-H), 2.93 (s, 12H, 15-H + 15‘-H) ppm; 13C NMR (101 MHz, 
DMSO‑d6): δ = 168.9 (C-1), 152.5 (C-7), 152.2 (C-14), 152.2 (C-14′), 
151.9 (C-12), 151.9 (C-12′), 135.3 (C-5), 129.9 (C-4), 128.3 (C-10), 
128.3 (C-10′), 126.6 (C-2), 124.4 (C-3), 124.0 (C-6), 109.0 (C-11), 109.0 
(C-11′), 106.1 (C-9), 106.1 (C-9′), 98.0 (C-13), 98.0 (C-13‘), 84.7 (C-8), 
39.8 (C-15), 39.8 (C-15‘) ppm; MS (ESI, methanol/chloroform 4:1): m/z 
= 387.2 (64 %, [M− Cl]+), 409.2 (24 %, [M− Cl + Na]+). 

9-(2-Carboxyphenyl)-3,6-bis(diethylamino)xanthylium chloride (9) 
According to GPBA from 5 followed by chromatography (silica gel, 

chloroform/MeOH, 12:1) 8 (45 %) was obtained as a violet solid; m.p. 
163–166 ◦C; RF = 0.25 (chloroform/methanol, 9:1); identical with 
commercial material (m.p., m.m.p., 1H and 13C NMR). 

Scheme 1. Reactions and conditions of the rhodamine synthesis: (a) DMF, potassium carbonate and methyl iodide (→4 (52 %)), ethyl bromide (→5 (67 %)), n-propyl 
bromide (→6 (61 %)), or benzyl bromide (→7 (41 %)), 3–8 h, 21 ◦C; (b) phthalic anhydride, aluminum trichloride (cat.), 5–60 min, 200 ◦C, yield: 8 (35 %), 9 (45 %), 
10 (42 %), 11 (35 %). 
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9-(2-Carboxyphenyl)-3,6-bis(dipropylamino)xanthylium chloride (10) 
According to GPB from 6 followed by chromatography (silica gel, 

chloroform/MeOH, 12:1) 10 (42 %) was obtained as a violet solid; m.p. 
185–188 ◦C; RF = 0.34 (chloroform/methanol, 9:1); UV–vis (MeOH): 
λmax (log ε) = 224 (4.47), 259 (4.48), 284 (4.18), 305 (4.17), 550 (4.95) 
nm; IR (ATR): ν = 2957 m, 2931 m, 2872 m, 1741 s, 1637 s, 1614 s, 
1589 s, 1544 s, 1519 s, 1464 s, 1430 s, 1410 s, 1370 s, 1337 s, 1286 s, 
1265 s, 1232 s, 1216 s, 1196 s, 1180 s, 1157 m, 1126 s, 1113 s, 1102 s, 
1038w, 1010 m cm− 1; 1H NMR (500 MHz, CDCl3): δ = 8.21 (d, J = 8.4 
Hz, 1H, 3-H), 7.65 – 7.55 (m, 2H, 5-H + 4-H), 7.19 – 7.13 (m, 1H, 6-H), 
6.91 (d, J = 9.0 Hz, 2H, 10-H + 10‘-H), 6.61 – 6.52 (m, 4H, 13-H + 13‘-H 
+ 11-H + 11‘-H), 3.39 – 3.33 (m, 8H, 15-H + 15‘-H), 1.67 (dt, J = 15.3, 
7.6 Hz, 8H, 16-H + 16‘-H), 0.95 (t, J = 7.4 Hz, 12H, 17-H + 17‘-H) ppm; 
13C NMR (101 MHz, CDCl3): δ = 168.3 (C-1), 156.1 (C-7), 155.6 (C-14), 
155.6 (C-14‘), 152.8 (C-12), 152.8 (C-12‘), 132.9 (C-5), 130.8 (C-7), 
130.4 (C-4), 130.4 (C-10), 130.4 (C-10′), 129.6 (C-3), 128.9 (C-2), 126.6 
(C-6), 113.7 (C-9), 113.7 (C-9′), 111.0 (C-11), 111.0 (C-11′), 97.0 (C- 
13), 97.0 (C-13′), 86.6 (C-8), 53.3 (C-15), 53.3 (C-15‘), 20.6 (C-16), 20.6 
(C-16‘), 11.4 (C-17), 11.4 (C-17‘) ppm; MS (ESI, methanol/ chloroform 
4:1): m/z = 517.3 (100 %, [M− Cl]+). 

