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Vorwort 

Die vorliegende Arbeit entstand im Zeitraum von August 2018 bis September 2022 am Institut 

für Chemie im Bereich Organische Chemie der Naturwissenschaftlichen Fakultät II der Martin-

Luther-Universität Halle-Wittenberg im Arbeitskreis von Prof. Dr. René Csuk. Diese 

Dissertation wurde in kumulativer Form angefertigt. Die Forschungsergebnisse sind bereits in 

internationalen englischsprachigen ‚peer-reviewed‘ Fachzeitschriften erschienen. Dort sind 

alle experimentellen Daten, die Ergebnisse und deren Diskussion nachzulesen.  

Im Mittelpunkt dieser Dissertation stehen die Einordnung der Forschungsergebnisse, sowie 

eine übergreifende Diskussion der wissenschaftlichen Veröffentlichungen.  
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1 Einleitung 

„Wodurch unterscheidet sich der Stoffwechsel wachsenden Gewebes von dem Stoffwechsel 

ruhenden Gewebes?“ fragte Otto Warburg schon in den Zwanzigerjahren des letzten 

Jahrhunderts in Bezug auf Krebs. [1] Warburg befasste sich eingehend mit dieser Krankheit 

und erkannte, dass sie viele Ursachen hat und auch mit einem veränderten Stoffwechsel 

einhergeht. [2] 

Durch Forschungen wie der Warburgs sowie verbesserten Lebensstandard hat es die 

Menschheit im letzten Jahrhundert zu einer gesünderen und älter werdenden Gesellschaft 

gebracht. Fortschritte in den Therapiemethoden, angepasste Impfstoffe und Medikamente 

ermöglichen es, viele Krankheiten gut zu behandeln oder in vielen Fällen sogar zu heilen. 

Allerdings gibt es nach wie vor Erkrankungen, für die es noch keinen erfolgreichen 

Behandlungsansatz gibt. Zu den häufigsten – sogenannten modernen – Krankheiten weltweit 

mit vielen Todesopfern zählt Krebs. [3,4,5] Abbildung 1 zeigt für das Jahr 2020 die weltweiten 

Zahlen an Krebsneudiagnosen. Auch in Deutschland gibt es schätzungsweise jährlich fast eine 

halbe Million Neuerkrankte und 250.000 Sterbefälle mit der Diagnose Krebs. [6] Die 

vielschichtigen Ursachen und Veränderungen im Tumorgewebe sind Bestandteil der 

Forschung, um neue und gezieltere Behandlungsmöglichkeiten zu entwickeln. 

 

Abbildung 1 Weltweite Krebsfallzahlen im Jahr 2020. [4] 

Geschichtliche Berichte belegen, dass Krebs schon vor über 2000 Jahren von Hippokrates 

beschrieben wurde und von ihm seinen Namen erhielt, weil die Form der von ihm untersuchten 

Tumore an das gleichnamige Krustentier erinnert. Noch frühere Beschreibungen von 

Geschwülsten wurden auf Papyri entdeckt, was die lange Geschichte von Krebserkrankungen 
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beim Menschen belegt. [7] Heute versteht man darunter eine Vielzahl von Erkrankungen von 

Gewebe, das durch fortlaufende Veränderungen im Genom maligne Tumore ausbildet, was 

auch als Neoplasie bezeichnet wird. Ein sogenannter gutartiger (benigner) Tumor, der 

ebenfalls unkontrolliert wächst und umgebendes Gewebe dadurch verdrängt, unterscheidet 

sich von einem bösartigen (malignen) Tumor insofern, dass letzterer invasives Wachstum 

aufweist. Krebs entsteht, wenn Zellen sich ungehindert vermehren können, d.h. auf Kosten 

der Umgebung wachsen, sich teilen und in Normalgewebe der Umgebung oder als Metastasen 

im gesamten Organismus eindringen. [8–11] Dabei unterscheidet man nach dem 

Ursprungsgewebe der Entartung zwischen Karzinomen aus Epithelzellen, Sarkomen aus 

Bindegewebs- oder Muskelzellen sowie weiteren Krebsformen wie z.B. Leukämie oder 

Lymphome. [10] 

 

1.1 Die Krankheit Krebs 

1.1.1 Entstehung 

Für die Entstehung von Tumoren sind viele kaskadische Mutationen nötig. Durch schnelleres 

Wachstum oder weniger Einschränkungen bilden sich Krebszellen und deren Klone. Die 

Unabhängigkeit von Wachstumsfaktoren und Umgebungssignalen geben den Krebszellen 

einen selektiven Vorteil. [5] Die Vielzahl der nötigen Mutationen erklärt die Häufung von 

Krebsneuerkrankungen mit zunehmendem Alter, wie die Zahlen auch für Deutschland 

belegen: zwei Drittel der Neuerkrankten sind älter als 65 Jahre. [12] 

Neben vererbbaren Veranlagungen, die allein keinen Krebs auslösen, dessen Entstehung 

aber begünstigen, zählen Umwelteinflüsse, wie beispielsweise UV-Strahlung (Ultraviolett), 

Luftverschmutzung und kanzerogene Stoffe zu den Promotoren von Krebs. Es ist zu 

beobachten, dass Krebs meist erst nach einem längeren Zeitraum entsteht, was eine weitere 

Erklärung für die Vielzahl von Veränderungen ist, die aufeinanderfolgen müssen, um zur 

Krebsbildung zu führen. Persönliche Angewohnheiten können das Krebsrisiko steigern. 

Belegbar ist ein direkter Zusammenhang zwischen dem Tabak- und Alkoholkonsum und 

diversen Krebsarten, hauptsächlich im Atemweg und Rachenraum; d.h. ein Verzicht senkt das 

Risiko deutlich. [5,6,12–14]  

Die IARC (International Agency for Research on Cancer) hat zum persönlichen Vorbeugen 

einen Kodex mit wichtigen Hinweisen erarbeitet. [15] Auch Ernährung und Bewegung können 

über entzündliche Vorgänge einen Einfluss auf das Krebsrisiko haben, da die meisten 

Mutationen und Veränderungen im Stoffwechsel durch chronische Entzündungen entstehen; 

diese sind über eine Anpassung der Gewohnheiten größtenteils vermeidbar. [5,6,12,13]  
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1.1.2 Merkmale 

Zu den wichtigsten Merkmalen von Tumoren zählt das unkontrollierte Wachstum von Gewebe 

durch vermehrte Proliferation bzw. Zellteilung und Unterdrückung von Apoptose, dem 

gezielten Zelltod (siehe unten). [9] Ausgelöst wird dies durch Mutationen bestimmter Gene: der 

Proto-Onkogene, die das Wachstum regulieren, und Tumorsuppressorgene. Bei ersteren 

fördern Mutationen über die Bildung der Onkogene und deren Überaktivierung das Krebsrisiko; 

bei letzteren können die Mutationen die Genfunktionen hemmen, was entsprechend die 

Tumorbildung vorantreibt. [10,16]  

Die meisten Mutationen betreffen Kontrollpunkte und Signalwege von Zellzyklus und Apoptose 

sowie den Metabolismus der Zelle. [10,17] Folglich fehlt die Regulation in den Zellen aufgrund 

der Vermeidung von Wachstumssuppressoren und der Aufrechterhaltung von 

Wachstumssignalen. [8] Die häufigsten betroffenen Wege sind der Rb-Signalweg 

(Riboblastom), der p53-Signalweg (Protein53) und der RTK/Ras/PI3K-Signalweg (Rezeptor-

Tyrosinkinasen/ Protein rat sarcoma/ Phosphoinositid-3-Kinasen), d.h., dass die Regulation 

für die wichtigsten Kontrollwege der Zellfunktion verändert oder außer Kraft gesetzt werden. 

Durch Entzündungen wird in den meisten Krebsfällen der NF-κB (nuklearer 

Transkriptionsfaktor (κ-Ketten-Verstärker der aktivierten B-Zellen)) verändert, was über 

dessen Aktivierung die Krebsentstehung vorantreibt. [5,11,12] 

Für das Wachstum des Tumors und dessen Ausbreitung ist die Nährstoffversorgung wichtig, 

was die Zellen durch die Bildung neuer Blutgefäße – der Angiogenese – gewährleisten. [10,18] 

Die erhöhte Glukoseversorgung ist auch für den veränderten Glukosestoffwechsel – den 

Warburg-Effekt – nötig, der als Energie- und Kohlenstoffquelle für die Biosynthese weiterer 

Zellbestandteile sorgt. [19,20] Durch weitere Signale an umgebenden Zellen und Blutgefäße 

können Tumorzellen die Metastasierung steuern und somit invasiv auf den Körper wirken. [17,10] 

 

1.1.2.1 Apoptose 

Neben Proliferation spielt auch Apoptose eine wichtige Rolle für eine funktionierende Zelle. [10] 

Unter Apoptose wird im Allgemeinen eine Art des programmierten Zelltodes verstanden. Die 

Anfänge der Untersuchungen liegen bei Lockshin et al. [21] in den Siebzigerjahren des letzten 

Jahrhunderts. Mit Apoptose wird eine Form des Zelltodes bezeichneten, der mit 

Caspaseaktivitäten (cysteinyl-aspartate specific protease) und typischen morphologischen 

Veränderungen wie dem Zellschrumpfen, der Fragmentierung der Zellkerne und der Zellen 

selbst sowie der Chromatinkondensation einhergeht. [21,22,23] Die ebenfalls von Caspasen 

eingeleitete Umlagerung von Phosphatidylserin dient der Rezeptorbereitstellung für 

Makrophagen, die die Zellreste über Phagozytose verwerten sollen. [22,16,24]  
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Abbildung 2 Apoptotische Zellen der Zelllinie A2780 mit Acridinorange (grün) und 

Propidiumiodid (rot) gefärbt unter dem Fluoreszenzmikroskop. 

Etwas allgemeiner ist eine neuere Auffassung der Apoptose, die diese als caspasevermittelten 

Zelltod bezeichnet, denn Caspasen regulieren die Abläufe und sorgen direkt und indirekt für 

das morphologische Erscheinungsbild der Zellen. Damit ist dies nur eine Form des 

programmierten Zelltodes, wobei programmiert für genetisch kodiert steht. Denn auch 

Autophagie und Onkose können dazugezählt werden. Die Autophagie beschreibt den Abbau 

und die Verwertung von geschädigtem Material durch die Zelle selbst; Onkose führt über 

Anschwellen der Organellen zu Nekrose. Ein Zelltod durch Nekrose kann auch über den 

apoptotischen Weg eingeleitet werden, was man sekundäre Apoptose und auch apoptotische 

oder sekundäre Nekrose nennt. [24,25] 

Die bei der Krebsentstehung beteiligten Mutationen können auch die Caspasewege 

beeinflussen, was zu Veränderungen der Apoptose führt. [26] Im Zusammenhang mit Krebs 

spielt Apoptose insofern eine Rolle, dass sie meist von den Tumorzellen gehemmt wird, diese 

also gegen die Apoptosesignalgebung resistent sind, was zur unkontrollierten Proliferation und 

damit der Neogenese beiträgt. Das Verständnis der Resistenzmechanismen und 

Apoptosewege soll bei der Therapie eingesetzt werden, damit Tumorzellen gezielt eliminiert 

werden können. [27] 

 

1.1.3 Diagnose 

Für die ärztliche Diagnostik von Krebs werden hauptsächlich radiologische 

Bildgebungsverfahren, wie CT (Computertomographie) und MRT (Magnetresonanz-

tomographie), eingesetzt, die außerdem die Morphologie des Krebses untersuchbar machen. 

Bei der PET (Positronen-Emissions-Tomographie) kann der Warburg-Effekt, der den höheren 
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Glukoseverbrauch der Tumorzellen beschreibt, genutzt werden, um diese Zellen im 

Ganzkörperscan sichtbar zu machen. Diese nehmen auch 18F-markierte FDG 

(2-Fluor-2-desoxy-glukose) vermehrt auf. [10,12,20,28] 

Günstig für die weitere Behandlung ist die frühe Diagnostik – am besten vor der 

Metastasierung –, um eine erfolgreiche Behandlung zu gewährleisten. Daher werden neue 

Diagnosemöglichkeiten getestet und verbessert. Blutproben können Krebszellen – 

sogenannte CTCs (circulating tumor cells) – anzeigen, denn bereits vor der Metastasierung 

werden diese durch den Körper transportiert. Auch Proteine oder Metabolite, die auf die 

Tumorzellen und ihren Gewebeursprung hinweisen, können im Blut nachgewiesen werden. 

Immunoassays können mittels Antikörpern Metastasen erkennen und somit bei der Diagnostik 

helfen. [9,10,12] 

 

1.1.4 Behandlung 

Zur etablierten Krebsbehandlung gehören die operative Entfernung von Tumoren sowie die 

Strahlen- und Chemotherapie. Bei letzterer kommen hauptsächlich Zytostatika zum Einsatz, 

die den Tumor in Wachstum und Ausbreitung hemmen sollen, indem sie beispielsweise 

während der Translation eingreifen. Zusätzlich versucht man das Immunsystem zu stärken 

und es gibt auch Ansätze, Krebs über Immunmodulation direkt zu bekämpfen. [11] Doxorubicin 

ist ein bekannter Wirkstoff, der durch Interkalation in die DNA (Desoxyribonukleinsäure) und 

Quervernetzungen mit den Nukleinbasen, die Topoisomerase II inhibiert, die normalerweise 

die Doppelstrangbrüche herbeiführt. [12,29] Ein Problem in der Krebstherapie, speziell mittels 

Zytostatika, ist die Belastung für die Normalzellen mit bekannten Nebenwirkungen wie 

Haarausfall oder generelle Immunschwäche. Am eigentlichen Krebsgeschehen unbeteiligte 

Zellen werden damit ebenfalls in der Proliferation gehemmt, denn die Selektivität gegen 

Tumorzellen beruht nur auf ihrer höheren Stoffwechsel- und Wachstumsrate. [11,12] 

Weitere Probleme ergeben sich aus den Resistenzen, die Tumorzellen ausbilden können. Zum 

einen sind Krebszellen durch ihre vielen Mutationen bereits immun bzw. unabhängig von 

Apoptose- oder Überlebenssignalen oder zeigen deutliche Unterschiede in ihrem 

Metabolismus. [27] Aber auch während der Behandlung kann es zu neuen Mutationen kommen, 

die Resistenzen erzeugen, wenn sie z.B. Transport- und Reparaturmechanismen oder das 

eigentliche Target betreffen. [12,30] Krebszellen können außerdem durch Überexpression von 

Transportern wie dem ABC-Transporter (ATP binding cassette) die Therapeutika aus den 

Zellen schleusen und die Wirkung damit umgehen. [16] Daher wird nach neuen potentiellen 

Wirkstoffen geforscht, die Resistenzen wieder umgehen können. 
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1.1.5 PDT (Photodynamische Therapie) und PD (Photodiagnose) 

Für die PDT sind Licht, Sauerstoff und ein Photosensibilisator wichtig. Die Belichtung soll ROS 

(reaktive Sauerstoffspezies) generieren, v.a. Singulett-Sauerstoff, der als Hauptsubstanz für 

die zytotoxische Wirkung nachgewiesen ist. Der PS (Photosensibilisator) kann dafür nach 

Belichtung seinen angeregten Singulett- in den Triplett-Zustand überführen, indem Energie 

über ISC (inter system crossing) übertragen wird. Aus dem Triplettzustand können dann über 

die photodynamische Reaktion über verschiedene Wege reaktive Spezies generiert werden. 

Schädigungen an Zellbestandteilen sollen im Tumor den Zelltod herbeiführen, möglichst durch 

Apoptose; aber auch lokale Entzündungen sind möglich. [31–33]  

 

Abbildung 3 Die Wirkung von Photosensibilisatoren (PS) in der PDT an einem vereinfachten 

Jabłoński-Diagramm. [32–34] 

Als Lichtquelle wurden verschiedene Systeme, z.B. Laser (light amplification by stimulated 

emission of radiation) und LEDs (light-emitting diode), getestet, wobei es auf gute 

Dosierbarkeit, monochromatisches Licht, aber auch die Kosten ankommt. Über Fiberglas kann 

es auch zu inneren Läsionen gelangen. [33] Das therapeutische Fenster liegt bei einer 

Wellenlänge von 650 nm – 800 nm, da langwelligeres Licht tiefer in Gewebe eindringt, aber 

über 800 nm nicht mehr genug Energie für die photodynamische Reaktion bzw. 

Singulettsauerstoffbildung besitzt. Daher sollten die eingesetzten Fluoreszenzfarbstoffe in 

diesem Bereich angeregt werden sowie photostabil und im Dunklen möglichst atoxisch sein. 

[31–33]  

Die momentan in der Forschung untersuchten Verbindungen können durch ihre direkte 

Wirkung auf die DNA allerdings auch selbst kanzerogen wirken. Daher wird nach neuen 

geeigneten Verbindungen gesucht. [31] Ein Problem bei der Behandlung stellt auch hier die 

Resistenz dar, die beispielsweise durch Ausschleusen der Moleküle oder vermehrte 
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Antioxidansausschüttung vom Krebs herbeigeführt werden kann. Die Kombination mit 

weiteren Verbindungen, die dies verhindern, soll die Wirkung der PDT verbessern. [33] 

Auch weitere Anpassungen der Struktur sind möglich, sodass die Verbindung pH-abhängig 

aktiviert wird, was man in der saureren Umgebung von Tumoren nutzen kann, oder bestimmte 

Strukturen gezielt angegriffen werden. Dies kann beispielsweise über Peptide und Antikörper 

oder Kohlenhydrate erreicht werden, die für die tumorspezifische Aufnahme sorgen und auf 

für die Neoplasie nötige oder überexprimierte Moleküle wirken. Außerdem sollten 

Photosensibilisatoren amphiphil gestaltet werden, damit sie in der Blutbahn transportiert und 

anschließend von den Krebszellen aufgenommen werden können. [31–33]  

 

Viele der oben genannten Eigenschaften sind auch für Farbstoffe in der Diagnose wichtig: 

keine Toxizität im Dunklen, wenig Nebenwirkungen wie Photosensibilität, amphiphile 

Strukturen für gute Bioverfügbarkeit, geeigneter Absorptionsbereich für Gewebe und 

Photostabilität. [31,35] Außerdem sollten die Stoffe nicht zu lange im Körper verbleiben bzw. 

nicht in umliegendes Gewebe diffundieren, um Nebenwirkungen zu vermeiden. [36] 

Vor allem für die Erkennung von Hauterkrankungen wie Melanomen kann die PD verwendet 

werden. Bei diesem Verfahren werden tumorspezifische Fluoreszenzmarker eingesetzt, die 

sich nach ihrer Akkumulation im Tumorgewebe mittels Lichtquelle anregen lassen und dieses 

gut erkennbar machen. Dies hilft bei der operativen Entfernung und ermöglicht in Kombination 

mit der PDT neue nicht invasive Verwendungen, wobei eine Tumorselektivität vor der 

Photosensiblität des umliegenden Gewebes schützt. [31,36,37] Den Einsatz von Stoffen, die 

gleichzeitig sowohl der Diagnose als auch zur Therapie dienen, nennt man Theranostik. [38] 

Zum einen können Antikrebswirkstoffe an Fluoreszenzfarbstoffe gebunden werden; zum 

anderen sind die in der PDT eingesetzten Stoffe Fluoreszenzmarker und müssen mit einem 

Tumortarget versehen werden. Zu bereits untersuchten Verbindungen gehören beispielsweise 

Porphyrin- und Cyaninderivate [29,37,38]; aber auch BODIPYs (Bordipyrromethen) sind in den 

Fokus der Forschung gerückt. [32,39,40,41]  
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2 Grundlagen 

2.1 Triterpene 

Als vielversprechend haben sich Triterpene gezeigt, denn sie sind in der Natur weit verbreitet 

mit über 20.000 Vertretern, v.a. als sekundäre Pflanzeninhaltstoffe. [41,18,42] Sie werden 

enzymatisch aus Isopreneinheiten synthetisiert und können nach ihren Aufbaumerkmalen in 

verschiedene Gruppen eingeteilt werden. Am häufigsten sind tetra- und pentacyclische 

Triterpene, wobei zu den letzteren die hier am meisten untersuchten Säuren mit Lupan-, 

Oleanan- oder Ursangrundgerüst gehören. [43,44] Wie die Strukturformeln (Abbildung 4) zeigen, 

unterscheiden sie sich am fünften Ring: Lupane bestehen am E-Ring aus Cyclopentan mit 

einem Isopropyl-Rest an C-19; die beiden anderen Grundgerüste bilden am E-Ring ein 

weiteres Cyclohexan mit zwei Methylgruppen, die beim Oleanan beide an C-20 und beim 

Ursan jeweils eine an C-19 und C-20 gebunden sind. [43,45] 

 

Abbildung 4 Strukturformeln der Triterpengrundgerüste. [45] 

In der Natur kommen sie in Pflanzen in äußeren Schichten und Wachsen vor, wie z.B. in 

Blättern oder Borke. Dabei liegen sie in freier Form oder als Saponine vor, die noch ein bis 

zwei Zuckerreste aufweisen, was sie amphiphil macht. [18,30,46] Auch durch polare Gruppen am 

Grundgerüst können Triterpene zu Emulgatoren werden, sodass sie wegen der 

Grenzflächenaktivität gegen Mikroorganismenmembrane wirken können. Weiteren Schutz 

bieten sie in den Wachsen gegen mechanische Schäden, da sie diese aufgrund ihrer 

sterischen Hinderung festigen und Wasser abweisen. [43] 

Triterpene wurden bereits in der Vergangenheit gegen viele Erkrankungen verwendet, sodass 

ihre pharmakologische Wirkung in den letzten Jahren genauer untersucht wurde. Zu ihren 

Wirkungen zählen antiinflammatorische, antioxidative, analgetische, antivirale, antimikrobielle, 

immunmodulierende, antiangionetische und antitumorale sowie tumorpräventive Effekte, was 

sie auch für die Krebsbehandlung interessant macht. [42,43,47] Triterpene gelten normal als nicht 

toxisch und kommen in Obst und Gewürzen vor, was deren tumorpräventive Eigenschaften 

erklären könnte, d.h. deren Verzehr kann auch vor einer Krebsentstehung schützen. [5,18] 
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Gegen diverse Tumorzelllinien konnten insbesondere Triterpensäuren erfolgreich eingesetzt 

werden, d.h. sie zeigten z.T. auch selektive Zytotoxizität. [48,49] Ein Problem stellt die geringe 

Löslichkeit und damit geringe Bioverfügbarkeit dar [18,30,50], die durch Derivatisierung verbessert 

werden soll, wie auch die Zytotoxizität und Selektivität. [51] Zu vielen Vertretern wie der 

Betulinsäure, Oleanolsäure, Glycyrrhetinsäure und Ursolsäure wurden auch Untersuchungen 

zu den Wirkmechanismen in Krebszelllinien durchgeführt. [41,48,52]  

 

2.1.1 Forschung zur Wirkung der Triterpene gegen Tumore 

Betulinsäure kann nachweislich über den mitochondrialen Weg Apoptose einleiten. [53] Zu 

dieser Wirkung führen Modulationen von Proteinen der Bcl-2-Familie (B-cell lymphoma 2), die 

proapoptotische Proteine fördern. Auch NF-κB kann durch Betulinsäure aktiviert werden. 

Zusätzlich werden die Topoisomerasen inhibiert und somit die DNA-Replikation. [18,52] 

Betulinsäure ist selektiv gegen maligne Zelllinien und wird mit sinkendem pH-Wert wirksamer. 

[54] Sogar gegen einige resistente Ziellinien ist sie effektiv, da die Apoptoseeinleitung 

unabhängig von p53 ist. [18,55] 

Oleanolsäure kann Apoptose über die Caspasen-9, -3 und -8 einleiten. [18,52] Auch gegen 

resistente Zelllinien ist sie erfolgreich getestet worden und zeigte zytotoxische Wirkung. Durch 

die Caspasen wird das Membranpotential der Mitochondrien herabgesetzt und das 

proapoptotische Bax (Bcl-2-associated X protein) vermehrt exprimiert. Weiterhin werden 

Proteine gehemmt wie Survivin und Bcl-2, was auch den Zelltod vorantreibt. Auch die DNA-

Polymerase β wird inhibiert, sodass die DNA-Reparatur behindert ist. Zusätzlich kann Oleanol-

säure p53 aktivieren und infolgedessen ebenfalls weitere Apoptosewege einleiten. [52] 

Ursolsäure beeinflusst die Bcl-2-Proteine und unterdrückt NF-κB. [18] In Modellversuchen kann 

sie auch die Ausschüttung von Survivin und Bcl-2 herabsetzen und von Bax erhöhen. Im 

Zellzyklus bewirkt sie einen S-Phasenarrest (Synthese-Phasenarrest) durch die Inhibierung 

der DNA-Polymerasen und Topoisomerase II. Außerdem wirkt Ursolsäure gegen einige 

Krebsarten tumorpräventiv. [52] 

Glycyrrhetinsäure kann in den Zelllinienversuchen über Zellzyklusarrest und 

Caspasenaktivierung apoptotisch wirken und die DNA-Fragmentierung sowie die p53-

Ausschüttung vorantreiben. Auch allgemein gegen die Entstehung von Tumoren kann sie z.B. 

durch UV-Schutz wirken. Die Selektivität gegen maligne Zelllinien ist sehr von Vorteil. [52] 

Die Erhöhung der Bioverfügbarkeit durch Einschluss der Triterpensäuren in hydrophile 

Cyclodextrine verbessert die Aktivität, wie an Ursol- und Oleanolsäure gezeigt wurde. [56] Sie 

wirken meist auf viele Targets und Zellmechanismen und können dadurch Resistenzen gegen 

bestimmte Signale umgehen, sodass sie sogar gegen multiresistente Tumore eingesetzt 

werden können [30,18,57] Auch das Mischen verschiedener Triterpene oder die Zugabe zu 
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bekannten Wirkstoffen können synergistisch deren Wirkung verbessern. [18,58] Ziele sind dabei 

das Stoppen der unkontrollierten Proliferation von Krebszellen, durch z.B. Zellzyklusarrest 

oder Differenzierung der Zellen, oder der gezielte Zelltod. Wegen ihrer gegen Krebs wirkenden 

Eigenschaften sind die Triterpensäuren eine vielversprechende Lösung und deren Derivate 

können bereits erste Erfolge zeigen. [18,42,51] 

 

2.2 Farbstoffe 

2.2.1 BODIPY 

BODIPY steht für Bordipyrromethen und liegt meist als Difluorid vor [59–62], wird aber auch als 

Pyrromethen-Bordifluorid-Komplex [63] bzw. nach dem Grundgerüst 4-Bora-3a,4a-diaza-

s-indacen [61] bezeichnet. Diese Farbstoffklasse ist vielseitig einsetzbar, da die Strukturen 

chemisch gut verändert werden können, um sie an die Zielstruktur anzupassen. Ihre Eignung 

beruht auf ihrer Stabilität und guten Fluoreszenzeigenschaften, was sie als Biomarker 

verwenden lässt. [60,61,64] Auch die Zytotoxizität wurde untersucht; verschiedene Derivate 

zeigen zwar keine Wirkung, werden aber in Zellmembranen, im ER (endoplasmatisches 

Retikulum) und Lysosomen nachgewiesen. [65] Für iodierte Formen konnte eine zytotoxische 

Wirkung nach Lichteinwirkung nachgewiesen werden [64]; auch Kupfer-Komplexe zeigen 

Zytotoxizität gegen Krebszelllinien. [66]  

 

Abbildung 5 Strukturformeln der Grundgerüste von (aza-)BODIPY. [32,61,62] 

Erste BODIPY-Derivate wurden und werden für die Theranostik – PD sowie PDT – getestet, 

um Tumorzellen durch Singulettsauerstoff zu zerstören. Sie müssen geeignete Substituenten 

aufweisen, um die nötigen Eigenschaften wie bei Anregung eine hohe Anzahl an Molekülen 

im Triplettzustand zu besitzen. [64] So wurden sie schon gezielt für die PDT und Wirkung in den 

Lysosomen moduliert und getestet. [67] Eine Wirkung im grünen Lichtspektrum hat Nachteile 

für den Einsatz, da rotes Licht tiefer ins Gewebe eindringt. Dies kann beispielsweise über 

Austauschen von Kohlenstoff durch ein Stickstoffatom in meso-Position und den damit 

einhergehenden batochromen Effekt erreicht werden. Diese Strukturen werden als 

aza-BODIPYs bezeichnet [68]; in den früheren Veröffentlichungen auch als BF2-chelatisierte 

Azadipyrromethene. [34,69,70] Derivate stellen einen geeigneten Photosensibilisator dar. [32,35] 

Auch finden sie weitere Anwendung in der Biologie aufgrund ihrer Eigenschaften wie relativ 
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einfache Synthese bzw. Anpassung, Photostabilität und Extinktion im roten 

Wellenlängenbereich bis zum NIR (nahes Infrarot, 650 nm bis 1100 nm). [71] Wasserlösliche 

Derivate wurden als für die Theranostik geeignet befunden [72]; amphiphile Strukturen haben 

sich als Verbesserung des BODIPY-Grundgerüstes gezeigt; auch Nanoeinheiten sowie 

Micellen können die Bioverfügbarkeit und Anreicherung in Tumorzellen verbessern. [73] Nicht-

toxische aza-BODIPY-Derivate können zur Markierung lebender Zellen und damit zur 

Nachverfolgung der Therapie verwendet werden. [34,68,69]  

Über eine geringe Zytotoxizität im Dunklen und gute Anregung durch Lichtstimulation kann 

eine bessere therapeutische Selektivität der BODIPYs erreicht werden.[74]  

 

2.2.2 Rhodamin 

Eine weitere Farbstoffklasse, mit der ich mich in meiner Arbeit genauer befasst habe, sind 

Rhodamine. Bereits Ende des 19. Jahrhunderts wurden deren Synthesen beschrieben und 

von Ceresole patentiert [75]; im Laufe der Zeit kamen weitere Synthesewege hinzu. [76–78] 

Rhodamine gehören zu den Xanthenen, die zwei Aminogruppen enthalten und meist aus drei 

Phenylringen bestehen, wobei zwei durch die Sauerstoffbrücke in ortho-Position zum 

zentralen Kohlenstoffatom an der Drehung gehindert sind. [63,76] Rhodamine sind je nach 

Substituenten dunkelblaue bis violette Feststoffe [77] oder auch grüne Kristalle oder Pulver [79,80] 

und in Wasser, DMSO (Dimethylsulfoxid) und Ethanol unter meist grüner bis roter Fluoreszenz 

löslich. [81,82,83] Sie werden als Farbstoffe für Papier und Tinte sowie als Laser- und 

Fluoreszenzfarbstoffe eingesetzt. [40,63,76,78]  

 

Abbildung 6 Rhodamin B bei verschiedenen pH-Werten. [81,84] 

Ein bekanntes Beispiel dieser Klasse ist Rhodamin B, das als Fluoreszenzmarker in Wasser 

oder in der Histologie zur Färbung der Mitochondrien verwendet wird. [80,83,85] Als 

Lebensmittelzusatzstoff ist es umstritten, da es in Zellversuchen eine leichte mutagene 

Wirkung zeigte [86], aber es ist allgemein als nicht toxisch oder krebserregend eingestuft. [79,87] 

In ungebundener und offenkettiger Form kommt Rhodamin B in Lösungen mit neutralem und 

physiologischem pH-Wert als Zwitterion vor, wodurch es sich wegen der fehlenden Ladung 

nicht in Mitochondrien einlagert. [88] Abhängig vom pH-Wert oder Lösungsmittel kann es auch 
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als Kation im Sauren oder als Spirolacton vorliegen, das nicht fluoresziert – die sogenannte 

Leukoform. [76,84,89] Die Spirolactonbildung kann durch Veresterung oder Amidierung mit 

sekundären Aminen verhindert werden, die auch unter physiologischen Bedingungen stabiler 

sind. [84] Auch photoinduziert kann die Lactonform wieder geöffnet werden [90], was interessante 

Anwendungsmöglichkeiten der Markierung von Biomolekülen [40,78,89] mit sich bringt, wie die 

Maskierung von Rhodaminderivaten, um mehrere Färbungen in Zellen bei derselben 

Wellenlänge möglich zu machen.[91]  

 

2.3 Untersuchungen zum Zelltod 

2.3.1 SRB-Assay (Sulforhodamin B-Assay) 

 

Abbildung 7 Strukturformel von Sulforhodamin B. [76] 

Die Durchführung des SRB-Assays wurde in den Publikationen bereits ausführlich 

beschrieben. An dieser Stelle soll kurz der Hintergrund betrachten werden. Der Assay selbst 

wurde von Skehan et al. entwickelt und optimiert. [92] Der Farbstoff Sulforhodamin B – die 

Struktur ist in Abbildung 7 dargestellt – kann sich elektrostatisch an Proteine, im Speziellem 

an deren basische Aminosäurereste, anlagern. Da dieser Vorgang pH-abhängig ist, kann der 

Farbstoff im Sauren an die Proteine binden und im Basischen wieder in Lösung gebracht 

werden; im Protokoll werden dafür Essigsäure und TRIS-Puffer (Tris(hydroxymethyl)amino-

methan-Puffer) verwendet. [93] Die Bindung erfolgt stöchiometrisch und auch das Ablösen der 

Proteine erfolgt quantitativ, sodass über die Messung der optischen Dichte der Proteingehalt 

bestimmt werden kann. [94] Dieser gibt, nachdem die Zellen mit TCA (Trichloressigsäure) fixiert 

wurden, Aufschluss über die Zellzahl, die dem Proteingehalt proportional ist. Der Assay ist gut 

in 96-well Platten einzusetzen und reproduzierbar, sodass er verlässliche Ergebnisse liefert 

und für die Berechnung der Konzentration von Substanzen verwendet werden kann, die auf 

die Krebszellen wirken. Die EC50, die mittlere, auf die Zellen wirkende Effektkonzentration, 

stellt eine gute Vergleichsgröße für die Substanzwirkung dar. [92] Zur Bestimmung der 

Selektivität der Substanzen gegen Tumorzellen kann der Selektivitätsindex (SI) aus dem 
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Quotienten der EC50-Werte für eine nicht-maligne Zelllinie wie die NIH 3T3 (Mausfibroblasten) 

gegen die jeweilige Krebszelllinie berechnet werden. Dabei gilt: je höher der Wert ist, desto 

besser ist die Selektivität. [95,96] 

 

2.3.2 Mikroskopie 

Mikroskopie kann mit geeigneten Fluoreszenzfarbstoffen eingesetzt werden, um apoptotische 

Zellen zu erkennen, indem man die für diese typischen morphologischen Unterschiede 

sichtbar macht. Dies ist beispielsweise mit Acridinorange und Propidiumiodid – auch durch 

Ethidiumbromid ersetzbar – möglich. Acridinorange lässt lebende Zellen insgesamt grün 

fluoreszieren und lagert sich dabei an verschiedenen Stellen an. [97,98] Dadurch kann man bei 

Vorliegen von Apoptose das Zellschrumpfen und die Chromatinkondensation und -

fragmentierung erkennen. [97,99] Acridinorange interkaliert dabei in die DNA und färbt diese grün 

und heller als die Umgebung; es bindet auch an RNA (Ribonucleinsäure), hat dann aber eine 

schwache, rote Färbung. Bei der Kondensation verschiebt sich die Fluoreszenz ebenfalls ins 

orange. [100] Auch in sauren Zellkompartimenten wie den Lysosomen kann sich Acridinorange 

anreichern und diese dann rot färben. [98] Die Zellen färben sich dann im Zuge der Apoptose 

von grün zu gelb bis orange ein. [97,100]  

Durch die Zusätze von Ethidiumbromid oder Propidiumiodid kann man nekrotische Zellen 

besser unterscheiden, denn diese Farbstoffe dringen in tote Zellen mit geschädigter Membran 

ein und interkalieren in die DNA, wobei erster orange und letzter rot erscheint. [99–101] 

 

2.3.3 Durchflusszytometrie (FACS) 

Unter FACS versteht man einen fluorescence-activated cell sorter. [102,103] Die meisten 

Durchflusszytometer sind nicht mehr auf das Sortieren ausgelegt, sondern auch auf eine 

Untersuchung der Proben. [102] Dadurch wird die Abkürzung auch allgemein für 

Durchflusszytometrie verwendet. [104]  

Zu den untersuchten Proben zählen neben Zellen auch weitere biologische und 

nichtbiologische Partikel. Sie werden in einer (Puffer-)Lösung suspendiert und möglichst als 

einzelne Partikel gemessen. Dafür werden sie in einen Mantelstrom gegeben, um vereinzelt 

an der Lichtquelle und den Detektoren vorbeigeleitet zu werden. Die Zytometer verwenden 

unterschiedliche Laser und für die meisten Untersuchungen werden die Proben vorher mit 

Fluoreszenzmarkern behandelt. Gemessen werden dann die Fluoreszenz und die Streuung 

des Lichtes. Die Daten geben Aufschluss über die Beschaffenheit der Proben und können dem 

Assay entsprechend ausgewertet werden. Zu den Anwendungsmöglichkeiten gehören 
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Analysen der DNA, Apoptose, Expression bestimmter Proteine, Viabilität, des intrazellulären 

pH-Wertes und des Membranpotentials. [102–104,105] 

 

2.3.3.1 Annexin V 

Die Annexin V-Färbung beruht auf dessen Affinität zu Phosphatidylserin. Dieses befindet sich 

normalerweise an der inneren Zellmembran, wird bei der Apoptose dann durch Flippasen auf 

die äußere Zellmembran umgelagert. [106–108] Dort dient Phosphatidylserin dem Binden von 

Makrophagen, die die Zellreste durch Phagozytose wiederverwerten. [107–109] Annexin V kann 

bei Ca2+-Anwesenheit ebenfalls an das Phosphatidylserin an der äußeren Membran binden. 

[107] Für die Messbarkeit kann Annexin V an Fluoreszenzfarbstoffe gebunden werden. Dafür 

wird zum Beispiel FITC (Fluoresceinisothiocyanat) eingesetzt, das grün fluoresziert. Dadurch 

wird die Annexin V-Bestimmung am Durchflusszytometer durchführbar. [110] Im Falle von 

Nekrose kann es aufgrund der Membranpermeabilisierung auch zur Annexin-Bindung an 

Phosphatidylserin im Zellinneren kommen. Nekrotische Zellen werden durch Gegenfärbung 

mit Propidiumiodid ausgeschlossen. Damit kann man die Untersuchung von Annexin V für die 

Apoptosebestimmung einsetzen. [108] 

 

2.3.3.2 Zellzyklus 

Bei der Proliferation von Krebszellen ist deren Zellteilungsrate erhöht und der Zellzyklus 

gestört. Damit ist der Zeitraum zwischen zwei Mitosen gemeint, welcher neben der 

Duplizierung des Genoms und der Synthese weiterer Zellbestandteile auch die Teilung 

umfasst, sodass zwei identische Tochterzellen entstehen. Im Zellzyklus laufen die G1-, S-, G2- 

und M-Phase (Gap1-, Synthese-, Gap2- und Mitosephase) nacheinander ab. Gesteuert wird 

der Prozess über Cycline und CDKs (cyclin dependent kinase). [9,10] 

Zwischen Zellzyklus und Apoptose besteht ein Zusammenhang, da Zellzyklusregulatoren 

neben der Proliferation auch für die Apoptose wichtig sind. [111,112] An den Kontrollpunkten 

zwischen den einzelnen Zellzyklusphasen wird der weitere Prozess überprüft und bei 

Problemen Apoptose cyclingesteuert eingeleitet. [112]  

Neben der Apoptose versucht man auch einen Zellzyklusarrest mit den Derivaten zu erreichen. 

Dies kann ebenfalls am Durchflusszytometer untersucht werden. Dafür werden die Zellen nach 

der Aufarbeitung mit Propidiumiodid gefärbt, das sich in der DNA einlagert. Über die Messung 

des Fluoreszenzsignals kann man auf den DNA-Gehalt in der Probe schließen, der sich im 

Laufe des Zellzyklus verdoppelt, und die Zellen den einzelnen Phasen zuordnen. Unterhalb 

der G1/G0-Phase sind apoptotische Zellen in der sogenannten subG1-Phase zu erkennen. [113] 
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3 Diskussion 

3.1 Forschungsstand zu Triterpenderivaten 

Nachdem Triterpene mehr in den Fokus der Forschung als potentielle Wirkstoffe gegen 

unzureichend behandelbare Erkrankungen gerieten, wurde auch an einer Weiterentwicklung 

durch chemische Modifikationen gearbeitet, was durch eine Vielzahl an Publikationen in den 

letzten 20 Jahren belegt wird. Im Folgenden wird, ausgehend von dieser Arbeit, gezielt nur auf 

Derivate der verwendeten Triterpensäuren eingegangen. Betulinsäure wurde beispielsweise 

bereits auf unterschiedliche Weisen modifiziert; so gibt es mehrere Studien, die sich mit Estern 

und Amiden befassen, wobei funktionelle Gruppen meist an C-3 oder C-28 angebracht 

werden. Die Ergebnisse sind uneindeutig, da einige Derivate schlechter gegen die 

verwendeten Krebszelllinien wirken, andere wiederum besser als die Betulinsäure. Es konnte 

aber z.T. auch die Selektivität erhöht und in Zelllinien Apoptose nachgewiesen werden. 

Außerdem zeigte sich, dass Amide bessere Wirkung aufweisen als Ester. [114] Über 

Konjugation mit Zuckerresten sollte in einem Versuch das strukturell verwandte Betulin besser 

für die Zellen verfügbar werden, um die Wirkung zu erhöhen; allerdings zeigte sich durch 

Zuckerfreisetzung sogar eine Verbesserung der Zellfunktion. [115]  

Auch zu Oleanolsäure wurden die Derivate in Publikationen so gewählt, dass diese hydrophiler 

werden, was in den meisten Fällen auch zum Erfolg führte. Zusätzliche Untersuchungen 

konnten zumeist apoptotische Wirkung feststellen. [116] An Oleanolsäure wurde auch 

erfolgreich der C-Ring modifiziert, sodass die Aktivität gesteigert und neben dem 

Zellzyklusarrest in der G1/G0-Phase auch Apoptose nachgewiesen wurde. [117] Es gibt bereits 

klinische Studien zu einem Derivat der Oleanolsäure: CDDO (2-Cyano-3,12-dioxooleana-

1,9(11)-dien-28-oic acid) und dem entsprechenden Methylester (CDDO-Me). Diese 

Verbindungen zeigten in Mausmodellen vielversprechende Wirkung durch Apoptose und 

Differenzierung der Krebszellen. [57,118] Dem CDDO-Me ähnlich wurden auch Derivate mit 

Glycyrrhetinsäure synthetisiert, die vergleichbare Wirkung zeigen. [119] Auch zur Ursolsäure 

finden sich zahlreiche Veröffentlichungen, die sich mit Modifikationen wie Estern und Amiden 

an C-3 und C-28 befassen. Sie können in vielen Fällen eine verbesserte Wirkung und 

Selektivität sowie den Zelltod durch Apoptose nachweisen. Dabei stellte sich Piperazin als 

geeigneter Spacer heraus. [120] 
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3.1.1 Arbeitsgruppe Csuk 

Im Arbeitskreis von Professor Csuk werden seit einigen Jahren ebenfalls Triterpene 

derivatisiert und diese in Hinblick auf ihre Zytotoxizität gegenüber Tumorzelllinien und 

Inhibierung verschiedener Enzyme untersucht. Der Fokus liegt in dieser Arbeit bei 

antitumoraktiven pentazyklischen Triterpensäurederivaten, im Speziellen bei z.B. 

Modifikationen von Betulin-, Platan-, Oleanol-, Maslin-, Glycyrrhetin- und Ursolsäure 

(Strukturen in Abbildung 8). Es gibt viele Studien zu Estern und Amiden der verschiedenen 

Säuren. Je nach Position und Art des Substituenten sind die Ester bzw. analogen Amide 

zytotoxischer. [121–123,124,125–128] Es zeigte sich, dass kurze, nicht zu lipophile Aminosäuren die 

bessere Wahl für Ester an der Hydroxygruppe (C-3) von Glycyrrhetinsäure sind, während die 

Carboxylgruppe verestert vorliegen sollte. [95,125,126] Bei Maslinsäure konnten Derivate mit einer 

besseren Zytotoxizität als jene der unsubstituierten Säure synthetisiert werden, bei denen 

ebenfalls kurze, lipophile Ester die größte Wirkung zeigten und Amide sowie längerkettige 

Derivate etwas geringere Zytotoxizität aufwiesen. [129] Einige Amide der Oleanolsäure konnten 

die Zytotoxizität verbessern [121]; weitere Amide mit aromatischen Resten steigerten zudem die 

Selektivität. [128] 

Außerdem wurden an den freien Hydroxygruppen verschiedene Reste getestet: ebenfalls 

Ester, Ether, Glycoside und Sulfamate liefern zytotoxische Verbindungen. [127,130,131] Aber auch 

Ring- und weitere Modifikationen wurden untersucht. Beispielsweise wurden die 

Hydroxygruppen oxidiert, durch Aminogruppen ersetzt oder in ihrer absoluten Konfiguration 

invertiert. So führte dies in der Regel zu Verbindungen mit höherer Zytotoxizität. [122,132] Zu den 

Ringmodifikationen, die meist aber keinen großen Einfluss auf die Zytotoxizität hatten, 

gehörten Ringerweiterungen und -öffnungen [133] sowie weitere Modifikationen an funktionellen 

Gruppen [134] oder Oxidationen zu Per- und Endoperoxiden [135], letztere Derivate zeigten 

bessere Zytotoxizität.  

Zusätzlich erfolgten Derivatisierungen mit Rhodamin B; dies ergab Konjugate mit sehr guter 

Zytotoxizität und Selektivität. Diese Verbindungen reicherten sich bevorzugt in den 

Mitochondrien der Krebszellen an. [136] 

Zusammenfassend sind einige Ringveränderungen schlecht für die Aktivität. Ester sind meist 

besser als Amide, abgesehen von Benzylamiden. Viele Derivate sind zytotoxischer, einige 

auch selektiver, als die jeweiligen Säuren und bewirken meist Apoptose. 
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3.2 Ziel der Arbeit 

An diese Erfolge knüpft meine Arbeit an. Durch unterschiedliche Modifikationsansätze wird 

versucht, dem Ziel zytotoxischer und selektiver Substanzen nahe zu kommen. Krebs ist eine 

komplexe Erkrankung, die am besten über viele Ansätze erforscht und behandelt werden 

kann. Dafür wurden weitere Amide von pentazyklischen Triterpensäuren untersucht. Neben 

Rhodamin B wird auch ein aza-BODIPY als fluoreszierender Substituent getestet. Zusätzlich 

gibt es zu ausgewählten Verbindungen Untersuchungen zu Wirkmechanismen und -orten. Die 

Ergebnisse der Studien sind als Publikationen erschienen (siehe Anhang) und werden im 

Folgenden diskutiert und eingeordnet. 

 

Abbildung 8 Strukturformeln der verwendeten pentazyklischen Triterpensäuren. [45] 
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3.3 Zusammenfassende Forschungsergebnisse und Ausblick 

Da Triterpene weit in der Natur verbreitet sind und viele Wirkungen hervorrufen können, sind 

diese bereits recht gut erforscht. Für eine mögliche Anwendung in der Krebstherapie gibt es 

aber auch besonderes Interesse an Triterpensäuren, denn sie können auf viele Wege 

Apoptose auslösen. Um die Wirkung, Selektivität und Bioverfügbarkeit zu verbessern, wurden 

bereits Derivate erforscht. In der AG (Arbeitsgruppe) gibt es zu der Thematik auch seit einigen 

Jahren interessante Forschungsansätze und Synthesen. Dabei werden unterschiedliche 

Säuren und verschiedene Modifikationen sowie Derivatisierungen vorgenommen. Aus 

früheren Veröffentlichungen der AG kann man ableiten, dass eine Acetylierung der freien 

Hydroxygruppen die Wirkung gegen Krebszelllinien verbessert. Außerdem sind bei den 

Säurederivaten je nach Substituenten die Ester oder Amide aktiver. (siehe 3.1.1) 

Ein zur sonstigen Derivatisierung anderer Ansatz stellte die Dimerisierung von Triterpensäuren 

in P-1 dar. Am Beispiel von Amiden verschiedener Kettenlänge als Spacer wurden zwei 

Ursolsäure- bzw. Oleanolsäuremoleküle verknüpft. Die Bildung von Dimeren hat allerdings 

keine Verbesserung der Zytotoxizität bewirkt. Dennoch sind im Allgemeinen die acetylierten 

Verbindungen aktiver und Amide stabiler, was in diesem Falle aber auch zu geringerer 

Verfügbarkeit führen könnte, wenn die aktiven Strukturen nicht am Wirkort abgespalten 

werden können. Aber – als Spacer eingesetzt – haben sich die stabileren Amide bisher 

bewährt. Für andere Anwendungen gibt es bisher keine Testung. 

Abwandlungen des Grundgerüstes der Triterpensäure am Beispiel des A-Ringes von 

Maslinsäure führten zur Verbesserung der Wirkung gegen Krebszelllinien im Vergleich zur 

nicht derivatisierten Maslinsäure, wie in P-5 erläutert wird. Diese neue Struktur kann in der 

Zukunft auch für weitere Derivate wie Amide eingesetzt werden. 

Für weitere Untersuchungen wurden Amide verschiedener acetylierter Säuren verwendet. 

Dafür wurden 4-Aminoiso-/5-Aminochinoline an Betulin- und Platansäure gebunden; 

außerdem 1,4-Diazabicyclo[3.2.2]nonan und 1,3-Diazabicyclo[3.2.2]nonan an selbige sowie 

Ursol- und Oleanolsäure, um möglichst verschiedene Wirkungen über unterschiedliche 

Triterpensäuregrundgerüste zu erhalten. Bei den Iso-/chinolinderivaten lagen die EC50-Werte 

in der Regel im Bereich von 2 µM bis 10 µM; sie zeigten außerdem gute Selektivitätsindices 

bis 62,5 für A2780 und das Betulinsäure-4-aminoisochinolinderivat (P2-19). Die Selektivität für 

einige Derivate könnte auch noch höher liegen, aber nicht genauer ermittelt werden, weil die 

Messgrenze in den meisten Fällen bei 30 µM lag und die Werte für NIH 3T3 darüber lagen.  

Der Vergleich zwischen den Säuren mit einer Hydroxygruppe an C-3 und zwei 

Hydroxygruppen an C-2 und C-3 lässt keinen direkten Zusammenhang zwischen diesen 

Veränderungen am A-Ring und der Zytotoxizität gegen maligne Zelllinien erkennen. Durch die 

zweite Hydroxygruppe ist der A-Ring zwar hydrophiler, aber die Löslichkeit des Derivates der 

Dihydroxy-Platansäure ist sogar schlechter, sodass es im Medium ausfällt und nicht als 
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Wirkstoff geeignet ist. Im Allgemeinen sind von der Platansäure abgeleitete Derivate häufig 

schlechter löslich als die Analoga anderer Säuren, obwohl durch die hydrophile Ketogruppe 

an C-29 anderes zu vermuten wäre. [123,131,137,138,139]  

Zu den Derivaten P2-6, P2-8 und P2-19 wurden weitere biologische Untersuchungen 

durchgeführt, die das Einleiten von Apoptose durch deren Einwirken auf Zellen der Linie A375 

bestätigen. Zu sehen war dies am Annexin V-Assay und den mikroskopischen Bildern. 

Außerdem wurde der Zellzyklus gestoppt, also die Zellen vermehrt in der S-Phase gehalten 

sowie in die G1-Phase gedrängt, was ebenfalls am Durchflusszytometer bestätigt wurde. 