9-(2-Carboxyphenyl)-3,6-bis(dibenzylamino)xanthylium chloride (11) 
According to GPB from 7 followed by chromatography (silica gel, 

chloroform/MeOH, 9.8:0.2) 11 (35 %) was obtained as a violet solid; m. 
p. 111–114 ◦C; RF = 0.60 (chloroform/methanol, 9:1); UV–vis (MeOH): 
λmax (log ε) = 256 (4.49), 352 (4.21), 540 (4.80) nm; IR (ATR): ν =
3061w, 3028w, 2908w, 2862w, 1753 s, 1721 s, 1631 s, 1613 s, 1592 s, 
1582 s, 1549 s, 1516 s, 1494 s, 1465 s, 1451 s, 1426 s, 1404 s, 1392 s, 
1342 s, 1330 s, 1284 s, 1241 s, 1229 s, 1201 s, 1156 s, 1129 s, 1108 s, 
1077 s, 1028 m, 1002w cm− 1; 1H NMR (500 MHz, CDCl3): δ = 8.09 (d, J 
= 9.6 Hz, 1H, 3-H), 7.62 (td, J = 7.5, 1.2 Hz, 1H, 5-H), 7.51 – 7.47 (td, J 
= 7.8, 1.1 Hz, 1H, 4-H), 7.35 – 7.16 (m, 20H, 18-H + 18′-H + 19-H +
19′-H + 17-H + 17′-H), 6.87 (d, J = 9.1 Hz, 1H, H-6), 6.75 (d, J = 9.9 Hz, 
2H, 10-H + 10′-H), 6.64 – 6.56 (m, 4H, 13-H + 13′-H + 11-H + 11′-H), 
4.71 (s, 8H, 15-H + 15′-H) ppm; 13C NMR (126 MHz, CDCl3): δ = 165.5 
(C-1), 155.8 (C-14), 155.8 (C-14‘), 155.1 (C-12), 155.1 (C-12‘) 153.6 (C- 
7), 136.6 (C-16), 136.6 (C-16‘), 134.9 (C-6), 133.5 (C-5), 130.3 (C-10), 
130.3 (C10‘), 129.8 (C-4), 129.1 (C-18), 129.1 (C-18‘), 128.1 (C-2), 

127.6 (C-19), 127.6 (C-19‘), 127.5 (C-3), 126.5 (C-17), 126.5 (C-17‘), 
111.3 (C-9), 111.3 (C-9‘), 111.1 (C-11), 111.1 (C-11‘), 98.4 (C-13), 98.4 
(C-13‘), 84.9 (C-8), 54.5 (C-15), 54.5 (C-15‘) ppm; MS (ESI, MeOH/ 
chloroform 4:1) m/z = 713.2 (3 %, [M− Cl + Na-2H]-), 691.3 (50 %, 
[M− Cl]+); analysis calcd for C48H39ClN2O3 (727.30): C 79.27, H 5.41, N 
3.85; found: C 78.90, H 5.63, N 3.69. 

9-[2-[[4-(2α,3β-Bis(acetyloxy)-olean-12-en-28-oyl)-1-piperazinyl] 
carbonyl]phenyl]-3,6-bis(dimethylamino]-xanthylium chloride (12) 

According to GPC with 8 (0.2 g) followed by chromatography (silica 
gel, chloroform/MeOH, 9:1) 12 (168 mg, 46 %) was obtained as a violet 
solid; m.p. 211–214 ◦C; RF = 0.32 (chloroform/methanol, 9:1); UV–vis 
(MeOH): λmax (log ε) = 257 (4.38), 304 (4.05), 555 (4.84) nm; IR (ATR): 

Scheme 2. Reactions and conditions: (a) Ac2O, NEt3, DMF (cat.), DCM, 21 ◦C, 1 day, →2 (78 %); (b) oxalyl chloride, NEt3, DMF (cat.), DCM, 21 ◦C, 5 h, then 
piperazine, DCM, NEt3, DMAP, 0 ◦C → 21 ◦C, 30 min, →3 (86 %); (c) rhodamines 8–11, oxalyl chloride, DMF (cat.), DCM, 0 ◦C → 21 ◦C, 2 h, then 3, NEt3, DMAP 
(cat.), DCM, 21 ◦C, 24 h, yield: 12 (46 %), 13 (61 %), 14 (58 %), 15 (52 %). 

Table 1 
SRB assay EC50 values [µM] after 72 h of treatment; averaged from three inde-
pendent experiments performed each in triplicate; confidence interval CI = 95 
%. Human cancer cell lines: A375 (melanoma), HT29 (colorectal carcinoma), 
MCF-7 (breast adenocarcinoma), A2780 (ovarian carcinoma), HeLa (cervical 
carcinoma), NIH 3 T3 (non-malignant fibroblasts); cut-off 30 µM, n.d. not 
determined; doxorubicin (DX) has been used as a positive standard; compound 
15 was not soluble under the conditions of the assay.  

[µM] A375 HT29 MCF-7 A2780 HeLa NIH 3 
T3 

MA >30 28.8 ±
0.5 

>30 19.5 ±
0.8 

>30 21.1 ±
0.2 

3 2.0 ± 0.1 1.6 ±
0.1 

1.0 ± 0.1 1.9 ± 0.1 2.1 ±
0.1 

3.2 ±
0.02 

12 0.07 ±
0.01 

0.11 ±
0.04 

0.05 ±
0.02 

0.02 ±
0.001 

0.15 ±
0.02 

0.30 ±
0.04 

13 0.05 ±
0.01 

0.09 ±
0.03 

0.03 ±
0.01 

0.02 ±
0.005 

0.08 ±
0.03 

0.25 ±
0.03 

14 0.02 ±
0.004 

0.07 ±
0.02 

0.03 ±
0.005 

0.01 ±
0.001 

0.05 ±
0.01 

0.15 ±
0.04 

DX n.d. 0.9 ±
0.01 

1.1 ± 0.3 0.01 ±
0.01 

n.d. 0.4 ±
0.0 

Selectivity 
12 4.3 2.7 6.0 15.0 2.0  
13 5.0 2.8 8.3 12.5 3.1  
14 7.5 2.1 5.0 15.0 3   
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ν = 2924 s, 2856 m, 1738 s, 1632 s, 1592 s, 1534 m, 1494 s, 1456 s, 
1408 s, 1364 s, 1343 s, 1281 s, 1252 s, 1232 s, 1184 s, 1124 s, 1064 m, 
1042 s, 1032 s, 1002 s cm− 1; 1H NMR (500 MHz, CDCl3): δ = 7.71 – 7.62 
(m, 1H, 41-H), 7.55 – 7.50 (m, 1H, 39-H), 7.39 – 7.36 (m, 1H, 40-H), 
7.31 – 7.27 (m, 2H, 46-H + 46′-H), 6.99 (d, J = 9.3 Hz, 2H, 47-H +
47′-H), 6.85 (d, J = 4.7 Hz, 2H, 49-H + 49′-H), 5.19 (m, 1H, 12-H), 5.06 
(td, J = 11.1, 4.5 Hz, 1H, 2-H), 4.72 (d, J = 10.3 Hz, 1H, 3-H), 3.33 (s, 