Die in P4 beschriebenen Bicyclononane waren im Bereich 2 µM bis 6 µM etwas aktiver, aber 

zeigten keine Selektivität gegen die NIH 3T3. Außerdem waren die meisten Derivate nicht für 

weitere Untersuchungen geeignet, da sie sich nicht in DMSO oder im Medium lösten. Lediglich 

die Platansäurederivate und das Betulinsäurederivat mit 1,3-Diazabicyclo[3.2.2]nonan (P4-27, 

P4-30 und P4-31) waren löslich und erstere an den getesteten Zelllinien im Bereich von 2,3 µM 

bis 8,2 µM mittelmäßig aktiv, aber mit Werten für die NIH 3T3 von 2,2 µM  bzw. 5,0 µM für 

1,4-Diazabicyclo[3.2.2]nonan (P4-27) bzw. 1,3-Diazabicyclo[3.2.2]nonan (P4-31) nicht selektiv 

gegen maligne Zelllinien, sondern im Gegenteil aktiver gegen die nicht-maligne Zelllinie. Für 

das Betulinsäurederivat (P4-30) war die Zytotoxizität geringer mit Werten zwischen 4,7 µM 

(A375) und 6,3 µM (FaDu) aber zeigte Selektivität gegenüber der NIH 3T3 mit einem EC50-

Wert von 9,3 µM. Damit war Betulinsäure in diesem Fall am besten für die Derivatisierung und 

weitere Untersuchungen geeignet. 

Mit Diaminen (P4) wie cis- und trans-1,4-Diaminocyclohexan sowie Ethylendiamin und 

Piperazin konnten die Triterpensäuren bereits in ihrer Wirkung gesteigert werden und eignen 

sich außerdem als Spacer für weitere Funktionalisierung. Insgesamt waren die Werte der 

Diamine mit EC50-Werten der Krebszelllinien im Bereich von circa 1 µM bis 3 µM besser, aber 

die Selektivität gegen die NIH 3T3 war mit Werten im selben Bereich nicht gegeben. Diese 

könnte durch weitere Funktionalisierung wie Rhodaminkopplung gesteigert werden.  

Derivate der Oleanol-, Ursol-, Betulin- und Glycyrrhetinsäure – über Piperazin gespacert – mit 

aza-BODIPY (P6) waren unter den getesteten SRB-Bedingungen nicht zytotoxisch, konnten 

aber durch Färbung am Fluoreszenzmikroskop im ER nachgewiesen werden. Daher erfüllen 

diese Derivate wichtige Kriterien, um als Biomarker oder auch spezieller für die PD eingesetzt 

zu werden. Sie sind durch das Triterpensäuregerüst amphiphil, sodass sie von den Zellen gut 

aufgenommen werden können. Außerdem schädigen sie aufgrund der fehlenden Toxizität 

nicht das Gewebe. Durch diese Vorteile wäre auch eine Anwendung in der PDT denkbar, denn 

zusätzlich liegt deren Absorption um 667 nm für eine Belichtung im Gewebe im geeigneten 

Wellenlängenbereich, d.h. man könnte eine gute Selektivität durch die Lichtstimulation 

erreichen. 
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Die bisher besten Ergebnisse in Bezug auf Zytotoxizität und Selektivität lieferten Rhodamin B-

Derivate, wie auch der Vergleich mit anderen Farbstoffen zeigte, sodass auch die richtige Wahl 

des Substituenten entscheidend ist. [140] Rhodamin B selbst zeigte unter den SRB-

Bedingungen bis 30 µM keine zytotoxische Wirkung; bereits einige Ester und Amide des 

Rhodamin B änderten dies, jedoch ohne Selektivität mit Ausnahme des selektiven Derivates 

P3-4. Dafür sind die Derivate der Triterpensäuren geeigneter. Es gibt die Möglichkeit der 

Bindung als Ester an den Hydroxygruppen des C-3 oder an der Säurefunktion an C-28 über 

Spaceramine. Die Bindungsstelle des Rhodamins zeigt ebenfalls einen Einfluss auf das 

zytotoxische Verhalten der Derivate: Rhodamin B an C-3 ist für die untersuchten Säuren 

weniger aktiv und selektiv. Für die Bindung an C-28 ist Piperazin als sekundäres Amin ein 

geeigneter Spacer. Denn mit primären Aminen kommt es am Rhodamin B zur 

Spirolactambildung. Die Verbindungen sind dann nicht aktiv und konnten über verschieden 

Versuche mit Belichtungen auch nicht aktiviert werden. [141] Die geringe Wirkung wurde mit 

weiteren Säuren mit Ethylendiamin als Spacer bestätigt. [142] Noch besser als Piperazin ist 

Homopiperazin geeignet und die entsprechenden Derivate können die zytotoxische Wirkung 

noch erhöhen.  

Die (Homo-)Piperazin- und Rhodamin-Ester-Derivate sind in bisher allen getesteten Fällen 

über Gegenfärbung in den Mitochondrien nachweisbar und als Mitocan einzustufen; darunter 

versteht man Substanzen, die in den Mitochondrien gegen Krebs (Cancer) wirken. Dabei 

können sich die Rhodamine als Kationen in der Mitochondrieninnenmebran, die ein negatives 

Transmembranpotential aufweist, anreichern und so zur Selektivität in Krebszellen führen. [143]  

Unter den Steroidderivaten konnte die Verbindung P3-11 im Annexin V-Assay als apoptotisch, 

P3-10 als nekrotisch wirkend nachgewiesen werden. [144] Im Vergleich dazu konnten auch bei 

weiteren Derivaten durch Untersuchungen am Durchflusszytometer Nekrose oder Apoptose 

[138,145] und auch eine zytostatische Wirkung durch einen G1-Phasenarrest [146] nachgewiesen 

werden. 

Oben beschriebene Erkenntnisse können in weiteren Publikationen der AG Csuk bestätigt 

werden. [139,142,145,147] Unter den Rhodaminderivaten ist als Trend zu erkennen, dass eine 

größere Anzahl an acetylierten Hydroxygruppen am A-Ring ebenfalls die Zytotoxizität erhöht. 

Auch Veränderungen der Spacer, weitere Terpene und andere Rhodamine werden in der AG 

Csuk zurzeit untersucht, zu denen es bereits weitere Veröffentlichungen gibt. [139,142,146,148] 
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P-1 Synthesis of amide-spacered dimers of ursolic and oleanolic acid 

 

S. Hoenke, I. Wiengarn, I. Serbian, A. Al-Harrasi, R. Csuk, Mediterr. J. Chem. 2019, 9, 24. 

 

Abstract 

Transdermal therapeutic systems can release drug substances slowly and in a controlled 

manner from a drug depot. To provide a slow-release form of ursolic and oleanolic acid amide-

spacered dimers were synthesized from the parent acids and diamines of variable chain 

lengths. These dimers were assayed in sulforhodamine B (SRB) assays for their cytotoxicity 

since as a pre-requisite for their use in slow-release forms these substances must not exert 

any unfavorable side-effects such as cytotoxicity. As a result of long term incubation up to 96 

hours, none of these compounds showed any significant cytotoxicity in sulforhodamine B 

assays. 

 

Keywords: ursolic acid, oleanolic acid, triterpenes, dimers. 

 

DOI: 10.13171/mjc91190811415rc 
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P-2 Betulinic acid derived amides are highly cytotoxic, apoptotic and selective 

 

S. Hoenke, N. V. Heise, M. Kahnt, H.-P. Deigner, R. Csuk, Eur. J. Med. Chem. 2020, 207, 

112815. 

 

Abstract 

Betulinic and platanic acid derived amides were prepared and screened for their cytotoxic 

activity. All of the compounds were shown to be cytotoxic for a panel of human tumor cell lines, 

and especially apoptotic betulinic acid derived compounds 6, 8 and 19 showed low EC50 

values. Of special interest was a 4-isoquinolinyl amide of 3-O-acetyl-betulinic acid (compound 

19), being the most cytotoxic compound of this series and holding EC50 values as low as 

EC50 = 1.48 µM (A375 melanoma cells) while being significantly less cytotoxic for non-

malignant fibroblasts NIH 3T3 with a selectivity index of > 91.2. This finding parallels previous 

results obtained for SAA21, a augustic acid derived compound thus making the 4-isoquinolinyl 

moiety to a privileged scaffold. 

 

Graphical abstract 

 

 

Keywords: betulinic acid, platanic acid, amides, cytotoxicity, isoquinoline. 

 

DOI: 10.1016/j.ejmech.2020.112815 

  



Anhang - Für die Arbeit wichtige Publikationen 

IV 

 

P-3 Mitocanic Di- and Triterpenoid Rhodamine B Conjugates 

 

S. Hoenke, I. Serbian, H.-P. Deigner, R. Csuk, Molecules 2020, 25, 5443. 

 

Abstract 

The combination of the “correct” triterpenoid, the “correct” spacer and rhodamine B (RhoB) 

seems to be decisive for the ability of the conjugate to accumulate in mitochondria. So far, 

several triterpenoid rhodamine B conjugates have been prepared and screened for their 

cytotoxic activity. To obtain cytotoxic compounds with EC50 values in a low nano-molar range 

combined with good tumor/non-tumor selectivity, the RhoB unit has to be attached via an 

amine spacer to the terpenoid skeleton. To avoid spirolactamization, secondary amines have 

to be used. First results indicate that a homopiperazinyl spacer is superior to a piperazinyl 

spacer. Hybrids derived from maslinic acid or tormentic acid are superior to those from 

oleanolic, ursolic, glycyrrhetinic or euscaphic acid. Thus, a tormentic acid-derived RhoB 

conjugate 32, holding a homopiperazinyl spacer can be regarded, at present, as the most 

promising candidate for further biological studies. 
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P-4 The Presence of a Cyclohexyldiamine Moiety Confers Cytotoxicity to Pentacyclic 

Triterpenoids 

 

S. Hoenke, M. A. Christoph, S. Friedrich, N. Heise, B. Brandes, H.-P. Deigner, A. Al-Harrasi, 

R. Csuk, Molecules 2021, 26, 2102. 

 

Abstract 

Pentacyclic triterpenoids oleanolic acid, ursolic acid, betulinic acid, and platanic acid were 

acetylated and converted into several amides 9‐31; the cytotoxicity of which has been 

determined in sulforhodamine B assays employing seral human tumor cell lines and 

nonmalignant fibroblasts. Thereby, a betulinic acid/trans‐1,4‐cyclohexyldiamine amide showed 

excellent cytotoxicity (for example, EC50 = 0.6 μM for HT29 colon adenocarcinoma cells). 
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P-5 A Malaprade cleavage, a McMurry ring closure and an intramolecular aldol 

contraction of maslinic acid’s ring A 

 

S. Hoenke, I. Serbian, R. Csuk, Results Chem. 2022, 4, 100547. 

 

Abstract 

A silica gel supported Malaprade cleavage of methyl maslinoate (→3) followed by a titanium-

on-graphite supported McMurry coupling was established to access a 2,12-terpenoid. The 

microwaves supported aldol reaction of dialdehyde 3 gave ring contracted 5. While parent 

maslinic acid is of minor cytotoxicity, improved cytotoxicity was observed in SRB assays for 3 

while ring contracted compound 5 was most cytotoxic for MCF-7 breast adenocarcinoma cells 

holding a low EC50 = 3.1 μM. 

 

Graphical abstract 

 

 

Keywords: Maslinic acid, Ring contraction, Aldol reaction, Cytotoxicity, McMurry reaction. 

 

DOI: 10.1016/j.rechem.2022.100547 

  



Anhang - Für die Arbeit wichtige Publikationen 

VII 

 

P-6 Non-cytotoxic aza-BODIPY triterpene conjugates to target the endoplasmic 

reticulum 

 

S. Hoenke, B. Brandes, R. Csuk, Eur. J. Med. Chem. Rep. 2022, 100099. 

 

Abstract 

In search of suitable tool to target the endoplasmic reticulum of human tumor cells, a non-

cytotoxic aza-BODIPY derivative was designed and accessed in a simple synthesis in a few 

steps from commercially available starting materials. This aza-BODIPY was conjugated to 3-

O-acetyl-triterpene carboxylic acids (glycyrrhetinic, ursolic, oleanolic, and betulinic acid) using 

a piperazinyl spacer. The resulting conjugates exhibited no cytotoxicity but were able to 

selectively target the ER. 
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Synthesis of amide-spacered dimers of ursolic and oleanolic acid 
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Abstract: Transdermal therapeutic systems can release drug substances slowly and in a controlled manner from a 

drug depot. To provide a slow-release form of ursolic and oleanolic acid amide-spacered dimers were synthesized 

from the parent acids and diamines of variable chain lengths. These dimers were assayed in sulforhodamine B 

(SRB) assays for their cytotoxicity since as a pre-requisite for their use in slow-release forms these substances 

must not exert any unfavorable side-effects such as cytotoxicity. As a result of long term incubation up to 96 hours, 

none of these compounds showed any significant cytotoxicity in sulforhodamine B assays. 

 

Keywords: ursolic acid; oleanolic acid; triterpenes; dimers. 

 

1. Introduction 
 

In recent years, the search for biologically active 

compounds has increasingly turned to secondary 

natural substances. A newly awakened interest 

consists in the isolation, synthesis and biological 

investigation of dimeric compounds.  Such dimers 

consist of two identical monomeric basic structures, 

which are connected to each other by a suitable linker. 

Some dimers seem to hold increased biological 

activity as compared to the corresponding monomers 
1-5. The formation of dimers, trimers, etc… is a 

common phenomenon in nature to regulate, for 

example, the activity of proteins 6, especially of 

enzymes. The synthesis and biological investigation, 

however, of dimeric structures derived from 

triterpenes have been fairly studied 7-10. The chemistry 

of triterpenoic dimers started with Dolby’s and 

Debono’s dimerization 11 of citronellal. Since then 

several dimers have been described 7. Of special 

interest are 3-amino-oleanolic acid derived dimers 

holding an adipinic acid-derived spacer 12 showing 

some activity for the HIV-1 protease; oleanolic acid 

derivatives 13, 14 were inhibitors of the glycogen 

phosphorylase. 

The number of dimers obtained with an incorporation 

of the C-28 carboxyl group remains limited probably 

due to its steric hindrance 15 also found for lupane 

derived dimers 16. Only a few dimers holding an 

amide spacer 13, 14, 16 have been described so far. These 

compounds were tested as enzyme inhibitors or 

antivirals but – by and large – no cytotoxic data have 

been provided for these compounds.  

To surpass some problems usually associated with 

low solubility and to develop an application providing 

a slow-release of the drug, trans-dermal applications 

have been suggested and used quite successfully for 

different kinds of drugs17. Thereby, the transdermal 

application involves the application of ointments, 

creams or gels to the skin, and the active ingredients 

of which are absorbed by the skin. This allows them 

to enter the bloodstream and from there to their actual 

site of action. Transdermal patches, also known as 

"transdermal therapeutic systems" (TTS), are a 

frequently used method of transdermal application. 

They can release drug substances slowly and in a 

controlled manner from a drug depot. As a pre-

requisite for their use, these substances must not exert 

any unfavorable side-effects, such as cytotoxicity. 

 

2. Results and Discussion 
 

Oleanolic acid (OA) and ursolic acid (UA) exert weak 

cytotoxicity; previous studies showed an increase in 

cytotoxicity upon their acetylation 18-20. Also, OA and 

UA derived amides holding an additional amino 

group attached distally to an alkyl group (or a cyclic 

amine) were shown to be higher cytotoxic than their 

parent compounds 18-23. 

We became interested in the syntheses of dimeric OA 

and UA amides linked together by an alkyl chain of 

variable length. OA and UA were acetylated and               

3-O-acetylated 1 24-26 and 2 27, 28 were obtained 

(Scheme 1). The reaction of 1 with oxalyl chloride 

followed by the addition of 0.5 equivalents of 

ethylene-diamine gave dimeric 3. 

http://www.medjchem.com/
mailto:rene.csuk@chemie.uni-halle.de
http://dx.doi.org/10.13171/mjc91190811415rc
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The reaction of 1 with various diamines of variable 

spacer length furnished OA derived dimers 3-8. 

Similarly, from 2, UA derived dimers 9-14 were 

obtained in 56-88% isolated yield. Deacetylation of  

3-14 gave dimers 15-26, each holding an unprotected 

hydroxyl moiety at positions C-3 and C-3’, 

respectively.

 

 

Scheme 1. a) Acetic anhydride, pyridine, cat. DMAP, stirring at 25 °C, 1 day; b) i. oxalyl chloriode, 

triethylamine, dichloromethane, cat. DMF, stirring at 25 °C, 2 h, ii. DCM, 1,n-diamine, stirring at 25 °C, 2 h; c) 

KOH, MeOH, microwaves,  = 365 nm, 100 °C, 5 min. 

 

All of the dimers were screened for their cytotoxic 

activity in sulforhodamine assays (SRB), but none of 

these compounds showed any significant cytotoxicity 

(EC50 > 30 M cut-off) when tested with several 

human tumor cell lines (A375, HT29, SW1736, 

MCF7, A2780, FaDu, A549) as well with non-

malignant mouse fibroblasts (NIH 3T3). No cytotoxic 

effect was observed even upon applying a prolonged 

incubation time of 96 hours. Presently, the skin 

penetration and the stability of these dimers as well as 

they're in vivo degradation is studied in more detail in 

our laboratories. 

 

 

 

 

3. Conclusion 
 

A slow-release form of ursolic and oleanolic acid, 

amide-spacered dimers were synthesized from the 

parent acids and diamines of variable chain lengths. 

These dimers were assayed in SRB assays; even upon 

long term incubation up to 96 hours, none of these 

compounds showed any significant cytotoxicity in 

sulforhodamine B assays. 

 

4. Experimental 
 

NMR spectra were recorded using the Varian 

spectrometers Gemini 2000 or Unity 500 (  given in 

ppm, J in Hz; typical experiments: H-H-COSY, 

HMBC, HSQC, NOESY; Fig. 1 shows the numbering 

scheme as well as key HMBC correlations), MS 
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spectra were taken on a Finnigan MAT LCQ 7000 

(electrospray, voltage 4.1 kV, sheath gas nitrogen) 

instrument. The optical rotations were measured on a 

Perkin-Elmer polarimeter at 20 °C; TLC was 

performed on silica gel (Merck 5554, detection with 

cerium molybdate reagent); melting points are 

uncorrected (Leica hot stage microscope or BÜCHI 

Melting Point M-565), and elemental analyses were 

performed on a Foss-Heraeus Vario EL (CHNS) unit. 

IR spectra were recorded on a Perkin Elmer FT-IR 

spectrometer Spectrum 1000 or a Perkin-Elmer 

Spectrum Two (UATR Two Unit). The solvents were 

dried according to usual procedures. The purity of the 

compounds was determined by HPLC and found to be 

>96%. Ursolic (UA), oleanolic (OA) acid were 

obtained from different commercial suppliers in bulk 

quantities. All compounds were obtained as colorless 

solids. 

 

 

Figure 1. A typical 13C APT-NMR spectrum of 2, numbering scheme and key HMBC correlations. 

 

(3β) 3-Acetyloxy-olean-12-en-28-oic acid (1)  

Acetylation of OA (5.0 g, 0.01 mol) with acetic 

anhydride (3.11 mL, 0.03 mol) in dry pyridine (50 

mL) in the presence of a catal. amount of DMAP for 

1 day at 25 °C followed by usual aqueous work-up 

and column chromatography (silica gel,                           

n-hexane/ethyl acetate, 8:2) gave 1 (4.4 g, 88; RF = 

0.7 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); m.p.: 263–265 °C (lit.:29 

260–261°C); []D = +117.7° (c 0.37, CHCl3), (lit.: 30 

+119° (c 0.1, CHCl3); MS (ESI, MeOH): m/z = 497.5 

(75 %, [M-H]-), 995.2 (100 %, [2M- H]-), 1017.7              

(29 %, [2M-2H+Na]-). 

 

(3β) 3-Acetyloxy-urs-12-en-28-oic acid (2) 

Following the procedure given for the synthesis of 1, 

from UA compound 2 (3.5 g, 64%) was obtained;            

RF = 0.7 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); m.p.: 242–244°C (lit.: 31 

242.7–244.1 °C); []D = +69.89° (c 0.86, CHCl3), 

(lit.: 31 +71.2° (c 1.0, CHCl3); MS (ESI, MeOH):               

m/z = 497.5 (64 %, [M-H]-), 542.9 (30 %, [M+HCO2]-

), 995.1 (68 %, [2M-H]-), 1017.5 (100 %,                              

[2M-2H+Na]-). 

 

General procedure for the synthesis of the dimers 

To a solution of 1 or 2 (0.37 mmol) in dry DCM (abs., 

30 mL) at 0 °C oxalyl chloride (1.2 mmol), 

triethylamine (1.2 mmol) and DMF (2 drops) were 

slowly added, and the mixture was allowed to react at 

25 °C for 2 h. The volatiles were removed under 

reduced pressure, the residue was dissolved in dry 

DCM (5 mL), and the amine (0.18 mmol) and catalyst 

amounts of DMAP were added. After stirring at 25°C 

for 1 h, usual aqueous workup followed by column 

chromatography gave dimeric 3–14. 

 

General procedure for deacetylation 

To a solution of compound 3–14, (1 equiv) in dry 

MeOH (5 mL) powdered KOH (20 equiv) was added, 

and the mixture was stirred at 100 °C (microwave 

irradiation,  = 365 nm) for 5 min. Usual aqueous 

workup followed by column chromatography 

furnished products 15–26; respectively. 

 

N1, N2-Bis-[(3β)-3-acetyloxy-olean-12-en-28-oyl]-

1,2-diaminoethane (3) 

Compound 3 (0.17 g, 46%) showed: m.p. 240-242°C; 

RF = 0.7 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +49.56° (c 0.32, 

CHCl3);  

IR (KBr):  = 3424br, 2948m, 2878m, 1736s, 1638m, 

1524m, 1466m, 1368m, 1246m, 1212w, 1186w, 

1148w, 1096w, 1028m, 1008m, 986m cm-1;  
1H NMR (500 MHz, CDCl3): δ = 6.47 (s, 2H, 2 x NH), 

5.39 (t, J = 3.5 Hz, 2H, 2 x 12-H), 4.52–4.46 (m, 2H, 

2 x 3-H), 3.50–3.40 (m, 2H, 2 x 33-H), 3.11 (td, 2H,   

2 x 33-H), 2.54 (dd, J = 13.1, 4.0 Hz, 2H, 2 x 18-H), 

2.04 (s, 6H, 2 x 32-H), 2.00 (dd, J = 13.8 Hz, 4.0 Hz, 

2H, 2 x 16-H), 1.96–1.89 (m, 2H, 2 x 11-H),            

1.72–1.55 (m, 18H, 2 x 1-H + 2 x 2-H + 2 x 6-H +       

2 x 7-H + 2 x 9-H+ 2 x 11-H+ 2 x 16-H + 2 x 19-H), 

1.53–1.49 (m, 2H, 2 x 15-H), 1.47–1.40 (m, 2H, 2 x 

22-H), 1.40–1.26 (dd, J = 12.5, 3.3 Hz, 6H, 2 x 6-H + 

2 x 7-H + 2 x 21-H), 1.25 (dd, J = 10.1, 2.2 Hz, 2H,             

2 x 22-H), 1.19 (d, J = 3.9 Hz, 4H, 2 x 19-H + 2 x 21-

H), 1.15 (s, 6H, 2 x 27-H) 1.02 (dd, J = 10.6, 3.3 Hz, 

4H, 2 x 1-H + 2 x 15-H), 0.93 (s, 6H, 2 x 25-H), 0.90 

(s, 6H, 2 x 29-H), 0.89 (s, 6H, 2 x 30-H), 0.86 (s, 6H, 
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2 x 23-H), 0.85 (s, 6H, 2 x 26-H), 0.82 (s, 2H, 2 x 5-

H), 0.74 (s, 6H, 2 x 24-H);  
13C NMR (125 MHz, CDCl3):  = 179.3 (2 x C-28), 

170.9 (2 x C-28), 144.5 (2 x C-13), 122.9 (2 x C-12), 

80.8 (2 x C-3), 55.19 (2 x C-5), 47.5 (2 x C-9), 46.6 

(2 x C-17), 46.2 (2 x C-19), 41.9 (2 x C-18), 41.9 (2 x 

C-14), 39.9 (2 x C-33), 39.4 (2 x C-8), 38.1 (2 x C-1), 

37.6 (2 x C-4), 36.8 (2 x C-10), 34.1 (2 x C-21), 32.9 

(2 x C-29), 32.8 (2 x C-7), 32.2 (2 x C-22), 30.6 (2 x 

C-20), 28.0 (2 x C-23), 27.3 (2 x C-15), 25.7 (2 x C-

27), 23.6 (2 x C-11), 23.5 (2 x C-30), 23.5 (2 x C-2), 

23.5 (2 x C-16), 21.2 (2 x C-32), 18.1 (2 x C-6), 16.8 

(2 x C-24), 16.6 (2 x C-26), 15.4 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1021.7 (50 %, [M+H]+), 

1043.8 (100 %, [M+Na]+);  

analysis calcd for C66H104N2O6 (1021.54): C 77.60,              

H 10.26, N 2.74; found: C 77.41, H 10.45, N 2.49. 

 

N1, N3-Bis-[(3β)-3-acetyloxy-olean-12-en-28-oyl]-

1,3-diaminopropane (4) 

Compound 4 (0.18g, 51%) showed: m.p. 204–206°C; 

RF = 0.5 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +52.27° (c 0.32, 

CHCl3);  

IR (KBr):  = 3337br, 2945m, 2863w, 1736m, 1635m, 

1526m, 1433m, 1365m, 1244s, 1026m cm-1;  
1H NMR (500 MHz, CDCl3): = 6.42 (t, J = 5.9 Hz, 

2H, 2 x NH), 5.40 (t, J = 3.3 Hz, 2H, 2 x 12-H), 4.48 

(dd, J = 10.0, 5.9 Hz, 2H, 2 x 3-H), 3.25 (dq, J = 12.9, 

6.5 Hz, 2H, 2 x 33-H), 3.11 (dq, J = 12.3, 6.0 Hz, 2H, 

2 x 33-H), 2.64 (dd, J = 13.0, 3.1 Hz, 2H, 2 x 18-H), 

2.04 (s, 6H, 2 x 32-H), 1.97 (td, J = 13.6, 3.5 Hz, 2H, 

2 x 16-H), 1.92–1.87 (m, 2H, 2 x 11-H), 1.78–1.55 (m, 

20H, 2 x 1-H + 2 x 2-H + 2 x 6-H + 2 x 7-H + 2 x 9-

H+ 2 x 11-H+ 2 x 16-H + 2 x 19-H + 2 x 34-H),               

1.52–1.49 (m, 2H, 2 x 15-H), 1.44 (dd, J = 12.6, 3.5 

Hz, 2H, 2 x 22-H), 1.35 (qd, J = 14.0, 13.0, 3.5 Hz, 

6H, 2 x 6-H + 2 x 7-H + 2 x 21-H), 1.26 (d, J = 13.1 

Hz, 2H, 2 x 22-H), 1.21–1.15 (m, 4H, 2 x 19-H + 2 x 

21-H), 1.14 (s, 6H, 2 x 27-H), 1.06–1.00 (m, 4H, 2 x 

1-H + 2 x 15-H), 0.92 (s, 6H, 2 x 25-H), 0.91 (s, 6H, 

2 x 29-H), 0.90 (s, 6H, 2 x 30-H), 0.86 (s, 6H, 2 x             

23-H), 0.84 (s, 6H, 2 x 26-H), 0.82 (s, 2H, 2 x 5-H), 

0.74 (s, 6H, 2 x 24-H) ppm;  
13C NMR (125 MHz, CDCl3): = 178.5 (2 x C-28), 

170.9 (2 x C-28), 144.6 (2 x C-13), 122.6 (2 x C-12), 

80.8 (2 x C-3), 55.1 (2 x C-5), 47.4 (2 x C-9), 46.6            

(2 x C-17), 46.2 (2 x C-19), 41.95 (2 x C-18), 41.8          

(2 x C-14), 39.3 (2 x C-8), 38.1 (2 x C-1), 37.6                       

(2 x C-4), 36.8 (2 x C-10), 36.0 (2 x C-33), 34.2            

(2 x C-21), 33.0 (2 x C-29), 32.9 (2 x C-7), 32.3 (2 x 

C-22), 30.7 (2 x C-20), 29.7 (C-34), 28.0 (2 x C-23), 

27.3 (2 x C-15), 25.7 (2 x C-27), 23.6 (2 x C-11), 23.6 

(2 x C-30), 23.5 (2 x C-2), 23.4 (2 x C-16), 21.2 (2 x 

C-32), 18.1 (2 x C-6), 16.9 (2 x C-24), 16.6 (2 x                

C-26), 15.4 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1035.7 (86 %, [M+H]+), 

1057.8 (100 % [M+Na]+;  

analysis calcd for C67H106N2O6 (1035.57): C 77.71,               

H 10.32, N 2.71; found: C 77.50, H 10.46, N 2.42. 

 

N1, N4-Bis-[(3β)-3-acetyloxy-olean-12-en-28-oyl]-

1,4-diaminobutane (5) 

Compound 5 (0.21g, 57%) showed: m.p. 180–186°C; 

RF = 0.5 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +46.94° (c 0.37, 

CHCl3);  

IR (KBr):  = 3398br, 2950m, 2874m, 1736s, 1644m, 

1522m, 1466m, 1366w, 1246s, 1212w, 1148w, 1048w, 

1098m, 1006w cm-1;  
1H NMR (500 MHz, CDCl3):  = 6.04 (s, 2H, 2 x NH), 

5.38 (t, J = 3.6 Hz, 2H, 2 x 12-H), 4.52–4.47 (m, 2H, 

2 x 3-H), 3.36 (dq, J = 13.0, 6.6 Hz, 2H, 2 x 33-H), 

3.04 (dq, J = 11.3, 6.3 Hz, 2H, 2 x 33-H), 2.54 (dd, J 

= 13.0, 4.0 Hz, 2H, 2 x 18-H), 2.06 (s, 6H, 2 x 32-H), 

1.97 (d, J = 3.6 Hz, 2H 2 x 16-H), 1.92 (dd, J = 8.8, 

3.2 Hz, 2H, 2 x 11-H), 1.81–1.51 (m, 22H, 2 x 1-H + 

2 x 2-H + 2 x 6-H + 2 x 7-H + 2 x 9-H+ 2 x 11-H+               

2 x 16-H + 2 x 19-H + 2 x 34-H ), 1.48 (dt, J = 6.5, 

3.4 Hz, 2H, 2 x 15-H), 1.43 (s, 2H, 2 x 22-H ),               

1.41–1.35 (m, 6H, 2 x 6-H + 2 x 7-H + 2 x 21-H), 

1.30–1.25 (m, 2H 2 x 22-H), 1.23–1.19 (m, 4H,               

2 x 19-H + 2 x 21-H), 1.16 (s, 6H 2 x 27-H), 1.06              

(s, 4H, 2 x 1-H + 2 x 15-H), 0.97 (d, J = 6.6 Hz, 6H, 

2 x 25-H ), 0.95 (s, 6H 2 x 29-H), 0.91 (s, 6H 2 x              

30-H), 0.88 (s, 6H, 2 x 23-H ), 0.87 (s, 6H 2 x 26-H), 

0.86–0.82 (m, 2H, 2 x 5-H), 0.76 (s, 6H 2 x 24-H) 

ppm;  
13C NMR (125 MHz, CDCl3):  = 178.2 (2 x C-28), 

170.9 (2 x C-28), 145.0 (2 x C-13), 122.6 (2 x C-12), 

80.8 (2 x C-3), 55.1 (2 x C-5), 47.4 (2 x C-9), 46.7             

(2 x C-17), 46.2 (2 x C-19), 42.2 (2 x C-18), 42.0         

(2 x C-14), 39.3 (2 x C-8), 38.9 (2 x C-33), 38.1             

(2 x C-1), 37.6 (2 x C-4), 36.8 (2 x C-10), 34.1                     

(2 x C-21), 32.9 (2 x C-29), 32.6 (2 x C-7), 32.3           

(2 x C-22), 30.7 (2 x C-20), 28.0 (2 x C-23), 27.2              

(2 x C-15), 26.9 (2 x C-34), 25.6 (2 x C-27), 23.7             

(2 x C-11), 23.6 (2 x C-30), 23.5 (2 x C-2), 23.4              

(2 x C-16), 21.2 (2 x C-32), 18.1 (2 x C-6), 16.9 (2 x 

C-24), 16.6 (2 x C-26), 15.4 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z =1049.7 (78 %, [M+H]+), 

1071.7 (100 %, [M+Na]+);  

analysis calcd for C68H108N2O6 (1049.60): C 77.81,            

H 10.37, N 2.67; found: C 77.62, H 10.53, N 2.55. 

 

N1, N5-Bis-[(3β)-3-acetyloxy-olean-12-en-28-oyl]-

1,5-diaminopentane (6) 

Compound 6 (0.21g, 54%) showed: m.p. 175°C;            

RF = 0.5 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +47.07° (c 0.333, 

CHCl3);  

IR (KBr):  = 3426br, 2946s, 2876m, 1735s, 1641m, 

1522m, 14465m, 1366m, 1245s, 1212w, 1148w, 

1096w, 1027m, 1006m, 986m, 970w cm-1;  
1H NMR (500 MHz, CDCl3):  = 5.91 (s, 2H, 2 x NH), 

5.37 (t, J = 3.6 Hz, 2H, 2 x 12-H), 4.49 (dd, J = 10.3, 

5.7 Hz, 2H, 2 x 3-H), 3.34 (dq, J = 13.8, 7.1 Hz, 2H, 

2 x 33-H), 3.03–2.93 (m, 2H, 2 x 33-H), 2.50 (dd, J = 

13.2, 4.0 Hz, 2H, 2 x 18-H), 2.05 (s, 6H, 2 x 32-H), 

1.98 (d, J = 3.8 Hz, 2H, 2 x 16-H), 1.92 (dt, J = 8.8, 

4.8 Hz, 2H, 2 x 11-H), 1.81–1.51 (m, 26H, 2 x 1-H + 

2 x 2-H + 2 x 6-H + 2 x 7-H + 2 x 9-H+ 2 x 11-H+         
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2 x 16-H + 2 x 19-H + 2 x 34-H + 2 x 35-H), 1.48           

(q, J = 7.0, 6.1 Hz, 2H, 2 x 15-H), 1.45–1.40 (m, 2H, 

2 x 22-H), 1.36 (ddd, J = 17.6, 8.2, 4.3 Hz, 6H, 2 x            

6-H + 2 x 7-H + 2 x 21-H), 1.33–1.24 (m, 2H, 2 x          

22-H), 1.22–1.17 (m, 4H, 2 x 19-H + 2 x 21-H), 1.16 

(s, 6H, 2 x 27-H), 1.12–1.00 (m, 4H, 2 x 1-H + 2 x          

15-H), 0.94 (s, 6H, 2 x 25-H ), 0.90 (s, 6H, 2 x 29-H), 

0.90 (s, 6H, 2 x 30-H), 0.87 (s, 6H, 2 x 23-H), 0.86            

(s, 6H, 2 x 26-H), 0.83 (m, 2H, 2 x 5-H), 0.76 (s, 6H, 

2 x 24-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.2 (2 x C-28), 

170.9 (2 x C-28), 145.1 (2 x C-13), 122.6 (2 x C-12), 

80.7 (2 x C-3), 55.1 (2 x C-5), 47.4 (2 x C-9), 46.7           

(2 x C-17), 46.2 (2 x C-19), 42.3 (2 x C-18), 42.0 (2 x 

C-14), 39.3 (2 x C-8), 39.3 (2 x C-33), 38.1 (2 x C-1), 

37.6 (2 x C-4), 36.8 (2 x C-10), 34.1 (2 x C-21), 32.9 

(2 x C-29), 32.5 (2 x C-7), 32.3 (2 x C-22), 30.7 (2 x 

C-20), 29.1 (2 x C-34), 28.0 (2 x C-23), 27.2 (2 x              

C-27), 25.6 (2 x C-15), 24.6 (C-35), 23.7 (2 x C-11), 

23.6 (2 x C-30), 23.5 (2 x C-2), 23.5 (2 x C-16), 21.2 

(2 x C-32), 18.1 (2 x C-6), 16.9 (2 x C-24), 16.6 (2 x 

C-26), 15.4 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1063.7 (100 %, [M+H]+), 

1085.7 (80 %, [M+Na]+);  

analysis calcd for C69H110N2O6 (1063.62): C 77.92,             

H 10.42, N 2.63; found: C 77.67, H 10.69, N 2.47. 

 

N1, N6-Bis-[(3β)-3-acetyloxy-olean-12-en-28-oyl]-

1,6-diaminohexane (7)  

Compound 7 (0.23g, 54%) showed: m.p. 188–190°C 

(lit.: 13, 14 191–192 °C); RF = 0.4 (silica gel, 

toluene/ethyl acetate/formic acid/heptane, 80:26:5:1); 

[]D = +47.07° (c 0.333, CHCl3);  

IR (KBr):  = 3427br, 2946s, 2876m, 1736s, 1654m, 

1522m, 1466m, 1368m, 1246s, 1212w, 1148w, 

1096w, 1028m, 1008m, 986m cm-1;  
1H NMR (500 MHz, CDCl3):  = 6.41 (t, J = 6.0 Hz, 

2H, 2 x NH), 5.40 (t, J = 3.3 Hz, 2H, 2 x 12-H), 4.49 

(dd, J = 9.7, 6.2 Hz, 2H, 2 x 3-H), 3.26 (dq, J = 12.9, 

6.4 Hz, 2H, 2 x 33-H), 3.12 (dq, J = 12.4, 6.0 Hz, 2H, 

2 x 33-H), 2.64 (dd, J = 13.3, 4.6 Hz, 2H, 2 x 18-H), 

2.04 (s, 6H, 2 x 32-H), 1.98 (td, J = 13.7, 3.7 Hz, 2H, 

2 x 16-H), 1.93–1.87 (m, 2H, 2 x 11-H), 1.79–1.48     

(m, 30H, 2 x 1-H + 2 x 2-H + 2 x 6-H + 2 x 7-H + 2 x 

9-H+ 2 x 11-H+ 2 x 16-H + 2 x 19-H + 2 x 34-H +           

2 x 35-H), 1.46 (d, J = 2.7 Hz, 2H, 2 x 15-H), 1.43 (d, 

J = 3.0 Hz, 2H, 2 x 22-H), 1.42–1.33 (m, 6H, 2 x 6-H 

+ 2 x 7-H + 2 x 21-H), 1.29 (dd, J = 18.6, 7.7 Hz, 2H, 

2 x 22-H), 1.20 (d, J = 2.4 Hz, 4H, 2 x 19-H + 2 x            

21-H), 1.16 (s, 6H, 2 x 27-H), 1.10–0.99 (m, 4H, 2 x 

1-H + 2 x 15-H), 0.92 (s, 6H, 2 x 25-H ), 0.91 (s, 6H 

2 x 29-H), 0.90 (s, 6H, 2 x 30-H), 0.86 (s, 6H, 2 x             

23-H), 0.85 (s, 6H, 2 x 26-H), 0.82 (s, 2H, 2 x 5-H), 

0.74 (s, 6H, 2 x 24-H) ppm;  
13C NMR (125 MHz, CDCl3): = 178.1 (2 x C-28), 

170.9 (2 x C-28), 145.1 (2 x C-13), 122.5 (2 x C-12), 

80.7 (2 x C-3), 55.1 (2 x C-5), 47.4 (2 x C-9), 46.7            

(2 x C-17), 46.2 (2 x C-19), 42.3 (2 x C-18), 42.0 (2 x 

C-14), 39.3 (2 x C-8), 39.2 (2 x C-33), 38.1 (2 x C-1), 

37.6 (2 x C-4), 36.8 (2 x C-10), 34.1 (2 x C-21), 32.9 

(2 x C-29), 32.5 (2 x C-7), 32.3 (2 x C-22), 30.7 (2 x 

C-20), 29.2 (2 x C-34), 28.0 (2 x C-23), 27.2 (2 x C-

27), 26.6 (2 x C-15), 25.6 (2 x C-35), 23.7 (2 x C-11), 

23.6 (2 x C-30), 23.5 (2 x C-2), 23.4 (2 x C-16), 21.2 

(2 x C-32), 18.1 (2 x C-6), 16.9 (2 x C-24), 16.6 (2 x 

C-26), 15.4 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 558.6 (5 %, [M+Ca]2+), 

1077.7 (100 %, [M+H]+), 1099.9 (65 %, [M+Na]+);  

analysis calcd for C70H112N2O6 (1077.65): C 78.02,              

H 10.48, N 2.60; found: C 77.76, H 10.61, N 2.44. 

 

N1, N7-Bis-[(3β)-3-acetyloxy-olean-12-en-28-oyl]-

1,7-diaminoheptane (8) 

Compound 8 (0.12g, 32%) showed: m.p. 166°C;              

RF = 0.4 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +47.82° (c 0.31, 

CHCl3);  

IR (KBr):  = 3426br, 2944s, 2876m, 1734s, 1640m, 

1524m, 1466m, 1370m, 1248s, 1212w, 1148w, 

1096w, 1028m, 1008m, 986m cm-1;  
1H NMR (400 MHz, CDCl3):  = 5.90 (t, J = 5.3 Hz, 

2H, 2 x NH), 5.36 (t, J = 3.4 Hz, 2H, 2 x 12-H), 4.49 

(dd, J = 9.6, 6.3 Hz, 2H, 2 x 3-H), 3.34 (dq, J = 13.6, 

7.1 Hz, 2H, 2 x 33-H), 3.03–2.93 (m, 2H, 2 x 33-H), 

2.49 (dd, J = 12.8, 3.5 Hz, 2H, 2 x 18-H), 2.04 (s, 6H, 

2 x 32-H), 1.97 (dd, J = 13.7, 3.6 Hz, 2H, 2 x 16-H), 

1.91 (dd, J = 8.6, 3.3 Hz, 2H, 2 x 11-H), 1.81–1.50    

(m, 32H, 2 x 1-H + 2 x 2-H + 2 x 6-H + 2 x 7-H + 2 x 

9-H+ 2 x 11-H+ 2 x 16-H + 2 x 19-H + 2 x 34-H + 2 

x 35-H + 36-H), 1.45 (dd, J = 12.8, 5.9Hz, 2H, 2 x 15-

H), 1.39 (m, 2H, 2 x 22-H), 1.35 (m, 6H, 2 x 6-H + 2 

x 7-H + 2 x 21-H), 1.28 (dd, J = 12.9, 8.0 Hz, 2H, 2 x 

22-H), 1.19 (d, J = 6.3 Hz, 4H, 2 x 19-H + 2 x 21-H), 

1.15 (s, 6H, 2 x 27-H), 1.04 (m, 4H, 2 x 1-H + 2 x 15-

H), 0.94 (s, 6H, 2 x 25-H ), 0.90 (s, 6H 2 x 29-H), 0.90 

(s, 6H, 2 x 30-H), 0.87 (s, 6H, 2 x 23-H), 0.85 (s, 6H, 

2 x 26-H), 0.82 (s, 2H, 2 x 5-H), 0.76 (s, 6H, 2 x 24-

H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.0 (2 x C-28), 

170.9 (2 x C-28), 145.1 (2 x C-13), 122.5 (2 x C-12), 

80.8 (2 x C-3), 55.1 (2 x C-5), 47.4 (2 x C-9), 46.7          

(2 x C-17), 46.2 (2 x C-19), 42.3 (2 x C-18), 42.1 (2 x 

C-14), 39.3 (2 x C-8), 39.2 (2 x C-33), 38.1 (2 x C-1), 

37.6 (2 x C-4), 36.8 (2 x C-10), 34.1 (2 x C-21), 32.9 

(2 x C-29), 32.5 (2 x C-7), 32.3 (2 x C-22), 30.7 (2 x 

C-20), 29.3 (2 x C-34), 28.9 (C-36), 28.0 (2 x C-23), 

27.2 (2 x C-27), 27.0 (2 x C-15), 25.6 (2 x C-35), 23.7 

(2 x C-11), 23.5 (2 x C-30), 23.5 (2 x C-2), 23.4 (2 x 

C-16), 21.2  (2 x C-32), 18.1 (2 x C-6),16.9 (2 x             

C-24), 16.6 (2 x C-26), 15.4 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z =1092.9 (20 %, [M+H]+), 

1114.8 (100 %, [M+Na]+);  

analysis calcd for C71H114N2O6 (1091.68): C 78.11, H 

10.53, N 2.57; found: C 77.94, H 10.61, N 2.36. 

 

N1, N2-Bis-[(3β)-3-acetyloxy-urs-12-en-28-oyl]-1,2-

diaminoethane (9) 

Compound 9 (0.28g, 73%) showed: m.p. 218°C;              

RF = 0.5 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +43.5° (c 0.34, 

CHCl3);  
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IR (KBr): = 3420br, 2948s, 2872m, 1736s, 1646m, 

1522m, 1466m, 1456m, 1390m, 1370m, 1246s, 

1146w, 1092w, 1028m, 1006w cm-1;  
1H NMR (400 MHz, CDCl3):  = 6.50 (m, 2H, 2 x 

NH), 5.36 (t, J = 3.4 Hz, 2H, 2 x 12-H), 4.49 (dd, J = 

9.7, 6.1 Hz, 2H, 2 x 3-H), 3.46 (d, J = 9.0 Hz, 2H, 2 x 

33-H), 3.08 (d, J = 8.7 Hz, 2H, 2 x 33-H), 2.04 (s, 6H, 

2 x 32-H), 1.99 (d, J = 4.1 Hz, 2H, 2 x 16-H), 1.95 

(dd, J = 7.6, 3.4 Hz, 2H, 2 x 11-H), 1.90 (m, 2H, 2 x 

18-H), 1.89–1.82 (m, 2H, 2 x 22-H), 1.75–1.60            

(m, 12H, 2 x 1-H + 2 x 2-H + 2 x 9-H+ 2 x 11-H+ 2 x 

16-H), 1.52 (m, 6H, 2 x 15-H + 2 x 7-H + 2 x 6-H), 

1.47–1.40 (m, 6H, 2 x 21-H + 2 x 22-H + (2 x 19-H), 

1.41–1.24 (m, 6H, 2 x 6-H + 2 x 7-H + 2 x 21-H), 1.08 

(s, 6H, 2 x 27-H), 1.07–1.01 (m, 4H, 2 x 1-H + 2 x     

15-H), 0.95 (s, 6H, 2 x 30-H), 0.94 (s, 6H, 2 x 25-H), 

0.88 (s, 6H, 2 x 24-H), 0.86 (s, 6H, 2 x 23-H), 0.85             

(s, 6H, 2 x 26-H), 0.82 (m, 2H, 2 x 5-H), 0.75 (s, 6H, 

2 x 29-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 179.3 (2 x C-28), 

170.9 (2 x C-28), 139.3 (2 x C-13), 125.8 (2 x C-12), 

80.8 (2 x C-3), 55.2 (2 x C-5), 53.4 (2 x C-18), 47.6 

(2 x C-17), 47.4 (2 x C-9), 42.3 (2 x C-14), 39.8            

(C-33), 39.7 (2 x C-8), 39.5 (2 x C-19), 39.0 (2 x                

C-20), 38.2 (2 x C-1), 37.6 (2 x C-4), 36.8 (2 x C-10), 

36.7 (2 x C-22), 32.5 (2 x C-7), 30.8 (2 x C-21), 28.0 

(2 x C-23), 27.8 (2 x C-15), 24.7 (2 x C-16), 23.5 (2 x 

C-27), 23.3 (2 x C-2), 21.2 (2 x C-32), 21.1 (2 x               

C-30), 18.1 (2 x C-6), 17.2 (2 x C-24), 16.8 (2 x               

C-29), 16.7 (2 x C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 530.5 (10 %, [M+Ca]2+), 

1021.7 (100 %, [M+H]+), 1043.8 (80 %, [M+Na]+);  

analysis calcd for C66H104N2O6 (1021.54): C 77.60,               

H 10.26, N 2.74; found: C 77.45, H 10.41, N 2.51. 

 

N1, N3-Bis-[(3β)-3-acetyloxy-urs-12-en-28-oyl]-1,3-

diaminopropane (10) 

Compound 10 (0.33g, 88%) showed: m.p. 206°C;              

RF = 0.5 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +30.34° (c 0.31, 

CHCl3);  

IR (KBr):  = 3393br, 2939m, 2860m, 1735s, 1645m, 

1517m, 1454m, 1369m, 1246s, 1146w, 1092w, 

1028m, 1006w cm-1;  
1H NMR (500 MHz, CDCl3):  = 6.36 (t, J = 5.4 Hz, 

2H, 2 x NH), 5.35 (t, J = 3.5 Hz, 2H, 2 x 12-H), 4.49 

(dd, J = 10.5, 5.3 Hz, 2H, 2 x 3-H), 3.24 (dq, J = 13.1, 

6.6 Hz, 2H, 2 x 33-H), 3.09 (dq, J = 11.8, 5.8 Hz, 2H, 

2 x 33-H), 2.04 (s, 6H, 2 x 32-H), 1.99 (d, J = 3.9 Hz, 

2H 2 x 16-H), 1.94 (ddd, J = 17.8, 10.4, 2.7 Hz, 2H, 2 

x 11-H), 1.88 (m, 2H, 2 x 18-H), 1.87–1.82 (m, 2H, 2 

x 22-H), 1.76–1.52 (m, 14H, 2 x 1-H + 2 x 2-H + 2 x 

9-H+ 2 x 11-H+ 2 x 16-H + 2 x 34-H), 1.49 (m, 6H, 2 

x 15-H + 2 x 7-H + 2 x 6-H), 1.48–1.40 (m, 6H, 2 x 

21-H + 2 x 22-H + (2 x 19-H), 1.37–1.26 (m, 6H, 2 x 

6-H + 2 x 7-H + 2 x 21-H), 1.05 (s, 6H, 2 x 27-H), 

1.07–1.01 (m, 4H, 2 x 1-H + 2 x 15-H), 0.95 (s, 6H, 2 

x 30-H), 0.93 (s, 6H, 2 x 25-H), 0.88 (s, 6H, 2 x               

24-H), 0.87 (s, 6H, 2 x 23-H), 0.86 (s, 6H, 2 x 26-H), 

0.82 (s, 2H, 2 x 5-H), 0.76 (s, 6H 2 x 29-H) ppm;  

13C NMR (125 MHz, CDCl3):  = 178.5 (2 x C-28), 

170.9 (2 x C-28), 139.4 (2 x C-13), 125.6 (2 x C-12), 

80.8 (2 x C-3), 55.2, (2 x C-5), 53.5 (2 x C-18), 47.7 

(2 x C-17), 47.4 (2 x C-9), 42.3 (2 x C-14), 39.7 (2 x 

C-8), 39.5 (2 x C-19), 38.9 (2 x C-20), 38.3 (2 x C-1), 

37.6 (2 x C-4), 37.4 (2 x C-10), 36.8 (2 x C-22), 36.3 

(C-33), 32.7 (2 x C-7), 30.9 (2 x C-21), 29.6 (C-34), 

28.0 (2 x C-23), 27.8 (2 x C-15), 24.8 (2 x C-16), 23.4 

(2 x C-2), 23.2 (2 x C-27), 21.2 (2 x C-32), 21.1 (2 x 

C-30), 18.1 (2 x C-6), 17.2 (2 x C-24), 17.0 (2 x                 

C-29), 16.8 (2 x C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1035.7 (100 %, [M+H]+), 

1057.8 (70 %, [M+Na]+);  

analysis calcd for C67H106N2O6 (1035.57): C 77.71,                

H 10.32, N 2.71; found: C 77.58, H 10.46, N 2.53. 