12H, 51-H + 51′-H), 3.27 (br s, 8H, 36-H + 35-H), 2.97 (d, J = 9.6 Hz, 
1H, 18-H), 2.11 – 2.05 (m, 1H, 16-Ha), 2.03 (s, 3H, 33-H), 2.01 – 1.96 
(m, 1H, 1-Ha), 1.95 (s, 3H, 32-H), 1.93 – 1.77 (m, 2H, 11-Ha + 11-Hb), 
1.67 – 1.47 (m, 5H, 19-Ha + 16-Hb + 7-Ha + 6-Ha + 15-Ha), 1.46 – 1.39 
(m, 1H, 22-Ha), 1.37 – 1.27 (m, 3H, 6-Hb + 21-Ha + 16-Hb), 1.27 – 1.21 
(m, 2H, 7-Hb + 22-Hb), 1.18 – 1.09 (m, 2H, 21-Hb + 19-Hb), 1.08 (s, 3H, 
27-H), 1.06 – 1.02 (m, 2H, 15-Hb + 1-Hb), 1.00 (s, 3H, 26-H), 0.94 (d, J 
= 10.3 Hz, 1H, 5-H), 0.88 (s, 6H, 23-H + 24-H), 0.86 (s, 3H, 29-H), 0.86 
(s, 3H, 30-H), 0.63 (s, 3H, 25-H) ppm; 13C NMR (126 MHz, CDCl3): δ =
175.7 (C-28), 170.9 (C-31), 170.6 (C-24), 167.8 (C-37), 157.6 (C-50), 
157.6 (C-50‘), 157.6 (C-44), 157.5 (C-48),157.5 (C-48‘), 144.8 (C-13), 
135.2 (C-43), 132.2 (C-46), 132.2 (C-46‘), 130.5 (C-42), 130.5 (C-38), 
130.4 (C-40), 130.3 (C-41), 127.8 (C-39), 121.2 (C-12), 114.5 (C-47), 
114.5 (C-47′), 114.1 (C-45), 114.0 (C-45′), 97.0 (C-49‘), 97.0 (C-49), 
80.7 (C-3), 70.1 (C-2), 55.0 (C-5), 47.7 (C-9), 47.6 (C-36), 46.4 (C-17), 
46.3 (C-19), 43.9 (C-1), 43.6 (C-18), 42.0 (C-35), 41.4 (C-51′), 41.3 (C- 
51), 39.4 (C-4), 39.4 (C-14), 39.2 (C-8), 38.3 (C-10), 34.0 (C-21), 33.1 
(C-30), 32.7 (C-22), 30.4 (C-20), 29.8 (C-7), 28.5 (C-24), 27.9 (C-15), 
25.9 (C-27), 24.1 (C-29), 23.5 (C-11), 22.8 (C-16), 21.2 (C-32), 21.0 (C- 
33), 18.3 (C-6), 17.7 (C-23), 17.0 (C-25), 16.5 (C-26) ppm; MS (ESI, 
methanol/chloroform, 4:1): m/z = 993.8 (100 %, [M− Cl]+), 1027.8 (10 
%, [M− Cl + MeOH + H]+); analysis calcd for C61H79ClN4O7 (1015.77): 
C 72.13, H 7.84, N 5.52; found: C 71.87, H 8.03, N 5.31. 