 

N1, N4-Bis-[(3β)-3-acetyloxy-urs-12-en-28-oyl]-1,4-

diaminobutane (11) 

Compound 11 (0.33g, 87%) showed: m.p. 206°C;              

RF = 0.4 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +30.2° (c 0.32, 

CHCl3);  

IR (KBr):  = 3445br, 2942m, 2859m, 1735s, 1637m, 

1421m, 1325m, 1245s, 1147w, 1045w, 1028m, 1005w 

cm-1;  
1H NMR (500 MHz, CDCl3):  = 5.99 (t, J = 5.1 Hz, 

2H, 2 x NH), 5.31 (t, J = 3.9 Hz, 2H, 2 x 12-H), 4.49 

(dd, J = 10.5, 5.4 Hz, 2H, 2 x 3-H), 3.36 (dd, J = 13.4, 

6.5 Hz, 2H, 2 x 33-H), 2.99 (dq, J = 11.0, 6.1 Hz, 2H, 

2 x 33-H), 2.05 (s, 6H, 2 x 32-H), 2.00– 1.98 (m, 2H, 

2 x 16-H), 1.95 (ddd, J = 13.5, 7.0, 3.5 Hz, 2H, 2 x 

11-H), 1.90–1.87 (m, 2H, 2 x 18-H), 1.86 (m, 2H, 2 x 

22-H), 1.76–1.55 (m, 16H, 2 x 1-H + 2 x 2-H + 2 x             

9-H+ 2 x 11-H+ 2 x 16-H + 2 x 34-H ), 1.54–1.49                

(m, 6H, 2 x 15-H + 2 x 7-H + 2 x 6-H), 1.45 (m, 6H, 

2 x 21-H + 2 x 22-H + (2 x 19-H), 1.41–1.26 (m, 6H, 

2 x 6-H + 2 x 7-H + 2 x 21-H), 1.09 (s, 6H, 2 x 27-H), 

1.07–1.02 (m, 4H, 2 x 1-H + 2 x 15-H), 0.95 (s, 6H, 2 

x 30-H), 0.88 (s, 6H, 2 x 24-H), 0.86 (s, 6H, 2 x 23-

H), 0.85 (s, 6H, 2 x 26-H), 0.76 (s, 6H 2 x 29-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.0 (2 x C-28), 

170.9 (2 x C-28), 140.0 (2 x C-13), 125.4 (2 x C-12), 

80.8 (2 x C-3), 55.2 (2 x C-5), 53.8 (2 x C-18), 47.7 

(2 x C-17), 47.4 (2 x C-9), 42.4 (2 x C-14), 39.7 (2 x 

C-33), 39.7 (2 x C-8), 39.5 (2 x C-19), 39.0 (2 x           

C-20), 38.9 (2 x C-1), 37.6 (2 x C-4), 36.8 (2 x C-10), 

36.7 (2 x C-22), 32.6 (2 x C-7), 30.8 (2 x C-21), 28.0 

(2 x C-23), 27.8 (2 x C-15), 27.0 (2 x C-34), (2 x               

C-16), 23.5 (2 x C-27), 23.1 (2 x C-2), 21.2 (2 x C-

32), 21.1 (2 x C-30), 17.7 (2 x C-6), 17.2 (2 x C-24), 

16.9 (2 x C-29), 16.7 (2 x C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1049.7 (100 %, [M+H]+), 

545.0 (20 %, [M+Ca]2+), 1069.3 (54 %, [2M+Ca]2+), 

1071.8 (40 %, [M+Na]+);  

analysis calcd for C68H108N2O6 (1049.60): C 77.81, H 

10.37, N 2.67; found: C 77.69, H 10.57, N 2.41. 

 

N1, N5-Bis-[(3β)-3-acetyloxy-urs-12-en-28-oyl]-1,5-

diaminopentane (12) 

Compound 12 (0.31g, 81%) showed: m.p. 188°C;               

RF = 0.4 (silica gel, toluene/ethyl acetate/formic 
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acid/heptane, 80:26:5:1); []D = +36.32° (c 0.31, 

CHCl3);  

IR (KBr):  = 3403br, 2926m, 2871m, 1734s, 1638m, 

1514m, 1454m, 1369m, 1243s, 1147w, 1093w, 

1027m, 1006w cm-1;  
1H NMR (500 MHz, CDCl3):  = 5.99 (t, J = 5.1 Hz, 

2H, 2 x NH), 5.31 (t, J = 3.9 Hz, 2H, 2 x 12-H), 4.49 

(dd, J = 10.5, 5.4 Hz, 2H, 2 x 3-H), 3.36 (dd, J = 13.4, 

6.5 Hz, 2H, 2 x 33-H), 2.99 (dq, J = 11.0, 6.1 Hz, 2H, 

2 x 33-H), 2.05 (s, 6H, 2 x 32-H), 2.00 –1.98 (m, 2H, 

2 x 16-H), 1.95 (ddd, J = 13.5, 7.0, 3.5 Hz, 2H, 2 x 

11-H), 1.90–1.87 (m, 2H, 2 x 18-H), 1.86 (m, 2H, 2 x 

22-H), 1.76–1.55 (m, 18H, 2 x 1-H + 2 x 2-H + 2 x              

9-H+ 2 x 11-H+ 2 x 16-H + 2 x 34-H + 35-H),             

1.54–1.49 (m, 6H, 2 x 15-H + 2 x 7-H + 2 x 6-H), 1.45 

(m, 6H, 2 x 21-H + 2 x 22-H + 2 x 19-H), 1.41–1.26 

(m, 6H, 2 x 6-H + 2 x 7-H + 2 x 21-H), 1.09 (s, 6H,            

2 x 27-H), 1.07–1.02 (m, 4H, 2 x 1-H + 2 x 15-H), 

0.95 (s, 6H, 2 x 30-H), 0.88 (s, 6H, 2 x 24-H), 0.86          

(s, 6H, 2 x 23-H ), 0.85 (s, 6H, 2 x 26-H), 0.76 (s, 6H 

2 x 29-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.2 (2 x C-28), 

170.9 (2 x C-28), 140.0 (2 x C-13), 125.4 (2 x C-12), 

80.7 (2 x C-3), 55.2 (2 x C-5), 53.9 (2 x C-18), 47.6 

(2 x C-17), 47.4 (2 x C-9), 42.5 (2 x C-14), 39.7 (2 x 

C-8), 39.5 (2 x C-19), 39.3 (2 x C-33), 39.1 (2 x           

C-20), 38.3 (2 x C-1), 37.6 (2 x C-4), 37.2 (2 x C-10), 

36.8 (2 x C-22), 32.6 (2 x C-7), 30.8 (2 x C-21), 29.0 

(2 x C-34), 28.0 (2 x C-23), 27.8 (2 x C-15), 24.8 (2 x 

C-16), 24.5 (C-35), 23.4 (2 x C-2), 23.1 (2 x C-27), 

21.2 (2 x C-32), 21.1 (2 x C-30), 18.1 (2 x C-6), 17.2 

(2 x C-24), 16.9 (2 x C-29), 16.7 (2 x C-26), 15.5 (2 x 

C-25) ppm;  

MS (ESI, MeOH): m/z = 1063.7 (100 %, [M+H]+), 

1085.8 (90 %, [M+Na]+), 551.5 (10 %, [M+Ca]2+);  

analysis calcd for C69H110N2O6 (1063.62): C 77.92, H 

10.42, N 2.63; found: C 77.63, H 10.69, N 2.50. 

 

N1, N6-Bis-[(3β)-3-acetyloxy-urs-12-en-28-oyl]-1,6-

diaminohexane (13) 

Compound 13 (0.33g, 85%) showed: m.p. 162°C;             

RF = 0.6 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +38.90° (c 0.32, 

CHCl3);  

IR (KBr):  = 3428br, 2946m, 2872m, 1736s, 1646m, 

1522m, 1456m, 1370m, 1246s, 1148w, 1092w, 

1028m, 1006w cm-1;  
1H NMR (500 MHz, CDCl3):  = 5.94 (t, J = 5.5 Hz, 

2H, 2 x NH), 5.31–5.29 (m, 2H, 2 x 12-H), 4.49 (dd, 

J = 10.5, 5.3 Hz, 2H, 2 x 3-H), 3.30 (dq, J = 13.6, 6.9 

Hz, 2H, 2 x 33-H), 3.03–2.95 (m, 2H, 2 x 33-H), 2.05 

(s, 6H, 2 x 32-H), 2.02–1.98 (m, 2H, 2 x 16-H), 1.95 

(ddd, J = 14.9, 6.2, 3.3 Hz, 2H, 2 x 11-H), 1.90–1.87 

(m, 4H, 2 x 18-H + 2 x 22-H), 1.77–1.55 (m, 20H, 2 x 

1-H + 2 x 2-H + 2 x 9-H+ 2 x 11-H+ 2 x 16-H + 2 x 

34-H + (2 x 35-H), 1.50 (m, 6H, 2 x 15-H + 2 x 7-H + 

2 x 6-H), 1.48–1.39 (m, 6H, 2 x 21-H + 2 x 22-H +             

2 x 19-H), 1.39–1.27 (m, 6H, 2 x 6-H + 2 x 7-H + 2 x 

21-H), 1.09 (s, 6H, 2 x 27-H), 1.07–1.01 (m, 4H, 2 x 

1-H + 2 x 15-H), 0.95 (s, 6H, 2 x 30-H), 0.88 (s, 6H, 

2 x 24-H), 0.87 (s, 6H, 2 x 23-H), 0.86 (s, 6H, 2 x 26-

H), 0.82 (m, 2H, 2 x 5-H), 0.77 (s, 6H 2 x 29-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.2 (2 x C-28), 

170.9 (2 x C-28), 140.0 (2 x C-13), 125.4 (2 x C-12), 

80.8 (2 x C-3), 55.2 (2 x C-5), 53.9 (2 x C-18), 47.7 

(2 x C-17), 47.4 (2 x C-9), 42.5 (2 x C-14), 39.7 (2 x 

C-8), 39.5 (2 x C-19), 39.2 (2 x C-33), 39.1 (2 x          

C-20), 38.3 (2 x C-1), 37.6 (2 x C-4), 37.2 (2 x C-10), 

36.7 (2 x C-22), 32.6 (2 x C-7), 30.8 (2 x C-21), 29.2 

(2 x C-34), 28.0 (2 x C-23), 27.8 (2 x C-15), 24.8 (2 x 

C-16), 24.5 (2 x C-35), 23.4 (2 x C-2), 23.2 (2 x           

C-27), 21.2 (2 x C-32), 21.1 (2 x C-30), 18.1 (2 x             

C-6), 17.2 (2 x C-24), 16.9 (2 x C-29), 16.7 (2 x C-

26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1077.7 (100 %, [M+H]+), 

1099.8 (72 %, [M+Na]+), 558.5 (5 %, [M+Ca]2+);  

analysis calcd for C70H112N2O6 (1077.65): C 78.02,               

H 10.48, N 2.60; found: C 77.88, H 10.69, N 2.41. 

 

N1, N7-Bis-[(3β)-3-acetyloxy-urs-12-en-28-oyl]-1,7-

diaminoheptane (14) 

Compound 14 (0.23g, 56%) showed: m.p. 176°C;          

RF = 0.4 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +36.18° (c 0.33, 

CHCl3);  

IR (KBr):  = 3418br, 2925m, 2855m, 1735s, 1655m, 

1516m, 1454m, 1369m, 1243s, 1147w, 1092w, 

1027m, 1005w cm-1;  
1H NMR (400 MHz, CDCl3):  = 5.91 (t, J = 5.4 Hz, 

2H, 2 x NH), 5.30 (m, 2H, 2 x 12-H), 4.52–4.47               

(m, 2H, 2 x 3-H), 3.31 (dq, J = 13.5, 7.0 Hz, 2H, 2 x 

33-H), 3.04–2.95 (m, 2H, 2 x 33-H), 2.04 (s, 6H, 2 x 

32-H), 2.00 (d, J = 4.2 Hz, 2H, 2 x 16-H), 1.99–1.91 

(m, 2H, 2 x 11-H), 1.89–1.80 (m, 4H, 2 x 18-H + 2 x 

22-H), 1.77–1.53 (m, 22H, 2 x 1-H + 2 x 2-H + 2 x               

9-H+ 2 x 11-H+ 2 x 16-H + 2 x 34-H + 2 x 35-H +       

36-H), 1.50 (m, 6H, 2 x 15-H + 2 x 7-H + 2 x 6-H), 

1.49–1.41 (m, 6H, 2 x 21-H + 2 x 22-H + 2 x 19-H), 

1.40–1.25 (m, 6H, 2 x 6-H + 2 x 7-H + 2 x 21-H), 1.09 

(s, 6H, 2 x 27-H), 1.05 (m, 4H, 2 x 1-H + 2 x 15-H), 

0.95 (s, 6H, 2 x 30-H), 0.88 (s, 6H, 2 x 24-H), 0.87               

(s, 6H, 2 x 23-H), 0.86 (s, 6H, 2 x 26-H), 0.81 (m, 2H, 

2 x 5-H), 0.78 (s, 6H 2 x 29-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 178.1 (2 x C-28), 

170.9 (2 x C-28), 140.1 (2 x C-13), 125.4 (2 x C-12), 

80.8 (2 x C-3), 55.2 (2 x C-5), 54.0 (2 x C-18), 47.6 

(2 x C-17), 47.4 (2 x C-9), 42.5 (2 x C-14), 39.7 (2 x 

C-8), 39.5 (2 x C-19), 39.4 (2 x C-33), 39.1 (2 x              

C-20), 38.3 (2 x C-1), 37.6 (2 x C-4), 37.1 (2 x C-10), 

36.8 (2 x C-22), 32.6 (2 x C-7), 30.8 (2 x C-21), 29.2 

(2 x C-34), 28.9 (C-36), 28.0 (2 x C-23), 27.8 (2 x               

C-15), 27.0 (2 x C-35), 24.8 (2 x C-16), 23.4 (2 x C-

2), 23.1 (2 x C-27), 21.2 (2 x C-32) 21.1 (2 x C-30), 

18.1(2 x C-6), 17.2 (2 x C-24), 16.9 (2 x C-29), 16.7 

(2 x C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1091.7 (100 %, [M+H]+), 

1113.0 (92 %, [M+Na]+), 565.9 (5 %, [M+Ca]2+);  

analysis calcd for C71H114N2O6 (1091.68): C 78.11,              

H 10.53, N 2.57; found: C 78.01, H 10.64, N 2.38. 
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N1,N2-Bis-[(3β)-3-hydroxy-olean-12-en-28-oyl]-

1,2-diaminoethane (15) 

Compound 15 (0.22 g, 59%) showed: m.p. 239°C;           

RF = 0.5 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +51.41° (c 0.35, 

CHCl3);  

IR (KBr): = 3393m, 2927m, 2865w, 1640m, 1518m, 

1463m, 1386w, 1364w, 1262w, 1094w, 1029m, 996m 

cm-1; 1H NMR (400 MHz, CDCl3):  = 6.55 (s, 2H, 2 

x NH), 5.40 (t, J = 3.3 Hz, 2H, 2 x 12-H), 3.46 (d, J = 

9.3 Hz, 2H, (2 x 31-H), 3.21 (dd, J = 11.1, 4.6 Hz, 2H, 

2 x 3-H), 3.12 (d, J = 8.7 Hz, 2H, (2 x 31-H), 2.54 (dd, 

J = 13.1, 3.4 Hz, 2H, 2 x 18-H), 2.00 (dd, J = 13.7, 3.9 

Hz, 2H, 2 x 16-H), 1.93 (dd, J = 11.0, 7.3 Hz, 2H, 2 x 

11-H), 1.79–1.53 (m, 18H, 2 x 1-H + 2 x 2-H + 2 x            

6-H + 2 x 7-H + 2 x 9-H+ 2 x 11-H+ 2 x 16-H + 2 x 

19-H), 1.52–1.50 (m, 2H, 2 x 15-H), 1.49–1.39             

(m, 2H, 2 x 22-H), 1.39–1.29 (m, 6H, 2 x 6-H + 2 x      

7-H + 2 x 21-H), 1.29–1.22 (m, 2H, 2 x 22-H), 1.21–

1.17 (m, 4H, 2 x 19-H + 2 x 21-H), 1.15 (s, 6H, 2 x 

27-H), 1.02 (dd, J = 14.2, 3.7 Hz, 4H, 2 x 1-H + 2 x 

15-H), 0.98 (s, 6H, 2 x 23-H), 0.90 (s, 6H, 2 x 25-H), 

0.89 (s, 6H, (2 x 30-H), 0.89 (s, 6H, 2 x 29-H), 0.77 

(s, 6H, 2 x 24-H), 0.73 (s, 6H, 2 x 26-H), 0.71 (s, 2H, 

2 x 5-H ppm;  
13C NMR (100 MHz, CDCl3):  = 179.3 (2 x C-28), 

144.4 (2 x C-13), 123.1 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 47.5 (2 x C-9), 46.6 (2 x C-17), 46.1 

(2 x C-19), 41.9 (2 x C-18), 41.9 (2 x C-14), 40.1 (2 x 

C-31), 39.3 (2 x C-8), 38.7 (2 x C-1), 38.4 (2 x C-4), 

36.9 (2 x C-10), 34.1 (2 x C-21), 32.9 (2 x C-29), 32.7 

(2 x C-7), 32.3 (2 x C-22), 30.6 (2 x C-20), 28.0 (2 x 

C-23), 27.3 (2 x C-15), 27.1 (2 x C-2), 25.8 (2 x             

C-27), 23.6 (2 x C-11), 23.5 (2 x C-30), 23.5 (2 x               

C-16), 18.2 (2 x C-6), 16.8 (2 x C-26), 15.5 (2 x C-

24), 15.3 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 938.1 (42 %, [M+H]+), 960.2 

(100 %, [M+Na]+);  

analysis calcd for C62H100N2O4 (937.47): C 79.43, 

H 10.75, N 2.99; found: C 79.17, H 10.91, N 2.76. 

 

N1,N3-Bis-[(3β)-3-hydroxy-olean-12-en-28-oyl]-

1,3-diaminopropane (16) 

Compound 16 (0.22 g, 59%) showed: m.p. 218°C;               

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +50.78° (c 0.30, 

CHCl3);  

IR (KBr): = 3374br, 2928m, 2864w, 1632s, 1527s, 

1465m, 1432m, 1380w, 1363w, 1262w, 1094w, 

1045m, 1030m, 998w, 773w   cm-1;  
1H NMR (500 MHz, CDCl3):  = 6.47 (t, J = 5.1 Hz, 

2H, 2 x NH), 5.41 (t, J = 3.5 Hz, 2H, 2 x 12-H), 3.27 

(dq, J = 13.4, 6.8 Hz, 2H, 2 x 31-H), 3.21 (dd, J = 

11.4, 4.3 Hz, 2H, 2 x 3-H), 3.13 (dq, J = 12.0, 5.9 Hz, 

2H, 2 x 31-H), 2.65 (dd, J = 13.0, 4.0 Hz, 2H, 2 x                

18-H), 2.02–1.93 (m, 2H, 2 x 16-H), 1.93–1.87                 

(m, 2H, 2 x 11-H), 1.79–1.50 (m, 20H, 2 x 1-H + 2 x 

2-H + 2 x 6-H + 2 x 7-H + 2 x 9-H+ 2 x 11-H+ 2 x    

15-H + 2 x 16-H + 2 x 19-H + 32-H), 1.44 (dd, J = 

12.2, 3.1 Hz, 2H, 2 x 22-H), 1.41–1.30 (m, 6H, 2 x               

6-H + 2 x 7-H + 2 x 21-H), 1.30–1.24 (m, 2H, 2 x 22-

H), 1.22–1.17 (m, 4H, 2 x 19-H + 2 x 21-H), 1.16            

(s, 6H, 2 x 27-H), 1.04 (dt, J = 13.5, 2.9 Hz, 4H, 2 x 

1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-H), 0.92 (s, 6H, 

2 x 25-H), 0.90 (s, 6H, (2 x 30-H), 0.90 (s, 6H, 2 x  

29-H), 0.78 (s, 6H, 2 x 24-H), 0.74 (s, 6H, 2 x 26-H), 

0.72 (s, 2H, 2 x 5-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.5 (2 x C-28), 

144.5 (2 x C-13), 122.8 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 47.5 (2 x C-9), 46.7 (2 x C-17), 46.3 

(2 x C-19), 41.9 (2 x C-18), 41.84 (2 x C-14), 39.3              

(2 x C-8), 38.7 (2 x C-1), 38.4 (2 x C-4), 36.9 (2 x             

C-10), 36.1 (2 x C-31), 34.2 (2 x C-21), 33.01 (2 x              

C-29), 32.9 (2 x C-7), 32.4 (2 x C-22), 30.7 (2 x            

C-20), 29.6 (CH2, C32), 28.0 (2 x C-23), 27.3 (2 x               

C-15), 27.15 (2 x C-2), 25.7 (2 x C-27), 23.6 (2 x           

C-11), 23.6 (2 x C-30), 23.5 (2 x C-16), 18.2 (2 x              

C-6), 16.9 (2 x C-26), 15.5 (2 x C-24), 15.3 (2 x                      

C-25) ppm; MS (ESI, MeOH): m/z = 952.1 (100 %, 

[M+H]+), 974.0 (22 %, [M+Na]+);  

analysis calcd for C63H102N2O4 (951.50): C 79.52,               

H 10.81, N 2.94; found: C 79.35, H 11.03, N 2.77. 

 

N1,N4-Bis-[(3β)-3-hydroxy-olean-12-en-28-oyl]-

1,4-diaminobutane (17) 

Compound 17 (0.13 g, 83%) showed: m.p. 186°C;             

RF = 0.4 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +47.00° (c 0.31, 

CHCl3);  

IR (KBr):  = 3390br, 2926m, 2864w, 1640m, 1520m, 

1463m, 1386w, 1260s, 1092s, 1026s cm-1;  
1H NMR (400 MHz, CDCl3):  = 6.06 (t, J = 5.6 Hz, 

2H, 2 x NH), 5.37 (t, J = 3.5 Hz, 2H, 2 x 12-H), 3.35 

(dq, J = 12.9, 6.4 Hz, 2H, 2 x 31-H), 3.21 (dd, J = 

11.1, 4.6 Hz, 2H, 2 x 3-H), 3.04 (dq, J = 11.6, 6.5 Hz, 

2H, (2 x 31-H), 2.53 (dd, J = 12.9, 4.1 Hz, 2H, 2 x             

18-H), 2.01–1.92 (m, 2H, 2 x 16-H), 1.95–1.87                     

(m, 2H, 2 x 11-H), 1.81–1.56 (m, 22H, 2 x 1-H + 2 x 

2-H + 2 x 6-H + 2 x 7-H + 2 x 9-H+ 2 x 11-H+ 2 x     

16-H + 2 x 19-H + 2 x 32-H), 1.54 (dt, J = 13.9, 3.4 

Hz, 2H, 2 x 15-H), 1.50–1.39 (m, 2H, 2 x 22-H), 1.39–

1.27 (m, 6H, 2 x 6-H + 2 x 7-H + 2 x 21-H), 1.27–1.22 

(m, 2H 2 x 22-H), 1.22–1.17 (m, 4H, 2 x 19-H + 2 x 

21-H), 1.18–1.14 (s, 6H, 2 x 27-H), 1.07–0.99 (m, 4H, 

2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-H), 0.91               

(s, 6H, 2 x 25-H), 0.91 (s, 6H, (2 x 30-H), 0.90 (s, 6H, 

2 x 29-H),0.78 (s, 6H, 2 x 24-H), 0.75 (s, 6H, 2 x 26-

H), 0.71 (s, 2H, 2 x 5-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 178.2 (2 x C-28), 

145.0 (2 x C-13), 122.7 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 47.5 (2 x C-9), 46.7 (2 x C-17), 46.2 

(2 x C-19), 42.1 (2 x C-18), 42.0 (2 x C-14), 39.3 (2 x 

C-8), 39.0 (2 x C-31), 38.7 (2 x C-1), 38.4 (2 x C-4), 

36.9 (2 x C-10), 34.1 (2 x C-21), 32.9 (2 x C-29), 32.5 

(2 x C-7), 32.3 (2 x C-22), 30.7 (2 x C-20), 28.0 (2 x 

C-23), 27.3 (2 x C-32), 27.1 (2 x C-2), 26.9 (2 x              

C-15), 25.7 (2 x C-27), 23.7 (2 x C-11), 23.6 (2 x             

C-30), 23.5 (2 x C-16), 18.2 (2 x C-6), 16.9 (2 x C-6), 

15.5 (2 x C-24), 15.3 (2 x C-25) ppm; MS (ESI, 

MeOH): m/z = 965.3 (92 %, [M-H]-;  

analysis calcd for C64H104N2O4 (965.52): C 79.61,                    

H 10.86, N 2.90; found: C 79.40, H 10.99, N 2.73. 
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N1,N5-Bis-[(3β)-3-hydroxy-olean-12-en-28-oyl]-

1,5-diaminopentane (18) 

Compound 18 (0.04 g, 76%) showed: m.p. 182°C;                

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +35.37° (c 0.36, 

CHCl3);  

IR (KBr):  = 3387br, 2924m, 2854w, 1638m, 1518m, 

1455m, 1363m, 1037m, 996m cm-1;  
1H NMR (500 MHz, CDCl3):  = 6.00 (t, J = 5.5 Hz, 

2H, 2 x NH), 5.31 (t, J = 3.5 Hz, 2H, 2 x 12-H), 3.31 

(dq, J = 13.4, 6.8 Hz, 2H, 2 x 31-H), 3.25–3.18 (dd, J 

= 11.2, 4.6 Hz, 2H, 2 x 3-H), 3.01 (dq, J = 12.8, 6.5 

Hz, 2H, (2 x 31-H), 2.02–1.98 (m, 2H 2 x 16-H), 1.98–

1.94 (m, 2H, 2 x 11-H), 1.93 (d, J = 3.3 Hz, 2H, 2 x 

18-H), 1.87 (dt, J = 11.0, 2.9 Hz, 2H, 2 x 22-H), 1.78–

1.50 (m, 20H, 2 x 1-H + 2 x 2-H + 2 x 9-H+ 2 x              

11-H+ 2 x 16-H + 2 x 34-H + 2 x 35-H), 1.44 (m, 12H, 

2 x 15-H + 2 x 7-H + 2 x 6-H + 2 x 21-H + 2 x 22-H 

+ (2 x 19-H), 1.40–1.25 (m, 6H, 2 x 6-H + 2 x 7-H + 

2 x 21-H), 1.10 (s, 6H, 2 x 27-H), 1.08–1.00 (m, 4H, 

2 x 1-H + 2 x 15-H), 0.99 (s, 6H, (2 x 23-H), 0.95              

(s, 6H, 2 x 30-H), 0.92 (s, 6H, 2 x 25-H), 0.87 (s, 6H, 

2 x 26-H), 0.78 (s, 6H, 2 x 24-H), 0.78 (s, 6H, 2 x             

29-H), 0.71 (m, 2H, 2 x 5-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.1 (2 x C-28), 

140.0 (2 x C-13), 125.5 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 53.9 (2 x C-18), 47.7 (2 x C-17), 47.5 

(2 x C-9), 42.5 (2 x C-14), 39.7 (2 x C-8), 39.5 (2 x 

C-19), 39.2 (2 x C-31), 39.1 (2 x C-20), 38.7 (2 x            

C-1), 38.6 (2 x C-4), 37.2 (2 x C-22), 36.9 (2 x C-10), 

32.7 (2 x C-7), 30.8 (2 x C-21), 28.1 (2 x C-23), 27.8 

(2 x C-15), 27.1 (2 x C-32), 26.4 (2 x C-33), 24.8 (2 x 

C-2), 24.5 (2 x C-16), 23. (2 x C-27), 23.2 (2 x C-2), 

21.2 (2 x C-30), 18.2 (2 x C-6), 17.2 (2 x C-24), 16.9 

(2 x C-29), 15.6 (2 x C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 994.7 (100 %, [M+H]+), 

1017.6 (90 %, [M+Na]+);  

analysis calcd for C65H106N2O4 (979.55): C 79.70,             

H 10.91, N 2.86; found: C 79.51, H 11.13, N 2.64. 

 

N1,N6-Bis-[(3β)-3-hydroxy-urs-12-en-28-oyl]-1,6-

diaminohexane (19) 

Compound 19 (0.18 g, 76%) showed: m.p. 183°C (lit.: 

191–193 °C); RF = 0.3 (silica gel, toluene/ethyl 

acetate/formic acid/heptane, 80:26:5:1); []D = 

+50.40° (c 0.33, CHCl3);  

IR (KBr):  = 3404br, 2927s, 2863m, 1639s, 1521s, 

1463s, 1386s, 1242m, 1030s, 996s   cm-1;  
1H NMR (400 MHz, CDCl3):= 5.98–5.93 (m, 2H, 2 

x NH), 5.37 (t, J = 3.5 Hz, 2H, 2 x 12-H), 3.35 (dq, J 

= 13.7, 7.0 Hz, 2H, 2 x 31-H), 3.22 (dd, J = 11.2, 4.5 

Hz, 2H, 2 x 3-H), 3.03–2.93 (m, 2H, 2 x 31-H), 2.50 

(dd, J = 12.8, 3.8 Hz, 2H, 2 x 18-H), 1.97 (dd, J = 

13.6, 3.8 Hz, 2H, 2 x 16-H), 1.91 (m, 2H, 2 x 11-H), 

1.81–1.57 (m, 28H, 2 x 1-H + 2 x 2-H + 2 x 6-H + 2 x 

7-H + 2 x 9-H + 2 x 11-H+ 2 x 16-H + 2 x 19-H + 2 x 

32-H + 2 x 33-H), 1.57–1.51 (m, 2H, 2 x 15-H), 1.50–

1.40 (m, 2H, 2 x 22-H), 1.40–1.27 (m, 6H, 2 x 6-H + 

2 x 7-H + 2 x 21-H), 1.25 (m, 2H 2 x 22-H), 1.19                  

(d, J = 11.3 Hz, 4H, 2 x 19-H + 2 x 21-H), 1.16 (s, 6H, 

2 x 27-H), 1.07–1.00 (m, 4H, 2 x 1-H + 2 x 15-H), 

0.99 (s, 6H, 2 x 23-H), 0.91 (s, 6H, 2 x 25-H), 0.91              

(s, 6H, (2 x 30-H), 0.90 (s, 6H, 2 x 29-H), 0.78 (s, 6H, 

2 x 24-H), 0.76 (s, 6H, 2 x 26-H), 0.72 (s, 2H, 2 x             

5-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 178.1 (2 x C-28), 

145.1 (2 x C-13), 122.6 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 47.5 (2 x C-9), 46.7 (2 x C-17), 46.2 

(2 x C-19), 42.3 (2 x C-18), 42.1 (2 x C-14), 39.3 (2 x 

C-8), 39.2 (2 x C-31), 38.7 (2 x C-1), 38.4 (2 x C-4) 

36.9 (2 x C-10), 34.1 (2 x C-21), 32.9 (2 x C-29), 32.4 

(2 x C-7), 32.4 (2 x C-22), 30.7 (2 x C-20), 29.3 (2 x 

C-32), 28.0 (2 x C-23), 27.2 (2 x C-2), 27.1 (2 x             

C-15) 26.6 (2 x C-33), 25.7 (2 x C-27), 23.7 (2 x             

C-11), 23.6 (2 x C-30), 23.5 (2 x C-16), 18.2 (2 x                 

C-6), 16.9 (2 x C-6), 15.5 (2 x C-24), 15.3 (2 x C-25) 

ppm;  

MS (ESI, MeOH): m/z = 994.6 (90 %, [M+H]+), 

1016.6 (100 %, [M+Na]+);  

analysis calcd for C66H108N2O4 (993.58): C 79.78, 

H 10.96, N 2.82; found: C 79.62, H 11.07, N 2.69. 

 

N1,N7-Bis-[(3β)-3-hydroxy-olean-12-en-28-oyl]-

1,7-diaminoheptane (20) 

Compound 20 (0.12 g, 87%) showed: m.p. 183°C;              

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +45.85° (c 0.36, 

CHCl3);  

IR (KBr):  = 3407br, 2927s, 2861m, 1641s, 1519m, 

1462s, 1386m, 1363m, 1212m, 1030m, 996m cm-1;  
1H NMR (400 MHz, CDCl3):  = 5.93–5.88 (m, 2H,  

2 x NH), 5.37 (t, J = 3.5 Hz, 2H, 2 x 12-H), 3.34 (dq, 

J = 13.7, 7.1 Hz, 2H, (2 x 31-H), 3.21 (dd, J = 11.2, 

4.5 Hz, 2H, 2 x 3-H), 3.03–2.93 (m, 2H, (2 x 31-H), 

2.49 (dd, J = 12.8, 3.6 Hz, 2H, 2 x 18-H), 1.97 (dd, J 

= 13.7, 3.7 Hz, 2H, 2 x 16-H), 1.91 (dd, J = 8.9, 3.3 

Hz, 2H, 2 x 11-H), 1.81–1.56 (m, 30H, 2 x 1-H + 2 x 

2-H + 2 x 6-H + 2 x 7-H + 2 x 9-H+ 2 x 11-H+ 2 x    

16-H + 2 x 19-H + 2 x 32-H + 2 x 33-H + 2 x 34-H), 

1.54 (dd, J = 9.7, 4.3 Hz, 2H, 2 x 15-H), 1.50–1.40 (m, 

2H, 2 x 22-H), 1.40–1.27 (m, 6H, 2 x 6-H + 2 x 7-H + 

2 x 21-H), 1.25 (m, 2H 2 x 22-H), 1.19 (d, J = 11.3 

Hz, 4H, 2 x 19-H + 2 x 21-H), 1.16 (s, 6H, 2 x 27-H), 

1.03 (m, 4H, 2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-

H), 0.91 (s, 6H, 2 x 25-H), 0.91 (s, 6H, (2 x 30-H), 

0.90 (s, 6H, 2 x 29-H), 0.78 (s, 6H, 2 x 24-H), 0.76              

(s, 6H, 2 x 26-H), 0.72 (s, 2H, 2 x 5-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 178.1 (2 x C-28), 

145.1 (2 x C-13), 122.6 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 47.5 (2 x C-9), 46.8 (2 x C-17), 46.2 

(2 x C-19), 42.3 (2 x C-18), 42.0 (2 x C-14), 39.4 (2 x 

C-8), 39.3 (2 x C-31), 38.7 (2 x C-1), 38.4 (2 x C-4), 

36.9 (2 x C-10), 34.1 (2 x C-21), 32.9 (2 x C-29), 32.5 

(2 x C-7), 32.3 (2 x C-22), 30.7 (2 x C-20), 29.3 (2 x 

C-32), 28.9 (C-34), 28.0 (2 x C-23), 27.2 (2 x C-2), 

27.1 (2 x C-15), 27.0 (2 x C-33), 25.7 (2 x C-27), 23.8 

(2 x C-11), 23.5 (2 x C-30), 23.5 (2 x C-16), 18.2 (2 x 

C-6), 16.9 (2 x C-6), 15.5 (2 x C-24), 15.3 (2 x C-25) 

ppm;  

MS (ESI, MeOH): m/z = 1008.8 (14 %, [M+H]+), 

1031.7 (43 %, [M+Na]+);  
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analysis calcd for C67H110N2O4 (xx): C 79.86,                   

H 11.00, N 2.78; found: C 79.68, H 11.18, N 2.69. 

 

N1,N2-Bis-[(3β)-3-hydroxy-urs-12-en-28-oyl]-1,2-

diaminoethane (21) 

Compound 21 (0.18 g, 85%) showed: m.p. 228°C;               

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +44.32° (c 0.31, 

CHCl3);  

IR (KBr):  = 3383br, 2927s, 2870m, 1632s, 1533m, 

1455m, 1378w, 1280w, 1089w, 1030m, 995m cm-1;  
1H NMR (400 MHz, CDCl3):  = 6.53 (m, 2H, 2 x 

NH), 5.36 (t, J = 3.4 Hz, 2H, 2 x 12-H), 3.48 (d, J = 

9.4 Hz, 2H, 2 x 31-H), 3.21 (dd, J = 11.2, 4.6 Hz, 2H, 

2 x 3-H), 3.09 (d, J = 9.0 Hz, 2H, (2 x 31-H), 2.02               

(d, J = 4.1 Hz, 2H 2 x 16-H), 2.00–1.94 (m, 2H, 2 x 

11-H), 1.91 (m, 2H, 2 x 18-H), 1.89–1.84 (m, 2H, 2 x 

22-H), 1.76–1.51 (m, 12H, 2 x 1-H + 2 x 2-H + 2 x                

9-H+ 2 x 11-H+ 2 x 16-H), 1.50–1.48 (m, 6H, 2 x             

15-H + 2 x 7-H + 2 x 6-H), 1.47 (m, 6H, 2 x 21-H + 2 

x 22-H + 2 x 19-H), 1.40–1.25 (m, 6H, 2 x 6-H + 2 x 

7-H + 2 x 21-H), 1.09 (s, 6H, 2 x 27-H), 1.08–1.02   

(m, 4H, 2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-H), 

0.95 (s, 6H, 2 x 30-H), 0.92 (s, 6H, 2 x 25-H), 0.87             

(s, 6H, 2 x 26-H), 0.78 (s, 6H, 2 x 24-H), 0.75 (s, 6H, 

2 x 29-H), 0.72 (m, 2H, 2 x 5-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 178.1 (2 x C-28), 

139.2 (2 x C-13), 125.9 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 53.3 (2 x C-18), 47.6 (2 x C-17), 47.5 

(2 x C-9), 42.3 (2 x C-14), 39.7 (2 x C-8), 39.9 (2 x 

C-31), 39.5 (2 x C-19), 39.0 (2 x C-20), 38.7 (2 x             

C-1), 38.5 (2 x C-4), 37.4 (2 x C-22), 36.9 (2 x C-10), 

32.6 (2 x C-7), 30.8 (2 x C-21), 28.1 (2 x C-23), 27.8 

(2 x C-15), 27.1 (2 x C-2), 24.7 (2 x C-16), 23.5 (2 x 

C-27), 23.3 (2 x C-11), 21.2 (2 x C-30), 18.1 (2 x              

C-6), 17.2 (2 x C-24), 16.8 (2 x C-29), 16.7 (2 x               

C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 938.5 (60 %, [M+H]+), 960.5 

(100 %, [M+Na]+);  

analysis calcd for C62H100N2O4 (937.49): C 79.43,                 

H 10.75, N 2.99; found: C 70.23, H 10.95, N 2.71. 

 

N1,N3-Bis-[(3β)-3-hydroxy-urs-12-en-28-oyl]-1,3-

diaminopropane (22) 

Compound 22 (0.02 g, 56%) showed: m.p. 242°C;             

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +20.84° (c 0.3, 

CHCl3);  

IR (KBr):  = 3383br, 2927s, 2870m, 1632m, 1532m, 

1454m, 1378m, 1259s, 1088m, 1029m, 996w cm-1;  
1H NMR (500 MHz, CDCl3):  = 6.42 (m, 2H, 2 x 

NH), 5.36 (t, J = 3.5 Hz, 2H, 2 x 12-H), 3.31–3-22 (d, 

J = 9.4 Hz, 2H, (2 x 31-H), 3.20 (m, 2H, 2 x 3-H), 3.10 

(dd, J = 13.4, 5.9 Hz, 2H, 2 x 31-H), 2.03 (d, J = 4.2 

Hz, 2H 2 x 16-H), 2.01–1.94 (m, 2H, 2 x 11-H), 1.92 

(m, 2H, 2 x 18-H), 1.90–1.82 (m, 2H, 2 x 22-H), 1.79–

1.50 (m, 14H, 2 x 1-H + 2 x 2-H + 2 x 9-H+ 2 x                

11-H+ 2 x 16-H + 2 x 34-H), 1.49 (m, 6H, 2 x 15-H + 

2 x 7-H + 2 x 6-H), 1.48–1.44 (m, 6H, 2 x 21-H + 2 x 

22-H + 2 x 19-H), 1.43–1.24 (m, 6H, 2 x 6-H + 2 x                

7-H + 2 x 21-H), 1.10 (s, 6H, 2 x 27-H), 1.08–1.00   

(m, 4H, 2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-H), 

0.94 (s, 6H, 2 x 30-H), 0.91 (s, 6H, 2 x 25-H), 0.87            

(s, 6H, 2 x 26-H), 0.78 (s, 6H, 2 x 24-H), 0.76 (s, 6H, 

2 x 29-H), 0.71 (m, 2H, 2 x 5-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.1 (2 x C-28), 

139.3 (2 x C-13), 125.7 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 53.5 (2 x C-18), 47.7 (2 x C-17), 47.5 

(2 x C-9), 42.4 (2 x C-14), 39.7 (2 x C-8), 39.5 (2 x 

C-19), 39.0 (2 x C-20), 38.7 (2 x C-1), 38.6 (2 x C-4), 

37.4 (2 x C-22), 36.9 (2 x C-10), 36.4 (2 x C-31), 32.8 

(2 x C-7), 30.9 (2 x C-21), 28.1 (2 x C-23), 27.8 (2 x 

C-15), 27.1 (2 x C-2), 27.2 (2 x C-32), 24.7 (2 x           

C-16), 23.4 (2 x C-27), 23.3 (2 x C-2), 21.2 (2 x             

C-30), 18.2 (2 x C-6), 17.2 (2 x C-24), 17.0 (2 x               

C-29), 15.5 (2 x C-26), 15.5 (2 x C-25) ppm; MS (ESI, 

MeOH): m/z = 951.9 (40 %, [M+H]+), 973.8 (8 %, 

[M+Na]+);  

analysis calcd for C63H102N2O4 (951.49): C 79.52,                

H 10.81, N 2.94; found: C 79.32, H 11.03, N 2.76. 

 

N1,N4-Bis-[(3β)-3-hydroxy-urs-12-en-28-oyl]-1,4-

diaminobutane (23) 

Compound 23 (0.03 g, 54%) showed: m.p. 245°C; RF 

= 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +33.23° (c 0.16, 

CHCl3);  

IR (KBr):  = 3422br, 2926s, 2870m, 1638s, 1517m, 

1454s, 1378m, 1243w, 1045m, 1029m, 997m cm-1;  
1H NMR (400 MHz, CDCl3):= 5.97 (m, 2H, 2 x 

NH), 5.31 (t, J = 3.6 Hz, 2H, 2 x 12-H), 3.40–3.29             

(m, 2H, 2 x 31-H), 3.22 (dt, J = 10.8, 5.3 Hz, 2H, 2 x 

3-H), 2.99 (dd, J = 12.2, 5.8 Hz, 2H, 2 x 31-H), 2.00 

(t, J = 2.3 Hz, 2H 2 x 16-H), 1.95 (m, 2H, 2 x 11-H), 

1.88 (d, J = 3.2 Hz, 2H, 2 x 18-H), 1.85 (d, J = 3.1 Hz, 

2H, 2 x 22-H), 1.77–1.50 (m, 16H, 2 x 1-H + 2 x 2-H 

+ 2 x 9-H+ 2 x 11-H+ 2 x 16-H + 2 x 34-H), 1.45 (m, 

12H, 2 x 15-H + 2 x 7-H + 2 x 6-H + 2 x 21-H + 2 x 

22-H + 2 x 19-H), 1.41–1.24 (m, 6H, 2 x 6-H + 2 x             

7-H + 2 x 21-H), 1.10 (s, 6H, 2 x 27-H), 1.08–1.00     

(m, 4H, 2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-H), 

0.95 (s, 6H, 2 x 30-H), 0.92 (s, 6H, 2 x 25-H), 0.87             

(s, 6H, 2 x 26-H), 0.78 (s, 6H, 2 x 24-H), 0.77 (s, 6H, 

2 x 29-H), 0.72 (m, 2H, 2 x 5-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 178.1 (2 x C-28), 

140.0 (2 x C-13), 125.5 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 53.8 (2 x C-18), 47.6 (2 x C-17), 47.5 

(2 x C-9), 42.5 (2 x C-14), 39.7 (2 x C-8), 39.5 (2 x 

C-19), 39.1 (2 x C-20), 38.9 (2 x C-31), 38.7 (2 x            

C-1), 38.6 (2 x C-4), 37.2 (2 x C-22), 36.9 (2 x C-10), 

32.7 (2 x C-7), 30.9 (2 x C-21), 28.1 (2 x C-23), 27.8 

(2 x C-15), 27.1 (2 x C-32), 26.9 (2 x C-2), 24.7 (2 x 

C-16), 23.4 (2 x C-27), 23.2 (2 x C-2), 21.2 (2 x              

C-30), 18.2 (2 x C-6), 17.2 (2 x C-24), 17.0 (2 x               

C-29), 15.5 (2 x C-26), 15.5 (2 x C-25) ppm; MS (ESI, 

MeOH): m/z = 967.5 (60 %, [M+H]+), 990.5 (100 %, 

[M+Na]+);  

analysis calcd for C64H104N2O4 (965.52): C 79.61,                  

H 10.86, N 2.90; found: C 79.45, H 11.03, N 2.84. 
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N1,N5-Bis-[(3β)-3-hydroxy-urs-12-en-28-oyl]-1,5-

diaminopentane (24) 

Compound 24 (0.1 g, 77%) showed: m.p. 158°C;                

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +42.57° (c 0.31, 

CHCl3);  

IR (KBr):= 3396br, 2924m, 2869w, 1641m, 1520w, 

1455w, 1386w, 1260m, 1091s, 1026s cm-1;  
1H NMR (400 MHz, CDCl3):  = 5.92 (t, J = 5.6 Hz, 

2H, 2 x NH), 5.31 (t, J = 3.2 Hz, 2H, 2 x 12-H), 3.3 

(dq, J = 13.5, 6.9 Hz, 2H, 2 x 31-H), 3.25–3.18 (m, 

2H, 2 x 3-H), 3.03–2.92 (m, 2H, 2 x 31-H), 2.00 (d, J 

= 4.2 Hz, 2H 2 x 16-H), 1.98–1.94 (m, 2H, 2 x 11-H), 

1.83 (d, J = 2.3 Hz, 2H, 2 x 18-H), 1.91–1.82 (m, 2H, 

2 x 22-H), 1.78–1.50 (m, 18H, 2 x 1-H + 2 x 2-H +             

2 x 9-H+ 2 x 11-H+ 2 x 16-H + 2 x 34-H + 35-H), 

1.49–1.42 (m, 12H, 2 x 15-H + 2 x 7-H + 2 x 6-H + 2 

x 21-H + 2 x 22-H + (2 x 19-H), 1.41–1.26 (m, 6H, 2 

x 6-H + 2 x 7-H + 2 x 21-H), 1.09 (s, 6H, 2 x 27-H), 

1.08–1.00 (m, 4H, 2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 

(2 x 23-H), 0.95 (s, 6H, 2 x 30-H), 0.92 (s, 6H, 2 x     

25-H), 0.87 (s, 6H, 2 x 26-H), 0.78 (s, 6H, 2 x 24-H), 

0.77 (s, 6H, 2 x 29-H), 0.71 (m, 2H, 2 x 5-H) ppm;  
13C NMR (100 MHz, CDCl3):  = 178.1 (2 x C-28), 

140.0 (2 x C-13), 125.5 (2 x C-12), 78.9 (2 x C-3), 

55.2 (2 x C-5), 53.9 (2 x C-18), 47.6 (2 x C-17), 47.5 

(2 x C-9), 42.5 (2 x C-14), 39.7 (2 x C-8), 39.5 (2 x 

C-19), 39.3 (2 x C-31), 39.1 (2 x C-20), 38.7 (2 x             

C-1), 38.6 (2 x C-4), 37.2 (2 x C-22), 36.9 (2 x C-10), 

32.7 (2 x C-7), 30.8 (2 x C-21), 29.0 (C-33), 28.1 (2 x 

C-23), 27.8 (2 x C-15), 27.1 (2 x C-32), 24.8 (2 x               

C-2), 24.5 (2 x C-16), 23.4 (2 x C-27), 23.2 (2 x C-2), 

21.2 (2 x C-30), 18.2 (2 x C-6), 17.2 (2 x C-24), 16.9 

(2 x C-29), 15.6 (2 x C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 980.3 (20 %, [M+H]+), 

1002.3 (100 %, [M+Na]+);  

analysis calcd for C65H106N2O4 (979.55): C 79.50,                  

H 10.91, N 2.86; found: C 79.36, H 11.13, N 2.67. 

 

N1,N6-Bis-[(3β)-3-hydroxy-urs-12-en-28-oyl]-1,6-

diaminohexane (25) 

Compound 25 (0.11 g, 70%) showed: m.p. 182°C;                

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +35.37° (c 0.36, 

CHCl3);  

IR (KBr):  = 3387br, 2924m, 2854w, 1638m, 1518m, 

1455m, 1363m, 1037m, 996m cm-1;  
1H NMR (500 MHz, CDCl3):  = 6.00 (t, J = 5.5 Hz, 

2H, 2 x NH), 5.31 (t, J = 3.5 Hz, 2H, 2 x 12-H), 3.31 

(dq, J = 13.4, 6.8 Hz, 2H, 2 x 31-H), 3.25–3.18 (dd, J 

= 11.2, 4.6 Hz, 2H, 2 x 3-H), 3.01 (dq, J = 12.8, 6.5 

Hz, 2H, 2 x 31-H), 2.02–1.98 (m, 2H 2 x 16-H), 1.98–

1.94 (m, 2H, 2 x 11-H), 1.93 (d, J = 3.3 Hz, 2H, 2 x 

18-H), 1.87 (dt, J = 11.0, 2.9 Hz, 2H, 2 x 22-H), 1.78–

1.50 (m, 20H, 2 x 1-H + 2 x 2-H + 2 x 9-H+ 2 x              

11-H+ 2 x 16-H + 2 x 34-H + 2 x 35-H), 1.44 (m, 12H, 

2 x 15-H + 2 x 7-H + 2 x 6-H + 2 x 21-H + 2 x 22-H 

+ 2 x 19-H), 1.40–1.25 (m, 6H, 2 x 6-H + 2 x 7-H +                

2 x 21-H), 1.10 (s, 6H, 2 x 27-H), 1.08–1.00 (m, 4H, 

2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-H), 0.95                     

(s, 6H, 2 x 30-H), 0.92 (s, 6H, 2 x 25-H), 0.87 (s, 6H, 

2 x 26-H), 0.78 (s, 6H, 2 x 24-H), 0.78 (s, 6H, 2 x             

29-H), 0.71 (m, 2H, 2 x 5-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.1 (2 x C-28), 

140.0 (2 x C-13), 125.5 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 53.9 (2 x C-18), 47.7 (2 x C-17), 47.5 

(2 x C-9), 42.5 (2 x C-14), 39.7 (2 x C-8), 39.5 (2 x 

C-19), 39.2 (2 x C-31), 39.1 (2 x C-20), 38.7 (2 x                

C-1), 38.6 (2 x C-4), 37.2 (2 x C-22), 36.9 (2 x C-10), 

32.7 (2 x C-7), 30.8 (2 x C-21), 28.1 (2 x C-23), 27.8 

(2 x C-15), 27.1 (2 x C-32), 26.4 (2 x C-33), 24.8 (2 x 

C-2), 24.5 (2 x C-16), 23. (2 x C-27), 23.2 (2 x C-2), 

21.2 (2 x C-30), 18.2 (2 x C-6), 17.2 (2 x C-24), 16.9 

(2 x C-29), 15.6 (2 x C-26), 15.5 (2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 994.7 (100 %, [M+H]+), 

1017.6 (90 %, [M+Na]+);  

analysis calcd for C66H108N2O4 (993.58): C 79.78,                

H 10.96, N 2.82; found: C 79.51, H 11.15, N 2.69. 

 

N1,N7-Bis-[(3β)-3-hydroxy-urs-12-en-28-oyl]-1,7-

diaminoheptane (26) 

Compound 26 (0.05 g, 68%) showed: m.p. 188°C;               

RF = 0.3 (silica gel, toluene/ethyl acetate/formic 

acid/heptane, 80:26:5:1); []D = +30.29° (c 0.30, 

CHCl3);  

IR (KBr):  = 3406br, 2963m, 2925w,1641m, 1519w, 

1455w, 1377w, 1260w, 1260s, 1088s, 1016s, 865w 

cm-1;  
1H NMR (500 MHz, CDCl3):= 5.90 (t, J = 5.4 Hz, 

2H, 2 x NH), 5.30 (t, J = 3.6 Hz, 2H, 2 x 12-H), 3.31 

(dq, J = 13.6, 7.0 Hz, 2H, 2 x 31-H), 3.22 (dd, J = 

11.2, 4.7 Hz, 2H, 2 x 3-H), 2.99 (dq, J = 12.7, 7.0 Hz, 

2H, 2 x 31-H), 1.99 (d, J = 3.5 Hz, 2H 2 x 16-H), 1.96 

(m, 2H, 2 x 11-H), 1.92 (td, J = 16.7, 3.4 Hz, 2H, 2 x 

18-H), 1.89–1.83 (m, 2H, 2 x 22-H), 1.78–1.50                 

(m, 20H, 2 x 1-H + 2 x 2-H + 2 x 9-H+ 2 x 11-H+ 2 x 

16-H + 2 x 34-H + 2 x 35-H + 36-H), 1.49–1.41              

(m, 12H, 2 x 15-H + 2 x 7-H + 2 x 6-H + 2 x 21-H + 

2 x 22-H + 2 x 19-H), 1.40–1.25 (m, 6H, 2 x 6-H + 2 

x 7-H + 2 x 21-H), 1.10 (s, 6H, 2 x 27-H), 1.08–1.00 

(m, 4H, 2 x 1-H + 2 x 15-H), 0.99 (s, 6H, 2 x 23-H), 

0.95 (s, 6H, 2 x 30-H), 0.93 (s, 6H, 2 x 25-H), 0.87              

(s, 6H, 2 x 26-H), 0.78 (s, 6H, 2 x 24-H), 0.78 (s, 6H, 

2 x 29-H), 0.71 (m, 2H, 2 x 5-H) ppm;  
13C NMR (125 MHz, CDCl3):  = 178.1 (2 x C-28), 

140.0 (2 x C-13), 125.5 (2 x C-12), 78.9 (2 x C-3), 

55.1 (2 x C-5), 54.0 (2 x C-18), 47.6 (2 x C-17), 47.5 

(2 x C-9), 42.5 (2 x C-14), 39.7 (2 x C-8), 39.5 (2 x 

C-19), 39.4 (2 x C-31), 39.1 (2 x C-20), 38.7 (2 x               

C-1), 38.6 (2 x C-4), 37.1 (2 x C-22), 36.9 (2 x C-10), 

32.7 (2 x C-7), 30.9 (2 x C-21), 29.2 (C-34), 28.9 (2 x 

C-33), 28.1 (2 x C-23), 27.8 (2 x C-15), 27.1 (2 x                 

C-32), 24.8 (2 x C-2), 24.4 (2 x C-16), 23.4 (2 x             

C-27), 23.2 (2 x C-2), 21.2 (2 x C-30), 18.2 (2 x C-6), 

17.2 (2 x C-24), 16.9 (2 x C-29), 15.6 (2 x C-26), 15.5 

(2 x C-25) ppm;  

MS (ESI, MeOH): m/z = 1008.9 (55 %, [M+H]+), 

1030.9 (30 %, [M+Na]+);  

analysis calcd for C67H110N2O4 (1007.60): C 79.86,                

H 11.00, N 2.78; found: C 79.66, H 11.18, N 2.67. 
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Betulinic and platanic acid derived amides were prepared and screened for their cytotoxic activity. All of
the compounds were shown to be cytotoxic for a panel of human tumor cell lines, and especially
apoptotic betulinic acid derived compounds 6, 8 and 19 showed low EC50 values. Of special interest was a
4-isoquinolinyl amide of 3-O-acetyl-betulinic acid (compound 19), being the most cytotoxic compound of
this series and holding EC50 values as low as EC50 ¼ 1.48 mM (A375 melanoma cells) while being
significantly less cytotoxic for non-malignant fibroblasts NIH 3T3 with a selectivity index of >91.2. This
finding parallels previous results obtained for SAA21, a augustic acid derived compound thus making the
4-isoquinolinyl moiety to a privileged scaffold.

© 2020 Elsevier Masson SAS. All rights reserved.
1. Introduction

Despite all efforts, diseases and deaths from cancer still repre-
sent the second most frequent type of death worldwide. In high-
income countries, however, deaths from cancer are even more
common than those resulting from a cardiovascular disease [1] (see
Scheme 1)
The number of patients with cancer has risen steadily in recent

years, and a forecast for the year 2040 predicts that the number of
patients as well as the number of deaths by cancer will double [2].
The number of newly approved drugs increases continuously; thus
in 2019 alone for Germany 25 new drugs (excluding biosimilars)
have been brought to market with ten of them to treat cancer pa-
tients [3].
The development of new cytotoxic active ingredients continues

to be focused on natural substances or on drugs derived from
natural substances. Thus, nowadays 50% of all approved drugs can
be traced back to a natural product [4]. A special role thereby is
taken by terpenes and terpenoids in as much as they represent the
largest family of natural compounds that have been investigated for
their therapeutic effects [4,5].
. Csuk).

served.
More recently, triterpenes in particular have again become a
focus of research, and especially triterpene carboxylic acids derived
from, for example betulinic acid, maslinic acid, oleanolic acid or
ursolic acid (Fig. 1).
Recent investigations have shown that the presence of an intact

carboxyl function is necessary to achieve good cytotoxicity. For
example, derivatives derived from betulinic acid are usually
significantly more active than those derived from betulin [6e8].
The potential of those compounds containing an additional cationic
residue, e.g. a quaternary ammonium salt [9,10], a phosphonium
moiety [11e13], a BODIPY residue [14,15], a malachite green [16] or
e of special interest - a rhodamine B residue [17e20] being con-
nected to the basic skeleton of the triterpene with or without a
suitable amine spacer, should be particularly emphasized. Inter-
estingly, however, in the past, some triterpenoid amides also
showed good and - above all - quite selective cytotoxic effects. EM2
[21e25] - a benzylamide of diacetylated maslinic acid (Fig. 2) - is
cytotoxic in the low mM range [26] (e.g. EC50 against A2780 ovarian
cancer cells ¼ 0.5 mM) but this compound also showed good
selectivity towards cancer cells (e.g. EC50 against non-malignant
primary human fibroblasts WW030272 ¼ 156 mM). Furthermore,
small structural differences obviously influence both cytotoxicity
and selectivity. For example, SAA9 derived from augustic acid was
quite cytotoxic (EC50 2.2 mM, A2780 cells), but also quite unselective
(S ¼ [EC50 (A2780)]/[EC50 (NIH 3T3)] ¼ 0.4), whereas the analogous

mailto:rene.csuk@chemie.uni-halle.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejmech.2020.112815&domain=pdf
www.sciencedirect.com/science/journal/02235234
http://www.elsevier.com/locate/ejmech
https://doi.org/10.1016/j.ejmech.2020.112815
https://doi.org/10.1016/j.ejmech.2020.112815


Scheme 1. Reactions and conditions: a) Jones oxidation, 76% for 2, 98% for 10; b) tBuOK, tBuOH, THF, 3 h, 50 �C, air, 97% for 3, 85% for 11; c) NaBH4, MeOH, 23 �C, 2 h, 55% (for 4), 74%
(for 12); d) Ac2O, NEt3, DMAP (cat.), DCM, 23 �C, 1 d, 70% (for 5), 48% (for 13); e) (COCl)2, DCM, 23 �C, 1 h, then benzylamine or 4-amino-isoquinoline or 5-aminoquinoline, DCM,
23 �C, 1 h, 62% (for 6), 55% (for 7), 42% (for 8), 84% (for 14), 49% (for 15), 82% (for 16), 73% (for 18), 60% (for 19), 64% (for 20), 76% (for 22), 80% (for 23), 57% (for 24).
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SAA21 derivative showed high cytotoxicity (EC50 ¼ 1.2 mM, A2780)
but also high selectivity (S ¼ [EC50 (A2780)]/[EC50 (NIH
3T3)] ¼ > 50) [27].
In the past, many derivatives obtained from betulinic acid

proved to be more cytotoxic than those derived from 2,3-O-diacy-
lated triterpene carboxylic acids [7,8]. To get a better insight into
structure/activity relationships, we decided to synthesize de-
rivatives holding a betulinic acid (or derived from it, platanic acid)
backbone but with an extra hydroxyl group at C-2. We also wanted
to investigate whether the influence of the orientation of the qui-
nolinyl substituent, as already observed for augustic acid de-
rivatives, was also reflected in these derivatives.
2

2. Results and discussion

2.1. Chemistry

The synthesis of the compounds was straightforward. Silica gel
supported Jones oxidation of betulinic acid (1) gave betulonic acid
(2) in 76% isolated yield. Its treatment with tBuOK/air in tBuOH/THF
gave 3whose reductionwith NaBH4 furnished (2b, 3b) configurated
4. Compound 4was acetylated to yield diacetylated 5. Compound 5
served as a valuable starting material for the synthesis of the am-
ides. Thereby 5 was activated with oxalyl chloride followed by the
addition of either benzylamine, 4-aminoisoquinoline or 5-



Fig. 1. Structure of betulin, betulinic acid, platanic acid, maslinic acid, augustic acid, oleanolic acid and ursolic acid.

Fig. 2. Structure (and representative EC50 values) for maslinic acid derived EM2 and augustic acid derived compounds SAA9 and SAA21.
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aminoquinoline to yield amides 6e8, respectively. In a similar way,
platanic acid (9) was oxidized, and 2-oxo compound 10 was ob-
tained, whose oxidation (/ 11), reduction (/12) followed by
acetylation gave 13. As described above, from 13 amides 14e16
were prepared.
For comparison and to have an insight onto the influence of the

extra hydroxyl group in these molecules (as compared to the
starting materials),1 and 9were acetylated, and the acetates 17 and
21 were obtained. Reaction with oxalyl chloride followed by the
addition of either benzylamine, 4-aminoisoquinoline or 5-
aminoquinoline furnished amides 18e20 and 22e24, respectively.
2.2. Biology

The compounds were screened for their cytotoxic activity using
photometric sulforhodamine assays (SRB) [28e30], the results of
which are compiled in Table 1 and Fig. 3.
The results from the SRB assays revealed for many compounds

cytotoxic activity. While the parent compounds 1 and 9 were not
cytotoxic within the borders of the assays (cut-off 30 mM), betulonic
acid (2) wasmore cytotoxic than parent 1. Low cytotoxicity was also
observed for 3e5, 9e13 and compound 21. Cytotoxicity was
significantly increased as soon as an amidewas formed irrespective
whether the terpenoid skeleton was derived from 1 or 9. For all
amides 6e8, 14,15, 18e18, 23, and 24 EC50 values in the low mM
range were found with betulinic acid derived 19 (a 4-isoquinolinyl
3

derivative) being the most cytotoxic compound of this series. These
results parallel previous findings for augustic acid derived SAA21,
and is also found for analogs 8, 14 and 24.
Compound 19, the most cytotoxic compound of this study also

held the highest tumor/non-tumor cell selectivity, especially for
A375 melanoma cells (S ¼ 91.2, Table 2 and Fig. 4), A2780 ovarian
cancer cells (S ¼ 61.6) and the cell line FaDu (hypopharyngeal
carcinoma, S ¼ 59.0). These results seem to indicate that the amide
substituent is more important than the substitution pattern at ring
E.
For compounds 6, 8 and 19, further investigations were carried

out to get a deeper insight into their mode of being cytotoxic;
thereby, A375 melanoma cell were used. After having treated the
cells with the compounds for 1 day, an Annexin V assay (Fig. 5)
showed that fewer cells were vital as compared to the control.
Having been treated for 2 days (Fig. 6), an even more pro-

nounced effect was observed. The number of apoptotic cells was
increased (circa 44). Approximately 20% of the cells were late-
apoptotic, but only 1.5% showed a necrotic cell death. As far as 8
is concerned, about two thirds of the cells were still vital (67.4%).
The number of apoptotic cells, however, was significantly increased
(18.9%) as compared to necrotic (1.3%) or late apoptotic/secondary
necrotic (12.4%) cells. In summary, these compounds mainly act by
apoptosis. Thereby, 6 showed only a slight increase of cells being
necrotic and late apoptotic and secondary necrotic range (0.7 and
7.9%, respectively), while the largest increase was observed for



Table 1
Cytotoxicity of selected compounds; SRB assay EC50 values [mM] after 72 h of treatment; averaged from three independent experiments performed each in triplicate; con-
fidence interval CI ¼ 95%. Human cancer cell lines: A375 (melanoma), HT29 (colorectal carcinoma), MCF-7 (breast adenocarcinoma), A2780 (ovarian carcinoma), FaDu
(hypopharyngeal carcinoma), NIH 3T3 (non-malignant fibroblasts); n.s. not soluble under the conditions of the assay; n.d. not determined. Doxorubicin (DR) was used as a
positive control.

A375 HT29 MCF7 A2780 FaDu NIH 3T3

1 >30 >30 >30 >30 >30 >30
2 14.3 ± 1.7 18.5 ± 1.9 12.0 ± 1.5 4.7 ± 0.6 17.4 ± 2.1 19.4 ± 1.2
3 13.76 ± 1.4 26.07 ± 2.8 11.96 ± 1.1 10.49 ± 1.2 14.05 ± 1.1 12.85 ± 0.9
4 11.2 ± 1.8 17.68 ± 2.2 15.8 ± 2.1 12.28 ± 2.2 16.54 ± 2.5 17.28 ± 2.3
5 15.81 ± 1.0 17.40 ± 1.2 11.25 ± 0.8 8.68 ± 1.2 13.5 ± 0.9 14.11 ± 0.9
6 3.14 ± 0.6 20.72 ± 6.1 11.3 ± 2.1 4.42 ± 1.0 5.4 ± 1.0 >70
7 3.34 ± 0.2 >15 7.33 ± 1.0 4.76 ± 0.6 4.02 ± 0.3 >30
8 2.9 ± 0.1 >30 6.26 ± 0.8 3.24 ± 0.5 3.49 ± 0.4 >120
9 >30 >30 >30 >30 >30 >30
10 >30 >30 >30 >30 >30 >30
11 >30 >30 24.8 ± 1.7 20.6 ± 1.7 >30 >30
12 >30 >30 >30 >30 >30 >30
13 22.54 ± 5.7 >30 >30 >30 >30 9.57 ± 3.5
14 2.9 ± 0.5 7.22 ± 4.3 5.2 ± 2.1 2.36 ± 1.6 5.57 ± 4.4 >30
15 4.88 ± 0.6 18.43 ± 4.9 6.96 ± 2.0 6.15 ± 0.8 6.41 ± 0.8 >30
16 n.s. n.s. n.s. n.s. n.s. n.s.
17 19.2 ± 1.7 21.3 ± 2.0 11.0 ± 0.5 18.3 ± 0.5 7.2 ± 1.2 >30
18 4.05 ± 0.2 >30 26.8 ± 6.8 6.29 ± 0.8 9.59 ± 0.9 >30
19 1.48 ± 0.1 >30 4.65 ± 0.5 2.16 ± 0.2 2.26 ± 0.2 >135
20 3.05 ± 0.1 >30 12.12 ± 1.8 5.08 ± 0.3 5.18 ± 0.3 >30
21 >30 >30 >30 >30 >30 >30
22 n.s. n.s. n.s. n.s. n.s. n.s.
23 5.66 ± 0.4 >30 9.34 ± 1.3 7.84 ± 0.6 7.67 ± 0.2 >30
24 4.60 ± 0.3 >30 7.06 ± 1.5 5.4 ± 0.9 6.42 ± 0.5 >30
DR n.d. >30 1.1 ± 0.3 0.01 ± 0.01 n.d. 1.3 ± 0.6

Fig. 3. Cytotoxicity of selected compounds; SRB assay EC50 values [mM] after 72 h of treatment.
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apoptotic cells (9.5%). Compound 8 also gave an increased number
of apoptotic cells, but heremorewere found being in the late phase.
A similar behavior was observed upon treatment of the cells with
19 (8.6% apoptosis and 9.6%% late apoptosis).
Visual inspection (Fig. 7) of the cells supported the findings from

the FACS investigations (vide infra). Thus, after a 24 h incubation,
cell division had already been reduced/stopped. The number of
apoptotic cells was slightly increased resulting in a small number of
cells showing morphological differences/characteristics.
After an incubation for 48h, however, all compounds caused

dramatic changes in the number andmorphology of the cells due to
4

apoptosis. For example, the cells were shrunken, strangulation
occurred and also blebbing was observed.
Changes in the cell cycle (Fig. 8 and Fig. 9) were visible after 24 h

of incubation. Compound 6 no longer showed a G2/M peak (0.0%),
and the number of cells being in the S phase was significantly
(30.3%), while more cells were in the G1 phase (63.8%). In addition,
approximately 6% of the cells were in the SubG1 phase. For com-
pound 8, an increase of cells in the subG1 phase could be noted
(3.5%). Compound 19 showed a similar behavior as 6. Hereby, 61.1%
of the cells were in G1 and 36.6% in S phase. Visual inspection of the
cells supported the findings from the FACS investigations (vide



Table 2
Selectivity S ¼ EC50 (NIH 3T3)/EC50 (tumor cell line) for the individual compounds.

A375 HT29 MCF7 A2780 FaDu

3 0.9 0.5 1.1 1.2 0.9
4 1.5 1.0 1.1 1.4 1.0
5 0.9 0.8 1.3 1.6 1.0
6 22.3 3.4 6.2 15.8 13.0
7 9.0 2.0 4.1 6.3 7.5
8 41.4 4.0 19.2 37.0 34.4
13 0.4 0.3 0.3 0.3 0.3
14 10.3 4.2 5.8 12.7 5.4
15 6.1 1.6 4.3 4.9 4.7
17 1.6 1.4 2.7 1.6 4.2
18 7.4 1.0 1.1 4.8 3.1
19 91.2 4.5 29.0 62.5 59.7
20 9.8 1.0 2.5 5.9 5.8
23 5.3 1.0 3.2 3.8 3.9
24 6.5 1.0 4.3 5.6 4.7
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infra). Thus, after a 24 h incubation, cell division had already been
reduced/stopped. The number of apoptotic cells was slightly
increased resulting in a small number of cells showing morpho-
logical differences/characteristics.
Fig. 4. Selectivity S ¼ EC50 (NIH 3T3)/EC50 (t

Fig. 5. Annexin V-FITC/PI assay: treatment of A375 cells with 6, 8 and 19 (6.2 mM/4.8 mM
Cytometric Software v. 1.2.5). R1: necrotic, R2: secondary necrotic/late stage apoptotic, R3:

5

3. Conclusion

A small series of amides derived from betulinic acid (1), platanic
acid (9) and (2b, 3b)-dihydroxy-20(29)-en-28-oic acid (4) as well as
(2b, 3b)-20-oxo-30-norlupan-28-28-oic acid (12) was prepared and
screened for their cytotoxic activity. All of the compounds were
shown to be cytotoxic for a panel of human tumor cell lines.
Especially betulinic acid derived compounds 6, 8 and 19 held
excellent cytotoxicity. They act mainly by apoptosis. Compound 19,
a 4-isoquinolinyl amide of 3-O-acetyl-betulinic acid, was the most
cytotoxic compound holding EC50 values as low as EC50 ¼ 1.48 mM
(A375 melanoma cells) while being significantly less cytotoxic for
non-malignant fibroblasts NIH 3T3with a selectivity index of >91.2.
This finding parallels previous results obtained for SAA21, an
augustic acid derived compound.
4. Experimental

NMR spectra were recorded using the Varian spectrometers
Gemini 2000 or Unity 500 (d given in ppm, J in Hz; typical exper-
iments: HeHeCOSY, HMBC, HSQC, NOESY), MS spectra were taken
on a Finnigan MAT LCQ 7000 (electrospray, voltage 4.1 kV, sheath
umor cell line) of selected compounds.

/3.0 mM) for 24 h. Examples of density plots determined by flow cytometry (Attune®
vital, R4: apoptotic.



Fig. 6. Annexin V-FITC/PI assay: treatment of A375 cells with 6, 8 and 19 (6.2 mM/4.8 mM/3.0 mM) for 48 h. Examples of density plots determined by flow cytometry (Attune®
Cytometric Software v. 1.2.5). R1: necrotic, R2: secondary necrotic/late stage apoptotic.

Fig. 7. Microscopic evaluation of the A375 cells treated with compounds 6, 8, 19.

Fig. 8. Cell Cycle investigation. Examples for histogram determined by flow cytometry after 24 h, green G1 G2/M, striped S phase, blue subG1. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this article.)
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gas nitrogen) instrument. The optical rotations were measured
either on a JASCO P-2000 or a Perkin-Elmer polarimeter at 20 �C;
TLC was performed on silica gel (Merck 5554, detection with
cerium molybdate reagent); melting points are uncorrected (Leica
hot stage microscope), and elemental analyses were performed on
a Foss-Heraeus Vario EL (CHNS) unit. IR spectra were recorded on a
Perkin Elmer FT-IR spectrometer Spectrum 1000 or a Perkin-Elmer
Spectrum Two (UATR Two Unit). UV-VIS spectra were taken on a
Perkin-Elmer Lambda 14 spectrometer or on a Perkin-Elmer
6

Lambda 750 S (UV/VIS/NIR) spectrometer. The solvents were
dried according to usual procedures. The purity of the compounds
was determined by HPLC and found to be >96%. Column chroma-
tography was performed on a Büchi Reveleris Prep purification
system using Chromabond Flash cartridges (SiOH, 40.63 mm) from
Macherey-Nagel or Reveleris high resolution cartridges from Büchi.
Betulinic acid and platanic acid were obtained from Betulinines
(St�ríbrn�a Skalice, Czech Republic) in bulk quantities and used as
received. A description of the biological screening, additional



Fig. 9. Cell Cycle investigation. Examples for histogram determined by flow cytometry after 48 h, green G1 G2/M, striped S phase, blue subG1. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this article.)
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spectroscopic data and depictions of the 1H and 13C NMR spectra
are provided in the supplementary materials file.
4.1. General procedure for acetylation (GP A)

One equivalent of each triterpene carboxylic acid (compounds 1,
4, 9, 12) was dissolved in dry dichloromethane (DCM, 100 mL), and
acetic anhydride (3 eq. per hydroxyl group), triethylamine (3 eq.)
and catalytic amounts of DMAP were added. The reaction mixture
was stirred at 23 �C for 1 day. A methanolic solution of ammonia
(satd., 5 mL) was added, and the reaction mixture was stirred for
another 30 min at 23 �C. For workup, aq. hydrochloric acid (10%,
20 mL) was added, the aqueous phase was extracted with DCM (3 x
10 mL), the combined organic phases were washed with brine
(20 mL) and dried (Na2SO4). The volatiles were removed under
diminished pressure, and the crude product (5, 13, 17, 21) was pu-
rified by column chromatography.
4.2. General procedure for the synthesis of benzyl amides (GP B)

The corresponding acetylated compound (5, 13, 17 and 21) was
dissolved in dry DCM (10 mL) and oxalyl chloride (4 eq.) and cat-
alytic quantities of DMF were added. The reaction mixture was
stirred at 23 �C for 1 h. The volatiles were removed under dimin-
ished pressure, the residue was dissolved in dry DCM (10 mL), and
the corresponding amine (3 eq.) was added. The reaction mixture
was stirred at 23 �C for 1 h. Usual aqueous workup followed column
chromatography gave compounds 6, 14, 18 and 22, respectively.
4.3. General procedure for the synthesis of quinolinyl amides (GP C)

The corresponding acetylated compound (5, 13, 17 and 21) was
dissolved in dry DCM (10 mL), and activated with oxalyl chloride (4
eq.) and catalytic quantities of DMF as described above. The vola-
tiles were removed under reduced pressure, the residue was dis-
solved in dry DCM (4 mL), and dry pyridine (8 mL), and the
respective amine (3 eq.) and catalytic quantities of DMAP and
triethylamine were added. The reaction mixture was stirred with
the help of microwave irradiation (Anton Parr, Graz/Austria, Mon-
owave) at 120 �C for 2 h. Usual aqueous workup followed by col-
umn chromatographic purification gave compounds 7, 8, 15, 16, 19,
20, 23 and 24, respectively.
7

4.4. Syntheses

4.4.1. 3-Oxolup-20(29)-en-28-oic acid (betulonic acid, 2)
Oxidation of betulinic acid (1, 10.0 g, 21.9 mmol) with silica gel

supported Jones reagent [31] [from acetone (500 mL), CrO3 (2.51 g,
25.1 mmol), H2SO4 (2.5 mL), H2O (10mL), silica gel (100mL)] at 0 �C
for 1 h followed by quenching the reaction by the addition of MeOH
(5 mL), removal of the solvents and Soxhlet-extraction of the res-
idue with diethyl ether (600 mL, 3.5 h) and column chromatog-
raphy (SiO2, hexanes/EtOAc, EtOAc: 3%/ 15%) gave 2 (6.23 g, 76%)
as a colorless solid; m.p. 246e248 �C (lit.: [32] 245e247 �C);
[a]D ¼ þ37.4� (c 0.283, CHCl3) [lit.: [33] [a]D ¼ þ33.8� (c 0.33
CHCl3)]; RF ¼ 0.42 (SiO2, hexanes/EtOAc, 7:1).

4.4.2. 2-Hydroxy-3-oxolupa-1,20(29)-dien-28-oic acid (3) [173106-
22-4]
To a solution of 2 (8.55 g,18.8 mmol) in tBuOH (500mL) and THF

(70 mL), tBuOK (30.0 g, 0.267 mol) [34] was added, and the mixture
was stirred for 3 h at 50 �C while air was bubbled through. The
solvents were removed under diminished pressure, and the residue
was dissolved in EtOAc (100 mL). Usual aqueous workup followed
by column chromatography (SiO2, hexanes/EtOAc, EtOAc: 5% /
20%) gave 3 (7.41 g, 97%) as a colorless solid; m.p. 204e205 �C (lit.:
[35] 204e205 �C); [a]D ¼ þ40.5� (c 0.265, CHCl3) [lit.: [35]
[a]D ¼ þ13� (c 0.75, CHCl3)]; RF ¼ 0.68 (SiO2, hexanes/EtOAc, 3:1).

4.4.3. 2b,3b-Dihydroxylup-20(29)-en-28-oic acid (4)
To a solution of 3 (8.525 g, 18.2 mmol) in THF (200 mL) and

MeOH (40 mL), NaBH4 (1.0 g, 26.4 mmol) [31] was added, and the
mixture was stirred for 2 days at 23 �C. Usual aqueous workup
followed by column chromatography (SiO2, hexanes/EtOAc, EtOAc:
10% / 30%) gave 4 (4.03 g, 55%) as a colorless solid; m.p.
270e273 �C (decomp.) (lit.: [36] 273e276 �C); [a]D¼þ32.4� (c 0.21,
CHCl3) [lit.: [36] [a]D ¼ þ31.1 (c 0.262, pyridine)]; RF ¼ 0.54 (SiO2,
hexanes/EtOAc, 1:1).

4.4.4. 2b,3b-Diacetyloxy-lup-20(29)-en-28-oic acid (5)
Acetylation of 4 (2.38 g, 5.0 mmol) according to GPA followed by

chromatography (SiO2, hexanes/EtOAc, EtOAc: 3% / 15%) gave 5
(1.97 g, 70%) as a colorless solid; m.p. 260e265 �C (decomp.) (lit.:
[36] 246e248 �C); [a]D ¼ þ34.6� (c 0.199, CHCl3); RF ¼ 0.63 (SiO2,
hexanes/EtOAc, 7:1); IR (ATR): n ¼ 2944m, 1742s, 1366m, 1230s,
1189m, 1031m cm�1; 1H NMR (400MHz, CDCl3): d¼ 5.32 (m, 1H, 2-
H), 4.74 (s, 1H, 29-Ha), 4.66e4.56 (m, 2H, 3-H, 29-Hb), 3.00 (m, 1H,
19-H), 2.32e2.09 (m, 2H,16-Ha,13-H), 2.03 (s, 3H, 34-H), 2.02 (s, 3H,
32-H), 2.07e1.92 (m, 1H, 1-Ha), 1.96 (m, 2H, 21-Ha, 22-Ha), 1.72 (d,
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J ¼ 1.6 Hz, 2H, 12-Ha, 6-Ha), 1.69 (s, 3H, 30-H), 1.65e1.14 (m, 13H, 18-
H, 6-Hb, 22-Hb, 7-Hb, 16-Hb, 21-Hb, 15-Ha, 11-H, 9-H, 1-Hb, 15-Hb),
1.11 (s, 3H, 26-H), 1.02 (s, 3H, 25-H), 0.99 (m, 1H, 12-Hb), 0.97 (s, 3H,
27-H), 0.96 (s, 3H, 24-H), 0.92 (m, 1H, 5-H), 0.88 (s, 3H, 23-H) ppm;
13C NMR (126 MHz, CDCl3): d ¼ 181.38 (C-28), 170.90 (C-33), 170.41
(C-31), 150.39 (C-20), 109.97 (C-29), 78.11 (C-3), 69.79 (C-2), 56.49
(C-17), 55.39 (C-5), 51.09 (C-9), 49.41 (C-18), 47.08 (C-19), 42.76 (C-
1), 42.35 (C-14), 40.97 (C-8), 38.53 (C-13), 37.56 (C-4), 37.20 (C-10),
37.16 (C-22), 34.31 (C-7), 32.32 (C-16), 30.72 (C-21), 29.71 (C-15),
29.14 (C-23), 25.54 (C-12), 21.41 (C-34), 21.14 (C-11), 21.02 (C-32),
19.51 (C-30), 18.15 (C-6), 17.64 (C-25), 16.89 (C-26), 16.35 (C-24),
14.76 (C-27) ppm; MS (ESI, MeOH):m/z 437 (8%, [M þ H-2HOAc]þ),
497 (10%, [M þ H-HOAc]þ), 1135 (100%, [2M þ Na]þ); analysis calcd
for C34H52O6 (556.77): C 73.34, H 9.41; found: C 73.11, H 9.63.

4.4.5. Benzyl 2b,3b-Diacetyloxy-lup-20(29)-en-28-amide (6)
Reaction of 5 (250 mg, 0.45 mmol) with benzyl amine (0.3 mL,

2.8 mmol) according to GPB followed by chromatography (SiO2,
EtOAc/hexanes, EtOAc 8% / 20%) gave 6 (180 mg, 62%) as a
colorless solid; m.p. 138e141 �C; [a]D ¼ þ39.0� (c 0.222, CHCl3);
RF ¼ 0.64 (SiO2, toluene/EtOAc/heptane/HCOOH, 80:26:10:5); IR
(ATR): n ¼ 2943w, 1741s, 1620w, 1365m, 1231s, 1188m, 1029m,
698 m cm�1; 1H NMR (400 MHz, CDCl3): d ¼ 7.38e7.24 (m, 5H, 37-
H, 38-H, 39-H, 40-H, 41-H), 5.88 (t, J ¼ 5.7 Hz, 1H, NH) 5.36e5.26
(m, 1H, 2-Ha), 4.74 (d, J ¼ 2.0 Hz, 1H, 29-Ha), 4.60 (m, 2H, 29-Hb, 3-
H), 4.48 (dd, J¼ 15.1, 5.8 Hz,1H, 35-Ha), 4.37 (dd, J¼ 14.6, 5.6 Hz,1H,
35-Hb), 3.16 (td, J ¼ 11.0, 4.1 Hz, 1H, 19-H), 2.55e2.44 (td, 1H, 13-H),
2.03 (s, 3H, 32-H), 2.01 (s, 3H, 34-H), 2.06e1.87 (m, 3H, 1-H, 16-Ha,
21-Ha), 1.68 (s, 3H, 30-H), 1.81e1.21 (m, 16H, 22-Ha, 12-H, 16-Hb, 18-
H, 6-H, 22-Hb, 21-Hb, 7-H, 11-H, 1-Hb, 9-H), 1.12 (s, 1H, 15-H), 1.10 (s,
3H, 26-H), 1.02 (s, 3H, 25-H), 0.95 (s, 3H, 27-H), 0.93 (s, 3H, 24-H),
0.90 (m, 1H, 5-H), 0.88 (s, 3H, 23-H) ppm; 13C NMR (101 MHz,
CDCl3): d ¼ 176.01 (C-28), 170.88 (C-33), 170.40 (C-31), 150.97 (C-
20), 139.32 (C-36), 128.80 (C-38, C-40), 127.93 (C-37, C-41), 127.47
(C-39), 109.61 (C-29), 78.13 (C-3), 69.76 (C-2), 55.78 (C-17), 55.42
(C-5), 51.27 (C-9), 50.32 (C-18), 46.83 (C-19), 43.94 (C-8), 43.44 (C-
35), 42.82 (C-4), 42.38 (C-1), 41.05 (C-10), 38.56 (C-22), 37.77 (C-13),
34.43 (C-7), 33.94 (C-16), 31.02 (C-21), 29.46 (C-15), 29.11 (C-23),
25.72 (C-12), 21.41 (C-32), 21.25 (C-11), 21.02 (C-34), 19.63 (C-30),
18.18 (C-6), 17.67 (C-25), 16.92 (C-26), 16.42 (C-24), 14.69 (C-27)
ppm; MS (ESI, MeOH): m/z 646 (100%, [MþH]þ), 668 (76%,
[MþNa]þ), 1291 (52%, [2M þ H]þ), 1313 (84%, [2M þ Na]þ); analysis
calcd for C41H59NO4 (645.93): C 76.24, H 9.21, N 2.17; found: C
76.02, H 9.37, N 2.30.

4.4.6. Isoquinolin-4-yl 2b,3b-diacetyloxy-lup-20(29)-en-28-amide
(7)
According to GPC from 5 (150 mg, 0.27 mmol) and 4-

aminoisoquinoline (150 mg, 1.0 mmol) followed by chromatog-
raphy (SiO2, hexanes/EtOAc, EtOAc: 20%/ 55%) 7 (76mg, 42%) was
obtained as an off-white solid; m.p. 186e190 �C (decomp.);
[a]D ¼ �3.2� (c 0.216, CHCl3); RF ¼ 0.56 (SiO2, CHCl3/MeOH, 95:5);
UVeVis (CHCl3): lmax (log ε) ¼ 282 nm (4.20), 323 nm (4.24); IR
(ATR): n ¼ 2942m, 1741s, 1367m, 1251s, 1187m, 1030m, 577w cm�1;
1H NMR (400 MHz, CDCl3): d ¼ 9.12 (s, 1H, 38-H), 8.75 (s, 1H, 36-H),
8.01 (d, J ¼ 8.2 Hz, 1H, 40-H), 7.83e7.70 (m, 2H, 42-H, 41-H),
7.68e7.59 (m, 1H, 43-H), 5.32 (td, 1H, 2-H), 4.75 (s, 1H, 29-Ha),
4.66e4.56 (m, 2H, 29-Hb, 3-H), 3.19 (s, 1H, 19-H), 2.59 (td, 1H, 13-H),
2.18e1.92 (m, 3H, 1-Ha, 12-Ha, 21-Ha), 2.02 (s, 3H, 32-H), 2.02 (s, 3H,
34-H),1.72 (s, 3H, 30-H),1.91e1.19 (m, 17H,12-Hb,18-H,1-Hb, 21-Hb,
22-H,16-H, 7-H,11-H,15-H, 9-H,17-H),1.10 (s, 3H, 26-H),1.03 (s, 3H,
27-H), 1.02 (m, 6H, 24-H, 25-H), 0.98e0.91 (m, 1H, 5-H), 0.88 (s, 3H,
23-H) ppm; 13C NMR (101 MHz, CDCl3): d ¼ 175.20 (C-28), 170.68
(C-33), 170.19 (C-31), 150.33 (C-20), 149.89 (C-38), 138.61 (C-36),
131.07 (C-35), 130.56 (C-41), 128.75 (C-39), 128.11 (C-40), 127.31 (C-
8

43), 124.76 (C-44), 120.64 (C-42), 109.65 (C-39), 77.88 (C-3), 69.49
(C-2), 56.68 (C-17), 55.57 (C-5), 51.05 (C-9), 50.19 (C-18), 46.43 (C-
19), 42.71 (C-8), 42.17 (C-4), 40.90 (C-10), 38.44 (C-1), 37.58 (C-13),
37.32 (C-22), 36.94 (C-14), 34.22 (C-7), 34.08 (C-16), 30.82 (C-21),
29.61 (C-15), 28.88 (C-23), 25.49 (C-12), 21.17 (C-32), 21.02 (C-11),
20.79 (C-34), 19.45 (C-30), 17.92 (C-6), 17.43 (C-25), 16.69 (C-26),
16.28 (C-24), 14.54 (C-27) ppm; MS (ESI, MeOH): m/z 683 (92%,
[MþH]þ), 705 (44%, [MþNa]þ), 1365 (100%, [2M þ H]þ), 1388 (36%,
[2M þ Na]þ); analysis calcd for C43H58N2O5 (682.95): C 75.62, H
8.56, N 4.10; found: C 75.48, H 8.76, N 4.24.

4.4.7. Quinolin-5-yl 2b,3b-diacetyloxy-lup-20(29)-en-28-amide (8)
According to GPC from 5 (250 mg, 0.45 mmol) and 5-amino-

quinoline (250 mg, 1.7 mmol) followed by chromatography (SiO2,
hexanes/EtOAc, EtOAc: 20%/ 55%) 8 (130 mg, 42%) was obtained
as an off-white solid; m.p. 249e252 �C (decomp.); [a]D ¼ þ2.9� (c
0.162, CHCl3); RF¼ 0.53 (SiO2, CHCl3/MeOH, 95:5); UVeVis (CHCl3):
lmax (log ε) ¼ 305 nm (4.47), 317 nm (4.45); IR (ATR): n ¼ 2942m,
1741s, 1474m, 1366m, 1232s, 1187m, 1030m, 798m, 730 m cm�1; 1H
NMR (400 MHz, CDCl3): d ¼ 8.84 (d, J ¼ 3.1 Hz, 1H, 41-H), 8.29 (d,
J¼ 8.4 Hz,1H, 36-H), 8.04e7.94 (m, 1H, 37-H), 7.77e7.66 (m, 2H, 38-
H, 43-H), 7.46 (dd, J ¼ 8.6, 4.4 Hz, 1H, 42-H), 5.31 (m, 1H, 2-H), 4.74
(s, 1H, 29-Ha), 4.65e4.58 (m, 2H, 29-Hb, 3-H), 3.16 (td, 1H, 19-H),
2.58 (td, 1H,13-H), 2.32 (m, 1H,16-Ha), 2.02 (s, 3H, 32-H), 2.02 (s, 3H,
34-H), 2.20e1.95 (m, 3H, 1-Ha, 21-Ha, 22-Ha), 1.72 (s, 3H, 30-H),
1.88e1.21 (m, 16H, 16-Hb, 12-H, 15-Ha, 22-Hb, 18-H, 6-H, 21-Hb, 7-H,
11-H, 15-Hb, 9-H, 1-Hb), 1.10 (s, 3H, 26-H), 1.03 (s, 3H, 27-H), 1.01 (m,
6H, 24-H, 25-H), 0.93 (m, 1H, 5-H), 0.88 (s, 3H, 23-H) ppm; 13C NMR
(101 MHz, CDCl3): d ¼ 175.66 (C-28), 170.91 (C-33), 170.41 (C-31),
150.54 (C-20), 148.81 (C-41), 148.39 (C-39), 133.54 (C-44), 132.84
(C-36), 130.38 (C-43), 125.85 (C-37), 124.09 (C-35), 123.17 (C-38),
120.89 (C-42), 109.92 (C-29), 78.10 (C-3), 69.71 (C-2), 56.92 (C-17),
55.44 (C-5), 51.27 (C-9), 50.43 (C-18), 46.68 (C-19), 42.93 (C-8),
42.40 (C-1), 41.14 (C-10), 38.62 (C-22), 37.83 (C-13), 37.55 (C-14),
37.17 (C-4), 34.46 (C-7), 34.15 (C-16), 31.05 (C-21), 29.86 (C-15),
29.10 (C-23), 25.71 (C-12), 21.40 (C-32), 21.27 (C-11), 21.02 (C-34),
19.66 (C-30), 18.15 (C-6), 17.66 (C-25), 16.92 (C-26), 16.54 (C-24),
14.78 (C-27) ppm; MS (ESI, MeOH): m/z 683 (100%, [MþH]þ), 705
(22%, [MþNa]þ), 1365 (44%, [2M þ H]þ), 1387 (58%, [2M þ Na]þ);
analysis calcd for C43H58N2O5 (682.95): C 75.62, H 8.56, N 4.10;
found: C 75.41, H 8.74, N 4.29.

4.4.8. 3,20-Dioxo-30-norlupan-28-oic acid (10)
Silica gel assisted Jones oxidation [31] of platanic acid (9, 5.0 g,

10.9 mmol) followed by column chromatography (SiO2, hexanes/
EtOAc, EtOAc: 10%/ 30%) gave 10 (4.90 g, 98%) as a colorless solid;
m.p. 230 �C (decomp.) (lit.: [37] 232e233 �C); [a]D¼þ4.2� (c 0.308,
CHCl3) (lit.: [37] [a]D¼�11� (c 1.0, C6H6)]; RF¼ 0.64 (SiO2, hexanes/
EtOAc, 1:1).

4.4.9. 2-Hydroxy-3,20-dioxo-30-norlupan-1-en �28-oic acid (11)
Following the procedure [34] given for the synthesis of 3, from

10 (4.846 g, 10.6 mmol) 11 (4.30 g, 85%) was obtained and directly
used in the next step; an analytical sample showed m.p.
225e228 �C (lit.: [29] 224e228 �C); [a]D ¼ þ9.2� (c 0.71, MeOH)
[lit.: [29] [a]D ¼ þ9.0� (c 0.66, MeOH); MS (ESI, MeOH): m/z 472
(14%, [MþH]þ), 493 (100%, [MþNa]þ), 509 (32%, [MþK]þ).

4.4.10. 2b,3b-dihydroxy-20-oxo-30-norlupan-28-oic acid (12)
To a solution of 11 (4.9 g, 10.4 mmol) in THF (100 mL) and MeOH

(20 mL), NaBH4 (0.5 g, 13.2 mmol) [31] was added in several por-
tions, and the mixture was stirred for 1 d at 23 �C. Usual aqueous
work-up followed by chromatography (SiO2, CHCl3/acetone,
acetone: 5%/ 20%) gave 12 (3.7 g, 74%) as a colorless solid; m.p.
265e269 �C (lit.: [29] 266e270 �C) [a]D ¼ �11.2� (c 0.130, CHCl3)
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(lit.: [a]D ¼ �6.2� (c 0.215, CHCl3)]; RF ¼ 0.31 (SiO2, hexanes/EtOAc,
1:1).

4.4.11. 2b,3b-Diacetyloxy-20-oxo-30-norlupan-28-oic acid (13)
According to GPA from 12 (1.75 g, 7.4 mmol) followed by chro-

matography (SiO2, hexanes/EtOAc, EtOAc: 5%/ 50%), 13 (993 mg,
48%) was obtained as a colorless solid; m.p. 150 �C; [a]D ¼ þ6.9� (c
0.146, CHCl3); RF ¼ 0.33 (SiO2, hexanes/EtOAc, 3:1); IR (ATR):
n ¼ 2944w, 1740m, 1365m, 1231s, 1189w, 1134w, 1031m, 946w,
752m, 667w, 605w, 510w cm�1; 1H NMR (400MHz, CDCl3): d¼ 5.31
(td, 2H, 2-H), 4.60 (d, J ¼ 3.9 Hz, 1H, 3-H), 3.24 (td, J ¼ 11.3, 4.7 Hz,
2H, 19-H), 2.29 (m, 1H, 16-Ha), 2.18 (s, 3H, 29-H), 2.15e2.05 (m, 1H,
18-H), 2.02 (s, 3H, 33-H), 2.01 (s, 3H, 31-H), 2.06e1.92 (m, 3H, 1-Ha,
13-H, 22-Ha),1.67e1.15 (m, 13H, 22-Hb, 6-H,15-Ha, 21-H,16-Hb, 7-H,
11-H, 1-Hb, 15-Hb), 1.10 (s, 3H, 25-H), 1.08 (s, 2H, 12-H), 1.01 (s, 3H,
24-H), 1.00 (s, 3H, 27-H), 0.95 (m, 1H, 5-H), 0.93 (s, 3H, 26-H), 0.88
(s, 3H, 23-H) ppm; 13C NMR (101 MHz, CDCl3): d ¼ 212.12 (C-20),
181.60 (C-28), 170.84 (C-32), 170.37 (C-30), 78.02 (C-3), 69.79 (C-2),
56.34 (C-17), 55.32 (C-5), 51.35 (C-19), 50.90 (C-9), 49.26 (C-18),
42.55 (C-14), 42.27 (C-1), 40.85 (C-8), 37.62 (C-13), 37.55 (C-4), 37.15
(C-10), 36.84 (C-22), 34.18 (C-7), 31.59 (C-16), 30.21 (C-29), 29.71
(C-15), 29.12 (C-23), 28.41 (C-21), 27.19 (C-12), 21.39 (C-33), 21.13
(C-11), 21.00 (C-31), 18.10 (C-6), 17.61 (C-24), 16.87 (C-25), 16.29 (C-
26), 14.79 (C-27) ppm; MS (ESI, MeOH): m/z 439 (28%, [M þ H-
HOAc]þ), 499 (32%, [Mþ H-2HOAc]þ), 576 (100%, [M þ NH4]þ), 581
(48%, [MþNa]þ); analysis calcd for C33H50O7 (558.76): C 70.94, H
9.02; found: C 70.73, H 9.24.

4.4.12. Benzyl 2b,3b-diacetyloxy-20-oxo-30-norlupan-28-amide
(14)
According to GPB from 13 (12.41 g, 2.22 mmol) and benzylamine

(0.49 mL, 4.5 mmol) followed by chromatography (SiO2, hexanes/
EtOAc, 3:2), 14 (1.21 g, 84%) was obtained as a colorless solid; m.p.
150e154 �C; [a]D ¼ þ21.5� (c 0.355, CHCl3); RF ¼ 0.49 (SiO2, hex-
anes/EtOAc, 3:1); UVeVis (CHCl3): lmax (log ε) ¼ 259 nm (3.22); IR
(ATR): n ¼ 2943m, 1741s, 1660m, 1516m, 1231s, 1188m, 1030m,
699m, 603w cm�1; 1H NMR (400 MHz, CDCl3): d ¼ 7.36e7.23 (m,
5H, 36-H, 37-H, 38-H, 39-H, 40-H), 5.97 (t, J ¼ 5.7 Hz, 1H, NH) 5.30
(td, J ¼ 3.6 Hz, 1H, 2-H), 4.59 (d, J ¼ 3.9 Hz, 1H, 3-H), 4.51e4.44 (m,
1H, 34-Ha), 4.38e4.30 (m, 1H, 34-Hb), 3.46 (td, J ¼ 11.2, 4.1 Hz, 1H,
19-H), 2.27 (td, J ¼ 12.1, 4.1 Hz, 1H, 13-H), 2.16 (s, 3H, 29-H),
2.12e2.03 (m, 2H,18-H, 21-Ha), 2.02 (s, 3H, 33-H), 2.01 (s, 3H, 31-H),
1.98e1.93 (m, 1H, 1-Hb), 1.93e1.85 (m, 1H, 16-Ha), 1.81e1.73 (m, 1H,
22-Ha), 1.71e1.19 (m, 12H, 16-Hb, 22-Hb, 6-H, 21-Hb, 15-Ha, 7-H, 11-
H, 1-Hb, 9-H), 1.14 (m, 1H, 15-Hb), 1.09 (s, 3H, 25-H), 1.13e1.05 (m,
2H, 12-H), 1.01 (s, 3H, 24-H), 0.97 (s, 3H, 27-H), 0.95e0.92 (m, 1H, 5-
H), 0.89 (s, 3H, 26-H), 0.87 (s, 3H, 23-H) ppm; 13C NMR (101 MHz,
CDCl3): d ¼ 212.76 (C-20), 175.70 (C-28), 170.65 (C-32), 170.19 (C-
30), 138.96 (C-35), 128.68 (C-38, C-37), 127.73 (C-40, C-36), 127.39
(C-38), 77.89 (C-3), 69.60 (C-2), 55.48 (C-17), 55.22 (C-5), 50.97 (C-
19), 50.93 (C-9), 49.92 (C-18), 43.30 (C-34), 42.42 (C-14), 42.17 (C-
1), 40.79 (C-8), 37.95 (C-22), 37.39 (C-4), 36.99 (C-10), 36.68 (C-13),
34.15 (C-7), 32.98 (C-16), 30.30 (C-29), 29.33 (C-15), 28.94 (C-23),
28.54 (C-21), 27.13 (C-12), 21.24 (C-33), 21.06 (C-11), 20.84 (C-31),
17.97 (C-6), 17.50 (C-24), 16.73 (C-25), 16.19 (C-26), 14.60 (C-27)
ppm; MS (ESI, MeOH): m/z 648 (72%, [MþH]þ), 994 (52%,
[3Mþ2Na]2þ), 1295 (34%, [2M þ H]þ), 1317 (72%, [2M þ Na]þ);
analysis calcd for C40H57NO6 (647.90): C 74.15, H 8.87, N 2.16; found:
C 73.97, H 9.03, N 2.31.

4.4.13. Isoquinolin-4-yl 2b,3b -diacetyloxy-20-oxo-30-norlupan-
28-amide (15)
According to GPC from 13 (137 mg, 0.24 mmol) and 4-

aminoisoquinoline (150 mg, 1.0 mmol) 15 (83 mg, 49%) was ob-
tained as an off-white solid; m.p. 205e208 �C (decomp.);
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[a]D ¼ �14.2� (c 0.258, CHCl3); RF ¼ 0.20 (SiO2, CHCl3/MeOH, 95:5);
UVeVis (CHCl3): lmax (log ε) ¼ 228 nm (3.78); IR (ATR): n ¼ 2943w,
1741m, 1666w, 1588w, 1449w, 1396m, 1368m, 1253s, 1188m, 1032m,
947w, 873w, 780w, 750w, 653w, 622w, 576w, 497w cm�1; 1H NMR
(500 MHz, CDCl3): d ¼ 9.13 (s, 1H, 37-H), 8.71 (s, 1H, 35-H), 8.02 (d,
J¼ 8.2 Hz,1H, 39-H), 7.82e7.72 (m, 2H, 42-H, 40-H), 7.65 (m, 1H, 41-
H), 5.31 (m, 1H, 2-H), 4.60 (d, J ¼ 3.9 Hz, 1H, 3-H), 3.45 (td, J ¼ 11.3,
5.7 Hz, 1H, 19-H), 2.41e2.32 (m, 1H, 13-H), 2.29e2.20 (m, 2H, 16-Ha,
18-H), 2.18 (m, 1H, 21-Ha), 2.17 (s, 3H, 29-H), 2.09 (m, 1H, 22-Ha),
2.02 (s, 3H, 33-H), 2.01 (s, 3H, 31-H), 1.97 (m, 1H, 1-Hb), 1.88 (m, 1H,
16-Hb), 1.74 (m, 2H, 15-H, 22-Hb), 1.62e1.21 (m, 10H, 21-Hb, 6-H, 7-
H, 11-H, 15-Hb, 9-H, 1-Hb), 1.09 (s, 3H, 25-H), 1.07 (m, 2H, 12-H), 1.06
(s, 3H, 27-H), 1.02 (s, 3H, 24-H), 1.00 (s, 3H, 25-H), 0.97e0.91 (m, 1H,
5-H), 0.88 (s, 3H, 23-H) ppm; 13C NMR (126MHz, CDCl3): d¼ 212.60
(C-20), 175.39 (C-28), 170.86 (C-32), 170.39 (C-30), 150.25 (C-37),
138.78 (C-35), 131.38 (C-34), 130.94 (C-40), 128.97 (C-38), 128.44
(C-39), 128.28 (C-43), 127.66 (C-41), 120.82 (C-42), 78.04 (C-3),
69.73 (C-2), 56.77 (C-17), 55.40 (C-5), 51.11 (C-19), 50.86 (C-9), 50.11
(C-18), 42.72 (C-14), 42.34 (C-1), 41.03 (C-8), 38.18 (C-22), 37.55 (C-
4), 37.16 (C-10), 36.89 (C-13), 34.34 (C-7), 33.53 (C-16), 30.51 (C-29),
29.91 (C-15), 29.10 (C-23), 28.66 (C-21), 27.29 (C-12), 21.39 (C-33),
21.22 (C-11), 21.01 (C-31), 18.12 (C-6), 17.65 (C-24), 16.89 (C-25),
16.44 (C-26), 14.84 (C-27) ppm; MS (ESI, MeOH): m/z 685 (100%,
[MþH]þ); analysis calcd for C42H56N2O6 (684.92): C 73.65, H 8.24, N
4.09; found: C 73.40, H 8.42, N 4.17.