9-[2-[[4-(2α,3β-Bis(acetyloxy)-olean-12-en-28-oyl)-1-piperazinyl] 
carbonyl]phenyl]-3,6-bis(dimethylamino]-xanthylium chloride (13) 

As previously reported from 9 in 70 % yield as a violet solid: m.p. 
245–248 ◦C (lit.: [30] 247–249 ◦C); RF = 0.30 (silica gel, chloroform/ 
methanol, 9:1). 

9-[2-[[4-(2α,3β-Bis(acetyloxy)-olean-12-en-28-oyl)-1-piperazinyl] 
carbonyl]phenyl]-3,6-bis(dipropylamino]-xanthylium chloride (14) 

According to GPC with 10 (0.2 g) followed by chromatography 
(silica gel, chloroform/MeOH, 11:1) 14 (291 mg, 58 %) was obtained as 
a violet solid; m.p. 236–239 ◦C; RF = 0.38 (chloroform/methanol, 9:1); 
UV–vis (methanol): λmax (log ε) = 260 (4.48), 307 (4.14), 566 (5.02) nm; 
IR (ATR): ν = 2938 m, 2874 m, 1737 s, 1632 s, 1586 s, 1528 m, 1508 s, 
1468 s, 1429 s, 1411 s, 1393 s, 1363 s, 1336 s, 1300 s, 1252 s, 1230 s, 
1177 s, 1132 s, 1100 s, 1033 s, 1001 s cm− 1; 1H NMR (500 MHz, CDCl3): 
δ = 7.70 – 7.61 (m, 1H, 41-H), 7.53 – 7.50 (m, 1H, 39-H), 7.34 – 7.17 (m, 
4H, 40-H + 46-H + 46‘-H + 42-H), 6.97 (d, J = 8.4 Hz, 2H, 47-H + 47‘- 
H), 6.74 – 6.72 (m, 2H, 49-H + 49‘-H), 5.18 (t, J = 3.3 Hz, 1H, 12-H), 
5.05 (td, J = 11.0, 4.6 Hz, 1H, 2-H), 4.71 (d, J = 10.3 Hz, 1H, 3-H), 
3.50 (m, 8H, 51-H + 51′-H), 3.30 (m, 8H, 36-H + 35-H), 2.97 (d, J =
13.2 Hz, 1H, 18-H), 2.11 – 2.04 (m, 1H, 16-Ha), 2.02 (s, 3H, 33-H), 1.99 
– 1.94 (m, 1H, 1-Ha), 1.94 (s, 3H, 32-H), 1.91 – 1.47 (m, 16H, 11-Ha +
11-Hb + 52-H + 52′-H + 16-Hb + 19-Hb + 7-Ha + 7-Hb + 6-Ha + 15- 
Ha), 1.46 – 1.37 (m, 1H, 22-Ha), 1.37 – 1.26 (m, 2H, 21-Ha + 6-Hb), 
1.21 (d, J = 12.7 Hz, 1H, 22-Hb), 1.15 – 1.01 (m, 4H, 21-Hb + 19-Hb +
1-Hb + 15-Hb), 1.07 (s, 3H, 27-H), 0.99 (t, J = 7.3 Hz, 15H, 53-H + 53′- 
H + 26-H, 0.94 (d, J = 10.6 Hz, 1H, 5-H), 0.87 (s, 6H, 23-H + 24-H), 
0.85 (s, 3H, 29-H), 0.85 (s, 3H, 30-H), 0.63 (s, 3H, 25-H) ppm; 13C NMR 
(126 MHz, CDCl3): δ = 175.8 (C-28), 170.9 (C-31), 170.6 (C-34), 167.8 
(C-37), 157.8 (C-50), 157.8 (C-50‘), 156.3 (C-44), 156.1 (C-48), 156.1 
(C-48‘), 144.8 (C-13), 135.2 (C-43), 132.3 (C-46), 132.3 (C-46′), 130.7 
(C-38), 130.4 (C-42), 130.4 (C-40), 130.3 (C-41), 127.7 (C-39), 121.2 
(C-12), 114.5 (C-47), 114.5 (C-47′), 114.0 (C-45), 114.0 (C-45′), 96.6 (C- 
49‘), 96.5 (C-49), 80.7 (C-3), 70.1 (C-2), 55.0 (C-5), 53.9 (C-51′), 53.8 
(C-51), 47.7 (C-9), 47.6 (C-36), 47.6 (C-17), 46.3 (C-19), 43.91 (C-1), 

43.6 (C-18), 42.0 (C-35), 39.4 (C-4), 39.4 (C-14), 39.2 (C-8), 38.3 (C- 
10), 34.0 (C-21), 33.0 (C-30), 32.7 (C-22), 30.4 (C-20), 29.9 (C-7), 28.5 
(C-24), 27.8 (C-15), 25.9 (C-27), 24.1 (C-29), 23.5 (C-11), 22.5 (C-16), 
21.2 (C-32), 21.0 (C-33), 20.9 (C-52), 20.9 (C-52‘), 18.3 (C-6), 17.7 (C- 
23), 17.0 (C-25), 16.5 (C-26), 11.4 (C-53), 11.4 (C-53‘) ppm; MS (ESI, 
MeOH/chloroform 4:1): m/z = 1106.0 (100 %, [M− Cl]+); analysis calcd 
for C69H95ClN4O7 (1127.99): C 73.47, H 8.49, N 4.97; found: C 73.14, H 
8.68, N 4.75. 

9-[2-[[4-(2α,3β-Bis(acetyloxy)-olean-12-en-28-oyl)-1-piperazinyl] 
carbonyl]phenyl]-3,6-bis(dibenzylamino]-xanthylium chloride (15) 