4.4.14. Quinolin-5-yl 2b,3b -diacetyloxy-20-oxo-30-norlupan-28-
amide (16)
According to GPC fron 13 (244 mg, 0.44 mmol) and 5-amino-

quinoline (25 mg, 1.8 mmol) followed by chromatography (SiO2,
hexanes/EtOAc, EtOAc: 10%/ 60%) 16 (244 mg, 82%) was isolated
as an off-white solid; m.p. 290e292 �C (decomp.); [a]D ¼ �28.6� (c
0.213, CHCl3); RF¼ 0.26 (SiO2, CHCl3:MeOH, 95:5); UVeVis (CHCl3):
lmax (log ε) ¼ 304 nm (4.34), 316 nm (4.31); IR (ATR): n ¼ 2939w,
1741m, 1364m, 1249s, 1027w, 809 s cm�1; 1H NMR (400 MHz,
CDCl3): d ¼ 8.93 (d, J ¼ 2.8 Hz, 1H, 40-H), 8.17 (d, J ¼ 8.5 Hz, 1H, 42-
H), 8.02 (dd, J ¼ 6.9, 2.5 Hz, 1H, 41-H), 7.78e7.68 (m, 2H, 37-H, 35-
H), 7.45 (dd, J ¼ 8.6, 4.2 Hz, 1H, 36-H), 5.34e5.28 (m, 1H, 2-H), 4.60
(d, J ¼ 3.9 Hz, 1H, 3-H), 3.51e3.41 (m, 1H, 19-H), 2.41e2.31 (m, 1H,
13–H), 2.23 (m, 3H,16-Ha,18-H, 21-Ha), 2.17 (s, 3H, 29-H), 2.14e2.04
(m, 1H, 22-Ha), 2.02 (s, 3H, 33-H), 2.01 (s, 3H, 31-H), 1.97 (s, 1H, 1-
Ha), 1.89 (m, 1H, 16-Hb), 1.80e1.67 (m, 1H, 15-Ha, 22-Hb),
1.64e1.22 (m, 10H, 21-Hb, 6-H, 7-H, 11-H, 15-Hb, 9-H, 1-Hb), 1.10 (s,
3H, 25-H), 1.13e1.03 (m, 2H,12-H), 1.06 (s, 3H, 27-H), 1.02 (s, 3H, 24-
H), 1.00 (s, 3H, 26-H), 0.97e0.91 (m, 1H, 5-H), 0.88 (s, 3H, 23-H)
ppm; 13C NMR (101 MHz, CDCl3): d ¼ 212.51 (C-20), 175.35 (C-28),
170.84 (C-32), 170.36 (C-30), 150.19 (C-40), 147.96 (C-38), 132.88 (C-
34), 130.79 (C-42), 129.57 (C-35), 127.46 (C-41), 123.84 (C-43),
122.61 (C-37), 121.14 (C-36), 78.02 (C-3), 69.72 (C-2), 56.75 (C-17),
55.41 (C-5), 51.11 (C-19), 50.91 (C-9), 50.13 (C-18), 42.73 (C-14),
42.35 (C-1), 41.05 (C-8), 38.18 (C-22), 37.56 (C-4), 37.16 (C-10), 36.94
(C-13), 34.35 (C-7), 33.53 (C-16), 30.49 (C-29), 29.92 (C-15), 29.10
(C-23), 28.67 (C-21), 27.28 (C-12), 21.40 (C-33), 21.24 (C-11), 21.01
(C-31), 18.12 (C-6), 17.66 (C-24), 16.89 (C-25), 16.47 (C-26), 14.85 (C-
27) ppm; MS (ESI, MeOH): m/z 685 (100%, [MþH]þ), 707 (8%,
[MþNa]þ), 1370 (18%, [2M þ H]þ), 1391 (10%, [2M þ Na]þ); analysis
calcd for C42H56N2O6 (684.92): C 73.65, H 8.24, N 4.09; found: C
73.47, H 8.39, N 4.20.

4.4.15. 3b-Acetyloxy-lup-20(29)-en-28-oic acid (17) [10376-50-8]
According to GPA from 1 (0.5 g, 1.10 mmol) followed by crys-

tallization from EtOH, 17 (489 mg, 89%) was obtained as a colorless
solid; m.p. 275e278 �C (lit.: [35] 277e278 �C); [a]D ¼ þ20.6� (c
0.350, CHCl3) [lit.: [35] [a]D¼þ22� (c 0.49, CHCl3)]; RF¼ 0.58 (SiO2,
hexanes/EtOAc, 4:1).
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4.4.16. Benzyl 3b-acetyloxy-lup-20(29)-en-28-amide (18)
According to GPB from 17 (407 mg, 0.82 mmol) and benzyl-

amine (0.3 mL, 2.8 mmol) followed by chromatography (SiO2,
hexanes/EtOAc, 9:1), 18 (350 mg, 73%) was obtained as a colorless
solid; m.p. 135 �C, 210 �C (decomp.) (lit.: [30,38] 124e127 �C);
[a]D ¼ 20.9� (c 0.348, CHCl3) [lit.: [30,38] [a]D ¼ þ23.2� (c 0.35,
CHCl3)]; RF ¼ 0.65 (SiO2, hexanes/EtOAc, 7:1).

4.4.17. Isoquinolin-4-yl 3b-acetyloxy-lup-20(29)-en-28-amide (19)
According to GPC from 17 (300 mg, 0.60 mmol) and 4-amino-

isoquinoline (300 mg, 2.1 mmol) followed by chromatography
(SiO2, hexanes/EtOAc, EtOAc: 15% / 60%), 19 (214 mg, 56%) was
obtained as an off-white solid; m.p. 235 �C (decomp.);
[a]D ¼ �10.7� (c 0.124, CHCl3); RF ¼ 0.5 (SiO2, CHCl3/MeOH, 95:5);
UVeVis (CHCl3): lmax (log ε) ¼ 229 nm (3.87); IR (ATR): n ¼ 2943m,
2870w, 1731m, 1656w, 1585w, 1516w, 1468m, 1411w, 1391m, 1373m,
1244s, 1182w, 1135w, 1106w, 1026m, 979m, 884m, 797w, 778w, 749s,
559w cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 9.08 (s, 1H, 36-H), 8.69
(s, 1H, 34-H), 7.99 (d, J ¼ 8.2 Hz, 1H, 38-H), 7.82e7.70 (m, 2H, 40-H,
39-H), 7.63 (t, J ¼ 7.1 Hz, 1H, 41-H), 4.74 (s, 1H, 29-Ha), 4.62 (s, 1H,
19-Hb), 4.50e4.42 (m, 1H, 3-H), 3.23e3.14 (m, 1H, 19-H), 2.58 (m,
1H, 13-H), 2.33e2.24 (m, 1H, 16-Ha), 2.12e2.05 (m, 2H, 22-Ha, 21-
Ha), 2.03 (s, 3H, 32-H), 1.71 (s, 3H, 30-H), 1.86e1.17 (m, 16H, 16-
Hb, 12-Ha, 15-Ha, 1-Ha, 18-H, 22-Hb, 2-H, 21-Hb, 11-Ha, 7-H, 6-Hb,
15-Hb, 9-H, 11-Hb), 1.03 (s, 3H, 27-H), 1.00 (s, 3H, 25-H), 0.97 (m, 2H,
12-Hb, 1-Hb), 0.84 (m, 6H, 23-H, 25-H), 0.83 (s, 3H, 24-H), 0.79 (m,
1H, 5-H) ppm; 13C NMR (126 MHz, CDCl3): d ¼ 175.58 (C-28), 171.18
(C-31), 150.68 (C-20), 149.77 (C-36), 138.49 (C-34), 131.49 (C-33),
130.90 (C-39), 128.88 (C-37), 128.68 (C-42), 128.35 (C-38), 127.62
(C-41), 121.15 (C-40), 109.80 (C-29), 81.08 (C-3), 56.93 (C-17), 55.65
(C-5), 50.76 (C-9), 50.45 (C-18), 46.66 (C-19), 42.77 (C-14), 41.03 (C-
8), 38.64 (C-1), 38.59 (C-4), 37.95 (C-10), 37.89 (C-13), 37.29 (C-22),
34.56 (C-7), 34.21 (C-16), 31.06 (C-21), 30.00 (C-15), 28.08 (C-23),
25.79 (C-12), 23.84 (C-2), 21.45 (C-32), 21.12 (C-11), 19.68 (C-30),
18.34 (C-6), 16.62 (C-24), 16.38 (C-25, C-26), 14.83 (C-27) ppm; MS
(ESI, MeOH): m/z 626 (76%, [MþH]þ), 1249 (100%, [2M þ H]þ);
analysis calcd for C41H56N2O3 (624.91): C 78.80, H 9.03, N 4.48;
found: C 78.61, H 9.18, N 4.61.

4.4.18. Quinolin-5-yl 3b-acetoxy-lup-20(29)-en-28-amide (20)
According to GPC from 17 (200 mg, 0.4 mmol) and 5-

aminoquinoline (200 mg, 1.4 mmol) followed by chromatography
(SiO2: hexanes/EtOAc, EtOAc: 25%/ 50%), 20 (160 mg, 64%) was
obtained as an off-white solid; m.p. 277e280 �C (decomp.);
[a]D ¼ þ21.2� (c 0.261, CHCl3); RF ¼ 0.54 (SiO2, CHCl3/MeOH, 95:5);
UVeVis (CHCl3): lmax (log ε) ¼ 236 nm (3.93); IR (ATR): n ¼ 2943m,
1730m, 1649w, 1594w, 1477m, 1392w, 1367m, 1244s, 1181w, 1028m,
979m, 883m, 797s, 755m, 651w cm�1; 1H NMR (400 MHz, CDCl3):
d ¼ 8.91e8.86 (m, 1H, 39-H), 8.15 (d, J ¼ 8.5 Hz, 1H, 41-H), 7.97 (dd,
J¼ 6.8, 2.6 Hz,1H, 34-H), 7.71e7.63 (m, 2H, 36-H, 35-H), 7.40 (dd, J¼
8.5, 4.2 Hz, 1H, 40-H), 4.74 (s, 1H, 29-Ha), 4.62 (s, 1H, 29-Hb),
4.50e4.41 (m, 1H, 3-H), 3.19 (td, J ¼ 10.9, 4.7 Hz, 1H, 19-H), 2.57 (td,
J ¼ 12.6, 3.4 Hz, 1H, 13-H), 2.30e2.20 (m, 1H, 16-Ha), 2.11e1.99 (m,
2H, 21-Ha, 22-Ha), 2.03 (s, 3H, 32-H),1.71 (s, 3H, 30-H),1.89e1.15 (m,
17H, 16-Hb, 12-Ha, 15-Ha, 9-H, 1-Ha, 22-Hb, 2-H, 6-Ha, 21-Hb, 11-Ha,
7-H, 6-Hb, 15-Hb, 18-H, 11-Hb), 1.03 (s, 3H, 27-H), 1.11e0.91 (m, 2H,
12-Hb,1-Hb), 0.99 (s, 3H, 24-H), 0.84 (s, 3H. 23-H), 0.83 (s, 3H, 25-H),
0.82 (s, 3H, 26-H), 0.79 (m, 1H, 5-H) ppm; 13C NMR (101 MHz,
CDCl3): d¼ 175.51 (C-28),171.17 (C-31),150.66 (C-20),150.13 (C-39),
148.40 (C-37), 133.14 (C-42), 130.88 (C-41), 129.47 (C-35), 127.29 (C-
34), 123.89 (C-33), 122.56 (C-36), 121.00 (C-40), 109.81 (C-29), 81.06
(C-3), 56.88 (C-17), 55.64 (C-5), 50.75 (C-18), 50.46 (C-9), 46.71 (C-
19), 42.76 (C-14), 41.03 (C-8), 38.64 (C-4), 38.64 (C-1), 37.94 (C-22),
37.91 (C-13), 37.28 (C-10), 34.56 (C-7), 34.19 (C-16), 31.06 (C-21),
29.99 (C-15), 28.07 (C-23), 25.77 (C-12), 23.84 (C-2), 21.45 (C-32),
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21.12 (C-11), 19.66 (C-30), 18.32 (C-6), 16.62 (C-24), 16.38 (C-25, C-
26), 14.83 (C-27) ppm; MS (ESI, MeOH): m/z 625 (100%, [MþH]þ),
1249 (44%, [2M þ H]þ); C41H56N2O3 (624.91): C 78.80, H 9.03, N
4.48; found: C 78.53, H 9.23, N 4.57.

4.4.19. 3b-Acetyloxy-20-oxo-30-norlupan-28-oic acid (21)
According to GPA from 9 (15.02 g, 32.8 mmol) followed by

crystallization from EtOH, 21 (13.8 g, 84%) was obtained as a
colorless solid; m.p. 268e270 �C (decomp.) (lit.: [39] 252e255 �C);
[a]D ¼ �9.1� (c 0.34, CHCl3) [lit.: [39] [a]D ¼ �9.5� (c 0.80, CHCl3)];
RF ¼ 0.50 (SiO2, toluene/EtOAc/heptane/HCOOH, 80:26:10:5).

4.4.20. Benzyl 3b-acetyloxy-20-oxo-30-norlupan-28-amide (22)
According to GPB from 21 (250 mg, 0.5 mmol) and benzylamine

(0.2 mL, 1.9 mmol) followed by chromatography (SiO2, hexanes/
EtOAc, EtOAc: 5%/ 30%) 22 (244 mg, 76%) [40] was obtained as a
colorless solid; m.p. 290 �C (decomp.); [a]D¼þ0.5� (c 0.159, CHCl3);
RF ¼ 0.35 (SiO2, hexanes/EtOAc, 3:1); IR (ATR): n ¼ 2943m, 1733m,
1654m, 1519m, 1453w, 1367m, 1244s, 1027m, 979m, 753m, 698m,
609w cm�1; 1H NMR (500MHz, CDCl3): d¼ 7.37e7.27 (m, 5H, 35-H,
37-H, 38-H, 34-H, 36-H), 5.95 (t, J ¼ 5.7 Hz, 1H, NH), 4.48 (m, 2H, 3-
H, 32-Ha), 4.37e4.27 (m, 1H, 32-Hb), 3.48 (m, 1H, 19-H), 2.26 (m, 1H,
13-H), 2.17 (s, 3H, 29-H), 2.13e2.04 (m, 1H, 18-H), 2.03 (s, 3H, 31-H),
1.88 (m, 1H,16-Ha),1.77 (m, 1H, 21-Ha),1.68e1.20 (m, 17H,1-Ha, 2-H,
6-H, 7-H, 9-H, 11-H, 12-H, 15-H, 16-Hb, 21-Hb, 22-Hb), 1.19e1.02 (m,
1H, 1-Hb), 0.98 (s, 3H, 27-H), 0.88 (s, 3H, 26-H), 0.84e0.80 (m, 9H,
23-H, 26-H, 27-H), 0.78 (m, 1H, 5-H) ppm; 13C NMR (126 MHz,
CDCl3): d ¼ 213.01 (C-20), 175.88 (C-28), 171.09 (C-30), 139.12 (C-
33),128.84 (C-35, C-37),127.89 (C-34, C-38),127.55 (C-36), 81.01 (C-
3), 55.66 (C-17), 55.55 (C-5), 51.17 (C-19), 50.57 (C-9), 50.19 (C-18),
43.46 (C-32), 42.42 (C-14), 40.84 (C-8), 38.52 (C-1), 38.11 (C-4),
37.94 (C-22), 37.27 (C-10), 36.94 (C-13), 34.41 (C-7), 33.13 (C-16),
30.47 (C-29), 29.62 (C-15), 28.72 (C-21), 28.08 (C-23), 27.39 (C-12),
23.81 (C-2), 21.44 (C-31), 21.09 (C-11), 18.32 (C-6), 16.63 (C-24),
16.36 (C-25), 16.22 (C-26), 14.82 (C-27) ppm; MS (ESI, MeOH): m/z
590 (100%, [MþH]þ), 1179 (66%, [2M þ H]þ), 1201 (54%,
[2MþNa]þ); analysis calcd for C38H55NO4 (589.86): C 77.38, H 9.40,
N 2.37; found: C 77.19, H 9.65, N 2.50.

4.4.21. Isoquinolin-4-yl 3b-acetyloxy-20-oxo-30-norlupan-28-
amide (23)
According to GPC from 21 (250 mg, 0.5 mmol) and 4-

aminoisoquinoline (250 mg, 1.7 m mol) followed by chromatog-
raphy SiO2, hexanes/EtOAc, EtOAc: 20%/ 80%) 23 (228 mg, 72%)
was obtained as an off-white solid; m.p. 235 �C (decomp.);
[a]D ¼ �20.3� (c 0.211, CHCl3); RF ¼ 0.26 (SiO2, CHCl3/MeOH, 95:5);
UVeVis (CHCl3): lmax (log ε) ¼ 228 nm (3.74); IR (ATR): n ¼ 2943m,
1710m, 1585w, 1516w, 1467m, 1368m, 1245s, 1183w, 1024m, 979m,
893w, 749s, 574w cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 9.12 (s, 1H,
35-H), 8.72 (s, 1H, 33-H), 8.02 (d, J ¼ 8.1 Hz, 1H, 37-H), 7.78 (m, 2H,
38-H, 39-H), 7.65 (t, J ¼ 7.3 Hz, 1H, 40-H), 4.47 (dd, J ¼ 10.9, 5.3 Hz,
1H, 3-H), 3.50e3.42 (m, 1H, 19-H), 2.36 (m, 1H, 13-H), 2.30e2.20 (m,
2H,16-Ha,18-H), 2.17 (s, 3H, 29-H), 2.15e2.06 (m, 1H, 22-Ha), 2.03 (s,
3H, 31-H),1.92e1.82 (m, 1H,16-Hb),1.78e1.14 (m, 15H, 22-Hb,15-Ha,
1-Ha, 2-H, 21-H, 6-Ha, 11-Ha, 7-H, 15-Hb, 6-Hb, 9-H, 11-Hb), 1.08 (s,
2H, 12-H), 1.06 (s, 3H, 27-H), 0.99 (s, 3H, 25-H), 0.96 (s, 1H, 1-Hb),
0.83 (d, J¼ 7.1 Hz, 9H, 23-H, 24-H, 26-H), 0.80 (m, 1H, 5-H) ppm; 13C
NMR (126 MHz, CDCl3): d ¼ 212.90 (C-20), 175.69 (C-28), 171.38 (C-
30), 150.31 (C-35), 138.85 (C-33), 131.70 (C-32), 131.26 (C-38),
128.70 (C-37),127.98 (C-40),121.22 (C-39), 81.25 (C-3), 57.06 (C-17),
55.83 (C-5), 51.14 (C-19), 50.86 (C-9), 50.47 (C-18), 42.82 (C-14),
41.19 (C-8), 38.80 (C-1), 38.43 (C-4), 38.21 (C-22), 37.54 (C-10), 37.24
(C-13), 34.71 (C-7), 33.76 (C-16), 30.77 (C-29), 30.32 (C-15), 28.93
(C-21), 28.33 (C-23), 27.65 (C-12), 24.07 (C-2), 21.70 (C-31), 21.36
(C-11), 18.57 (C-6), 16.88 (C-24), 16.62 (C-25), 16.57 (C-26), 15.15 (C-
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27) ppm; MS (ESI, MeOH): m/z 627 (100%, [MþH]þ), 1253 (58%,
[2MþH]þ); analysis calcd for C40H54N2O4 (626.88): C 76.64, H 8.68,
N 4.47; found: C 76.51, H 8.96, N 4.62.

4.4.22. Quinolin-5-yl 3b -acetyloxy-20-oxo-30-norlupan-28-amide
(24)
According to GPC from 21 (250 mg, 0.5 mmol) and 5-

aminoquinoline (250 mg, 1.7 mmol) followed by chromatography
(SiO2, hexanes/EtOAc, EtOAc: 25% / 80%) 24 (177 mg, 57%) was
obtained as an off-white solid; m.p. 277e280 �C (decomp.);
[a]D ¼ �35.9� (c 0.106, CHCl3); RF ¼ 0.36 (SiO2, CHCl3/MeOH, 95:5);
UVeVis (CHCl3): lmax (log ε) ¼ 235 nm (3.95); IR (ATR): n ¼ 2944m,
1732m, 1711m, 1595w, 1515w, 1476m, 1367m, 1244s, 1182w, 1133w,
1024m, 979m, 798s, 752s, 665w, 610w, 496w cm�1; 1H NMR
(400 MHz, CDCl3): d ¼ 8.90 (d, J ¼ 3.0 Hz, 1H, 38-H), 8.21 (d,
J¼ 8.4 Hz,1H, 40-H), 8.03 (d, J¼ 7.7 Hz,1H, 33-H), 7.71 (m, 2H, 35-H,
34-H), 7.45 (dd, J ¼ 8.5, 4.3 Hz, 1H, 39-H), 4.51e4.42 (m, 1H, 3-H),
3.47 (m, 1H, 19-H), 2.36 (s, 1H, 13-H), 2.25 (m, 2H, 16-Ha, 18-H), 2.17
(s, 3H, 29-H), 2.14e2.05 (m, 2H, 21-Ha, 22-Ha), 2.03 (s, 3H, 31-H),
1.88 (m, 1H, 16-Hb), 1.80e1.16 (m, 14H, 22-Hb, 15-Ha, 1-Ha, 2-H, 6-Ha,
11-Ha, 7-H,15-Hb, 6-Hb, 9-H,11-Hb, 21-Hb),1.09 (s, 2H,12-H),1.07 (s,
3H, 27-H), 0.99 (s, 3H 25-H), 0.97 (s, 1H, 1-Hb), 0.83 (m, 9H, 23-H,
24-H, 26-H), 0.79 (s, 1H, 5-H) ppm; 13C NMR (101 MHz, CDCl3):
d¼ 212.59 (C-20), 175.45 (C-28),171.12 (C-30),149.77 (C-38),133.06
(C-36), 131.51 (C-40), 129.82 (C-34), 127.05 (C-33), 123.97 (C-32),
122.86 (C-35), 121.06 (C-39), 107.47 (C-41), 80.97 (C-3), 56.79 (C-
17), 55.57 (C-5), 50.94 (C-19), 50.59 (C-9), 50.24 (C-18), 42.57 (C-
14), 40.95 (C-8), 38.55 (C-1), 38.17 (C-4), 37.95 (C-22), 37.29 (C-10),
37.04 (C-13), 34.46 (C-7), 33.48 (C-16), 30.49 (C-29), 30.07 (C-15),
28.69 (C-21), 28.08 (C-23), 27.38 (C-12), 23.81 (C-2), 21.45 (C-31),
21.12 (C-11), 18.31 (C-6), 16.63 (C-24), 16.37 (C-25), 16.35 (C-26),
14.91 (C-27) ppm; MS (ESI, MeOH): m/z 628 (100%, [MþH]þ), 1253
(24%, [2M þ H]þ); analysis calcd for C40H54N2O4 (626.88): C 76.64,
H 8.68, N 4.47; found: C 76.46, H 8.87, N 4.65.
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Abstract: The combination of the “correct” triterpenoid, the “correct” spacer and rhodamine B (RhoB)
seems to be decisive for the ability of the conjugate to accumulate in mitochondria. So far, several
triterpenoid rhodamine B conjugates have been prepared and screened for their cytotoxic activity.
To obtain cytotoxic compounds with EC50 values in a low nano-molar range combined with good
tumor/non-tumor selectivity, the Rho B unit has to be attached via an amine spacer to the terpenoid
skeleton. To avoid spirolactamization, secondary amines have to be used. First results indicate that a
homopiperazinyl spacer is superior to a piperazinyl spacer. Hybrids derived from maslinic acid or
tormentic acid are superior to those from oleanolic, ursolic, glycyrrhetinic or euscaphic acid. Thus,
a tormentic acid-derived RhoB conjugate 32, holding a homopiperazinyl spacer can be regarded,
at present, as the most promising candidate for further biological studies.

Keywords: triterpenoic acid; maslinic acid; tormentic acid; betulinic acid; oleanolic acid; rhodamine
B; cytotoxicity

1. Introduction

Cancer remains one of the leading causes of death worldwide, and the incidence is increasing.
Cancer is the second-leading cause of death globally, accounting for 9.6 million deaths in 2018 [1].
It is expected that in 2030, 21 million people worldwide will suffer from cancer [2]. Tremendous
progress, however, has been made in the treatment of individual cancers [3–6]. This is due, on one
hand, to improved early detection and prophylaxis and, on the other, to the development of highly
efficient drugs in a wide range of different substance classes. Thus, the probability of premature death
from cancer per year decreased from 8.3% in the year 2000 to 6.9% in 2015. It is expected to be as low
as 5.3% in 2030, saving approximately 1.1 million lives per year [7].

Both proteins and small molecules have proven their worth in therapy and are in use in the
clinic. However, low-molecular-weight drugs often bear the stigma of reduced selectivity in which the
cytotoxic drug not only targets cancerous cells, but it also damages healthy tissue. This increases serious
side effects and stress symptoms in patients, including nausea, heart or brain damage, impairments to
the central nervous system and damage to cells of the inner ear; losses of fertility, hearing and hair
have also been noted [8].

These serious side effects and impairments limit the use and acceptance of a drug, as they reduce
patient compliance due to a significantly reduced quality of life. This not only endangers the chances
of successful therapy, but it often also leads to discontinuation of the therapy [9,10].

Since the problems of reconversion of cancer cells into normal cells (“reprogramming”, for example,
of terminally differentiated cancer cells into cancer cells of benign phenotypes) [11] have only remotely

Molecules 2020, 25, 5443; doi:10.3390/molecules25225443 www.mdpi.com/journal/molecules

http://www.mdpi.com/journal/molecules
http://www.mdpi.com
https://orcid.org/0000-0002-6527-6820
https://orcid.org/0000-0002-7745-0152
https://orcid.org/0000-0001-7911-290X
http://www.mdpi.com/1420-3049/25/22/5443?type=check_update&version=1
http://dx.doi.org/10.3390/molecules25225443
http://www.mdpi.com/journal/molecules


Molecules 2020, 25, 5443 2 of 15

been solved today, cancer cells have to be removed either by surgery or destroyed by radiation
or chemotherapy. Cell death by chemotherapy can be induced in many different ways [12–17],
but the mitochondria play a major role in the life or death of a cell. Thus, agents that target
mitochondria and induce a controlled cell death, so called “mitocans”, have received increased
attention in recent years [17–38]. This seems even more significant inasmuch as cancer cells are closely
linked to dysregulated apoptosis of the cells; as a consequence, drug resistance of the cancer cells can
develop [39].

Mitocans (as well as other cytotoxic agents) are often able to induce apoptosis; however, the death
of a cell, irrespective of whether this cell is malignant, is not random at all. Triggering of controlled
cell death is always preferable to an unselective rupture of membranes following the application of
extreme but locally applied heat, freeze–thaw cycles or steep osmotic gradients. Controlled cell death
can be triggered on a cellular level from nuclear, reticular, cytoskeletal, lysosomal, membrane or, most
important, mitochondrial origins [16].

Usually, the cells in a living organism closely cooperate, and cells are constantly in an equilibrium
between life and death. Triggering programmed cell death routines removes damaged, infected and
out-of-control cells from the organism. The problem arises from the latter cells, since most cancer cells
do not respond to extrinsic apoptotic triggers. Thus, mitochondria present a target of emerging interest
for cancer therapy as they can trigger apoptosis through an intrinsic pathway. Apoptosis usually
starts with loss of mitochondrial membrane potential, followed by the release of cytochrome c and
activation of caspase 3 [40]. Furthermore, permeabilization of the outer mitochondrial membrane and
the release of cytochrome c are required in many cell death stimuli [41]. This release of cytochrome
c can be regarded as a “point of no return” finally leading to the death of the cell. This highlights
the importance of mitochondrial compartmentation and explains the devastating effect following
permeabilization of the mitochondrial membrane [42–44]. In addition to membrane permeabilization,
the opening of the mitochondrial permeability transition pore is also considered an important event
resulting in mitochondrial depolarization and the release of apoptotic factors [29].

In recent years, triterpenes have repeatedly and increasingly entered the focus of scientific interest.
Extensive studies on their apoptotic and cytotoxic properties have been performed. A major concern
in dealing with cancer is the MDR (multiple drug resistance) phenotype [39]. These cancer cells
overexpress ATP-dependent transporters that eject toxic compounds from the cell before they cause
harm to the cell. Some triterpenes are known inhibitors of the efflux pump MDR1, but they are also
known to downregulate the transcription factor NF-κB. For cancer, it is widely accepted [45] that
NF-κB promotes tumor migration and tumor proliferation.

2. Results

Mitochondrial membranes of malignant cells hold an increased membrane potential compared
to non–malignant cells [46]. This effect fosters the accumulation of cationic molecules [17,47,48],
hence inducing high selectivity for mitocans holding a (more or less) lipophilic cation such as a
rhodamine scaffold. The same effect applies for triphenylphosphonium cations [49–57] and to a small
extent for quaternary ammonium ions [58–60], zwitterionic N-oxides [60,61] and triterpenes substituted
with BODIPYs [62–66] or a safirinium moiety [67]. However, the presence of a cationic center is not
alone decisive for achieving high cytotoxic effects [60].

Rhodamine B (RhoB) seems to be a privileged scaffold. This fluorescent dye, also known as
rhodamine 610, C.I. Pigment violet 1, basic violet 10, and C.I. 45170 [68], was invented in 1888
(“Tetraethyl-rhodamine”) by M. Cérésole [69,70], and since then it has been widely used in biology,
biotechnology and as a biosensor [71,72]. RhoB exists in an equilibrium [73–77] between an “open”
positively charged form A (Figure 1) that is fluorescent and a “closed”, non–fluorescent form B. Under
acidic conditions, pink-colored A dominates, while colorless B dominates under basic conditions.
Further, in less polar organic solvents, the zwitterionic form C undergoes a rapid reversible conversion
to B [78–81].
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Figure 1. Structure of Rhodamine B (RhoB) in its “open” form A, “closed” lactone form B and the
zwitterion C.

RhoB is suspected to be carcinogenic [82–85]. The LD50 value for orally administered RhoB in
rats is >500 mg/kg, and an older report classified RhoB (as well as Rho6G) as possibly carcinogenic in
rats [85]. RhoB, however, seems not to be mutagenic in Chinese hamster ovary cells [86], but it presents
a genotoxic hazard for mammalian organisms [87]. As far as the RhoB–triterpene conjugates are
concerned, two types of compounds have been accessed so far: triterpenes with a RhoB moiety directly
attached to the skeleton of the triterpene, and compounds wherein these two units are separated by a
suitable spacer.

To date, hybrid molecules have been prepared from oleanolic acid (OA, Figure 2), ursolic
acid (UA), glycyrrhetinic acid (GA), betulinic acid (BA), maslinic acid (MA), augustic acid (AU),
11-keto-β-boswellic acid (KBA), asiatic acid (AA), tormentic acid (TA) and euscaphic acid (EA).

By means of suitable double-staining experiments, it could be shown that these hybrids are actually
effective as mitocans [88], and preliminary molecular modeling studies suggest these compounds might
target the mitochondrial NADH dehydrogenase and mitochondrial succinate dehydrogenase [89].
Both enzymes are part of the mitochondrial electron transport chain; this also suggests an increased
production of reactive oxygen species (ROS). An increased production of ROS would lead to an
oxidative damage of the cell and trigger apoptosis through an intrinsic pathway. Therefore, the integrity
of the RhoB basic structure seems to be of crucial importance. It has been shown that derivatives
from the triphenylmethane dye malachite green still exhibit increased cytotoxicity as compared to
their parent compounds [90]. The cytotoxicity, however, of these hybrids was much lower than those
observed for the RhoB derivatives (vide infra).
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Figure 2. Structure of some important pentacyclic triterpenoic acids.

The triterpenoid skeleton is equally important. Here, too, it was shown that “simple” RhoB
conjugates 1–9 (Figure 3) also had lower cytotoxicity than the corresponding triterpenoid analogs,
but their tumor cell/non-tumor cell selectivity was also diminished (Table 1) [91].

Figure 3. Structures of “simple” RhoB conjugates 1–9.
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Table 1. Cytotoxicity of selected “simple” RhoB conjugates.

Compound A375 HT29 MCF-7 A2780 FaDu NIH 3T3

RhoB >30 >30 >30 >30 >30 >30
1 0.38 0.41 0.23 0.21 0.30 0.96
2 0.19 0.19 0.14 0.17 0.15 0.32
3 >30 >30 >30 >30 >30 >30
4 7.09 5.46 1.54 1.66 4.53 >30
5 1.79 1.54 0.44 0.52 1.12 5.09
6 3.05 1.74 0.49 0.70 1.52 7.92
7 16.05 17.34 3.74 3.62 11.78 >30
8 1.03 0.54 0.32 0.27 0.64 3.27
9 >30 >30 17.80 26.40 >30 >30

EC50 in µM from SRB assays; cut-off 30 µM.

Of special interest seems the morpholinyl derivative 4 inasmuch as this compound held the
highest selectivity of this series with respect to MCF-7 carcinoma cells (S = (EC50, NIH 3T3 / EC50, MCF-7)
> 19.5) and A2780 ovarian cancer cells (S = (EC50, NIH 3T3 / EC50, A27807) > 18.1) [90].

The highest cytotoxicity was observed for the hexyl ester 2 (EC50 = 0.15–0.19 µM) for the different
tumor cell lines. Interestingly, an eicosyl ester 3 with a lipophilicity similar to that of triterpenoids
did not show even moderate cytotoxicity [90], while hydroxycinnamic acid rhodamine B conjugates
displayed good cytotoxicity in the low µM range [92].

The importance of the presence of a triterpenoid backbone is also evident from studies concerning
RhoB steroid conjugates (Figure 4) [93]. In these studies, the reaction of the steroids cholesterol,
testosterone, prednisone and abiraterone with an activated RhoB chloride furnished ester conjugates
holding low EC50 values (SRB assays with several human tumor cell lines, Table 2). Thus, a testosterone
conjugate 10 held EC50 = 60 nm for MCF-7 cells, but acted by necrosis (20%, A2780 cells). A prednisone
conjugate 11 was less cytotoxic (0.2 µM for MCF-7 cells) but acted in A2780 cells mainly by apoptosis
(48%) and late apoptosis (14%). In addition, this compound showed a higher selectivity for the A2780
tumor cells (S = 73) than for NIH 3T3 fibroblasts. For comparison, an abiratone conjugate 12 was less
cytotoxic and also less selective [93].

Figure 4. RhoB steroid conjugates from the esterification of RhoB with testosterone (→ 10), prednisone
(→ 11) or abiratone (→ 12), respectively.

Table 2. Cytotoxicity of selected steroidal RhoB conjugates.

Compound A375 HT29 MCF-7 A2780 FaDu NIH 3T3

10 0.16 0.12 0.06 0.08 0.26 0.25
11 0.11 0.64 0.21 0.31 0.40 1.81
12 0.22 0.21 0.23 0.13 0.24 0.37

EC50 in µM from SRB assays.

A closer look at the cell cycle by FACS (with A2780 cells) showed a decrease of the G1 and G2/M
peak with an increase of cells in the S phase. For cells treated with 11, the S phase peak and the
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subG1/apoptosis peak increased significantly. However, for all compounds the selectivity between
tumor cells and non-malignant fibroblasts NIH 3T3 was small and never exceeded 7.3 (11, for MCF-7
cells) [93].

A similar behavior was observed for dehydroabietylamine (DHAA) derivatives 13–16 (Figure 5,
Table 3). These products were easily obtained from dehydroabietylamine by the microwave-assisted
multicomponent Ugi reaction using paraformaldehyde, an isocyanide and RhoB with yields between
47 and 50% [94].

Table 3. Cytotoxicity of selected DHAA-derived RhoB conjugates.

Compound A375 HT29 MCF-7 A2780 FaDu NIH 3T3

13 3.2 0.18 0.10 0.37 0.23 0.28
14 0.23 0.32 0.16 0.57 0.35 0.41
15 0.20 0.28 0.12 0.66 0.32 0.44

16a/16b >30 >30 >30 >30 >30 >30

EC50 in µM from SRB assays.

Figure 5. Dehydroabiethylamine (DHAA)-derived RhoB conjugates 13–15 obtained by Ugi-multi
component reactions.

Although the cytotoxicity of these compounds was good, their pharmacological potential was
restricted by low selectivity values. Interestingly enough, products 16a/16b (Figure 6), having been
obtained from a simple Schotten–Baumann reaction with DHAA and RhoB, were not cytotoxic
at all [94]. As mentioned above, RhoB conjugates derived from primary amines are able to form
intramolecular non-fluorescent spirolactams (here 16a). From a photo-induced ring opening reaction,
16b was obtained from 16a very quickly within 10 s of irradiation either with visible light or with UV
light (λ = 254 or 366 nm). This equilibrium is also strongly influenced by changes in temperature, and
at room temperature 16a dominates the equilibrium [94].



Molecules 2020, 25, 5443 7 of 15

Figure 6. Synthesis of DHAA-derived RhoB conjugates 16a/16b and their equilibrium.

As far as the triterpene RhoB conjugates are concerned, the RhoB moiety can be attached to the
triterpenoid scaffold either directly (e.g., in form of a triterpene RhoB ester) or with the aid of a suitable
spacer. Pentacyclic triterpenoic acids (Figure 2) holding an RhoB moiety without an extra spacer have
been prepared by esterification of UA, OA, GA and BA with RhoB, respectively, (Figure 7) [95].

Figure 7. Un-spacered UA-, OA-, GA- and BA-derived esters 17–24 and amides 25–28.

All of these compounds had EC50 values between 0.02 and 15.8 µM (Table 4); thereby,
the cytotoxicity of benzyl esters 21–24 was lower than the cytotoxicity of the methyl esters 17–20,
while the benzyl amides 25–28 were the most cytotoxic compounds of this series. The presence of a
benzyl ester group as in 21–24 seems to be disadvantageous, while the opposite is true for the benzyl
amides 25–28. Compound 27 was the most cytotoxic compound (EC50 = 0.02–0.08 µM), but it was not
selective for human tumor cells. Extra staining experiments showed this compound to be accumulated
in the mitochondria of A2780 cells and to act mainly by apoptosis [95].
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Table 4. Cytotoxicity of un-spacered esters UA-, OA-, GA- and BA-derived esters 17–24 and amides
25–28.

Compound TP R FaDu A2780 HT29 MCF-7 SW1736 NIH 3T3

17 UA OMe 1.96 1.75 1.85 1.83 1.72 1.84
18 OA OMe 1.99 1.14 2.75 2.31 1.76 2.63
19 GA OMe 0.19 0.08 0.15 0.18 0.15 0.20
20 BA OMe 1.29 0.42 0.61 0.81 0.74 1.77
21 UA OBn 15.79 10.10 11.41 13.75 12.66 15.42
22 OA OBn 9.12 3.35 8.90 9.40 9.05 11.25
23 GA OBn 1.54 0.90 1.42 1.47 1.13 1.28
24 BA OBn 7.59 3.36 5.33 5.05 6.43 8.04
25 UA NBn 0.44 0.34 0.45 0.30 0.24 0.37
26 OA NBn 0.50 0.32 0.46 0.36 0.27 0.40
27 GA NBn 0.06 0.02 0.06 0.04 0.04 0.08
28 BA NBn 0.54 0.31 0.53 0.47 0.45 0.54

EC50 in µM from SRB assays.

Noteworthy in this context is the higher cytotoxicity of the glycyrrhetinic acid derivatives as
compared to analogs derived from OA, UA or BA. Extensions in the design of these compounds led to
the synthesis of triterpene conjugates with further modifications in the backbone (→ tormentic acid
(TA) and euscaphic acid (EA)) as well as to changes in the ring size of the heterocyclic spacer between
the backbone of the triterpene and the RhoB moiety (Figure 8).

Figure 8. Synthesis of euscaphic (EA)- or tormentic acid (TA)-derived RhoB conjugates 29–32.

The significantly higher cytotoxicity (Table 5) of TA-derived 32 seems particularly noteworthy
when comparing the different spacers: Thereby, the presence of a homopiperazinyl spacer [96] (as in
32) proved to be clearly superior to the piperazinyl moiety (as in 31). A similar trend was also noted for
EA-derived compounds 29 and 30. On the other hand, TA-derived compounds were more cytotoxic
than the corresponding EA derivatives. Interestingly, the absolute configuration at C–2 and C–3 in TA
corresponds exactly to the configuration found in maslinic acid (MA). Several MA derivatives (for
example [97,98], a diacetylated benzylamide EM2, Figure 9) were of higher cytotoxicity and better
selectivity than their corresponding OA or UA derivatives.
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Table 5. Cytotoxicity of euscaphic (EA)- or tormentic acid (TA)-derived RhoB conjugates 29–32, asiatic
acid (AA)-derived 33 and maslinic acid (MA)-derived amide EM2.

Compound A375 HT29 MCF-7 A2780 FaDu NIH 3T3

29 0.19 0,19 0.094 0.066 0.074 0.21
30 0.012 0.012 0.022 0.004 0.004 0.164
31 0.14 0.16 0.0084 0.037 0.041 0.25
32 0.06 0.005 0.008 0.001 0.001 0.19
33 n.d. 0.017 0.012 0.008 n.d. 0.178

EM2 n.d. 4.70 7.70 0.50 n.d. 33.8

EC50 in µM from SRB assays.

Figure 9. Synthesis of maslinic acid (MA)-derived EM2 holding the same absolute configuration of
hydroxyl groups in ring A as asiatic acid (AA)-derived conjugate 33.

The same configuration is found in asiatic acid (AA). Again, its acetylated piperazinyl-rhodamine
B conjugate 33 was most cytotoxic to many human tumor cell lines, being accumulated in the
mitochondria, and it also acted as a mitocan [99]. However, for this compound an unusual non-linear
rate of growth was detected for some human tumor cell lines (e.g., colorectal carcinoma HT29
and melanoma 518A2). In a bimodal manner at two different concentrations the tumor cells were
killed, a phenomenon that might be due to an accelerated recovery of the mitochondrial membrane
potential or due to a modulation of the mitochondrial permeability pores. However, at present a
concentration-triggered activation of a metabolizing enzyme cannot completely be ruled out [99].

A graphical comparison of all derivatives (using the target line A2780 as an example) is given
in Figure 10 including a comparison of tumor cell/non-tumor cell selectivity (A2780 vs. NIH 3T3) of
all compounds.

From Figure 10 the high potential of compound 32 (selectivity for A2780 or FaDu cells, ca. 190)
becomes clearly visible, making this compound an interesting drug for advanced testing and
biological screening.
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Figure 10. Graphical representation of the cytotoxicity of all compounds (EC50 in µM) for the cell line
A2780 (A) combined with a comparison of tumor cell/non-tumor cell selectivity (A2780 vs. NIH 3T3,
selectivity = (EC50, NIH3T3/EC50, A2780)) of all compounds (B).

3. Conclusions

OA-derived RhoB conjugates appear to be superior to analog UA-derived compounds in the
majority of cases with respect to their cytotoxicity. Although AKBA-derived derivatives have good
cytotoxicity properties, they were found to be less cytotoxic compared to other triterpene carboxylic
acid derivatives, but they often showed better tumor cell/non-tumor cell selectivity. So far, the best
cytotoxicity properties have been found for MA-, EA- and TA-derived derivatives. These allowed
the transition to compounds of nano-molar activity, while many other triterpene carboxylic acid
derivatives were cytotoxic only on a micro-molar concentration range. MA- derived derivatives seem
to be approximately equivalent to EA-derived compounds. They are currently only surpassed in many
tumor cell lines only by the analogous derivatives from TA. From results available so far, it can be
concluded that compounds holding a homopiperazinyl spacer are superior to those with a piperazinyl
spacer. This underlines the importance of the spacer for obtaining good cytotoxicity properties.
Replacement of the secondary amide derived spacer by a primary amine like ethylenediamine has
invariably led to RhoB conjugates of insignificant cytotoxicity (EC50 > 30 µM) due to the formation of
a spirolactam holding no positive charge in the RhoB part.

However, the presence of a distal cation is not sufficient to obtain compounds with excellent
cytotoxicity, as has been shown for several quaternary ammonium compounds or compounds where
the RhoB part has been replaced by, for example, malachite green, a BODIPY residue or a safirinium
group. In addition, the latter compounds do not act as mitocans, since their primary target is the
endoplasmic reticulum.

A statement on the extent to which the replacement of the RhoB group with another rhodamine
has a positive effect on biological activity cannot be made at present. The cytotoxic properties of these
compounds, other spacers and other triterpene carboxylic acids are currently the subject of further
investigation. The combination of the “correct” parent structure, the “correct” spacer and the “correct”
RhoB seems to be decisive for the ability of the conjugate to accumulate in mitochondria. So far, a
tormentic acid acid-derived RhoB conjugate 32 holding a homopiperazinyl spacer can be regarded as
the most promising candidate for further biological studies. At present, no extended investigations
have been carried out on the precise mode of action of these molecules.
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 Abstract: Pentacyclic  triterpenoids oleanolic acid, ursolic acid, betulinic acid, and platanic acid 

were acetylated and converted into several amides 9‐31; the cytotoxicity of which has been deter‐

mined in sulforhodamine B assays employing seral human tumor cell lines and nonmalignant fi‐

broblasts. Thereby, a betulinic acid/trans‐1,4‐cyclohexyldiamine amide showed excellent cytotoxi‐

city (for example, EC50 = 0.6 μM for HT29 colon adenocarcinoma cells). 

Keywords: oleanolic acid; ursolic acid; betulinic acid; platanic acid; 1,4‐cyclohexyldiamines; cytotoxicity 

 

1. Introduction 

Pentacyclic triterpenes represent an important class of secondary natural products 

[1–10]. Their  research began very  early  in  the history  of  chemistry:  for  example,  J. T. 

Lowitz’ betulin was  the  first  to be extracted  from plant material  in pure  form and de‐

scribed in its physicochemical properties as early as 1788 [11]. Great progress in their dis‐

covery, isolation, and especially in the elucidation of their complex structures was made 

at  the beginning and  in  the middle of  the 20th century.  In  this period,  the  first partial 

syntheses also took place. Their pharmaceutical/medical potential, however, was only rec‐

ognized much later. The observation of E. Pisha in 1995 describing, for the first time, the 

cytotoxic effect of betulinic acid on melanoma cells was groundbreaking in this respect 

[12]. Since this observation, the research of this class of natural substances has intensified 

tremendously. 

While unsubstituted triterpene carboxylic acids, e.g., oleanolic acid (OA) [13–15], ur‐

solic acid (UA) [6], betulinic acid (BA) [16], and platanic acid [17–20] (PA) (Figure 1) have 

a relatively low cytotoxicity, the 3‐O‐acetylated amides of these compounds have espe‐

cially become the focus of scientific interest in recent years. For example, triterpenoic ben‐

zyl amides (such as EM2) [21,22] and (homo)‐piperazinyl‐amides [23,24], as well as the 

rhodamine B conjugates [24] of the latter, have cytotoxic effects on numerous human tu‐

mor cell lines even in nanomolar concentrations [25]. However, some of these mitocanic 

compounds are quite cytotoxic to nonmalignant cells, and selective cytotoxicity can only 

be achieved by a several well‐defined conjugates [25]. 
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Figure 1. Structures of triterpenoic acids OA, UA, BA, and PA as well as of trans‐ and cis‐1,4‐cylo‐

hexyldiamines 5 and 6, as well as bicyclic diamines 7 and 8, respectively. 

To get a deeper insight in the importance and role of a diamine‐derived spacer, two 

different types of diamines (Figure 1) were selected. Both types have never been used in 

the context of triterpenes. On the one hand we selected 1,4‐cyclohexyldiamines 5 and 6, 

and on the other hand 1,4‐ (or 1,3)‐diazabicyclo[3.2.2]nonanes 7 and 8, respectively. 

Triterpenoic amides holding both a piperazinyl or homopiperazinyl moiety and an 

extra rhodamine B moiety were moderately to highly cytotoxic to a variety of human tu‐

mor  cell  lines  [25]. A  somewhat differentiated  picture,  however, was  found  for  com‐

pounds holding  an  ethylenediamine moiety  instead  [24]. Several of  these  compounds 

were cytotoxic while other analogs were not [17,18,21,26]. To evaluate the influence of a 

moiety being more rigid than ethylenediamine but as bulky as piperazine, we came across 

1,4‐cyclohexyldiamines 5 and 6. The skeleton shows some similarity to piperazine con‐

cerning its flexibility and the conformation of the ring but also holds two primary amino 

groups, thus resembling ethylenediamine.   

Since  the  rigidity  of  the  diamine  attached  to  the  essential  carboxyl  group  of  the 

triterpenoid backbone might influence the cytotoxicity of the compounds, 1,4‐diazabicy‐

clo[3.2.2] nonane (7) [27] and 1,3‐diazabicyclo[3.2.2]nonane (8) [28] were selected as amine 

components, too. Due to their structural similarity to a (homo)‐piperazinyl spacer aside 

from holding an additional chain between the nitrogen, this would result in an increased 

rigidity of the molecule. 

2. Results 

The 1,4‐dicyclohexyldiamine scaffold exists  in two different stereoisomers holding 

either a cis‐ or a trans‐configuration of the amino groups. Additionally, both compounds 

are  meso‐compounds.  For  the  synthesis  of  the  target  compounds,  triterpenoic  acids 

oleanolic acid (OA), ursolic acid (UA), betulinic acid (BA), and platanic acid (PA)   

(Figure 1) were acetylated yielding well‐known 3‐O‐acetyl compounds 1–4, respectively. 
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After having been activated with oxalyl chloride  trans‐1,4‐cyclohexyldiamine  (5) or cis‐

1,4‐dicyclohexyldiamine (6) was added, and final target compounds 9–16 were obtained 

in yields between 65–85% (Scheme 1). 

 

Scheme 1. Reactions and conditions: (a) Ac2O, DCM, TEA, DMAP (cat.), 20 °C, 1d; (b) DCM, DMF 

(cat.), (COCl)2, then 5 or 6, TEA, DMAP (cat.), 23 °C, 1d; (c) DCM, DMF (cat.), (COCl)2, then H2N‐

(CH2)2‐NH2, TEA, DMAP (cat.), 23 °C, 1d; and (d) DCM, DMF (cat.), (COCl)2, then piperazine, 

TEA, DMAP (cat.), 23 °C, 1d. 

The compounds are characterized, as exemplified for OA derived trans‐9 and cis‐10 

in their 13C NMR spectra holding a signal for C‐28 (amide) at δ = 179.8 ppm. The synthesis 

of the two amines 7 and 8 started from commercially available quinuclidin‐3‐one hydro‐

chloride as previously reported [27,28]. Acetates 1–4 were activated with oxalyl chloride 

followed by the addition of either ethylenediamine ( products 17–20, Scheme 1), piper‐

azine ( products 21–24, Scheme 1), 7 ( products 25–27, Scheme 2), or 8 ( products 
28–31, Scheme 2). 

For cytotoxicity screening, parent triterpenoic acid, acetates 1–4 and products 9–31 

were subjected to sulforhodamine B assays (SRB) employing several human  tumor cell 

lines as well as nonmalignant  fibroblasts  (NIH 3T3). The  results  from  these assays are 

summarized in Tables 1–3. 
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Scheme 2. Reactions and conditions: (a) DCM, DMF (cat.), (COCl)2, then 7, TEA, DMAP (cat.), 23 °C, 1d, 73%; (b) DCM, 

DMF (cat.), (COCl)2, then 8, TEA, DMAP (cat.), 23 °C, 1d, 73%; (c) DCM, DMF (cat.), (COCl)2, then 8, TEA, DMAP (cat.), 

23 °C, 1d, 73%; (d or e) from 3: DCM, DMF (cat.), (COCl)2, then 7, TEA, DMAP (cat.), 23 °C, 1d, 74%, from 4: 99%; (f) or (g) 

from 3 and 8: 95%; from 4 and 8: 73%. 

Table 1. Cytotoxicity of parent compounds OA, UA, BA, PA, acetates 1–4, starting materials 5–8 as well as products 9–16 

(EC50‐values in μM from SRB‐assays) after 72 h of treatment, the values are averaged from three independent experiments 

performed each  in triplicate, confidence  interval CI = 95%; mean ± standard mean error); n.d. not determined; n.s. not 

soluble; betulinic acid (BA) and doxorubicin (DX) were used as positive controls. Cell lines: malignant: A375 (melanoma), 

HT29 (colon adenocarcinoma), MCF‐7 (breast adenocarcinoma), A2780 (ovarian carcinoma), FaDu (hypopharyngeal car‐

cinoma); nonmalignant: NIH 3T3 (fibroblasts). 

Compound  A375  HT29  MCF‐7  A2780  FaDu  NIH 3T3 

OA  >30  >30  >30  >30  >30  >30 

UA  15.4 ± 1.0  12.4 ± 1.1  14.7 ± 0.4  17.3 ± 0.9  18.2 ± 1.7  16.3 ± 1.4 

BA  17.7 ± 0.4  16.8 ± 2.0  12.3 ± 1.1  9.4 ± 1.1  13.7 ± 0.9  19.3 ± 1.1 

PA  >30  >30  >30  >30  >30  >30 

1  13.1 ± 1.1  20.5 ± 1.7  12.9 ± 1.9  9.4 ± 0.5  11.8 ± 0.9  17.5 ± 1.5 

2  11.4 ± 1.4  17.3 ± 1.5  12.1 ± 1.2  8.3 ± 0.9  10.7 ± 0.8  16.4 ± 1.7 

3  19.2 ± 1.7  21.3 ± 2.0  11.0 ± 0.5  18.3 ± 0.5  7.2 ± 1.2  >30 

4–8  >30  >30  >30  >30  >30  >30 

9  1.8 ± 0.3  1.7 ± 0.2  2.0 ± 0.3  2.1 ± 0.2  2.0 ± 0.1  1.8 ± 0.4 

10  2.4 ± 0.2  2.9 ± 0.1  2.8 ± 0.6  2.7 ± 0.2  2.9 ± 0.2  2.2 ± 0.2 

11  1.9 ± 0.2  2.6 ± 0.1  2.5 ± 0.4  2.6 ± 0.3  2.6 ± 0.1  1.9 ± 0.3 

12  1.9 ± 0.3  2.4 ± 0.1    2.4 ± 0.4  2.3 ± 0.2  2.5 ± 0.1  1.9 ± 0.2 

13  0.9 ± 0.1  0.6 ± 0.1  1.3 ± 0.4  1.0 ± 0.1  1.0 ± 0.1  1.0 ± 0.1 

14  1.3 ± 0.2  0.8 ± 0.1  1.2 ± 0.4  1.2 ± 0.35  1.1 ± 0.2  1.1 ± 0.1 
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15  0.9 ± 0.1  2.1 ± 0.1  2.8 ± 0.4  1.8 ± 0.2  1.5 ± 0.1  0.5 ± 0.1 

16  n.s.  n.s.  n.s.  n.s.  n.s.  n.s. 

DX  n.d.  0.9 ± 0.2  1.1 ± 0.3  0.02 ± 0.01  1.7 ± 0.3  0.06 ± 0.03 

Table 2. (EC50 in μM from SRB) of ethylenediamine amides 17–20 and piperazine derived amides 21–24. The values are 

averaged from three independent experiments performed each in triplicate, confidence interval CI = 95%; mean ± standard 

mean error). 

Compound  HT29  MCF‐7  A2780  NIH 3T3 

17  2.0 ± 0.2  1.7 ± 0.2  3.1 ± 0.1  2.1 ± 0.1 

18  1.8 ± 0.1  2.0 ± 0.1  2.3 ± 0.1  2.6 ± 0.3 

19  1.0 ± 0.3  1.3 ± 0.1  1.4 ± 0.2  1.4 ± 0.1 

20  3.3 ± 1.2  3.1 ± 0.1  3.2 ± 0.2  2.1 ± 0.1 

21  1.3 ± 0.1  1.7 ± 0.2  1.7 ± 0.1  1.7 ± 0.1 

22  1.9 ± 0.3  2.0 ± 0.1  2.1 ± 0.1  2.1 ± 0.1 

23  1.0 ± 0.1  1.4 ± 0.1  1.9 ± 0.1  0.9 ± 0.1 

24  2.4 ± 0.3  2.8 ± 0.1  3.1 ± 0.1  0.7 ± 0.1 

Table 3. (EC50 in μM from SRB) of diazabicyclononanes derived amides 25–31. The values are averaged from three inde‐

pendent experiments performed each in triplicate, confidence interval CI = 95%; mean ± standard mean error); n.s. not 

soluble. 

Compound  A375  HT29  MCF‐7  A2780  FaDu  NIH 3T3 

25, 26  n.s.  n.s.  n.s.  n.s.  n.s.  n.s. 

27  2.3 ± 0.2  5.2 ± 0.2  4.2 ± 0.8  3.9 ± 0.4  2.7 ± 0.4  2.2 ± 0.2 

28, 29  n.s.  n.s.  n.s.  n.s.  n.s.  n.s. 

30  4.7 ± 0.2  4.8 ± 0.3  6.0 ± 0.9  5.5 ± 0.4  6.3 ± 0.5  9.3 ± 0.7 

31  6.0 ± 0.5  8.2 ± 0.3  6.3 ± 0.5  6.4 ± 0.3  6.2 ± 0.6  5.0 ± 0.4 

As can be seen from Tables 1–3, there is, by and large, no significant difference in the 

cytotoxicity of the individual compounds; the cytotoxic activity is independent of the used 

spacer. Betulinic acid (BA)‐derived derivatives are slightly more cytotoxic than the other 

derivatives. The selectivity between malignant cells and the nonmalignant fibroblast cell 

line NIH 3T3 is practically not affected by the choice of different spacers. The better cyto‐

toxicity of  the 3‐O‐acetylated pentacyclic  triterpenoids as compared  to  their analogues 

holding an unprotected hydroxyl moiety at position C‐3 might be explained by a better 

bioavailability of  the  former. The better cytotoxicity of derivatives derived  from BA as 

compared to those from PA, however, cannot be explained but seems to be quite general 

inasmuch as the parent compound BA is more cytotoxic and PA, and the same also holds 

true for the corresponding 3‐O‐acetates. Comparison of the cytotoxicity of compounds 15 

and 16 would have been interesting but failed because of the insolubility of 16 under the 

conditions of the assay. This might also have been caused by the presence of a weak hy‐

drogen bond between the axially arranged amino group in 16 with the amide group. This 

assumption is also confirmed by the fact that 16 has a higher melting point than 15, and it 

can be assumed that solvation leads to an additional bias against the axial position. 

All  compounds  show  only  low  selectivity. This  finding distinguishes  these  com‐

pounds from substituted benzylamides (such as EM2) [21] but also from derivatives with 

an additional rhodamine B [24,25] moiety being present. 

3. Conclusions 

Pentacyclic triterpenoids oleanolic acid, ursolic acid, betulinic acid, and platanic acid 

were acetylated. These acetates were treated with oxalyl chloride followed by the addition 

of ethylenediamine or several monocyclic and bicyclic diamines to provide amides 9–31, 

whose cytotoxicity has been determined in sulforhodamine B assays employing seral human 
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tumor cell lines and nonmalignant fibroblasts. Thereby, a betulinic acid/trans 1,4‐cyclohex‐

yldiamine amide showed excellent cytotoxicity (for example, EC50 = 0.6 μM for HT29 colon 

adenocarcinoma cells), but the selectivity tumor cell/nontumor cell could not be improved. 

This finding distinguishes these compounds from previously investigated substituted benzyl‐

amides but also from piperazinyl‐rhodamine B conjugates. 

4. Experimental 

NMR spectra were recorded using the Varian spectrometers (Darmstadt, Germany) DD2 

and VNMRS (400 and 500 MHz, respectively). MS spectra were taken on an Advion expres‐

sionL CMS mass spectrometer (Ithaca, USA; 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 chro‐

matography was performed on precoated silica gel plates supplied by Macherey‐Nagel (Dü‐

ren, Germany). IR spectra were recorded on a Spectrum 1000 FT‐IR‐spectrometer from Perkin 

Elmer (Rodgau, Germany). The UV/Vis‐spectra were recorded on a Lambda 14 spectrometer 

from Perkin Elmer (Rodgau, Germany). The melting points were determined using the Leica 

hot‐stage microscope Galen III (Leica Biosystems, Nussloch, Germany) and are uncorrected. 

The solvents were dried according to usual procedures. The triterpenoic acids were bought 

from “Betulinines” (Stříbrná Skalice, Czech Republic) and used as received. 

4.1. Cell Lines and Culture Conditions 

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

cinoma), MCF‐7 (breast cancer), A2780 (ovarian carcinoma), FaDu (pharynx carcinoma), and 

nonmalignant mouse fibroblasts NIH 3T3 were used. All cell lines were obtained from the 

Department of Oncology (Martin Luther University Halle‐Wittenberg). Cultures were main‐

tained 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 1% penicillin/streptomycin (Capricorn Sci‐

entific GmbH, Ebsdorfergrund, Germany) at 37 °C in a humidified atmosphere with 5% CO2. 

4.2. Cytotoxicity Assay (SRB Assay) 

For the evaluation of the cytotoxicity of the compounds the sulforhodamine‐B (Kiton‐

Red S, ABCR GmbH, Karlsruhe, Germany), a microculture colorimetric assay was used as 

previously reported. The EC50 values were averaged from three independent experiments per‐

formed each in triplicate calculated from semilogarithmic dose‐response curves applying a 

nonlinear 4P Hills‐slope equation. In short, cells were seeded into 96 well plates at day 0 at 

appropriate cell densities to prevent confluence of the cells during the period of the experi‐

ment. After 24 h, the cells were treated with different concentrations (1, 3, 7, 12, 20, and 30 μM), 

but the final concentration of DMSO/DMF never exceeded 0.5%, which was nontoxic to the 

cells. After 72 h treatment, the supernatant media from the 96 well plates were discarded, and 

then the cells were fixed with 10% trichloroacetic acid and allowed to rest at 4 °C. After 24 h 

of fixation, the cells were washed in a strip washer and then dyed with SRB solution (200 μL, 

10 mM) for 20 min. Then, the plates were washed four times with 1% acetic acid to remove the 

excess of the dye and allowed to air‐dry overnight. Tris base solution (200 μL, 10 mM) was 

added to each well. The absorbance was measured with a 96 well plate reader from Tecan 

Spectra. 

4.3. General Procedure for the Synthesis of Acetates 1–4 (GPA) 

To a solution of the triterpenoic acid (OA, UA, BA, PA, 1 eq.) in dry DCM, acetic anhy‐

dride (3 eq.), triethylamine (3 eq.) and DMAP (cat.) were added, and stirring at 20 °C was 

continued for 1 day. Usual aqueous workup followed by recrystallization from ethanol fur‐

nished products 1–4. 
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4.4. General Procedure for the Synthesis of Amides 9–31 (GPB) 

To the solution of the acetylated triterpenoic acid (1–4, 1 eq.) in dry DCM, a drop of 

dry DMF and oxalyl chloride (4 eq.) were added at 0 °C. Stirring at 25 °C was continued 

until the evolution of gases had ceased. The volatiles were removed under reduced pres‐

sure. The corresponding amine (3 eq.) was dissolved in dry DCM (20 mL), and a solution 

of TEA (4.2 eq.), DMAP (cat.) in dry DCM (10 mL) was added. To this mixture, the reaction 

mixture (dissolved in dry DCM) from above was slowly added at 0 °C, and stirring at 23 

°C was continued for 1 day. The usual aqueous workup followed by liquid column chro‐

matography (CHCl3/MeOH) gave the products 9–31, respectively. 

3β‐Acetyloxy‐olean‐12‐en‐28‐oic acid (1). Following GPA, compound 1 (4.89 g, 89%) was ob‐

tained as a colorless solid; Rf = 0.54 (hexanes/ethyl acetate, 3:1); m.p.: 259–263 °C (lit.: [29] 

266–268  °C);  [α]20D= +74.1°  (c 0.43, CHCl3)  [lit.:  [29]  [α]20D= +74.0°  (c 1, CHCl3)]; MS  (ESI, 

MeOH): m/z 499.1 ([M + H]+, 9), 521.3 (38%, [M + Na]+), 1019.4 (100%, [2M + Na]+). 

3β‐Acetoxy‐urs‐12‐en‐28‐oic acid  (2). Following GPA, compound 2  (4.89 g, 89%) was ob‐

tained as a colorless solid; Rf = 0.71 (toluene/ethyl acetate/heptane/formic acid, 80:26:10:5); 

m.p.: 287–290 °C (lit.:[30] 289–290 °C); [α]20D  = +68.9° (c 0.315, CHCl3) [lit.:[31] [α]20D  = +72.3° 

(c 0.5, CHCl3)]; MS (ESI, MeOH): m/z 499.0 ([M + H]+, 74), 516.3 (36%, [M + NH4]+), 521.5 

(34%, [M + Na]+); 

3β‐Acetoxy‐lup‐20(29)‐en‐28‐oic acid (3). Following GPA, compound 3 (4.90 g, 89%) was ob‐

tained as a colorless solid; Rf = 0.58 (hexanes/ethyl acetate, 4:1); m.p.: 281–283 °C (lit.:[32] 

280–282 °C); [α]20D  = +25.6° (c 0.35, CHCl3) [lit.:[33] [α]20D  = +26.4° (c 0.54, CHCl3)]; MS (ESI, 

MeOH): m/z 487.1 (28%, [M− H]−) 995.3 (100%, [2M − H]−), 1018.2 (28%, [2M − 2H + Na]−). 

3β‐Acetoxy‐20‐oxo‐30‐norlupan‐28‐oic acid (4). Following GPA, compound 4 (13.8 g, 84%) 

was obtained  as  a  colorless  solid; Rf =  0.50  (toluene/ethyl  acetate/heptane/formic  acid, 

80:26:10:5); m.p.: 268–270 °C (decomp.), (lit.:[34] 252–255 °C); [α]20D  = −9.1° (c 0.34, CHCl3) 

[lit.:[34] [α]20D  = −9.5° (c 0.8, CHCl3)]; MS (ESI, MeOH): m/z 999.3 (100%, [2M − H]−). 

Trans‐cyclohexyl‐1,4‐diamine (5) and cis‐cyclohexyl‐1,4‐diamine (6). These compounds were 

commercially obtained from Merck and used as received. 

1,4‐Diazabicyclo[3.2.2]nonane  (7)  and  1,3‐diazabicyclo[3.2.2]nonane  (8).  These  compounds 

were prepared from quinuclidin‐3‐one hydrochloride as previously reported [27,28]. 

(3β)‐28‐[(trans‐4‐Aminocyclohexyl)amino]‐28‐oxoolean‐12‐en‐3‐yl acetate (9). Following GPB, 

compound 9 (1.01 g, 84%) was obtained as a colorless solid; Rf = 0.66 (CHCl3/MeOH, 8:2); 

m.p.: 203–205 °C (decomp.); [α]20D  = +23.6° (c 0.35, MeOH); IR (ATR):ν = 3423 w, 2945 m, 

1703 m, 1618 m, 1430 s, 1332 s, 1036 s, 817 s. 749 s cm−1; 1H NMR (500 MHz, CD3OD):  𝛿 = 
6.64 (m, 1H, NH), 5.43 (t, J = 3.6 Hz, 1H, 12‐H), 4.48 (dd, J = 11.2, 4.9 Hz, 1H, 3‐H), 3.89 (s, 

1H, 33‐H), 3.35–3.32 (m, 1H, 36‐H), 2.85–2.79 (m, 1H, 18‐H), 2.20–2.07 (m, 1H, 16‐Ha), 2.05 

(s, 3H, 32‐H), 1.99–1.28 (m, 25H, 34‐H, 35‐H, 37‐H, 38‐H, 1‐Hb, 22‐H, 2‐H, 15‐Ha, 6‐H, 

11‐H, 7‐H, 1‐Ha, 21‐H, 9‐H, 19‐Hb), 1.23 (s, 3H, 27‐H), 1.22–1.02 (m, 3H, 15‐Hb, 16‐Hb, 

19‐Ha), 1.00 (s, 3H, 25‐H), 0.98 (s, 3H, 29‐H), 0.94 (s, 3H, 30‐H), 0.91 (s, 3H, 24‐H), 0.91 (s, 

3H, 23‐H), 0.89 (m, 1H, 5‐H), 0.84 (s, 3H, 26‐H) ppm; 13C NMR (126 MHz, CD3OD):  𝛿  = 
179.8 (C‐28), 145.5 (C‐13), 123.9 (C‐12), 82.4 (C‐3), 56.6 (C‐5), 49.9 (C‐9), 49.5 (C‐33), 47.7 

(C‐19), 47.5 (C‐17), 46.3 (C‐36), 43.8 (C‐18), 43.1 (C‐14), 40.7 (C‐8), 39.3 (C‐1), 38.7 (C‐4), 

38.1 (C‐10), 35.1 (C‐21), 34.2 (C‐34, C‐38), 33.8 (C‐35, C‐37), 33.5 (C‐30), 31.6 (C‐20), 28.5 

(C‐15), 28.5 (C‐23), 28.1 (C‐7), 27.8 (C‐22), 26.3 (C‐27), 24.5 (C‐2), 24.5 (C‐11), 24.0 (C‐16), 

23.9 (C‐29), 21.1 (C‐32), 19.3 (C‐6), 18.1 (C‐26), 17.1 (C‐24), 15.9 (C‐25) ppm; ESI, MeOH): 

m/z 595.4 (100%, [M + H]+), 1189.3 (5%, [2M + H]+); analysis calcd for C38H62N3O4 (594.91): 

C 76.72, H 10.50, N 4.71; found: C 76.49, H 10.71, N 4.55. Please see Supplementary Mate‐

rials. 

(3β)‐28‐[(cis‐4‐Aminocyclohexyl)amino]‐28‐oxoolean‐12‐en‐3‐yl acetate (10). Following GPB, 

compound 10 (1.02 g, 85%) was obtained as a colorless solid; Rf = 0.673 (CHCl3/MeOH, 

8:2); m.p.: 197–200 °C (decomposition); [α]20D  = +3.8° (c 0.14, CHCl3); IR (ATR):  ν = 3406 w, 
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2944 m, 1704 m, 1621 m, 1524 s, 1428 s, 1313 s, 1099 m, 1028 s, 821 s, 763 m cm−1; 1H NMR 

(500 MHz, CD3OD):  δ = 6.61–6.55 (m, 1H, NH), 5.37 (t, 1H, 12‐H), 4.42 (d, 1H, 3‐H), 3.60–

3.52 (m, 1H, 33‐H), 3.29–3.24 (m, 1H, 36‐H), 2.10–1.93 (m, 1H, 18‐H), 1.99 (s, 3H, 32‐H), 

1.93–1.85 (m, 8H, 34‐H, 35‐H, 37‐H, 38‐H), 1.85–1.21 (m, 14H, 1‐Hb, 22‐Ha, 2‐H, 16‐Ha, 15‐

Hb, 6‐H, 11‐Hb, 7‐Hb, 1‐Ha, 21‐Hb, 9‐H, 19‐Hb), 1.16 (s, 3H, 27‐H), 1.16–0.97 (m, 5H, 

15‐Ha,16‐Hb,19‐Ha, 21‐Ha, 22‐Hb), 0.94 (s, 3H, 26‐H), 0.91 (s, 3H, 24‐H), 0.88 (s, 3H, 25‐H), 

0.85 (s, 3H, 29‐H), 0.84 (s, 3H, 30‐H), 0.83–0.81 (m, 1H, 5‐H), 0.78 (s, 3H, 23‐H) ppm; 13C 

NMR (126 MHz, CDCl3):  δ  = 179.8 (C‐28), 172.8 (C‐31), 145.4 (C‐13), 123.9 (C‐12), 82.4 

(C‐3), 56.6 (C‐5), 49.8 (C‐9), 49.5 (C‐33), 47.6 (C‐19), 46.2 (C‐17), 43.7 (C‐18), 43.1 (C‐14), 

42.8 (C‐36), 40.6 (C‐21), 39.2 (C‐8), 38.6 (C‐4), 38.0 (C‐1), 37.0 (C‐10), 34.2 (C‐7), 33.8 (C‐34, 

C‐38), 33.5 (C‐29, C‐30), 31.5 (C‐35, C‐37), 28.0 (C‐20), 27.7 (C‐22), 27.3 (C‐15), 27.2 (C‐16), 

26.3 (C‐27), 24.5 (C‐2), 21.1 (C‐32), 19.2 (C‐6), 18.3 (C‐23), 18.1 (C‐26), 17.1 (C‐24), 15.9 

(C‐25) ppm; MS (ESI, MeOH): m/z 595.4 (100%, [M + H]+), 1190.4 (8%, [2M + H]+); analy‐

sis calcd for C38H62N3O4 (594.91): C 76.72, H 10.50, N 4.71; found: C 76.59, H 10.75, N 4.46. 

(3β)‐28‐[(trans‐4‐Aminocyclohexyl)amino]‐28‐oxoursan‐12‐en‐3‐yl acetate (11). Following 

GPB, compound 11 (1.02 g, 85%) was obtained as a colorless solid; Rf = 0.66 

(CHCl3/MeOH, 8:2); m.p.: 189–193°C (decomp.); [α]20D  = +34.4° (c 0.31, MeOH); IR (ATR): 

ν = 3420 w, 2928 m, 1734 m, 1621 m, 1523 m,1314 s, 1244 s, 1096 s, 1027 s, 985 m, 902 m, 

822 s cm−1; 1H NMR (500 MHz, CD3OD):  δ = 6.90 (m, 1H, NH), 5.28 (t, J = 3.7 Hz, 1H, 

12‐H), 4.42 (m, 1H, 3‐H), 3.64–3.51 (m, 1H, 33‐H), 3.10–2.98 (m, 1H, 36‐H), 2.16–2.12 (m, 

1H, 18‐H), 2.07–1.97 (m, 3H, 16‐Hb, 35‐Ha, 37‐Ha), 1.99 (s, 3H, 30), 1.94–1.87 (m, 3H, 11, 

21‐Ha), 1.84–1.72 (m, 3H, 15‐Hb, 34‐Hb, 38‐Hb), 1.69–1.26 (m, 17H, 1‐Hb, 2‐H, 6‐H, 7‐H, 

9‐H, 16‐Ha, 19‐H, 22‐H, 34‐Ha, 35‐Hb, 37‐Hb, 38‐Ha), 1.10 (s, 3H, 27‐H), 1.07–0.99 (m, 3H, 

1‐Ha, 15‐Ha, 20‐H), 0.95 (s, 3H, 25‐H), 0.93 (s, 3H, 32‐H), 0.87 (s, 3H, 26‐H), 0.85 (s, 3H, 24‐

H), 0.84 (s, 3H, 23‐H), 0.82–0.80 (m, 1H, 5‐H), 0.79 (s, 3H, 29‐H) ppm; 13C NMR (126 

MHz, CD3OD):  δ  = 179.5 (C‐28), 172.8 (C‐31), 139.9 (C‐13), 126.8 (C‐12), 82.4 (C‐3), 56.7 

(C‐5), 53.9 (C‐18), 50.6 (C‐36), 49.9 (C‐9), 48.8 (C‐17), 48.7 (C‐33), 43.4 (C‐14), 40.8 (C‐19), 

40.2 (C‐20), 39.4 (C‐1), 38.7 (C‐8), 38.0 (C‐4), 34.2 (C‐10), 31.9 (C‐7), 31.1 (C‐21), 30.7 (C‐38, 

C‐34), 30.5 (C‐37, C‐35), 28.9 (C‐15), 28.6 (C‐23), 24.9 (C‐16), 24.5 (C‐2), 24.4 (C‐11), 24.1 

(C‐27), 21.6 (C‐32), 21.1 (C‐30), 19.3 (C‐6), 18.2 (C‐29), 17.2 (C‐24), 16.0 (C‐25) ppm; MS 

(ESI, MeOH): m/z 595.4 (100%, [M + H]+), 1211.6 (4%, [2M + Na]+); analysis calcd for 

C38H62N3O4 (594.91): C 76.72, H 10.50, N 4.71; found: C 76.60, H 10.83, N 4.52. 

(3β)‐28‐[(Cis‐4‐Aminocyclohexyl)Amino]‐28‐Oxoursan‐12‐En‐3‐Yl Acetate (12). Following 

GPB, compound 12 (0.96 g, 80%) was obtained as a colorless solid; Rf = 0.67 

(CHCl3/MeOH, 8:2); m.p.: 186–190 °C (decomp.); [α]20D  = +26.7° (c 0.10, CHCl3); IR (ATR): 

ν = 3416 m, 2929 m, 1625 m, 1520 m, 1326 s, 1245 s, 1028 s, 823 m cm−1; 1H NMR (500 

MHz, CD3OD): δ = 6.52 (m, 1H, NH), 5.36 (t, J = 3.6 Hz, 1H, 12‐H), 4.42 (dd, J = 11.0, 5.0 

Hz, 1H, 3‐H), 3.61–3.51 (m, 1H, 33‐H), 3.28–3.26 (m, 1H, 36‐H), 2.12–2.05 (m, 1H, 18‐H), 

1.99 (s, 3H, 30‐H), 2.06–1.96 (m, 3H, 16‐Hb, 35‐Ha, 37‐Ha), 1.96–1.89 (m, 3H, 11‐H, 21‐Ha), 

1.89–1.75 (m, 3H, 15‐Hb, 34‐Hb, 38‐Hb), 1.74–1.27 (m, 16H, 34‐Ha, 35‐Hb, 37‐Hb,38‐Ha, 1‐

Hb, 22‐H, 2‐H, 16‐H, 6‐H, 9‐H, 7‐H), 1.12 (s, 3H, 27‐H), 1.08–1.00 (m, 3H, 1‐Ha, 15‐Ha, 

20‐H), 0.95 (s, 3H, 25‐H), 0.94 (s, 3H, 32‐H), 0.98 (m, 3H, 26‐H), 0.85 (s, 3H, 24‐H), 0.84 (s, 

3H, 23‐H), 0.83–0.81 (m, 1H, 5‐H), 0.79 (s, 3H, 29‐H) ppm; 13C NMR (126 MHz, CD3OD): 

δ = 179.7 (C‐28), 172.8 (C‐31), 140.4 (C‐13), 127.0 (C‐12), 82.3 (C‐3), 56.6 (C‐5), 54.6 (C‐18), 

49.8 (C‐9), 49.6 (C‐36), 49.0 (C‐17), 48.8 (C‐33), 43.5 (C‐14), 40.9 (C‐19), 40.0 (C‐20), 39.4 

(C‐1), 38.7 (C‐8), 38.0 (C‐4), 34.1 (C‐22), 31.9 (C‐7), 29.0 (C‐15), 28.6 (C‐23), 28.0 (C‐21), 

27.1 (C‐34, C‐38), 27.0 (C‐35, C‐37), 25.2 (C‐16), 24.5 (C‐2), 24.4 (C‐11), 23.9 (C‐27), 21.5 

(C‐32), 21.1 (C‐30), 19.2 (C‐6), 18.1 (C‐29), 17.6 (C‐26), 17.2 (C‐24), 16.1 (C‐25) ppm; MS 

(ESI, MeOH): m/z 595.4 (100%, [M + H]+), 1189.4 (10%, [2M + H]+); analysis calcd for 

C38H62N3O4 (594.91): C 76.72, H 10.50, N 4.71; found: C 76.54, H 10.69, N 4.48. 

(3β)‐28‐[(trans‐4‐Aminocyclohexyl)amino]‐28‐oxolup‐20(29)‐en‐3‐yl acetate (13). Following 

GPB, compound 13 (0.42 g, 70%) was obtained as a colorless solid; Rf = 0.595 

(CHCl3/MeOH, 8:2); m.p.: 205–212 °C (decomp.); [α]20D  = +0.1° (c 0.17, MeOH); IR 
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(ATR):ν = 2940 m, 1731 m, 1637 m, 1513 m, 1369 m, 1244 s, 1026 m, 978 m, 882 m, 751 s 

cm−1; 1H NMR (500 MHz, CDCl3):  δ = 4.71 (s, 1H, 29‐Ha), 4.57 (s, 1H, 29‐Hb), 4.49–4.41 (m, 

1H, 3‐H), 3.96–3.80 (m, 1H, 36‐H), 3.76–3.63 (m, 1H, 33‐H), 3.22–3.03 (m, 1H, 19‐H), 2.40 

(td, J = 12.3, 3.6 Hz, 1H, 13), 2.02 (s, 3H, 32‐H), 1.98–1.02 (m, 28H, 37‐H, 35‐H, 38‐H, 34‐H, 

1‐Ha, 22‐Ha, 12‐Ha, 2‐H, 18‐H, 16‐H, 15‐Ha, 6‐H, 11‐H, 7‐H, 1‐Hb, 21‐Ha, 9‐H, 15‐Hb), 1.66 

(s, 3H, 30‐H), 1.01–0.96 (m, 2H, 1‐Hb, 12‐Hb), 0.94 (s, 3H, 27‐H), 0.92 (s, 3H, 26‐H), 0.82 (d, 

J = 1.5 Hz, 6H, 23‐H, 24‐H), 0.81 (s, 3H, 25‐H), 0.78–0.73 (m, 1H, 5‐H) ppm; 13C NMR (126 

MHz, CDCl3):  δ  = 175.6 (C‐28), 171.1 (C‐31), 151.1 (C‐20), 109.5 (C‐29), 81.1 (C‐3), 55.6 

(C‐17), 55.6 (C‐5), 50.7 (C‐9), 50.3 (C‐18), 50.1 (C‐33), 47.4 (C‐19), 47.0 (C‐36), 42.6 (C‐14), 

40.9 (C‐8), 39.2 (C‐13), 38.5 (C‐22), 38.5 (C‐1), 37.9 (C‐10), 37.2 (C‐4), 34.4 (C‐7), 33.9 

(C‐16), 33.8 (C‐34, C‐38), 31.5 (C‐35, C‐37), 31.0 (C‐21), 29.5 (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), 16.4 (C‐25), 

16.3 (C‐26), 14.7 (C‐27) ppm; MS (ESI, MeOH/CHCl3, 4:1): m/z 593.3 (100%, [M − H]−), 

629.3 (80%, [M + Cl]−); analysis calcd for C38H62N3O4 (594.91): C 76.72, H 10.50, N 4.71; 

found: C 76.47, H 10.89, N 4.43. 

(3β)‐28‐[(Cis‐4‐Aminocyclohexyl)Amino]‐28‐Oxolup‐20(29)‐En‐3‐Yl Acetate (14). Following 

GPB, compound 14 (0.39 g, 65%) was obtained as a colorless solid; Rf = 0.634 

(CHCl3/MeOH, 8:2); m.p.: 230–235 °C (decomp.); [α]20D  = +9.7° (c 0.19, MeOH); IR 

(ATR):ν = 2940 s, 1731 m, 1620 m, 1505 m, 1368 m, 1244 s, 1027 m, 978 m, 751 s cm−1; 1H 

NMR (500 MHz, CDCl3):  δ = 4.73 (s, 1H, 29‐Ha), 4.59 (s, 1H, 29‐Hb), 4.46 (dd, J = 10.3, 5.7 

Hz, 1H, 3‐H), 4.00 (s, 1H, 36‐H), 3.47 (s, 1H, 33‐H), 3.10 (td, J = 11.0, 3.9 Hz, 1H, 19‐H), 

2.46 (dd, J = 11.7, 2.0 Hz, 1H, 13‐H), 2.03 (s, 3H, 32‐H), 2.02–1.05 (m, 28H, 37‐H, 35‐H, 38‐

H, 34‐H, 1‐Ha, 22‐Ha, 12‐Ha, 2‐H, 18‐H, 16‐H, 15‐Ha, 6‐H, 11‐H, 7‐H, 1‐Hb, 21‐Ha, 9‐H, 15‐

Hb), 1.67 (s, 3H, 30‐H), 1.03–0.96 (m, 2H, 1‐Ha, 12‐Hb), 0.95 (s, 3H, 27‐H), 0.92 (s, 3H, 

26‐H), 0.84 (s, 6H, 23‐H, 24‐H), 0.83 (s, 3H, 25‐H), 0.80–0.75 (m, 1H, 5‐H) ppm; 13C NMR 

(126 MHz, CDCl3):  δ  = 175.6 (C‐28), 171.0 (C‐31), 150.8 (C‐20),109.5 (C‐29), 80.9 (C‐3), 

55.6 (C‐17), 55.4 (C‐5), 50.5 (C‐9), 50.0 (C‐18), 48.0 (C‐33), 46.7 (C‐19), 44.3 (C‐36), 42.4 

(C‐14), 40.8 (C‐8), 38.5 (C‐22), 38.4 (C‐1), 37.8 (C‐10), 37.7 (C‐13), 37.1 (C‐4), 34.4 (C‐7), 

33.8 (C‐16), 30.9 (C‐21), 29.7 (C‐34, C‐38), 29.4 (C‐15), 27.9 (C‐23), 26.9 (C‐35, C‐37), 25.6 

(C‐12), 23.7 (C‐2), 21.3 (C‐32), 21.0 (C‐11), 19.5 (C‐30), 18.0 (C‐6), 16.5 (C‐24), 16.3 (C‐26), 

16.2 (C‐25), 14.6 (C‐27) ppm; MS (ESI, MeOH/CHCl3, 4:1): m/z 595.5 (100%, [M + H]+); 

analysis calcd for C38H62N3O4 (594.91): C 76.72, H 10.50, N 4.71; found: C 76.55, H 10.83, 

N 4.61. 

(3β)‐28‐[(trans‐4‐Aminocyclohexyl)amino]‐20,28‐dioxo‐30‐norlupan‐3‐yl acetate (15). Follow‐

ing GPB, compound 15 (0.385 g, 65%) was obtained as a colorless solid; Rf = 0,595 

(CHCl3/MeOH, 8:2); m.p.: 251–255 °C (decomp.); [α]20D  = −17.0° (c 0.15, MeOH); IR 

(ATR):ν = 3384 w, 2941 s, 1710 m, 1633 m, 1516 m, 1368 m, 1025 m, 751 s cm−1; 1H NMR 

(500 MHz, CDCl3): δ = 4.49–4.41 (m, 1H, 3‐H), 3.84–3.71 (m, 1H, 35‐H), 3.46–3.27 (m, 1H, 

19‐H), 3.25–2.97 (m, 1H, 32‐H), 2.33–2.18 (m, 1H, 13‐H), 2.15 (s, 3H, 29‐H), 2.07 (d, J = 15.8 

Hz, 2H, 18‐H, 21‐Ha), 2.03 (s, 3H, 31‐H), 1.94–1.81 (m, 1H, 16‐Ha), 1.77–1.04 (m, 27‐H, 36‐

H, 34‐H, 37‐H, 33‐H, 22‐H, 12‐H, 2‐H, 1‐Ha, 16‐Hb, 21‐Hb, 15‐Ha, 6‐H, 11‐H, 7‐H, 9‐H, 15‐

Hb), 0.98 (s, 3H, 27‐H), 0.96–0.92 (m, 1H, 1‐Hb), 0.90 (s, 3H, 26‐H), 0.83–0.82 (m, 6H, 24‐H, 

25‐H), 0.81 (s, 3H, 23‐H), 0.80–0.76 (m, 1H, 5‐H) ppm; 13C NMR (126 MHz, CDCl3): δ = 

212.8 (C‐20), 175.8 (C‐28), 171.1 (C‐30), 80.9 (C‐3), 55.5 (C‐5), 55.4 (C‐17) 51.3 (C‐19), 50.5 

(C‐9), 50.3 (C‐33), 50.2 (C‐18), 47.0 (C‐36), 42.4 (C‐14), 40.9 (C‐8), 38.5 (C‐1), 38.2 (C‐22), 

37.9 (C‐10), 37.3 (C‐4), 37.0 (C‐13), 34.4 (C‐7), 33.1 (C‐16), 30.9 (C‐33, C‐37), 30.3 (C‐29), 

29.7 (C‐36, C‐34), 29.6 (C‐15), 28.7 (C‐21), 28.1 (C‐23), 27.3 (C‐12), 23.8 (C‐2), 21.4 (C‐31), 

21.1 (C‐11), 18.3 (C‐6), 16.6 (C‐24), 16.3 (C‐25), 16.3 (C‐26), 14.8 (C‐27) ppm; MS (ESI, 

MeOH/CHCl3 4:1): m/z 597.4 (100%, [M + 2H]+); analysis calcd for C37H60N2O4 (596.88): C 

74.45, H 10.13, N 4.69; found: C 74.19, H 10.32, N 4.42. 

(3β)‐28‐[(cis‐4‐Aminocyclohexyl)amino]‐20,28‐dioxo‐30‐norlupan‐3‐yl acetate (16). Following 

GPB, compound 16 (465 mg, 78%) was obtained as a colorless solid; Rf = 0.65 

(CHCl3/MeOH, 8:2); m.p.: 257–260 °C (decomp.); [α]20D  = −9.1° (c 0.14, CHCl3); IR 
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(ATR):ν = 2936 m, 1729 m, 1600 s, 1517 m, 1369 m, 1245 s, 988 s, 804 m, 7451 m cm−1; 1H 

NMR (500 MHz, CDCl3): δ = 4.58–4.26 (m, 1H, 3‐H), 4.00–3.83 (m, 1H, 35‐H), 3.43 (dt, J = 

11.4, 6.0 Hz, 1H, 19‐H), 3.11–2.85 (m, 1H, 32‐H), 2.21 (dt, J = 11.8, 4.5 Hz, 1H, 13‐H), 2.14 

(s, 3H, 29‐H), 2.09–2.03 (m, 2H, 18‐H, 21‐Ha), 2.01 (s, 3H, 31‐H), 1.95–1.85 (m, 1H, 16‐Hb), 

1.77–1.01 (m, 27‐H, 36‐H, 34‐H, 37‐H, 33‐H, 22‐H, 12‐H, 2‐H, 1‐Hb, 16‐Hb, 15‐H, 21‐Hb, 6‐

H, 11‐H, 7‐H, 9‐H), 0.97 (s, 3H, 27‐H), 0.88 (s, 3H, 26‐H), 0.87 (s, 1H, 1‐Ha), 0.82 (s, 3H, 

25‐H), 0.81 (s, 3H, 24‐H), 0.80 (s, 3H, 23‐H), 0.79–0.73 (m, 1H, 5‐H) ppm; 13C NMR (126 

MHz, CDCl3): δ = 213.0 (C‐20), 175.3 (C‐28), 171.0 (C‐30), 81.0 (C‐3), 55.5 (C‐17), 55.4 

(C‐5), 51.3 (C‐19), 50.5 (C‐9), 50.2 (C‐18), 47.6 (C‐32), 45.1 (C‐35), 42.3 (C‐14), 40.8 (C‐8), 

38.5 (C‐1), 38.2 (C‐22), 37.9 (C‐10), 37.2 (C‐4), 36.9 (C‐13), 34.3 (C‐7), 33.2 (C‐16), 30.8 

(C‐37, C‐33), 30.4 (C‐29), 29.6 (C‐15), 28.7 (C‐21), 28.0 (C‐23), 27.9 (C‐36, C‐34), 27.6 

(C‐12), 23.8 (C‐2), 21.4 (C‐31), 21.1 (C‐11), 18.3 (C‐6), 16.6 (C‐24), 16.3 (C‐25), 14.8 (C‐27) 

ppm; MS (ESI, MeOH/CHCl3, 4:1): m/z 597.2 (95%, [M − H]−), 631.3 (100%, [M + Cl]−); 

analysis calcd for C37H60N2O4 (596.88): C 74.45, H 10.13, N 4.69; found: C 74.23, H 10.39, 

N 4.37. 

(3β)‐28‐[(2‐Aminoethyl)amino]‐28‐oxoolean‐12‐en‐3‐yl acetate (17). This compound (0.69 g, 

83%) was obtained from 1 following GPB as a colorless solid;[35,36] m.p. 211–214 °C 

(lit.:[36] 212–215 °C);  ሾ𝛼ሿ஽
ଶ଴  = +38.3° (c 0.4, CHCl3) [lit.:[36] [α]20D  = +37.8° (c 0.35, CHCl3); 

MS (ESI, MeOH): m/z 541.2 (100%, [M + H]+). 

(3β)‐28‐[(2‐Aminoethyl)amino]‐28‐oxours‐12‐en‐3‐yl acetate (18). This compound (0.81 g, 

87%) was obtained from 2 following GPB as a colorless solid;[37–40] m.p. 202–205 °C 

(lit.:[37] 140–142 °C); [α]20D  = +39.0° (c 0.2, CHCl3) [lit.:[18] [α]20D  = +39.4° (c 0.555, CHCl3); 

MS (ESI, MeOH): m/z 541.3 (100%, [M + H]+). 

(3β)‐28‐[(2‐Aminoethyl)amino]‐28‐oxolup‐20(29)‐en‐3‐yl acetate (19). This compound (0.86 g, 

93%) was obtained from 3 following GPB as a colorless solid;[41] m.p. 150–153 °C 

(lit.:[18] 152–154 °C); [α]20D  = +8.1° (c 0.25, CHCl3) [lit.:[18] [α]20D  = +8.4° (c 0.33, CHCl3); MS 

(ESI, MeOH): m/z 541.2 (100%, [M + H]+). 

(3β)‐28‐[(2‐Aminoethyl)amino]‐20,28‐dioxo‐30‐norlupan‐3‐yl acetate (20). This compound 

(0.80 g, 88%) was obtained from 4 following GPB as a colorless solid;[42] m.p. 231–234 

°C (lit.:[19] 230–234 °C); [α]20D  = −8.5° (c 0.20, CHCl3) [lit.:[19] [α]20D  = −8.5° (c 0.16, CHCl3); 

MS (ESI, MeOH): m/z 543.1 (100%, [M + H]+). 

(3β)‐28‐Oxo‐piperazin‐1‐yl‐olean‐12‐en‐3‐yl acetate (21). This compound (0.91 g, 92%) was 

obtained from 1 following GPB as a colorless solid; [43–46] m.p. 170–175 °C (lit.: [24] 

170–176 °C); MS (ESI, MeOH): m/z 567.4 (50%, [M + H]+). 

(3β)‐28‐Oxo‐piperazin‐1‐yl‐ursan‐12‐en‐3‐yl acetate (22). This compound (0.85 g, 85%) was 

obtained from 2 following GPB as a colorless solid; [47,48] m.p. 157–160 °C (lit.: [24] 158–

161 °C); MS (ESI, MeOH): m/z 567.3 (60%, [M + H]+). 

(3β)‐28‐Oxo‐piperazin‐1‐yl‐lup‐20(29)‐en‐3‐yl acetate (23). This compound (0.90 g, 93%) was 

obtained from 3 following GPB as a colorless solid; [47,48] m.p. 177–180 °C (lit.: [24] 177–

181 °C); MS (ESI, MeOH): m/z 567.3 (38%, [M + H]+). 

(3β)‐20,28‐Dioxo‐piperazin‐1‐yl‐30‐norlupan‐3‐yl acetate (24). This compound (0.82 g, 86%) 

was obtained from 4 following GPB as a colorless solid; [47,48] m.p. 115–123 °C (lit.: [24] 

115–125 °C); MS (ESI, MeOH): m/z 569.2 (25%, [M + H]+). 

(3β)28‐(1,4‐Diazabicyclo[3.2.2]nonyl‐4‐yl)‐28‐oxoolean‐12‐en‐3‐yl acetate (25). Following GPB 

from 1 (626 mg, 1.26 mmol) and 7 (500 mg, 2.51 mmol), 25 (462 mg, 73%) was obtained as 

colorless solid; m.p. 271–274 °C; Rf = 0.7 (CHCl3/MeOH, 9:1); [α]D = +20.5° (c 0.15, CHCl3); 

IR (ATR): ν = 2943 br, 1732 m, 1621 m, 1463 w, 1393 m, 1363 m, 1243 s, 1174 m, 1140 m, 

1115 w, 1026 m, 1005 m, 749 m cm−1; 1H NMR (400 MHz, CDCl3): δ = 6.15–5.99 (m, 2H, 

34‐H), 5.27–5.24 (m, 1H, 12‐H), 4.76 (m, 1H, 39‐H), 4.51–4.44 (m, 1H, 3‐H), 4.38–3.99 (m, 

5H, 35‐Ha + 37‐H2 + 40‐H2), 3.75 (t, J = 12.0 Hz, 1H, 35‐Hb) , 3.04 (d, J = 13.6 Hz, 1H, 18‐H), 

2.38–2.25 (m, 2H, 38‐H2), 2.24–2.11 (m, 2H, 41‐H2), 2.03 (s, 3H, 32‐H3), 2.00–1.81 (m, 3H, 

11‐H2 + 16‐Ha), 1.61 (m, 7H, 1‐Ha + 6‐Ha + 9‐H + 15‐Ha + 19‐Ha + 22‐H2), 1.48–1.16 (m, 10H, 
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1‐Hb + 2‐H2 + 6‐Hb + 7‐H2 + 16‐Hb + 19‐Hb + 21‐H2), 1.13 (s, 3H, 26‐H3), 0.92 (s, 3H, 23‐H3), 

0.91 (s, 3H, 25‐H3), 0.90 (s, 3H, 30‐H3), 0.86 (s, 3H, 29‐H3), 0.84 (s, 3H, 24H3), 0.81 (s, 1H, 5‐

H), 0.67 (s, 3H, 27‐H3) ppm; 13C NMR (101 MHz, CDCl3): δ = 174.9 (C‐28), 171.0 (C‐31), 

144.1 (C‐13), 122.0 (C‐12), 80.9 (C‐3), 72.4 (C‐34), 55.4 (C‐35), 55.3 (C‐5), 47.9 (C‐37), 47.6 

(C‐10), 46.1 (C‐17), 45.2 (C‐39), 43.7 (C‐18), 41.9 (C‐14), 40.9 (C‐40), 39.1 (C8), 38.1 (C‐22), 

37.7 (C‐20), 37.0 (C‐4), 33.8 (C‐1), 33.5 (C‐21), 32.9 (C‐23), 32.8 (C‐16), 32.5 (C‐7), 28.0 (C‐

29), 27.9 (C‐15), 25.8 (C‐26), 24.0 (C‐38), 23.5 (C‐41), 23.3 (C‐19), 22.6 (C‐2), 22.5 (C‐11), 

21.3 (C‐32), 18.2 (C‐6), 17.0 (C‐25), 16.6 (C‐24), 15.4 (C‐27), 14.1 (C‐30), 8.6 (C‐9) ppm; MS 

(ESI, MeOH): m/z = 607.5 (100%, [M + H]+), 608.5 (40%, [M + 2H]+); analysis calcd for 

C39H62N2O3 (606.94): C 77.18, H 10.30, N 4.62; found: C 76.84, H 10.58, N 4.45. 

(3β)28‐(1,4‐Diazabicyclo[3.2.2]non‐4‐yl)‐28‐oxolup‐20(29)en‐3‐yl acetate (26). Following GPB 

from 3 (250 mg, 0.50 mmol) and 7 (249 mg, 1.25 mmol), 26 (228 mg, 74%) was obtained as 

a colorless solid; m.p. 242–246 °C; Rf = 0.4 (DCM/MeOH, 9:1); [α]D = −0.9° (c 0.17, CHCl3); 

IR (ATR): ν = 2941 m, 1731 m, 1624 m, 1475 m, 1398 m, 1385 m, 1242 s, 1117 m, 1028 m, 

978 m, 749 m cm−1; 1H NMR (500 MHz, CDCl3): δ = 4.72 (d, J = 2.3 Hz, 1H, 29‐Ha), 4.62 

(dq, J = 4.6, 2.5 Hz, 1H, 39‐H), 4.58 (dt, J = 2.4, 1.4 Hz, 1H, 29‐Hb), 4.49–4.45 (m, 1H, 3‐H), 

3.79–3.64 (m, 2H, 34‐H2), 3.16–2.88 (m, 7H, 13‐H + 19‐H2 + 35‐H + 37‐H2 + 40‐H2), 2.12 (dt, 

J = 13.5, 3.5 Hz, 1H, 41‐Ha), 2.04 (s, 3H. 32‐H3), 2.02–1.89 (m, 5H, 1‐Ha + 16‐Ha + 21‐Ha + 

22‐Ha + 41‐Hb), 1.89–1.45 (m, 14H, 2‐H2 + 7‐H2 + 12‐H2 + 15‐Ha + 18‐H2 + 30‐H3 + 38‐H2), 

1.44–1.06 (m, 7H, 6‐H2 + 9‐H + 11‐H2 + 16‐Hb + 22‐Hb), 0.96 (s, 3H, 27‐H3), 0.94 (s, 3H, 25‐

H3), 0.92–0.89 (m, 3H, 1‐Hb + 15‐Hb + 21‐Hb), 0.86 (s, 3H, 23‐H3), 0.85 (s, 3H, 26‐H3), 0.84 

(s, 3H, 24‐H3), 0.79 (dd, J = 8.7, 3.3 Hz, 1H, 5‐H) ppm; 13C NMR (126 MHz, CDCl3): δ = 

173.3 (C‐28), 171.0 (C‐31), 151.4 (C‐20), 109.1 (C‐29), 81.0 (C‐3), 55.6 (C‐5), 55.2 (C‐17), 53.0 

(C‐18), 50.8 (C‐9), 47.4 (C‐39), 46.8 (C‐37), 46.3 (C‐35), 45.7 (C‐19), 45.2 (C‐34), 41.9 (C‐14), 

40.7 (C‐8), 38.4 (C‐1), 37.8 (C‐4), 37.2 (C‐10), 36.9 (C‐13), 36.2 (C‐22), 34.3 (C‐7), 32.5 (C‐

40), 31.5 (C‐16), 29.9 (C‐21), 27.9 (C‐23), 26.6 (C‐15), 26.5 (C41 + C38), 25.6 (C‐12), 23.7 (C‐

2), 21.3 (C‐32), 21.2 (C‐11), 19.7 (C‐30), 18.2 (C‐6), 16.5 (C‐24), 16.3 (C‐25), 16.1 (C‐26), 14.7 

(C‐27) ppm; MS (ESI, MeOH): m/z = 607.6 (100%, [M + H]+), 608.6 (45%, [M + 2H]+), 

1214.2 (5%, [2M + 2H]+); analysis calcd for C39H62N2O3 (606.94): C 77.18, H 10.30, N 4.62; 

found: C 76.97, H 10.51, N 4.44. 