According to GPC with 11 (followed by chromatography (silica gel, 
chloroform/MeOH, 9.5:0.5) 15 (52 %) was obtained as a violet solid; m. 
p. 216–219 ◦C; RF = 0.45 (chloroform/methanol, 9:1); UV–vis (MeOH): 
λmax (log ε) = 259 (4.61), 302 (4.25), 556 (5.06) nm; IR (ATR): ν = 2941 
m, 2863 m, 1737 s, 1633 s, 1590 s, 1580 s, 1550 m, 1525 m, 1480 s, 
1451 s, 1426 s, 1409 s, 1388 s, 1341 s, 1298 s, 1281 s, 1252 s, 1252 s, 
1221 s, 1181 s, 1152 s, 1079 m, 1041 s, 1029 s, 1002 s cm− 1; 1H NMR 
(500 MHz, CDCl3): δ = 7.67 – 7.63 (m, 1H, 41-H), 7.53 – 7.51 (m, 1H, 
39-H), 7.40 – 7.38 (m, 2H, H-46 + H-46′), 7.36 – 7.17 (m, 21H, 40-H +
42-H + 54-H + 54‘-H + 52-H + 52′-H + 53-H + 53′-H), 7.12 – 7.10 (m, 
2H, 47-H + 47‘-H), 6.88 – 6.83 (m, 2H, 49-H + 49‘-H), 5.23 (t, J = 3.5 
Hz, 1H, 12-H), 5.07 (td, J = 11.1, 4.7 Hz, 1H, 2-H), 4.95 – 4.68 (m, 9H, 
51-H + 51‘-H + 3-H), 3.51 – 3.34 (m, 3H, 35-Ha + 36-Ha + 36-Hb), 3.25 
(br s, 1H, 35-Hb), 3.04 – 2.99 (m, 1H, 18-H), 2.14 – 2.04 (m, 1H, 16-Ha), 
2.03 (s, 3H, 33-H), 2.02 – 1.97 (m, 1H, 1-Ha), 1.95 (s, 3H, 32-H), 1.94 – 
1.77 (m, 2H, 11-Ha + 11-Hb), 1.70 – 1.46 (m, 5H, 16-Hb + 19-Ha + 7- 
Ha + 7-Hb + 15-Ha + 6-Ha), 1.43 (dd, J = 12.3, 2.6 Hz, 1H, 22-Ha), 1.39 
– 1.27 (m, 2H, 6-Hb + 21-Ha), 1.25 (d, J = 12.7 Hz, 1H, 22-Hb), 1.18 – 
1.12 (m, 2H, 19-Hb + 21-Hb), 1.10 (s, 3H, 27-H), 1.10 – 1.01 (m, 2H, 15- 
Hb + 1-Hb), 1.01 (s, 3H, 26-H), 0.95 (d, J = 8.0 Hz, 1H, 5-H), 0.89 (s, 
3H, 29-H), 0.87 (s, 9H, 23-H + 24-H + 30-H), 0.68 (s, 3H, 25-H) ppm; 
13C NMR (126 MHz, CDCl3): δ = 175.6 (C-28), 170.9 (C-31), 170.6 (C- 
34), 167.5 (C-37), 158.0 (C-50), 158.0 (C-50‘), 157.9 (C-44), 157.7 (C- 
48), 157.7 (C-48‘), 144.9 (C-13), 134.9 (C-43), 134.7 (C-52), 134.6 (C- 
52‘), 132.7 (C-46), 132.7 (C-46‘), 131.0 (C-38), 130.7 (C-42), 130.5 (C- 
40), 130.4 (C-41), 129.4 (C-54), 129.4 (C-54), 128.3 (C-55′), 128.3 (C- 
55), 127.9 (C-39), 126.5 (C-53′), 126.5 (C-53), 121.2 (C-12), 115.3 (C- 
47), 115.3 (C-47′), 115.0 (C-45), 115.0 (C-45′), 97.8 (C-49′), 97.7 (C- 
49), 80.7 (C-3), 70.1 (C-2), 55.2 (C-51), 55.2 (C-51′), 55.0 (C-5), 47.7 (C- 
9), 47.6 (C-36), 47.6 (C-17), 46.4 (C-19), 43.9 (C-1), 43.7 (C-18), 42.0 
(C-35), 39.4 (C-4), 39.4 (C-14), 39.2 (C-8), 38.3 (C-10), 34.0 (C-21), 
33.0 (C-30), 32.7 (C-22), 30.4 (C-20), 29.8 (C-7), 28.5 (C-24), 27.9 (C- 
15), 25.9 (C-27), 24.1 (C-29), 23.5 (C-11), 22.6 (C-16), 21.2 (C-32), 21.0 
(C-33), 18.3 (C-6), 17.7 (C-23), 17.0 (C-25), 16.6 (C-26) ppm; MS (ESI, 
MeOH/chloroform, 4:1): m/z = 1298.7 (32 %, [M− Cl + H]+), 1297.7 
(29 %, [M− Cl]+); analysis calcd for C85H95ClN4O7 (1320.17): C 77.33, 
H 7.25, N 4.24; found: C 76.97, H 7.65, N 3.97. 
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