(3β)28‐(1,4‐Diazabicyclo[3.2.2]non‐4‐yl)‐20,28‐dioxo‐30‐norlupan‐3‐yl acetate (27). Following 

GPB from 4 (250 mg, 0.49 mmol) and 7 (238 mg, 1.19 mmol), 27 (270 mg, 99%) was ob‐

tained as a colorless solid; m.p. 253 °C (decomp.); Rf = 0.3 (DCM/MeOH/, 9:1); [α]D = 

−8.7° (c 0.21, CHCl3); IR (ATR): ν = 2940 br, 1731 m, 1622 m, 1367 m, 1243 s, 1026 m, 978 

m, 772 s cm−1; 1H NMR (400 MHz, CDCl3): δ = 4.60 (s, 1H, 39‐H), 4.46 (dd, J = 10.5, 5.5 Hz, 

1H, 3‐H), 3.71 (m, 2H, 34‐H2), 3.25 (td, J = 11.3, 3.5 Hz, 1H, 19‐H), 3.18–2.88 (m, 6H, 35‐H2 

+ 37‐H2 + 40‐H2), 2.79 (td, J = 12.0, 3.8 Hz, 1H, 13‐H), 2.16 (s, 3H, 29‐H3), 2.15–2.05 (m, 2H, 

18‐H + 21‐Ha), 2.03 (s, 3H, 32‐H3), 2.01–1.80 (m, 2H, 16‐Ha + 21‐Hb), 1.79–1.55 (m, 6H, 15‐

Ha + 16‐Hb + 38‐H2 + 41‐H2), 1.54–1.11 (m, 14H, 1‐Ha + 2‐Ha + 6‐H2 + 7‐H2 + 9‐H + 11‐H2 + 

12‐H2 + 15‐Hb + 22‐H2), 1.05 (dd, J = 13.4, 3.5 Hz, 1H, 2‐Hb), 0.98 (s, 3H, 27‐H3), 0.96 (s, 1H, 

1‐Hb), 0.93 (s, 3H, 26‐H3), 0.83 (m, 6H, 23‐H3 + 25‐H3), 0.82 (s, 3H, 24‐H3), 0.81–0.76 (m, 

1H, 5‐H) ppm; 13C NMR (126 MHz CDCl3): δ = 213.1 (C‐20), 173.3 (C‐28), 171.0 (C‐31), 

80.9 (C‐3), 55.5 (C‐5), 55.1 (C‐17), 52.9 (C‐18), 50.7 (C‐9), 50.1 (C‐19), 47.4 (C‐39), 46.8 (C‐

35), 46.2 (C‐37), 46.2 (C‐40), 44.9 (C‐34), 41.8 (C‐14), 40.6 (C‐8), 38.4 (C‐1), 37.8 (C‐4), 37.1 

(C‐10), 37.1 (C‐22), 35.9 (C‐13), 35.7 (C‐16), 34.2 (C‐7), 32.0 (C‐38), 30.3 (C‐29), 29.9 (C‐15), 

28.9 (C‐21), 27.9 (C‐24), 27.5 (C‐41), 27.3 (C‐12), 23.7 (C‐2), 21.3 (C‐32), 21.2 (C‐11), 18.1 

(C‐6), 16.5 (C‐23), 16.2 (C‐25), 16.0 (C‐26), 14.7 (C‐27) ppm; MS (ESI, MeOH): m/z = 609.5 

(25%, [M + H]+); analysis calcd for C38H60N2O4 (608.91): C 74.96, H 9.93, N 4.60; found: C 

74.72, H 10.13, N 4.48. 

(3β)28‐(1,3‐Diazabicyclo[3.2.2]nonyl‐3‐yl)‐28‐oxoolean‐12‐en‐3‐yl acetate (28). Following GPB 

from 1 (375 mg, 0.75 mmol) and 8 (300 mg, 1.52 mmol), 28 (462 mg, 73%) was obtained as 

an off‐white solid; m.p. 130 °C (decomp.); Rf = 0.3 (CHCl3/MeOH, 98:2); [α]D = +10.5° (c 

0.16, CHCl3); IR (ATR): ν = 3221 brw, 2942 brm, 1731 m, 1610 m, 1530 m, 1446 s, 1366 m, 
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1244 s, 1026 s, 655 s cm−1; 1H NMR (400 MHz, MeOH‐d4): δ = 5.83 (ddt, J = 9.9, 3.7, 1.7 Hz, 

1H, 34‐Ha), 5.72–5.66 (m, 1H, 34‐Hb), 5.36 (t, J = 3.7 Hz, 1H, 12‐H), 4.45 (dd, J = 10.9, 5.0 

Hz, 1H, 3‐H), 3.46 (d, J = 6.5 Hz, 1H, 39‐Ha), 3.27 (d, J = 6.7 Hz, 1H, 39‐Hb), 3.21 (dt, J = 8.9, 

2.8 Hz, 1H, 18‐H), 2.84 (dq, J = 15.0, 5.9 Hz, 2H, 36‐H2), 2.73 (m, 3H, 18‐H + 40‐H2), 2.28 

(q, J = 2.5 Hz, 2H, 37‐H2), 2.14–2.05 (m, 2H, 9‐H + 11‐Ha), 2.02 (s, 3H, 32‐H3), 1.97–1.87 (m, 

4H, 2‐H2 + 11‐Hb + 15‐Ha) 1.84–1.73 (m, 2H, 6‐Ha + 19‐Ha), 1.69–1.51 (m, 7H, 16‐Ha + 21‐H2 

+ 38‐H2 + 41‐H2), 1.51–1.20 (m, 7H, 1‐H2 + 6‐Hb + 7‐H2 + 22‐H2), 1.18 (s, 3H, 26‐H3), 1.16–

0.99 (m, 3H, 15‐Hb + 16‐Hb + 19‐Hb), 0.97 (s, 3H, 25‐H3), 0.94 (s, 3H, 30‐H3), 0.91 (s, 3H, 23‐

H3), 0.88 (s, 3H, 29‐H3), 0.87 (s, 3H, 24‐H3), 0.85 (s, 1H, 5‐H), 0.79 (s, 3H, 27‐H3) ppm; 13C 

NMR (101 MHz, MeOH‐d4): δ = 179.3 (C‐28), 171.5 (C‐31), 143.7 (C‐13), 124.9 (C‐34), 123.2 

(C‐34),122.7 (C‐12), 81.1 (C‐3), 56.1 (C‐40), 55.3 (C‐5), 49.6 (C36), 47.1 (C‐38), 46.3 (C‐17), 

46.2 (C‐19), 41.5 (C‐14), 41.3 (C‐18), 39.3 (C‐8), 37.9 (C‐1), 37.3 (C‐20), 36.7 (C‐4), 35.7 (C‐

39), 34.1 (C‐21), 33.7 (C‐10), 32.8 (C‐16), 32.5 (C‐22), 32.1(C‐23), 30.2(C‐7), 27.2 (C‐29) , 27.1 

(C‐15), 25.0 (C‐26), 24.6 (C‐41),23.4 (C‐38) 23.2 (C‐37), 23.1 (C‐11), 22.6 (C‐30), 22.2 (C‐2), 

19.7 (C‐32), 17.9 (C‐6), 16.5 (C‐27), 15.7 (C‐24), 14.5 (C‐25) ppm; MS (ESI, MeOH): m/z = 

607.4 (100%, [M + H]+), 608.4 (60%, [M + 2H]+); analysis calcd for C39H62N2O3 (606.94): C 

77.18, H 10.30, N 4.62; found: C 76.93, H 10.56, N 4.49. 

(3β)28‐(1,3‐Diazabicyclo[3.2.2]nonyl)‐3‐yl)‐28‐oxours‐12‐en‐3‐yl acetate (29). Following GPB 

from 2 (375 mg, 0.75 mmol) and 8 (404 mg, 2.03 mmol), 29 (332 mg, 73%) was obtained as 

a colorless solid; m.p. 135–139 °C (decomp.); Rf = 0.35 (DCM/MeOH, 96:4); [α]D = +28.6° 

(c 0.14, CHCl3); IR (ATR): ν = 2924 br, 1733 s, 1651 m, 1455 m, 1369 m, 1243 s, 1141 w, 

1026 m, 653 m cm−1; 1H NMR (500 MHz, CDCl3): δ = 5.77 (m, 1H, 34‐Ha), 5.67 (m, 1H, 34‐

Hb), 5.27 (t, J = 3.7 Hz, 1H, 12‐H), 4.60–4.44 (dd, J = 10.0, 6.0 Hz, 1H, 3‐H), 3.41–3.19 (m, 

2H, 39‐H2), 3.07 –2.82 (m, 2H, 36‐H2), 2.64 (dt, J = 10.8, 5.2 Hz, 1H, 40‐Ha), 2.53 (dt, J = 9.0, 

5.5 Hz, 2H, 18‐H, 40‐Hb), 2.29–2.10 (m, 3H, 11‐H2 + 16‐Ha), 2.06 (s, 3H, 32‐H3), 2.02–1.83 

(m, 6H, 19‐H + 1‐Ha + 2‐H2 + 7‐H2), 1.80–1.70 (m, 3H, 15‐Ha + 37‐H2), 1.64 (m, 4H, 6‐Ha + 

21‐Ha + 22‐H2), 1.59–1.25 (m, 10H, 6‐Hb + 9‐H + 16‐Hb + 20‐H2 + 21‐Hb + 38‐H2 + 41‐H2), 

1.09 (s, 3H, 27‐H3), 1.08–0.95 (m, 2H, 1‐Hb + 15‐Hb), 0.96 (s, 3H, 25‐H3), 0.94 (s, 3H, 30‐H3) 

0.89 (s, 3H, 29‐H3), 0.88 (s, 3H, 24‐H3), 0.87 (s, 3H, 23‐H3), 0.85–0.81 (m, 1H, 5‐H), 0.79 (s, 

3H, 26‐H3) ppm; 13C NMR (126 MHz, CDCl3): δ = 178.1 (C‐28), 171.0 (C‐31), 139.2 (C‐13), 

125.8(C‐12), 125.2 (C‐34), 125.1 (C‐34), 80.9 (C‐3), 56.7 (C‐18), 55.2(C‐5), 53.9 (C‐19), 52.3 

(C‐36), 50.3 (C‐40), 47.8 (C‐17), 47.5 (C‐9), 42.4 (C‐14), 39.8 (C‐38), 39.6 (C‐8), 39.1 (C‐20), 

38.3 (C‐1), 37.7 (C‐4), 37.3 (C‐37), 36.9 (C‐10), 36.2 (C‐7), 36.2 (C‐39), 32.7(C‐22), 31.0 (C‐

21), 28.1 (C‐24), 27.9 (C‐16), 26.3 (C‐11), 24.9 (C‐41), 23.5 (C‐2), 23.5 (C‐15), 23.2 (C‐27), 

21.3 (C‐32), 21.2 (C‐25), 18.2 (C‐6), 17.3 (C‐29), 17.0 (C‐26), 16.7 (C‐23), 15.6 (C‐30) ppm; 

MS (ESI, MeOH): m/z = 607.3 (100%, [M + H]+), 608.3 (65%; [M + 2H]+; m/z = 605.3 (100%, 

[M − H]−); analysis calcd for C39H62N2O3 (606.94): C 77.18, H 10.30, N 4.62; found: C 76.87, 

H 10.57, N 4.43. 

(3β)28‐(1,3‐Diazabicyclo[3.2.2]non‐3‐yl)‐28‐oxolup‐20(29)‐en‐3‐yl acetate (30). Following 

GPB from 3 (200 mg, 0.40 mmol) and 8 (238 mg, 1.19 mmol), 30 (125 mg, 95%) was ob‐

tained as an amorphous colorless solid; Rf = 0.30 (DCM/MeOH, 98:2); [α]D = +5.5° (c 0.17, 

CHCl3); IR (ATR): ν = 2942 m, 1732 m, 1638 m, 1450 m, 1368 m, 1243 s, 1027 m, 978 m, 

881 m, 772 m, 653 m cm−1; 1H NMR (400 MHz, CDCl3): δ = 5.75 (m, 1H, 34‐Ha), 5.66 (m, 

1H, 34‐Hb), 4.72 (d, J = 2.4 Hz, 1H, 29‐Ha), 4.59 (dt, J = 2.5, 1.4 Hz, 1H, 29‐Hb), 4.51–4.42 

(m, 1H, 3‐H), 3.37 (qt, J = 13.9, 6.8 Hz, 2H, 39‐H2), 3.11–2.92 (m, 3H, 19‐H + 36‐Ha + 40‐Ha), 

2.65–2.52 (m, 4H, 36‐Hb + 40‐Hb), 2.37 (td, J = 12.4, 3.6 Hz, 1H, 9‐H), 2.17 (tp, J = 5.7, 2.9, 

2.3 Hz, 2H, 13‐H + 18‐H), 2.03 (s, 3H, 32‐H3), 2.00–1.72 (m, 4H, 1‐Ha + 12‐Ha + 21‐Ha + 22‐

Ha), 1.68 (m, 4H, 21‐Hb + 30‐H3), 1.66–1.56 (m, 6H, 2‐H2 + 6‐Ha + 11‐Ha + 15‐Ha + 22‐Hb), 

1.55–0.97 (m, 14H, 1‐Hb + 6‐Hb + 7‐H2 + 11‐Hb + 12‐Hb + 15‐Hb + 16‐H2 + 37‐H2 + 38‐H + 41‐

H2), 0.95 (s, 3H, 27‐H3), 0.93 (s, 3H, 26‐H3), 0.84 (s, 3H, 23‐H3), 0.83 (s, 3H, 25‐H3), 0.82 (s, 

3H, 24‐H3), 0.80–0.74 (m, 1H, 5‐H) ppm; 13C NMR (126 MHz, CDCl3): δ = 177.7 (C‐28), 

171.0 (C‐31), 151.0 (C‐20), 118.9 (C‐34), 109.4 (C‐29), 80.9 (C‐3), 55.9 (C36), 55.4 (C‐5), 50.5 

(C‐9), 50.3(C‐40), 50.1 (C‐18), 49.2 (C‐17), 46.8 (C‐19), 42.4 (C‐14), 40.8 (C‐8), 38.4 (C‐13), 
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38.1 (C‐1), 37.8 (C‐4), 37.7 (C‐38), 37.1 (C‐10), 34.3 (C‐22), 34.2 (C‐7), 33.0 (C‐16), 30.9 (C‐

21), 29.5 (C‐15), 27.9 (C‐23), 25.6 (C‐12), 25.4 (C‐41) ,23.7 (C‐2), 21.8 (C‐37), 21.3 (C‐32), 

21.0 (C‐11), 19.4 (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): m/z = 607.3 (100%, [M + H]+, 1241.9 (5%, [2M + 3H2O + 2H]2+); analysis 

calcd for C39H62N2O3 (606.94): C 77.18, H 10.30, N 4.62; found: C 76.81, H 10.53, N 4.41. 

(3β)28‐(1,4‐Diazabicyclo[3.2.2]non‐4‐yl)‐20,28‐dioxo‐30‐norlupan‐3‐yl‐acetate (31). Following 

GPB from 4 (250 mg, 0.39 mmol) and 8 (238 mg, 1.19 mmol), 31 (178 mg, 73%) was ob‐

tained as a colorless solid; m.p. 130–132 °C; Rf = 0.40 (DCM/MeOH, 95:5); [α]D = −7.0° (c 

0.15, CHCl3); IR (ATR): ν = 2942 brm, 1732 m, 1656 m, 1517 m, 1449 m, 1363 m, 1244 m, 

1195 m, 1026 m, 979 m, 772 m, 654 m cm−1; 1H NMR (500 MHz, CDCl3): δ = 5.89–5.64 (m, 

2H, 34‐H2), 4.45 (dd, J = 11.0, 5.2 Hz, 1H, 3‐H), 3.52 (m, 2H, 39‐H2), 3.37 (m, 2H, 36‐H2), 

3.33–3.18 (m, 1H, 19‐H), 2.87 (dt, J = 26.8, 6.1 Hz, 2H, 40‐H2), 2.42–2.30 (m, 2H, 37‐H2), 

2.29–2.17 (m, 1H, 13‐H), 2.14 (s, 3H, 29‐H3), 2.12–2.04 (m, 2H, 18‐H + 38‐H), 2.02 (s, 3H, 

32‐H3), 2.00–1.81 (m, 1H, 21‐Ha), 1.67–1.11 (m, 18H, 1‐Ha + 2‐Ha + 6‐H2 + 7‐H2 + 9‐H + 11‐

H2 + 12‐H2 + 15‐H2 + 16‐Ha + 22‐H2 + 41‐H2), 1.05 (m, 3H, 2‐Hb + 16‐Hb + 21‐Hb), 0.97 (s, 

3H, 27‐H3), 0.94–0.91 (m, 1H, 1‐Hb), 0.89 (s, 3H, 26‐H3), 0.84–0.80 (m, 9H, 23‐H3 + 24‐H3 + 

25‐H3), 0.79–0.73 (m, 1H, 5‐H) ppm; 13C NMR (126 MHz, CDCl3): δ = 212.7 (C‐20), 176.8 

(C‐28), 170.9 (C‐31), 125.6 (C‐34), 80.8 (C‐3), 56.2 (C36), 55.7 (C‐17), 55.4 (C‐5), 51.3 (C‐4), 

51.2 (C‐19), 50.4 (C‐9), 50.0 (C‐18), 49.4 (C‐40), 42.2 (C‐14), 40.7 (C‐8), 38.3 (C‐1), 37.8 (C‐

38), 37.8 (C‐22), 37.1 (C‐10), 36.8 (C‐13), 35.0 (C‐39), 34.2 (C‐7), 32.6 (C‐16), 30.1 (C‐29), 

29.5 (C‐15), 28.6 (C‐21), 27.9 (C‐24), 27.9 (C‐25), 27.7 (C‐12), 27.2 (C‐41), 23.8 (C‐2), 23.6 

(C‐37), 21.3 (C‐32), 20.9 (C‐11), 18.2 (C‐6), 16.5 (C‐23), 16.2 (C‐26), 14.6 (C‐27) ppm; MS 

(ESI, MeOH): m/z = 609.2 (100%, [M + H]+), 610.2 (50%; [M + 2H]+); analysis calcd for 

C38H60N2O4 (608.91): C 74.96, H 9.93, N 4.60; found: C 74.76, H 10.14, N 4.41. 
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A B S T R A C T   

A silica gel supported Malaprade cleavage of methyl maslinoate (→3) followed by a titanium-on-graphite sup
ported McMurry coupling was established to access a 2,12-terpenoid. The microwaves supported aldol reaction 
of dialdehyde 3 gave ring contracted 5. While parent maslinic acid is of minor cytotoxicity, improved cyto
toxicity was observed in SRB assays for 3 while ring contracted compound 5 was most cytotoxic for MCF-7 breast 
adenocarcinoma cells holding a low EC50 = 3.1 μM.   

Introduction 

In the search for cytotoxic compounds from pentacyclic triterpenes 
[1–12], we were previously able to show that endoperoxides of the 
general structure D (Fig. 1) exhibit a strong cytotoxic effect albeit their 
tumor/non-tumor cell selectivity was slightly diminished. [13,14] A key 
step in the preparation of these compounds was an oxidation in allylic 
position [13–15], but thereby a mandatory prerequisite is the presence 
of a double bond between positions C-2 and C-3. These compounds have 
been made accessible in several steps from the esters of the corre
sponding triterpene carboxylic acids A with an elimination reaction as 
the key-step to afford the double bond. [16–27] In search of a shorter 
synthesis that also exhibited higher atomic economy, we came across the 
titanium-mediated McMurry reaction. [28–31] For the realization of this 
synthesis strategy, maslinic acid (MA, Scheme 1) [32–40] represents an 
excellent starting material. This triterpene carboxylic acid can be ob
tained from the waste products of olive oil production. [41–45] This 
olive pomace is available in enormous quantities but MA can also be 
obtained from commercially available olives, which can be purchased in 
large amounts at relatively low cost in any supermarket. As an alter
native a partial synthesis starting from oleanolic acid has been devised. 
[46]. 

Results and discussion 

In countries that do not produce olive oil themselves, it is difficult to 
get hold of the press residues from the oil production; transport costs are 

also high, as these residues have to be delivered as refrigerated transport 
in order to avoid fermentation processes of the pomace. As previously 
shown, there is no huge difference in the amount of MA that can be 
extracted from these press residues or from the olives. We therefore 
decided to use olives as a starting material. Thus, maslinic acid was 
extracted from pitted olives and obtained in a yield of 0.33 %. Its 
esterification with methyl iodide in the presence of potassium carbonate 
gave the corresponding ester 1. Maslinic acid and its ester 1 [47–51] are 
stable, and they can be stored at 5 ◦C for months without any significant 
decomposition. 

Cleavage of vicinal diols has been accomplished by a variety of 
different methods, [52] but, interestingly enough, there are only two 
reports in literature applying this reaction to dihydroxylated terpenes. 
While lead tetraacetate led to a mixture of a dialdehyde and an anellated 
2,7-oxepandiol, [53] a sodium periodate oxidation of a triterpene 
derived amide was reported to give an almost quantitative yield of the 
corresponding dialdehyde. [54]. 

We found the method of a silica gel-assisted Malaprade cleavage 
particularly valuable. [54] These reaction conditions applied onto MA 
or its methyl ester 1 proceeded well within a few minutes and afforded 
the dialdehydes 2 and 3 in good yields. These compounds are charac
terized in their 13C NMR spectra by the presence of two signals at δ =
206.9 (C-3) and 202.7 (C-2) ppm, respectively. 

Based on our previous experiences with reductive carbonyl coupling 
reactions, the McMurry reaction was carried out using the titanium- 
graphite surface compound (prepared from C8K and TiCl3). [55–57] 
While the McMurry reaction of 2 gave an inseparable mixture of many 
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compounds, the reaction of 3 went very smoothly, and after a short 
reaction time of 4 h, 4 was obtained in 89 % isolated yield. Thus, this 
synthesis route represents a drastic shortcut of previous synthesis stra
tegies to terpenoid 2,12-dienes, allowing a more efficient access to this 
class of compounds. This represents one of the few examples of a suc
cessful McMurry coupling in the field of terpenoid natural products 
[58,59] and furthermore, represents the first application of the highly 
active Ti on graphite surface compound in this class of compounds. 

During the work-up of the McMurry reaction, we observed the for
mation of two major impurities. HPTLC-MS analysis revealed that one of 
these impurities held a m/z = 485.2, and for the other a quasi-molecule 
ion m/z = 467.1 was detected with the latter obviously originating from 
the former. Initial structural studies suggested that this might be the 
product of an intramolecular aldol reaction of the dialdehyde 3; the 
second product would result from de-hydration of the initial product. 

For confirmation, a microwave assisted reaction of dialdehyde 3 with 
ethylamine at 70 ◦C for 6 h was performed that led to the formation of 5 
in an aldol reaction with a contracted ring A compared to the original 
starting material. Close inspection of the reaction by HPTLC showed the 
presence of minute amounts of another product holding also a m/z 485.2 
probably a stereoisomer of 5; this product could not be isolated in suf
ficient amounts for characterization. Under forced conditions (12 h, 
70 ◦C), 6 was formed from 3. Compound 6 was also detected (HPTLC- 
MS) in the reaction mixture resulting from the treatment of 5 with ion 
exchange resin (IR120 H+) in refluxing toluene in the presence of 
MgSO4. 

A putative sequence for the formation of 5 would start by a depro
tonation of 1-H leading to an enolate that attacks the carbonyl group at 
C-3 followed by a protonation leading finally to compound 5. Elimina
tion of water results in the formation of 6. 

Application of the Zimmerman-Traxler model allows a prediction of 
the configuration at the two newly created stereogenic centers; as a 
result, the formyl group and the hydroxyl group at C-1 have to hold a 
trans-configuration. Their absolute configuration can be deduced from 
NMR data (depicted in Fig. 2). Thus, the vicinal coupling between H-1 
and H-3 was 8.6 Hz; this is very close to the expected value of 3J = 8.7 Hz 
and typical for a trans orientation; for cis-oriented protons a 3J ~ 5 Hz 
would be expected. Furthermore, a 2D-NOESY spectrum showed an 
interaction between the aldehydic hydrogen and the methyl group C-15. 

As a consequence, a (1S, 3R) configuration was deduced for compound 5 
from these data. 

As far as we know, this aldol reaction represents only the third ever 
application of an intramolecular aldol reaction in the field of triterpenes. 
[60,61]. 

As previously shown, many derivatives of pentacyclic triterpenoic 
acids exhibited pronounced cytotoxicity for a series of human tumor cell 
lines. Hence, we became interest in the cytotoxic activity of our prod
ucts. Sulforhodamine assays (SRB) were performed the results of which 
are summarized in Table 1. 

While parent MA holds only low cytotoxicity, a significantly higher 
cytotoxicity was observed for the dialdehyde 3 ranging between EC50 =

4.4 μM for MCF-7 and 12.3 µM for HT29 cells. The tumor cell/non-tumor 
cell selectivity also increased for the most cell lines, as shown by the 
comparison of human breast adenocarcinoma MCF-7 with the non- 
malignant fibroblasts NIH 3 T3. MA is more cytotoxic to NIH 3 T3 
with EC50 = 21.1 µM compared with MCF-7 with EC50 over 30 µM, while 
the EC50 of 3 for MCF-7 is half the value of NIH 3 T3 with EC50 = 4.4 µM 
and 9.3 µm, respectively. A further increase in cytotoxicity was observed 
for 5 being of good cytotoxicity for MCF-7 cells (EC50 = 3.1 μM); for the 
other cell lines EC50 in the low single-digit range between 3.7 μM – 5.2 
μM were observed. This compound however, held no significant tumor 
cell/non-tumor cell selectivity inasmuch as for NIH 3 T3 an EC50 = 3.8 
μM was determined. 

Conclusion 

In search for an efficient route to 2,12-dieno-triterpenoids we 
developed a short sequence of reactions starting with a silica gel sup
ported Malaprade cleavage of methyl maslinoate (→3) followed by a 
graphite supported McMurry coupling. This represents one of the few 
examples of a successful McMurry coupling in the field of terpenoid 
natural products. Furthermore, this is the first application of the highly 
active Ti on graphite surface compound in this class of compounds. 
Dialdehyde 3 proved to be a starting material for a microwave supported 
aldol reaction to afford ring contracted abeo-5. Cytotoxicity screenings 
showed parent maslinic acid of minor cytotoxicity but improved cyto
toxicity was observed in SRB assays for 3 while ring contracted com
pound 5 was most cytotoxic for MCF-7 breast adenocarcinoma cells 

Fig. 1. Synthesis of highly cytotoxic triterpenoic endoperoxides D from parent triterpenoic acids A via protection (A → B), elimination (B → C) and allylic oxidation 
(C → D). 
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holding a low EC50 = 3.1 μM. 

Experimental 

Equipment, materials and the conditions of the SRB assay have 
previously been described. [45,49,50] 1H, 13C NMR, MS and IR spectra 
of known compounds correspond to previously published data. 

Preparation of the periodate-on-silica 

To a solution of sodium metaperiodate (5.04 g, 24.0 mmol) in hot 
water (85 ◦C, 10 mL) was added silica gel (20 g) under vigorous stirring. 
The powder was stirred (ca 200 rpm) for another 30 min and used 
directly for the reactions. [54]. 

Maslinic acid (2α, 3β-Dihydroxyolean-12-en-28-oic acid, MA) 

Pitted olives (super market, 5 kg) were crushed and dried at 21 ◦C for 

1 week. Dried olives (ca 1 kg) were mixed and ground with silica gel 
(1:0.7 ratio) and extracted with methanol (2.0 L) for 1 week. This 
extraction procedure was performed 3 times. The combined methanol 
phases were concentrated, and the residue was washed with hexane, 
dried, and mixed with silica gel (1:1 ratio) and ground. This mixture was 
extracted for 24 h with ether using a Soxhlet extractor, and the crude 
product from this extraction was purified by chromatography (silica gel, 
hexanes/ethyl acetate, 6:4). Maslinic acid (3.55 g, 0.33 %) was obtained 
as colorless crystals; m.p. 267–270 ◦C (lit.: [62] m.p. 266–270 ◦C); [α]D 
= +57.6◦ (c 0.24, CHCl3) [lit.: [63] [α]D = +60.0◦ (c 0.1, CHCl3)]; MS 
(ESI, MeOH): m/z = 471.5 ([M−H]-, 45 %). 

Methyl (2α,3β)-2,3-dihydroxyolean-12-en-28-oate (1) 

Reaction of MA (2.0 g, 4.2 mmol) with iodomethane (3.0 mL, 4.6 
mmol) in dry DMF (25 mL) in the presence of dry K2CO3 (2.80 g, 20.3 
mmol) at 21 ◦C for 12 h followed by usual aq. work-up and chroma
tography (silica gel, hexanes/ethyl acetate, 8:2) gave 1 (1.65 g, 81 %) as 

Scheme 1. Synthesis of 1–6; reactions and conditions: a) MeI, K2CO3, DMF, 21 ◦C, 12 h, 81 %; b) NaIO4 on silica, 90 ◦C, 5 min, microwaves, 98 % (of 2 from MA) and 
91 % (of 3 from 1); c) Ti on graphite, THF, reflux, 12 h, 89 %; d) EtNH2, MgSO4, THF, 70 ◦C, microwaves, 4 h, 61 %; e) EtNH2, MgSO4, THF, 70 ◦C, microwaves, 12 h, 
10 %; f) IR120 (H+), MgSO4, toluene, reflux, product 6 was detected by HPTLC-MS only (not isolated). 
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a colorless solid; m.p. 229–231 ◦C (lit.: [49] 229–231 ◦C); [α]D = +60.6◦

(c 0.21, CHCl3) [lit.: [49] [α]D = +60.9◦ (c 6.5, CHCl3)]; MS (ESI, 
MeOH): m/z = 488.5 ([M + H]+, 100 %). 

2,3-Dioxo-2,3-seco-olean-12-en-28-oic acid (2) 

A mixture of MA (200 mg, 0.42 mmol) and the silica assisted peri
odate reagent (800 mg) in dry DCM (40 mL) was heated for 5 min at 
90 ◦C (microwave assisted). The mixture was allowed to cool to 21 ◦C 
followed by usual aq. work-up and flash chromatographic (silica gel, 
hexanes/ethyl acetate, 3:2) to yield 2 (194 mg, 98 %) as a colorless solid; 
m.p. 166–170 ◦C; [α]D = +102.0◦ (c 0.54, CHCl3); RF = 0.65 (silica gel, 
hexanes/ethyl acetate, 3:2); IR (KBr): ν = 3416 m, 2950 s, 1718 s, 1694 
s, 1464w, 1387w, 1366 m, 1305 m, 1273 m, 1034 m, 646 m cm−1; 1H 
NMR (500 MHz, CDCl3): δ = 9.81 (dd, J = 1.9, 1.9 Hz, 1H, 2-CHO), 9.59 
(s, 1H, 3-CHO), 5.25 (dd, J = 3.4, 3.4 Hz, 1H, 12-H), 2.80 (dd, J = 13.7, 
4.1 Hz, 1H, 18-H), 2.53 and 2.28 (dd, J = 17.6, 2.1 Hz, 2H, 1-Ha,b), 2.21 
(dd, J = 10.4, 7.2 Hz, 1H, 9-H), 2.10 (m, 1H, 5-H), 1.95 (m, 1H, 16-Ha), 
1.90 (m, 2H, 11-Ha,b), 1.74 (m, 1H, 22-Ha), 1.63 (m, 1H, 15-Ha), 1.59 
(m, 1H, 16-Hb), 1.57 (m, 1H, 19-Ha), 1.53 (m, 1H, 22-Ha), 1.49 (m, 2H, 
6-Ha,b), 1.49 (m, 1H, 7-Ha), 1.30 (m, 1H, 7-Hb), 1.30 (m, 1H, 21-Ha), 
1.20 (m, 1H, 21-Hb), 1.12 (m, 1H, 19-Hb), 1.10 (s, 3H, 23-H), 1.10 (s, 
3H, 27-H), 1.09 (m, 1H, 15-Hb), 1.07 (s, 3H, 24-H), 0.97 (s, 3H, 26-H), 
0.90 (s, 3H, 29-H), 0.87 (s, 3H, 30-H), 0.74 (s, 3H, 25-H) ppm; 13C NMR 
(125 MHz, CDCl3): δ = 206.9 (CHO, C-3), 202.7 (CHO, C-2), 185.5 (C- 
28), 143.6 (C-13), 122.1 (C-12), 52.1 (C-1), 51.0 (C-4), 49.2 (C-5), 46.7 
(C-17), 45.8 (C-19), 43.4 (C-10), 42.2 (C-14), 41.3 (C-9), 41.0 (C-18), 
39.5 (C-8), 33.9 (C-21), 33.1 (C-30), 32.5 (C-22), 32.0 (C-7), 30.8 (C- 
20), 27.8 (C-15), 25.5 (C-27), 24.1 (C-23), 23.9 (C-11), 23.6 (C-29), 22.9 
(C-16), 20.4 (C-6), 19.9 (C-24), 19.5 (C-26), 17.1 (C-25) ppm; MS (ESI, 
MeOH): m/z = 469.7 ([M−H]-, 100 %), 939.3 ([2 M−H]-, 87 %); 
analysis calcd for C30H46O4 (470.69): C 76.55, H 9.85; found: C 76.32, H 
9.97. 

Methyl 2,3-dioxo-2,3-seco-olean-12-en-28-oate (3) 

Following the procedure given for 2, from 1 (100 mg, 0.2 mmol) and 
periodate reagent (0.4 g) followed by chromatography (silica gel, hex
anes/ethyl acetate, 6:4) 3 (90 mg, 91 %) was obtained as a white solid; 
m.p. 110–112 ◦C; [α]D = +91.5◦ (c 0.54, CHCl3); RF = 0.79 (silica gel, 

hexanes/ethyl acetate, 6:4); IR (KBr): ν = 3446br, 2049 s, 1725 s, 1462 s, 
1386 m, 1366 m, 1303w, 1261 s, 1234 m, 1196 m,1164 s, 1103 m, 1058 
m, 1035 s, 954 m, 818 m, 788 m, 756 s, 650 cm−1; 1H NMR (500 MHz, 
CDCl3): δ = 9.81 (dd, J = 2.2, 2.2 Hz, 1H, 2-CHO), 9.60 (s, 1H, 3-CHO), 
5.27 (dd, J = 3.6, 3.6 Hz, 1H, 12-H), 3.60 (s, 3H, OMe), 2.85 (dd, J =
13.7, 4.7 Hz, 1H, 18-H), 2.53 (dd, J = 17.6, 2.3 Hz, 1-Ha), 2.27 (dd, J =
17.6, 2.3 Hz, 1H, 1-Hb), 2.20 (dd, J = 10.9, 6.8 Hz, 1H, 9-H), 2.09 (m, 
1H, 5-H), 1.95 (m, 1H- 16-Ha), 1.90 (m, 1H, 16-Hb), 1.66 (m, 1H, 7-Ha), 
1.62 (m, 1H, 11-Ha), 1.60 (m, 1H, 19-Ha), 1.59 (m, 1H, 11-Hb), 1.54 (m, 
1H, 15-Hb), 1.50 (m, 1H, 6-Ha), 1.50 (m, 1H, 7-Hb), 1.49 (m, 1H, 6-Hb), 
1.30 (m, 2H, 22-Ha,b), 1.30 (m, 1H, 21-Ha), 1.18 (m, 1H, 21-Hb), 1.12 
(m, 1H, 19-Hb), 1.11 (s, 3H, 29-H), 1.10 (s, 3H, 27-H), 1.09 (m, 1H, 15- 
Ha), 1.08 (s, 3H, 24-H), 0.97 (s, 3H, 26-H), 0.90 (s, 3H, 23-H), 0.87 (s, 
3H, 30-H), 0.74 (s, 3H, 25-H) ppm; 13C NMR (125 MHz, CDCl3): δ =

206.9 (CHO, C-3), 202.7 (CHO, C-2), 178.3 (C-28), 143.9 (C-13), 121.9 
(C-12), 52.2 (C-1), 51.6 (C-31), 51.0 (C-4), 49.3 (C-5), 46.8 (C-17), 45.8 
(C-19), 42.2 (C-14), 41.5 (C-18), 41.4 (C-9), 40.1 (C-8), 39.5 (C-10), 
34.0 (C-21), 33.2 (C-30), 32.4 (C-7), 32.0 (C-22), 30.8 (C-20), 27.8 (C- 
15), 25.5 (C-27), 24.1 (C-29), 24.0 (C-16), 23.7 (C-23), 23.1 (C-11), 20.5 
(C-6), 20.0 (C-24), 19.5 (C-26), 16.9 (C-25) ppm; MS (ESI, MeOH): m/z 
= 485.4 [M + H]+, 100 %); analysis calcd for C31H48O4 (484.72): C 
76.82, H 9.98; found: C 76.61, H 10.13. 

Methyl oleana-2,12-dien-28-oate (4) 

Natural Graphite (3.0 g, 250 mmol) was degased for 15 min at 
150 ◦C; under vigorous stirring, potassium (1.2 g, 31.0 mmol) was added 
at this temperature in several portions. The black graphite turned bronze 
colored upon this reaction. Stirring at 150 ◦C was continued for another 
30 min. TiCl3 (1.58 g, 10.2 mmol) was added in one portion with stirring 
to the bronze-colored C8K (31 mmol) in dry THF (30 mL) at 21 ◦C under 
argon; the mixture was heated under reflux for 1.5 h. A solution of 3 
(2.42 g, 5.0 mmol) in dry THF was added, and the suspension was heated 
under reflux overnight. For work-up, the solids were filtered off (short 
path of silica gel), the filtrate was concentrated under reduced pressure, 
and the residue subjected to chromatography (silica gel, hexanes/ethyl 
acetate, 6:1) to yield 4 (1.05 g, 89 %) as a colorless solid; m.p. 
179–181 ◦C (lit.: [64] m.p. 182–185 ◦C), [α]D = +144.4◦ (c 0.55, CHCl3) 
[lit.: [64] [α]D = +142◦ (c 0.50, CHCl3); MS (ESI, MeOH): m/z = 237.4 
([M + H]+, 100 %). 

Fig. 2. NMR spectroscopic data of compound 5 to establish the absolute configuration at the newly created stereogenic centers.  

Table 1 
Cytotoxicity of MA and selected compounds (in μM from SRB assays, 92 h of incubation, all experiments were performed in triplicate with three technical replicas each; 
n.d. not determined); doxorubicin (DOX) and staurosporine (STA) have been used as positive controls; cell lines: human malignant: 518A2 (melanoma), FaDu 
(pharynx carcinoma), HT29 (colon adenocarcinoma), MCF-7 (breast adenocarcinoma), A549 (alveolar adenocarcinoma), SW1736 (thyroid anaplastic carcinoma), 
A2780 (ovarian carcinoma); non-malignant: NIH 3 T3 (murine fibroblasts).   

518A2 FaDu HT29 MCF-7 A549 SW1736 A2780 NIH 3 T3 

MA 13.7 ± 1.0 19.6 ± 0.8 28.8 ± 0.5 > 30 23.5 ± 0.5 17.8 ± 1.1 19.5 ± 0.8 21.1 ± 0.2 
1 15.6 ± 1.1 18.3 ± 1.4 12.8 ± 0.9 16.3 ± 1.0 19.7 ± 0.5 16.8 ± 1.2 17.3 ± 1.5 21.4 ± 1.9 
2 11.4 ± 0.9 13.2 ± 0.7 11.5 ± 0.6 7.3 ± 1.0 6.3 ± 0.9 10.4 ± 1.7 6.3 ± 1.5 10.9 ± 1.2 
3 9.2 ± 0.8 11.0 ± 1.1 12.3 ± 0.7 4.4 ± 0.5 5.8 ± 0.4 10.5 ± 1.0 5.1 ± 0.9 9.3 ± 1.0 
5 4.1 ± 0.3 4.7 ± 0.2 4.6 ± 0.3 3.1 ± 0.7 4.3 ± 0.3 5.2 ± 0.5 3.7 ± 0.1 3.8 ± 0.5 
DOX n.d. n.d. 0.9 ± 0.01 1.1 ± 0.01 n.d. n.d. 0.1 ± 0.01 0.01 ± 0.001 
STA n.d. n.d. 0.9 ± 0.01 1.1 ± 0.3 n.d. n.d. 0.01 ± 0.01 0.45 ± 0.04  
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Methyl (1SR, 3R) 3(2 → 1)-abeo-3-hydroxy-2-oxoolean-12-en-28-oate 
(5) 

A mixture of dialdehyde 3 (100 mg, 0.21 mmol), ethylamine in THF 
(20 mL, 25 %) and MgSO4 (25 mg) was heated at 70 ◦C (microwave 
assisted) for4h. Usual aqueous work-up followed by chromatography 
(silica gel, hexanes/ethyl acetate, 7:3) gave 5 (62 mg, 61 %) as a 
colorless solid; m.p. 181–184 ◦C; [α]D = +24.4◦ (c 0.68, CHCl3); RF =

0.35 (silica gel, hexanes/ethyl acetate, 7:3); IR (KBr): ν = 3484br, 2953 
s, 2918 s, 2856 s, 1727 s, 1648 m, 1464 s, 1386 s, 1364 m, 1266 s, 1206 
m, 1178 m, 1056 s, 1040 s, 824 m, 790 m, 752 m cm−1; 1H NMR (500 
MHz, CDCl3): δ = 9.94 (d, J = 2.7 Hz, 2-H), 5.25 (dd, J = 3.4, 3.4 Hz, 1H, 
12-H), 4.34 (d, J = 8.6 Hz, 1H, 3-H), 3.61 (s, 3H, 31-H), 2.84 (dd, J =
13.8, 4.3 Hz, 1H, 18-H), 2.22 (dd, J = 8.6, 2.6 Hz, 1H, 1-H), 2.12–1.90 
(m, 3H, 11-Ha + 16-Ha + 9-H), 1.90–1.80 (m, 1H, 11-Hb), 1.74–1.56 (m, 
4H, 22-Ha + 16-Hb + 15-Ha + 19-Ha), 1.56–1.36 (m, 4H, 22-Hb + 7-Ha 
+ 6-Ha,b), 1.37–1.22 (m, 2H, 7-Hb + 21-Ha), 1.22–1.02 (m, 3H, 21-Hb +

19-Hb + 15-Hb), 1.16 (s, 3H, 27-H), 1.00 (s, 3H, 25-H), 0.98 (s, 3H, 24- 
H), 0.94 (s, 3H, 23-H), 0.91 (s, 3H, 29-H), 0.89)s, 3H, 30-H), 0.71 (s, 3H, 
26-H) ppm; 13C NMR (125 MHz, CDCl3): δ = 205.4 (C-2), 178.3 (C-28), 
144.6 (C-13), 121.6 (C-12), 80.9 (C-3), 73.6 (C-1), 62.3 (C-5), 51.7 (C- 
31), 47.2 (C-9), 46.8 (C-4), 46.5 (C-17), 45.9 (C-19), 42.0 (C-14), 41.5 
(C-18), 40.6 (C-8), 40.2 (C-10), 34.0 (C-21), 33.2 (C-30), 32.8 (C-7), 
32.4 (C-22), 30.8 (C-20), 28.0 (C-15), 26.8 (C-11), 26.3 (C-27), 25.6 (C- 
23), 25.4 (C-24), 23.8 (C-29), 23.1 (C-16), 17.7 (C-26), 14.2 (C-25) ppm; 
MS (ESI, MeOH): m/z = 485.2 ([M + H]+, 74 %), 502.7 ([M + NH4]+, 
90 %), 507.3 ([M + Na]+, 100 %); analysis calcd for C31H48O4 (484.72): 
C 76.82, H 9.98, found: C 76.57, H 10.19. 

Methyl 3(2 → 1)-abeo-2-oxoolean-1,12-dien-28-oate (6)) 

Following the procedure given for 5, from 3 (100 mg, 0.21), ethyl
amine in THF (20 mL) and MgSO4 (25 mg) but applying a reaction time 
of 12 h, 6 (10 mg, 10 %) was obtained as an amorphous solid; [α]D =

+32.4◦ (c 0.05, CHCl3); RF = 0.54 (silica gel, hexanes/ethyl acetate, 
7:3); 1H NMR (500 MHz, CDCl3): δ = 9.68 (s, 1H, CHO), 6.56 (s, 1H, 3- 
H), 5.31 (dd, J = 3.5, 3.5 Hz, 12-H), 3.63 (s, 3H, OMe), 2.85 (dd, J =
13.7, 4.0 Hz, 18-H), 2.42–2.21 (m, 2H, 11-Ha,b), 2.10 (dd, J = 10.8, 6.7 
Hz, 9-H), 2.03–1.91 (m, 1H, 16-Ha), 1.76–1.45 (m, 9H, 22Ha + 15-Ha, 
16-Hb + 19Ha + 22-Hb + 5-H + 7-Ha + 6-Ha,b), 1.44–0.99 (m, 5H, 21-Ha 
+ 7-Hb + 21^-Hb, + 19-Hb + 15-Hb), 1.20 (s, 3H, 26-H), 1.15 (s, 3H, 30- 
H), 1.14 (s, 3H, 29-H), 1.02 (s, 3H, 24-H), 0.92 (s, 3H, 27-H), 0.89 (s, 3H, 
23-H), 0.81 (s, 3H, 25-H) ppm; 13C NMR (101 MHz, CDCl3): δ = 191.2 
(C-2), 178.5 (C-28), 163.5 (C-3), 157.1 (C-1), 143.4 (C-13), 123.4 (C- 
12), 62.9 (C-5), 51.7 (C-31), 51.1 (C-10), 46.9 (C-19), 45.8 (C-17), 44.6 
(C-9), 44.1 (C-8), 42.2 (C-4), 41.6 (C-18), 41.2 (C-14), 34.0 (C-21), 33.8 
(C-7), 33.3 (C-30), 32.5 (C-22), 30.8 (C-20), 28.7 (C-23), 28.1 (C-15), 
27.4 (C-11), 26.6 (C-27), 23.8 (C-29), 23.2 (C-16), 20.9 (C-24), 18.7 (C- 
25), 18.5 (C-26), 17.0 (C-6) ppm; MS (ESI, MeOH): m/z = 449.3 ([M +
H-H2O]+, 100 %), 467.1 ([M + H]+, 90 %), 489.2 ([M + Na]+, 40 %); 
analysis calcd for C31H46O3 (466.71): C 79.78, H 9.94; found: C 76.55, H 
10.17. 
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Antitumoractive Endoperoxides from Triterpenes, Arch. Pharm. 342 (2009) 
569–576. 

[15] A. Chung, M.R. Miner, K.J. Richert, C.J. Rieder, K.A. Woerpel, Formation of an 
Endoperoxide upon Chromium-Catalyzed Allylic Oxidation of a Triterpene by 
Oxygen, J. Org. Chem. 80 (2015) 266–273. 

[16] A.S.R. Anjaneyulu, M.N. Rao, L.R. Row, A. Sree, Sapogenins of Acacia concinna 
DC-IV. Wagner-Meerwein rearrangements in acacic acid lactone and some selected 
triterpenes, Tetrahedron 35 (1979) 519–525. 

[17] R.B. Boar, D.W. Hawkins, J.F. McGhie, D.H.R. Barton, Nickel boride as a 
desulfurizing agent. Improved route to triterpene 2-enes, J. Chem. Soc., Perkin 
Trans. 1 (1973) 654–657. 

[18] C. Djerassi, D.B. Thomas, A.L. Livingston, C.R. Thompson, X.X.X.I. Terpenoids, The 
structure and stereochemistry of medicagenic acid, J. Am. Chem. Soc. 79 (1957) 
5292–5297. 

[19] G. Drefahl, S. Huneck, The reduction products of various triterpene oximes and 
triterpenic acid amides, Chem. Ber. 93 (1960) 1967–1975. 
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A B S T R A C T

In search of suitable tool to target the endoplasmic reticulum of human tumor cells, a non-cytotoxic aza-BODIPY
derivative was designed and accessed in a simple synthesis in a few steps from commercially available starting
materials. This aza-BODIPY was conjugated to 3-O-acetyl-triterpene carboxylic acids (glycyrrhetinic, ursolic,
oleanolic, and betulinic acid) using a piperazinyl spacer. The resulting conjugates exhibited no cytotoxicity but
were able to selectively target the ER.
1. Introduction

Visualization of the structures of (living) cells is most important to
understand metabolic processes in detail. Thereby, the endoplasmic re-
ticulum (ER) plays a major role in the survival of mammalian cells but
also in their maintenance and homeostasis. Since in ER vital processes
such as protein assembling, protein folding and post-translational mod-
ifications take place, investigations concerning the ER have gained
increased attention. ER stress is known to lead to dysregulation. This
dysregulation is considered to play an important role in non-
communicative diseases such as diabetes and cancer but also in neuro-
degenerative diseases and strokes [1].

Visualization of organelles and their cellular processes can be done
most preferentially by fluorescence microscopy, and small fluorescent
molecules are often used to fluorescently label the organelles [2]. One of
the prerequisites for successful investigations is a superior target selec-
tivity of these molecular probes. Several BODIPYs such as ER-Tracker ™
Green and ER-Tracker ™ red (Fig. 1), both holding a glibenclamide
moiety, are most often used; they are commercially available [1]. Several
BODIPY-conjugates targeting different organelles or metabolic processes
have been reported recently, among them conjugates with platinum
drugs [3–11] or curcumin [12], paclitaxel [13–15], PEG conjugates
[16–18], chlorambucil [19], capsaicin [20], isoxazoles [21], and mer-
tansine [22]. All of these were intended to act as cytotoxic agents. One of
the major aims of this study was to develop a molecular fluorescent
probe-based bio-imaging and bio-sensing tool for non-invasive moni-
toring of biological processes in real time to provide dynamic informa-
tion about for biological analysis. This has been accomplished by
R. Csuk).
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nanodots [23] as well as by fluorescence probes [24–28].
Recently, two studies dealt with BODIPY-triterpene conjugates [29,

30]. These compounds were also of moderate cytotoxicity but held
improved tumor cell selectivity as compared to other conjugates.
Furthermore, it was shown that triterpenoic acid amides holding a distal
rhodamine (B or 101) unit are of superior cytotoxicity thereby acting as a
mitocanic agent [31] while triterpene-safirinium conjugates [32] target
the ER. Their cytotoxicity was significantly diminished as compared to
the rhodamine conjugates [25]. BODYPY FL labelled triterpenoids were
shown to hold good cytotoxicity for MCF-7 human breast adenocarci-
noma cells but not to other cell lines [30]. From these observations and
keeping in mind that the cytotoxicity of triterpene amide conjugates is
strongly governed by the distal substituent we assumed that triterpene
aza-BODIPY conjugates might be of low cytotoxicity but should provide a
good selectivity for the ER.

Our previous studies also showed that the “linker” between the flu-
orophore and the triterpenoic skeleton should be a piperazinyl moiety
[31]. Hence, we set out to access these compounds by synthesizing a
piperazinyl substituted BODIPY first followed by coupling this molecule
to 3-O-acetyl substituted triterpenoic acids [30], such as glycyrrhetinic
acid (GA), ursolic (UA), oleanolic acid (OA) and betulinic acid (BA).

2. Results and discussion

The synthesis (Scheme 1) of the BODIPYs started from commercially
available 4-hydroxy-acetophenone (1) whose aldol condensation with
benzaldehyde gave 93% of (E)-configurated chalcone 2 [30]. The
configuration of the double bond was determined from the magnitude of
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Fig. 1. Extended investigation of 18 and A375 cells: Fluorescence microscopic images (scale bar 20 μm), and ER-Tracker ™ red (staining of the endoplasmic re-
ticulum); double staining experiment. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Scheme 1. Synthesis of aza-BODIPY (10); a) NaOH, EtOH, H2O, room temperature, 30 min → benzaldehyde, room temperature, 93%; b) CH3NO2, KOH, MeOH, room
temperature → reflux, 6 h, 64%; c) KOH, H2O, EtOH, room temperature → benzaldehyde, room temperature, overnight., 90%; d) CH3NO2, KOH, MeOH, room
temperature → reflux, 6 h, 98%; e) cat. DMF, oxalyl chloride, DCM, 0 �C → room temperature, 1.5 h → TEA, Boc-piperazine, 2 h, room temperature, 72%; f)
NH4CH3CO2, n-BuOH, reflux, 8 h, 54%; g) BF3⋅Et2O, DIPEA, room temperature, overnight, 20%; h) HCl in 1,4-dioxane, MeOH, room temperature, 91%.
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the 3J coupling constant of the olefinic hydrogen substituents of 15.5 Hz
being typical for an (E) configuration. Reaction of 2 with nitromethane
furnished 3 [34] in 64% isolated yield. The presence of a nitro substit-
uent in 3 and 6 [29] (vide infra) is characterized by the presence of
characteristic signals in their IR spectra at ~v ¼ 1554 and 1375 cm�1 (for
3) and ~v¼ 1549 and 1378 cm�1 (for 6). In this divergent approach, 4-ace-
tyl-benzoic acid (4) was coupled with benzaldehyde to furnish 5 [35,36]
whose reaction with nitromethane yielded 6. Reaction of 6 with oxalyl
2

chloride in the presence of DMF (cat.) followed by the reaction with
Boc-piperazine furnished 7 in 72% yield. Coupling of 3 and 7 in refluxing
n-BuOH in the presence of ammonium acetate gave 8 whose cyclisation
to BODIPY 9 was accomplished with boron trifluoride diethyl etherate
and diisopropylethylamine (DIPEA) overnight. Deprotection of 9 gave
BODIPY 10 in 91% yield. This compound is characterized in its 19F NMR
by a signal multiplet at δ ¼ �130.85 to �132.06 ppm; in the 11B NMR
spectrum a signal at δ ¼ 1.01 ppm as a virt. triplet holding a JB, F ¼ 31.6
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Hz is found; the chemical shift and the magnitude of the coupling con-
stant is typical for this type of compounds [37].

The triterpenoic acids GA, UA, OA and BA (Scheme 2) were acety-
lated as previously described [24] resulting in well-known acetates
11–14. Reaction of the acetates with oxalyl chloride/DMF (cat) followed
by adding BODIPY 10 furnished the conjugates 15–18 in 47–70% iso-
lated yields (Scheme 3). As exemplified for oleanolic acid derived 17, the
conjugate showed a11B NMR chemical shift of δ ¼ 0.97 ppm (t, J ¼ 31.4
Hz) and a19F NMR δ ¼ �129.19 to �133.50 ppm, together with the
typical signals of the triterpenoid skeleton and the piperazinyl residue
hence proving the structure of the conjugate.

To assess the cytotoxicity of the compounds, SRB assays were per-
formed employing several human tumor cell lines, such as A375 (mela-
noma), HT29 (colon adenocarcinoma), MCF7 (breast adenocarcinoma),
A2780 (ovarian carcinoma), HeLa (cervical adenocarcinoma) as well as
non-malignant cell lines NIH 3T3 (murine fibroblasts) and HEK293
(human embryonic kidney). The results from these assays are summa-
rized in Table 1. Most of the precursors of the final compounds 15–18
were found to be not cytotoxic at all (cut-off of the assay 30 μM). Com-
pounds 2 and 5 held some cytotoxicity for all cell lines. This is in
excellent agreement with previously reported data on the cytotoxicity of
chalcones [38–41]. Thereby, the presence of an α,β-unsaturated ketone
seems crucial for the cytotoxic activity since neither 3, 6 nor 7 showed a
cytotoxic effect to the cells. Piperazinyl-substituted 10 was cytotoxic for
all cell lines but without any selectivity.

Upon coupling with the acetylated triterpenoic acids 11–14, 10 lost
all cytotoxicity; consequently, target compounds 15–18 were not cyto-
toxic at all within the cut-off of the assay (30 μM). This represents a
significant improvement in properties compared to BODIPY FL
substituted triterpenes, as the latter compounds held some residual
cytotoxicity for some cell lines thus limiting their application in living
systems [30].

Fluorescence microscopy allowed to determine the localization of the
compounds as exemplified for 18. Visual inspection of the cells showed
compound 18 not to be in the nucleus of the cells while double staining of
the cells with 18 and rhodamine 123 excluded its localization in the
mitochondria. Staining with ER tracker™ red, however, revealed that 18
ends up in the ER of the cells (Fig. 1).

It cannot ruled out, however, that the probe affects the biological
activity of the cells inasmuch as it is known that even unsubstituted
ursolic acid participates in metabolic re-wiring and epigenetic re-
programming in human prostate cancer [42]. However, no significant
changes in the morphology of the cells have been observed upon incu-
bation for 2 days. Triterpenes, as exemplified for asiatic acid, might enter
Scheme 2. Structure of parent triterpenoic acids GA, UA, OA and BA, their c
acid chlorides.

3

the endoplasmic reticulum, too, but this process triggered in PPC-1
prostate cancer cells a rapid caspase-dependent cell death within
several hours of treatment [43]. Furthermore, it cannot completely
excluded that triterpenoic probes might exert an indirect effect onto the
cell metabolism by binding on chaperones as previously exemplified for
triterpenoid celastrol [44]. Additional experiments showed that also 8 is
able to enter the cells and to accumulate in the ER; as previously re-
ported, the same holds true for several safirinium triterpene conjugates
[32]. However, no significant changes in the morphology of the cells
were observed.

3. Conclusion

The labeling and bio-visualization of living cells has come into the
focus of scientific interest, and many theranostic drugs have been
developed so far. In search of a suitable tool to target the endoplasmic
reticulum (ER) of human tumor cells, we designed a non-cytotoxic aza-
BODIPY 10 that was accessed in a simple synthesis in few steps from
commercially available starting materials. This aza-BODIPY was conju-
gated to 3-O-acetyl-triterpene carboxylic acids (glycyrrhetinic, ursolic,
oleanolic, and betulinic acid) using a piperazinyl spacer between the
triterpenoid skeleton and the aza-BODIPY scaffold. The resulting conju-
gates exhibited no cytotoxicity (as shown by SRB assays using a cut-off of
30 μM) but they were able to selectively target the ER (as shown by
fluorescence microscopy and staining experiments). Due to the absence
of any cytotoxic effects, these novel triterpene aza-BODIPY conjugates
are equally suitable for the investigation of cancer cells as well as of non-
malignant cells.

4. Experimental part

4.1. General

4-Hydroxyacetophenone (1) and 4-acetyl-benzoic acid (4) were ob-
tained from local suppliers; Ursolic, betulinic and oleanolic acid were
obtained from Betulinines (Stribrna Skalice, Czech Republic) and gly-
cyrrhetinic acid was bought from Orgentis GmbH (Neugatersleben,
Germany) and used as received. Equipment was used as previously
described [24].
4.2. Cell lines and culture conditions

The biological studies were performed employing the human cancer
cell lines A375 (malignant melanoma), HT29 (colon adenocarcinoma),
onversion into 3-O-acetates and their activation yielding the corresponding



Scheme 3. Synthesis of aza-BODIPY conjugates 15–18: TEA, DCM, room temperature, overnight; yields: 15 (70%), 16 (63%), 17 (47%), 18 (50%).

Table 1
Cytotoxicity of compounds: starting materials 2, 3, 5–8, aza-BODIPY derivatives
9 and 10 and corresponding triterpenoid derivatives 15–18 (EC50-values in μM
from SRB-assays) after 72 h of treatment; the values are averaged from three
independent experiments performed each in triplicate, confidence interval CI ¼
95%; mean� standard mean error; malignant cell lines: A375 (melanoma), HT29
(colon adenocarcinoma), MCF-7 (breast adenocarcinoma), A2780 (ovarian car-
cinoma), HeLa (cervical adenocarcinoma); non-malignant: NIH 3T3 (murine
fibroblast), HEK293 (human embryonic kidney) were tested.

A375 HT29 MCF7 A2780 HeLa NIH
3T3

HEK293

2 5.44
� 0.3

9.06 �
0.8

7.61
� 0.8

9.53 �
0.9

8.38
� 0.2

21.4
� 2.1

7.66 �
0.1

3 >30 >30 >30 >30 >30 >30 >30
5 14.4

� 1.0
20.92
� 0.6

13.8
� 1.2

19.1 �
2.0

21.4
� 1.2

>30 17.03 �
0.7

6–9 >30 >30 >30 >30 >30 >30 >30
10 7.22

� 0.4
6.19 �
0.3

6.88
� 0.8

10.56
� 0.7

6.23
� 0.3

6.38
� 0.9

10.59 �
0.3

15–18 >30 >30 >30 >30 >30 >30 >30
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MCF-7 (breast cancer), A2780 (ovarian carcinoma), non-malignant mu-
rine fibroblasts NIH 3T3 and non-malignant human embryonic kidney
cells (HEK293). 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.

4.3. Cytotoxicity assay (SRB assay)

For the evaluation of the cytotoxicity of the compounds a
sulforhodamine-B (Kiton-Red S, ABCR) micro-culture colorimetric assay
was used as previously reported. The EC50 values were averaged from
three independent experiments performed each in triplicate calculated
from semi-logarithmic dose-response curves applying a non-linear 4P
Hills-slope equation.

4.4. Microscopic investigation

For the microscopic studies, the cell line A375 was used. On the first
day, 105 cells were seeded in a Petri dish (3.5 cm diameter, 22 mm cover
slip inserted) and incubated under normal conditions for 24 h. The me-
dium was replaced with new medium loaded with 18 (1 μL of an 8 mM
solution in 2 mL medium) and incubated for another 24 h. Then the
medium was replaced with 1 mL medium loaded with 1 μL Rh123 and
100 μL ER-Tracker ™ red (ER staining Kit - Red Fluorescence, abcam,
4

Milton), respectively, and incubated for 30 min each. The medium was
discarded, the cover slip was washed with PBS (with Ca2þ andMg2þ) and
put on a slide holding 20 μL PBS. The cells were studied using a fluo-
rescence microscope.

4.5. General procedure (GP) for the amidation with acetylated triterpene
carboxylic acids chlorides

The acetylated triterpene carboxylic acids 11–14 were reacted with
oxalyl chloride/DMF as previously reported. They (1 eq.) were dissolved
in dry DCM (1 mL), and this solution was added to a solution of 10 (1.2
eq.) and triethylamine (1.2 eq.) under stirring and argon atmosphere.
After stirring overnight, the reaction was quenched with MeOH, and the
solvents were removed under reduced pressure. The crude product was
purified by gradient column chromatography (SiO2, CHCl3 → CHCl3/
MeOH/NH4OH, 98:1.8:0.2).

4.6. (E)-1-(4-hydroxyphenyl)-3-phenylprop-2-en-1-one (2) [38239-52-
0]

4-Hydroxyacetophenone (1, 10.0 g, 73.4 mmol) was dissolved in
ethanol (50 mL) and water (150 mL) was added. Under stirring an
aqueous solution of sodium hydroxide (50%, 7.4 mL) was added. Stirring
was continued for 0.5 h followed by the dropwise addition of benzal-
dehyde (8.51 mL, 84.2 mmol). After complete consumption of 1 (as
checked by TLC), the reaction was acidified with aqueous HCl (10% vol).
The precipitate was filtered off, washed with water, recrystallized from
ethanol, and dried to obtain 2 (15.3 g, 93%) as an off-white solid; m.p.
177.1 �C (lit.: [33]: 178 �C); RF ¼ 0.27 (toluene/ethyl acetate/hepta-
ne/HCOOH, 80:26:10:5); IR (ATR): ~v ¼ 3125w, 1645 m, 1602s, 1590s,
1577 m, 1565s, 1514 m, 1495 m, 1441 m, 1383w, 1339s, 1303w, 1284s,
1219vs, 1175s. 1165s, 1043m, 1028w, 999w, 980m, 893w, 866w, 834m,
823m, 786w, 764s, 734m, 691s, 674s, 638w, 620m, 560s, 538m, 504m,
482 m, 444w, 418w cm�1; UV/vis (CHCl3): λmax (log ε) ¼ 314 (4.39) nm;
1H NMR (400 MHz, DMSO-d6): δ ¼ 10.39 (s, 1H, 1-OH), 8.11–8.03 (m,
2H, 3-Hþ30-H), 7.88 (dd, J ¼ 15.5, 2.5 Hz, 1H, 6-H), 7.85–7.81 (m, 2H,
10-Hþ100-H), 7.67 (d, J ¼ 15.5 Hz, 1H, 7-H), 7.48–7.37 (m, 3H, 9-H,
90-H), 6.93–6.86 (m, 2H, 2-Hþ20-H) ppm; 13C NMR (101 MHz,
DMSO-d6): δ ¼ 187.6 (C-5), 162.7 (C-1), 143.1 (C-7), 135.3 (C-8), 131.6
(C-3þC-30), 130.7 (C-11), 129.6 (C-4), 129.3 (C-9þC-90), 129.1
(C-10þC-100), 122.6 (C-6), 115.8 (C-2þC-20) ppm; MS (ESI,
MeOH/CHCl3, 4:1): m/z ¼ 223.1 (100%, [M � H ]-).

4.7. 1-(4-Hydroxyphenyl)-4-nitro-3-phenylbutan-1-one (3) [1093881-
86-7]

Compound 2 (15.2 g, 67.8 mmol) was dissolved in methanol (500
mL) and nitromethane (72.8 mL, 1.4 mol). Potassium hydroxide (5.0 g,
88.1 mmol) was added in several portions, and the reaction mixture was
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heated under reflux for 6 h. The reaction was cooled to room tempera-
ture, and the solvent was removed under reduced pressure. The oily
residue was acidified with aqueous HCl (1 M, 50 mL) and diluted with
water (200 mL). The mixture was extracted with ethyl acetate (200 mL),
dried (MgSO4), and the organic solvent was removed under reduced
pressure. The residue was purified by column chromatography (SiO2,
hexane/acetone, 4:1) and crystallized from hexanes/acetone (4:1, 200
mL) at 0 �C to obtain 3 (12.4 g, 64%) as a beige solid; m.p. 121.1 �C (lit.:
[34]: 112–113 �C); RF ¼ 0.55 (hexanes/acetone, 2:1); IR (ATR): ~v ¼
3211w, 1646s, 1600 m, 1585s, 1554vs, 1515w, 1496w, 1455 m, 1441 m,
1430 m, 1418 m, 1375s, 1324w, 1288s, 1278 m, 1230s, 1212 m, 1169vs,
1119w, 1078w, 1032w, 1008 m, 1000 m, 942vw, 921w, 891w, 838s,
819w, 798 m, 767 m, 738 m, 720 m, 703s, 635 m, 607w, 596 m, 543 m,
525 m, 516 m, 492w, 446vw, 408w cm�1; UV/vis (CHCl3): λmax (log ε) ¼
269 (4.21) nm; 1H NMR (400 MHz, DMSO-d6): δ ¼ 10.36 (s, 1H, 1-OH),
7.86–7.78 (m, 2H, 3-Hþ30-H), 7.40–7.32 (m, 2H, 10-Hþ100-H),
7.33–7.25 (m, 2H, 11-Hþ110-H), 7.25–7.17 (m, 1H, 12-H), 6.83 (d, J ¼
8.7 Hz, 2H, 2-Hþ20-H), 4.96 (dd, J ¼ 12.9, 5.7 Hz, 8-Ha), 4.85 (dd, J ¼
12.9, 9.6 Hz, 1H, 8-Hb), 4.02 (ddd, J¼ 9.6, 6.8 Hz, 1H, 7-H), 3.41 (ddd, J
¼ 17.6, 7.0 Hz, 3H, 6-H2) ppm; 13C NMR (101MHz, DMSO-d6): δ¼ 195.4
(C-5), 162.2 (C-1), 140.2 (C-9), 130.5 (C-3þC-30), 128.4 (C-11þC-110),
128.1 (C-4), 127.8 (C-10þC-100), 127.1 (C-12), 115.2 (C-2þC-20), 79.7
(C-8), 40.6 (C-6), 39.4 (C-7) ppm; MS (ESI, CHCl3/MeOH, 4:1): m/z ¼
284.0 (30%, [M � H]-).

4.8. 4-Cinnamoylbenzoic acid (5) [20118-35-8]

To a suspension of 4-acetylbenzoic acid (4, 10.0 g, 61 mmol) in
ethanol (200 mL) and water (50 mL) was added dropwise aqueous po-
tassium solution (6 M, 32 mL) under stirring at room temperature.
Benzaldehyde (6.5 g, 61 mmol) was added dropwise, and the reaction
mixture was allowed to stir overnight [35]. The white suspension was
acidified with aqueous HCl (1 M), the solid filtered off, washedwith water
(3 � 100 mL), air-dried, and recrystallized from ethanol to yield 5 (13.8
g, 90%) as a white solid; m.p. 237.1 �C (lit.: [36]: 234 �C); RF ¼ 0.37
(toluene/ethyl acetate/heptane/HCOOH, 80:26:10:5); IR (ATR): ~v ¼
2663w, 2546w, 1685 m, 1655 m, 1595 m, 1574 m, 1506w, 1497w,
1448w, 1426 m, 1406w, 1336 m, 1322 m, 1283s, 1216 m, 1206 m,
1183w, 1128 m, 1033 m, 1014 m, 996 m, 978 m, 969 m, 944 m, 854 m,
849 m, 778 m, 749vs, 709w, 686s, 662 m, 572 m, 558 m, 519 m, 488 m,
482m, 447w cm�1; UV/vis (MeOH): λmax (log ε)¼ 313 (4.05), 265 (3.88)
nm; 1H NMR (400 MHz, DMSO-d6): δ ¼ 13.31 (s, 1H, 1-OH), 8.23 (dd, J
¼ 8.3, 1.6 Hz, 2H, 3-Hþ30H), 8.11–8.06 (m, 5H, 4-Hþ40-H), 7.91 (d, J ¼
1.3 Hz, 1H, 7-H), 7.89 (ddd, J ¼ 5.7, 2.8, 1.5 Hz, 2H, 10-Hþ100-H), 7.77
(d, J ¼ 15.7 Hz, 1H, 8-H), 7.49–7.44 (m, 3H, 11-Hþ110-Hþ12-H) ppm;
13C NMR (126 MHz, DMSO-d6): δ ¼ 189.0 (C-6), 166.6 (C-1), 144.8
(C-8), 140.7 (C-5), 134.5 (C-9), 134.4 (C-2), 130.8 (C-12), 129.6
(C-4þC-40), 129.0 (C-10þC-100), 128.9 (C-11þC-110), 128.6 (C-3þC-30),
122.0 (C-7) ppm; MS (ESI, CHCl3/MeOH, 4:1): m/z ¼ 250.9 (100%, [M
� H]-), 386.8 (40%, [MþCl]-).

4.9. 4-(4-Nitro-3-phenylbutanoyl)benzoic acid (6) [1815579-07-7]

To a suspension of 5 (7.1 g, 28.1 mmol) in methanol (500 mL) and
nitromethane (30.2 mL, 0.3 mol), potassium hydroxide (2.07 g, 36.9
mmol) was added in several portions. The reaction was stirred and
heated under reflux for 6 h, and the solvent was removed under reduced
pressure. The residue was treated with aqueous HCl solutions (0.1 M,
200 mL; 1 M, 10 mL) and ethyl acetate (200 mL). The organic phase was
separated, dried (MgSO4), and the solvent was removed under reduced
pressure to yield 6 (8.65 g, 98%) as a beige solid; m.p. 175.1 �C; RF ¼
0.31 (toluene/ethyl acetate/heptane/HCOOH, 80:26:10:5); IR (ATR): ~v
¼ 3101w, 3062w, 3032w, 2897w, 2666w, 2550w, 1696s, 1682vs, 1571w,
1549vs, 1506w, 1454w, 1424m, 1406m, 1378m, 1367w, 1322m, 1291s,
1220m, 1202m, 1128w, 1119w, 992w, 976w, 971w, 930w, 853m, 806w,
769 m, 757 m, 700s, 683w, 643w, 557 m, 509w cm�1; UV/vis (MeOH):
5

λmax (log ε) ¼ 294 (3.22), 253 (4.22) nm; 1H NMR (400 MHz, DMSO-d6):
δ ¼ 13.29 (s, 1H, 1-OH), 8.06–7.96 (m, 4H, 3-Hþ30-Hþ4-Hþ40-H),
7.38–7.33 (m, 2H, 11-Hþ110-H), 7.32–7.25 (m, 2H, 12-Hþ120-H),
7.24–7.18 (m, 1H, 13-H), 4.97 (dd, J ¼ 13.0, 5.7 Hz, 1H, 9-Ha), 4.84 (dd,
J¼ 12.9, 9.6 Hz, 1H, 9-Hb), 4.03 (dq, J¼ 9.6, 6.9 Hz, 1H, 8-H), 3.67–3.50
(m, 2H, 7-H2) ppm; 13C NMR (126 MHz, DMSO-d6): δ ¼ 197.7 (C-6),
167.0 (C-1), 140.4 (C-10), 139.9 (C-5), 135.1 (C-2), 130.0 (C-4þC-40),
128.9 (C-12þC-120), 128.6 (C-3þC-3), 128.2 (C-11þC-110), 127.7 (C-
13), 80.1 (C-9), 42.0 (C-7), 39.6 (C-8) ppm; MS (ESI, CHCl3/MeOH, 4:1):
m/z ¼ 312.0 (100%, [M � H)-; analysis calcd for C17H15NO5 (313.31): C
65.17, H 4.83, N 4.47; found: C 64.79, H 5.03, N 4.20.

4.10. tert-Butyl 4-[4-(4-nitro-3-phenylbutanoyl)benzoyl]piperazine
carboxylate (7)

Compound 6 (6.0 g, 19.2 mmol) was suspended in dry DCM (50 mL)
under argon atmosphere. The suspension was cooled to 0 �C, and under
stirring cat. amounts of dry DMF and oxalyl chloride (3.2 mL, 38.3 mmol)
were added. The solution was stirred for 1.5 h at 21 �C; the solvent was
removed under reduced pressure. The obtained acid chloride was
redissolved in dry THF (2 � 100 mL), and the solvent was removed
multiple times to remove excessive oxalyl chloride. The acid chloride was
taken up in dry DCM (5 mL) and transferred dropwise to a solution of N-
Boc-piperazine (3.9 g, 21.1 mmol), and triethylamine (0.9 mL, 21.1
mmol) in dry DCM (10 mL). After stirring for 2 h, the solvent was
removed under reduced pressure, and the beige solid was purified by
column chromatography (SiO2, hexanes/ethyl acetate, 2:1) to yield 7
(6.64 g, 72%) as a white solid; m.p. 63.2 �C; RF ¼ 0.36 (hexanes/ethyl
acetate, 2:1); IR (ATR): ~v ¼ 2976w, 2864w, 1685s, 1631s, 1549s, 1505w,
1456 m, 1416s, 1378 m, 1365s, 1286 m, 1262s, 1247vs, 1231s, 1207 m,
1155vs, 1119s, 1075w, 1006s, 997s, 893w, 842 m, 759s, 700s, 551 m
cm�1; UV/vis (CHCl3): λmax (log ε) ¼ 255 (4.12) nm; 1H NMR (500 MHz,
CDCl3): δ¼ 7.98–7.93 (m, 2H, 4-Hþ40-H), 7.50–7.43 (m, 2H, 3-Hþ30-H),
7.35–7.30 (m, 2H, 12-Hþ120-H), 7.29–7.24 (m, 3H, 11-Hþ110-Hþ13-H),
4.85–4.78 (m, 1H, 7-Ha), 4.73–4.66 (m, 1H, 7-Hb), 4.21 (p, J ¼ 7.1 Hz,
1H, 8-H), 3.74 (s, 2H, 14-Haþ15-Ha), 3.61–3.25 (m, 8H, 9-H2þ14-
Hbþ140-H2þ15-H2þ150-H2), 1.46 (s, 9H, 18-H3þ180-H3þ1800-H3) ppm;
13C NMR (126 MHz, CDCl3): δ ¼ 196.3 (C-6), 169.3 (C-1), 154.6 (C-16),
140.4 (C-2), 139.0 (C-10), 137.4 (C-5), 129.2 (C-12þC-120), 128.5 (C-
4þC-40), 128.1(C-13), 127.6 (C-11þC-110), 127.5(C-3þC-30), 80.6 (C-
17), 79.6 (C-7), 47.1 (C-14þC-140), 42.0 (C-15þC-150), 41.8 (C-9), 39.4
(C-8), 28.5 (C-18þC-18’þC-1800) ppm; MS (ESI, CHCl3/MeOH, 4:1): m/z
¼ 504.2 (100%, [MþNa]þ); analysis calcd for C26H31N3O6 (481.55): C
64.85, H 6.49, N 8.73; found: C 64.69, H 6.71, N 8.55.

4.11. tert-butyl (Z)-4-(4-{2-([5-(4-hydroxyphenyl)-3-phenyl-1H-pyrrol-
2-yl]imino}-3-phenyl-2H-pyrrol-5-yl)benzoyl)piperazine-1-carboxylate (8)

Compounds 3 (1.86 g, 6.5 mmol), 7 (3.14 g, 6.5 mmol), and ammo-
nium acetate (17.6 g, 228 mmol) were dissolved in n-butanol (50 mL),
and the mixture was stirred under reflux for 8 h. The solvent was
removed under reduced pressure, and the blue solid was washed with
water, filtered off and dissolved in DCM (100mL). The organic phase was
washed with small amounts of water until pH neutral. After drying
(MgSO4), the compound was purified by column chromatography (SiO2,
CHCl3/ethyl acetate, 9:2) to afford 8 (3.68 g, 54%) as a blue solid; m.p.
223.6 �C; RF ¼ 0.41 (CHCl3/MeOH/NH4OH, 98:1.8:0.2); IR (ATR): ~v ¼
1690s, 1600s, 1587 m, 1562 m, 1465s, 1419s, 1291 m, 1277 m, 1263s,
1235vs, 1219 m, 1163vs, 1122s, 1005vs, 848s, 824s, 768s, 758vs, 694s,
550 m cm�1; UV/vis (CHCl3): λmax (log ε) ¼ 602 (4.31), 317 (4.53) nm;
1H NMR (500 MHz, DMSO-d6): δ ¼ 12.70 (s, 1H, 5-NH), 11.54 (t, J ¼ 2.8
Hz, 1H, 1-OH), 8.13–8.10 (m, 2H, 22-Hþ220-H), 8.10–8.04 (m, 2H, 15-
Hþ150-H), 7.80 (s, 1H, 19-H), 7.75–7.70 (m, 2H, 2-Hþ20-H), 7.63–7.58
(m, 3H, 10-Hþ100-Hþ13-H), 7.48–7.43 (m, 2H, 14-Hþ140-H), 7.43–7.40
(m, 2H, 23-Hþ230-H), 7.40–7.37 (m, 2H, 3-Hþ30-H), 7.35–7.28 (m, 2H,
11-Hþ110-H), 7.15–7.09 (m, 1H, 12-H), 7.05–7.03 (m, 1H, 6-H),
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3.64–3.30 (m, 8H, 26-H2þ260-H2þ27-H2þ270-H2), 1.40 (s, 9H, 30þ 300-
H3þ3000-H3) ppm; 13C NMR (126 MHz, DMSO-d6): δ ¼ 169.6 (C-25),
169.2 (C-1), 167.0 (C-20), 158.0 (C-17), 154.3 (C-28), 146.7 (C-21),
142.0 (C-18), 136.0 (C-9), 134.4 (C-24), 133.3 (C-16), 132.3 (C-7), 131.9
(C-4), 131.1 (C-22þC-220), 129.3 (C-15þC-150), 129.0 (C-11þC-110),
128.7 (C-13þC-14þC-140), 128.3 (C-23þC-230), 125.6 (C-5), 125.5 (C-
8), 125.4 (C-12), 124.9 (C-10þC-100), 123.5 (C-2þC-20), 122.1 (C-19),
117.9 (C-3þC-30), 104.7 (C-6), 79.6 (C-29), 47.4 (C-26þC-260), 44.1 (C-
27þC-270), 28.5 (C-30þC-30’þC-3000) ppm; MS (ESI, CHCl3/MeOH, 4:1):
m/z ¼ 676.3 (70%, [M � H]-); analysis calcd for C42H39N5O4 (677.81): C
74.43, H 5.80, N 10.33; found: C 74.17, H 6.03, N 10.03.

4.12. 3-(4-Hydroxyphenyl)-1,7-diphenyl-5-{4-[4-(tert-butoxycarbonyl)
piperazine-1-carbonyl] phenyl}-4,4-difluoro-4-bora-3a,4a,8-triaza-s-
indacene (9)

To an ice-cold solution of 8 (2.45 g, 3.6 mmol) in dry DCM (200 mL),
boron trifluoride diethyl etherate (4.58 mL, 36 mmol) and DIPEA (6.15
mL, 36 mmol) were added dropwise under stirring. The green solution
was stirred overnight and quenched with an aqueous solution of NaHCO3
(20 mL, satd.). The mixture was filtered through a pad of Celite, which
was rinsed with ethyl acetate until no green color was observed. The
organic phase was separated, washed with water (20 mL), brine (20 mL),
and dried over MgSO4. Once the solvent was removed under reduced
pressure, the green solid was purified by column chromatography (SiO2,
CHCl3 → CHCl3:MeOH:NH4OH, 9:1.8:0.2) to obtain unchanged starting
material 8 (490mg, 20%), product 9 (1144mg, 44%) and deprotected 10
(522 mg, 23%); m.p. 256 �C; RF ¼ 0.28 (CHCl3/ethyl acetate, 4:1); IR
(ATR): ~v ¼ 3397w, 3007w, 2977w, 2927w, 2868w, 2257vw, 1686 m,
1616 m, 1604 m, 1538 m, 1506s, 1475s, 1461s, 1444s, 1421s, 1389 m,
1365m, 1323m, 1285s, 1247s, 1233s, 1177s, 1121s, 1100s, 1071s, 1051
m, 1033s, 1021vs, 1006vs, 863 m, 820s, 761s, 744 m, 689s, 619s, 540 m
cm�1; UV/vis (CHCl3): λmax (log ε) ¼ 669 (4.04), 467 (3.20), 320 (3.63)
nm; 1H NMR (500MHz, DMSO-d6): δ¼ 8.29 (s, 1H, 1-OH), 8.24–8.16 (m,
4H, 3-Hþ30-Hþ11-Hþ110-H), 8.14–8.08 (m, 4H, 14-Hþ140-Hþ22-
Hþ220-H), 7.80 (s, 1H, 6-H), 7.58–7.47 (m, 7H, 10-Hþ100-Hþ12-Hþ15-
Hþ150-Hþ23-Hþ230-H), 7.46–7.40 (m, 2H, 13-Hþ19-H), 6.99–6.96 (m,
2H, 2-Hþ20-H), 3.48–3.23 (m, 8H, 26-H2þ260-H2þ27-H2þ270-H2), 1.40
(s, 9H, 30-H3þ300-H3þ30-H00-H3) ppm; 13C NMR (126 MHz, DMSO-d6): δ
¼ 169.0 (C-25), 163.0 (C-1), 162.4 (C-5), 154.3 (C-28), 153.2 (C-16),
146.9 (C-8), 144.8 (C-9), 143.5 (C-17), 140.3 (C-20), 137.3 (C-24), 133.8
(C-3þC-30), 133.2 (C-21), 132.7 (C-18), 131.7 (C-7), 130.6 (C-12), 129.8
(C-11þC-110), 129.6 (C-22þC-220), 129.5 (C-13), 129.4 (C-14þC-140),
129.2 (C-15þC-150), 129.1 (C-10þC-100), 127.7 (C-23þC-230), 122.3 (C-
6), 121.2 (C-4), 118.9 (C-19), 116.7 (C-2þC-20), 79.7 (C-29), 45.8 (C-
26þC-260), 41.0 (C-27þC-270), 28.5 (C-30þC-30’þC-3000) ppm; MS (ESI,
MeOH): m/z ¼ 724.3 (100%, [M � H]-); analysis calcd for
C42H38BF2N5O4 (725.59): C 69.52, H 5.28, N 9.65; found: C 69.36, H
5.47, N 9.38.

4.13. 3-(4-Hydroxyphenyl)-1,7-diphenyl-5-(4-(piperazine-1-carbonyl)
phenyl)-4,4-difluoro-4-bora-3a,4a,8-triaza-s-indacene (10)

Compound 9 (720 mg, 1 mmol) was dissolved in methanol (15 mL)
and HCl solution in dioxane (4 M, 10 mL, 1.1 mmol) was added under
stirring. After consumption of the starting material (as checked by TLC),
the solvent was removed under reduced pressure, and the solid residue
was purified by column chromatograhpy (SiO2, CHCl3/MeOH/NH4OH,
90:9:1) to afford 10 (570 mg, 91%) as a green solid; m.p. 200 �C; RF ¼
0.17 (CHCl3/MeOH/NH4OH, 90:9:1); IR (ATR): ~v ¼ 1633w, 1596 m,
1539m, 1512m, 1504m, 1415s, 1364m, 1319m, 1280s, 1232s, 1178m,
1126s, 1094s, 1068s, 1035s, 1021vs, 983s, 962s, 939s, 865 m, 822s,
760vs, 744s, 714m, 686vs, 617s, 566s, 552s, 530s, 462s, 403 s cm�1; UV/
vis (CHCl3): λmax (log ε) ¼ 669 (4.91), 467 (4.07), 319 (4.50) nm; 1H
NMR (500 MHz, CDCl3): δ ¼ 8.17–7.95 (m, 7H, 3-Hþ30-Hþ11-Hþ110-
Hþ12-Hþ14-H-140-H), 7.56–7.32 (m, 9H, 10-Hþ100-Hþ13-Hþ15-
6

Hþ150-Hþ22-Hþ220-Hþ23-Hþ230-H), 7.16 (s, 1H, 19-H), 6.94–6.79 (m,
3H, 2-Hþ20-Hþ6-H), 3.94–3.08 (m, 8H, 26-H2þ260-H2þ27-H2þ270-H2)
ppm; 11B NMR (160MHz, CDCl3): δ¼ 1.01 (t, J¼ 31.6 Hz) ppm; 19F NMR
(470 MHz, CDCl3): δ ¼ �130.85–132.06 (m) ppm; MS (ESI, MeOH): m/z
¼ 624.3 (100%, [M�H]-); analysis calcd for C37H30BF2N5O2 (625.49): C
71.05, H 4.83, N 11.20; found: C 70.81, H 5.06, N 10.97.

4.14. 3-O-acetyl-glcycyrrhetinic acid (11), 3-O-acetyl-ursolic acid (12),
3-O-acetyl-oleanolic acid (13), 3-O-acetyl-betulinic acid (14)

These compounds were prepared from the parent triterpenoic acids
by acetylation as previously described [30].

4.15. 3-(4-Hydroxyphenyl)-1,7-diphenyl-5-{4-[N-(3β-acetyloxy-11-oxo-
olean-12-en-28-oyl] piperazine-1-carbonyl)phenyl}-4,4-difluoro-4-bora-
3a,4a,8-triaza-s-indacene (15)

Following the GP from 11 (38 mg, 74 μmmol), 15 (58 mg, 70%) was
obtained as a green solid; m.p. 287 �C; RF¼ 0.15 (CHCl3/MeOH/NH4OH,
98:1.8:0.2); IR (ATR): ~v ¼ 2947w, 2928w, 2865w, 1728w, 1634 m, 1603
m, 1538 m, 1509 m, 1483 m, 1473 m, 1445 m, 1417 m. 1387 m, 1365 m,
1320 m, 1280 m, 1241s, 1178s, 1126s, 1095s, 1070s, 1036vs, 1022vs,
1002vs, 985s, 827 m, 761s, 746s, 688s, 673 m, 617 m, 407 m cm�1; UV/
vis (CHCl3): λmax (log ε) ¼ 669 (4.88), 469 (4.05), 320 (4.43) nm; 1H
NMR (500 MHz, CDCl3): δ ¼ 8.08–7.98 (m, 7H, 46-Hþ460-Hþ47-Hþ53-
Hþ530-Hþ58-Hþ580-H), 7.57–7.33 (m, 9H, 37-Hþ370-Hþ38-Hþ380-
Hþ45-Hþ450-Hþ57-Hþ570-Hþ59-H), 7.12 (s, 1H, 50-H), 6.97–6.88 (m,
3H, 41-Hþ54-Hþ540-H), 5.68 (s, 1H, 12-H), 4.49 (dd, J ¼ 11.7, 4.7 Hz,
1H, 3-H), 3.93–3.41 (m, 8H, 33-H2þ330-H2þ34-H2þ340-H2), 2.79 (d, J¼
13.4 Hz, 1H, 1-Ha), 2.37 (s, 1H, 9-H), 2.23 (d, J ¼ 13.1 Hz, 1H, 18-H),
2.07 (s, 3H, 32-H3), 2.13–2.01 (m, 2H, 16-Haþ19-Ha), 2.01–1.94 (m,
1H, 21-Ha), 1.88–1.78 (m, 1H, 15-Ha), 1.78–1.38 (m, 10H, 2-H2þ6-
H2þ7-H2þ19-Hbþ21-Haþ22-H2), 1.36 (s, 3H, 27-H3), 1.23 (s, 3H, 29-
H3), 1.22–1.15 (m, 1H, 15-Hb), 1.17 (s, 3H, 25-H3), 1.12 (s, 3H, 26-H3),
1.10–0.99 (m, 2H, 1-Hbþ16-Hb), 0.91–0.87 (m, 6H, 23-H3þ24-H3), 0.82
(s, 3H, 28-H3), 0.85–0.74 (m, 1H, 5-H) ppm; 11B NMR (160 MHz, CDCl3):
δ ¼ 0.99 (t, J ¼ 31.0 Hz) ppm; 19F NMR (376 MHz, CDCl3): δ ¼
�130.15–132.95 (m) ppm; 13C NMR (126 MHz, CDCl3): δ ¼ 200.2 (C-
11), 174.5 (C-30), 171.6 (C-31), 170.3 (C-35), 169.8 (C-13), 161.9 (C-
51), 160.7 (C-55), 154.1 (40), 146.9 (C-49), 145.2 (C-56), 141.5 (C-42),
135.8 (C-36), 134.1 (C-39), 132.7 (C-47), 132.6 (C-43), 131.8 (C-44),
129.8 (C-59), 129.7 (C-48), 129.4 (C-58þC-58’þC-53þC-530), 129.2 (C-
46þC-460), 129.0 (C-37þC-370), 128.6 (C-57þC-570), 128.5 (C-45þC-
450), 128.3 (C-12), 127.3 (C-38þC-380), 122.6 (C-52), 120.2 (C-50),
117.9 (C-41), 116.3 (C-51þC-510), 81.2 (C-3), 61.8 (C-9), 55.0 (C-5),
48.5 (C-18), 47.7 (C-34þC-340), 45.4 (C-8), 43.9 (C-20), 43.5 (C-21),
43.4 (C-14), 42.5 (C-33þC-330), 38.8 (C-1), 38.0 (C-4), 37.6 (C-22), 36.9
(C-10), 33.5 (C-19), 32.8 (C-7), 31.9 (C-17), 28.4 (C-28), 28.0 (C-24),
27.1 (C-29), 26.7 (C-16), 26.4 (C-15), 23.5 (C-2), 23.1 (C-27), 21.4 (C-
32), 18.7 (C-26), 17.4 (C-6), 16.7 (C-23), 16.4 (C-25) ppm; MS (ESI,
CHCl3/MeOH, 4:1): m/z ¼ 1119.3 (100%, [M]-); analysis calcd for
C69H76BF2N5O6 (1120.20): C 73.98, H 6.84, N 6.25; found: C 73.60, H
7.02, N 6.02.

4.16. 3-(4-Hydroxyphenyl)-1,7-diphenyl-5-{4-[N-(3β-acetyloxy-ursan-
12-en-28-oyl] piperazine-1-carbonyl)phenyl)}-4,4-difluoro-4-bora-
3a,4a,8-triaza-s-indacene (16)

Following the GP from 12 (30 mg, 58 μmmol), 13 (41 mg, 63%) was
obtained as a green solid; m.p. 234 �C; RF¼ 0.27 (CHCl3/MeOH/NH4OH,
98:1.8:0.2); IR (ATR): ~v ¼ 2923w, 2870w, 1730w, 1634 m, 1602 m, 1540
m, 1511m, 1501m, 1483m, 1475s, 1444s, 1419m, 1388s, 1369m, 1320
m, 1281 m, 1237s, 1178s, 1126s, 1095s, 1071s, 1036vs, 1022vs, 1003s,
985s, 968m, 944m, 826m, 771s, 746m, 688s, 663m, 618m, 579m, 411
m cm�1; UV/vis (CHCl3): λmax (log ε) ¼ 666 (4.89), 471 (4.05), 318
(4.43) nm; 1H NMR (400 MHz, CDCl3): δ¼ 8.12–7.96 (m, 7H, 46-Hþ460-
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Hþ47-Hþ53-Hþ530-Hþ58-Hþ580-H), 7.58–7.31 (m, 9H, 37-Hþ370-
Hþ38-Hþ380Hþ45-Hþ450-Hþ57-Hþ570-Hþ59-H), 7.12 (s, 1H, 50-H),
6.98–6.86 (m, 3H, 41-Hþ54-Hþ540-H), 5.20 (s, 1H, 12-H), 4.48 (q, J
¼ 7.8, 6.3 Hz, 1H, 3-H), 3.97–3.18 (m, 8H, 33-H2þ330-H2þ34-H2þ340-
H2), 2.46–2.09 (m, 1H, 18-H), 2.03 (s, 3H, 32-H3), 1.95–1.84 (m, 2H, 11-
H2), 1.83–1.17 (m, 15H, 1-Haþ2-H2þ6-H2þ7-H2þ9-Hþ16-H2þ19-
Hþ21-H2þ22-H2), 1.07–0.97 (m, 7H, 1-Hbþ15-H2þ20-Hþ27-H3),
0.96–0.89 (m, 6H, 25-H3þ30-H3), 0.89–0.84 (m, 3H, 29-H3), 0.84–0.75
(m, 7H, 5-Hþ23-H3þ24-H3), 0.71 (d, J ¼ 3.9 Hz, 3H, 26-H3) ppm; 11B
NMR (128 MHz, CDCl3): δ ¼ 0.99 (t, J ¼ 31.5 Hz) ppm; 19F NMR (376
MHz, CDCl3): δ ¼ �129.13–134.44 (m) ppm; 13C NMR (101 MHz,
CDCl3): δ ¼ 175.9 (C-28), 171.1 (C-31), 170.3 (C-35), 162.1 (C-51),
161.0 (C-55), 153.6 (C-40), 146.9 (C-49), 145.3 (C-56), 141.4 (C-42),
138.5 (C-13), 135.7 (C-36), 134.3 (C-39), 132.7 (C-47), 132.6 (C-43),
131.7 (C-44), 129.8 (C-59), 129.6 (C-48), 129.4 (C-53þC-530), 129.4 (C-
58þC-580), 129.1 (C-46þC-460), 129.0 (C-37þC-370), 128.6 (C-45þC-
450), 128.6 (C-57þC-570), 127.4 (C-38þC-380), 125.4 (C-12), 122.3 (C-
52), 120.3 (C-50), 117.6 (C-41), 116.4 (C-54þC-540), 81.0 (C-3), 55.3 (C-
5þC-18), 48.7 (C-17), 47.5 (C-9), 45.3 (C-33þC-33’þC-34þC-340), 42.1
(C-14), 39.4 (C-8þC-19), 38.7 (C-20), 38.2 (C-1), 37.6 (C-4), 36.9 (C-10),
34.4 (C-22), 33.0 (C-7), 30.4 (C-21), 28.1 (C-15), 28.0 (C-24), 23.5 (C-
16þC-27), 23.3 (C-11), 21.3 (C-32), 21.2 (C-30), 18.2 (C-2þC-6), 17.4
(C-29), 16.9 (C-26), 16.7 (C-23), 15.5 (C-25) ppm; MS (ESI, CHCl3/
MeOH, 4:1): m/z ¼ 1106.3 (40%, [M]-); analysis calcd for
C69H78BF2N5O5 (1106.22): C 74.92, H 7.11, N 6.33; found: C 74.68, H
7.40, N 6.01.

4.17. 3-(4-Hydroxyphenyl)-1,7-diphenyl-5-{4-[N-(3β-acetyloxy-olean-
12-en-28-oyl] piperazine-1-carbonyl)phenyl}-4,4-difluoro-4-bora-3a,4a,8-
triaza-s-indacene (17)

Following the GP from 13 (30 mg, 58 μm mol), 15 (30 mg, 47%) was
obtained as a green solid; m.p. 283 �C; RF ¼ 0.23 (CHCl3/MeOH/NH4OH,
98:1.8:0.2); IR (ATR): ~v ¼ 2942w. 2927w, 2866w, 1729w, 1629 m, 1602
m, 1539 m, 1510 m, 1501 m, 1483 m, 1473s, 1444s, 1418 m, 1387s, 1366
m, 1320 m, 1279s, 1237s, 1178s, 1124s, 1094vs, 1070s, 1036s, 1021vs,
1001vs, 985s, 968s, 943m, 916m, 826m, 760s, 746s, 714m, 687s, 665m,
617 m, 586 m, 574 m, 531 m, 408 m cm�1; UV/vis (CHCl3): λmax (log ε) ¼
667 (4.93), 471 (4.09), 319 (4.49) nm; 1H NMR (500 MHz, CDCl3): δ ¼
8.13–7.94 (m, 7H, 46-Hþ460-Hþ47-Hþ53-Hþ530-Hþ58-Hþ580-H),
7.51–7.30 (m, 9H, 37-Hþ370-Hþ38-Hþ380-Hþ45-Hþ450-Hþ57-Hþ570-
Hþ59-H), 7.09 (s, 1H, 50-H), 6.96 (d, J ¼ 8.2 Hz, 2H, 54-Hþ540-H), 6.93
(s, 1H, 41-H), 5.24 (t, J ¼ 3.7 Hz, 1H, 12-H), 4.46 (t, J ¼ 7.9 Hz, 1H, 3-H),
3.87–3.27 (m, 8H, 33-H2þ330-H2þ34-H2þ340-H2), 3.10–2.99 (m, 1H, 18-
H), 2.16–1.98 (m, 1H, 16-Ha), 2.03 (s, 3H, 32-H3), 1.96–1.77 (m, 2H, 11-
H2), 1.74–1.42 (m, 10H, 1-Haþ2-H2þ6-Haþ9-Hþ15-Haþ16-Hbþ19-
Haþ22-H2), 1.42–1.12 (m, 6H, 6-Hbþ7-H2þ19-Hbþ21-H2), 1.09 (s, 3H,
27-H3), 1.07–0.96 (m, 2H, 1-Hbþ15-Hb), 0.90 (s, 3H, 29-H3), 0.89 (s, 3H,
25-H3), 0.87 (s, 3H, 30-H3), 0.82 (s, 3H, 24-H3), 0.80 (s, 3H, 23-H3),
0.80–0.76 (m, 1H, 5-H), 0.70 (s, 3H, 26-H3) ppm; 11B NMR (128 MHz,
CDCl3): δ ¼ 0.97 (t, J ¼ 31.4 Hz) ppm; 19F NMR (470 MHz, CDCl3): δ ¼
�129.19–-133.50 (m) ppm; 13C NMR (126MHz, CDCl3): δ¼ 175.6 (C-28),
171.1 (C-31), 170.2 (C-35), 162.2 (C-55), 161.4 (C-51), 153.3 (C-40),
146.9 (C-49), 145.3 (C-56), 144.4 (C-13), 143.9 (C-42), 135.8 (C-36),
134.2 (C-39), 132.7 (C-47), 132.6 (C-43), 131.6 (C-44), 129.8 (C-59),
129.6 (C-48), 129.4 (C-53þC-530), 129.4 (C-58þC-580), 129.1 (C-46þC-
460), 129.0 (C-37þC-370), 128.6 (C-45þC-450), 128.6 (C-57þC-570), 127.3
(C-38þC-380), 122.1 (C-12), 121.7 (C-52), 120.3 (C-50), 117.5 (C-41),
116.5 (C-54þC-540), 81.0 (C-3), 55.4 (C-5), 47.6 (C-9), 47.6 (C-17), 46.3
(C-19), 45.3 (C-34þC-340), 43.6 (C-18), 42.4 (C-33þC-330), 41.8 (C-8),
39.1 (C-14), 38.1 (C-1), 37.7 (C-4), 36.9 (C-10), 33.9 (C-21), 33.0 (C-30),
32.8 (C-7), 30.3 (C-20), 30.0 (C-22), 28.0 (C-24), 27.8 (C-15), 25.9 (C-27),
24.0 (C-29), 23.5 (C-2), 23.4 (C-11), 22.8 (C-16), 21.3 (C-32), 18.2 (C-6),
16.9 (C-26), 16.6 (C-23), 15.4 (C-25) ppm; MS (ESI, CHCl3/MeOH, 4:1):
m/z ¼ 1105.4 (100%, [M]-); analysis calcd for C69H78BF2N5O5 (1106.22):
C 74.92, H 7.11, N 6.33; found: C 74.77, H 7.34, N 6.02.
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4.18. 3-(4-Hydroxyphenyl)-1,7-diphenyl-5-{4-[N-(3β-acetyloxy-lup-
20(29)en-28-oyl] piperazine-1-carbonyl)phenyl}-4,4-difluoro-4-bora-
3a,4a,8-triaza-s-indacene (18)

Following the GP from 14 (50 mg, 58 μmmol), 17 (55 mg, 50%) was
obtained as a green solid; m.p. 274 �C; RF¼ 0.25 (CHCl3/MeOH/NH4OH,
98:1.8:0.2); IR (ATR): ~v ¼ 2941 m, 2867w, 1729w, 1635 m, 1602 m,
1537m, 1511m, 1505m, 1502m, 1483m, 1474s, 1445s, 1418m, 1388s,
1372 m, 1320 m, 1281s, 1262 m, 1238s, 1179s, 1125s, 1095s, 1070s,
1036vs, 1022vs, 1002vs, 979s, 944 m, 916 m, 899 m, 865 m, 841 m, 826
m, 771s, 763s, 746s, 713 m, 688s, 617 m, 587 m, 577 m, 530 m, 409 m
cm�1; UV/vis (CHCl3): λmax (log ε) ¼ 667 (4.89), 472 (4.05), 318 (4.47)
nm; 1H NMR (500 MHz, CDCl3): δ ¼ 8.08–8.01 (m, 7H, 46-Hþ460-Hþ47-
Hþ53-Hþ53-Hþ58-Hþ580-H), 7.55–7.36 (m, 9H, 37-Hþ370-Hþ38-
Hþ380-Hþ45-Hþ450-Hþ57-Hþ570-Hþ59-H), 7.10 (s, 1H, 50-H), 6.95 (s,
1H, 41-H), 6.89 (d, J ¼ 8.3 Hz, 2H, 54-Hþ540-H), 4.74–4.67 (m, 1H, 29-
Ha), 4.58 (d, J ¼ 2.0 Hz, 1H, 29-Hb), 4.49–4.40 (m, 1H, 3-H), 3.86–3.32
(m, 8H, 33-H2þ330-H2þ34-H2þ340-H2), 3.01–2.90 (m, 1H, 19-H),
2.86–2.75 (m, 1H, 13-H), 2.03 (s, 3H, 32-H3), 2.06–1.96 (m, 1H, 16-
Ha), 1.96–1.77 (m, 2H, 21-Haþ22-Ha), 1.66 (s, 3H, 30-H3), 1.72–1.49 (m,
6H, 1-Haþ2-H2þ9-Hþ12-Haþ16-Hb), 1.48–1.19 (m, 10H, 6-H2þ7-
H2þ11-H2þ15-Haþ21-Hbþ22-Hbþ18), 1.12 (d, J¼ 13.2 Hz, 1H, 15-Hb),
0.99–0.83 (m, 2H, 1-Hbþ12-Hb), 0.92 (s, 3H, 27-H3), 0.89 (s, 3H, 26-H3),
0.81 (s, 3H, 25-H3), 0.80 (s, 3H, 24-H3), 0.78 (s, 3H, 23-H3), 0.74 (d, J ¼
8.5 Hz, 1H, 5-H) ppm; 11B NMR (160 MHz, CDCl3): δ ¼ 0.99 (t, J ¼ 31.5
Hz) ppm; 19F NMR (470 MHz, CDCl3): δ ¼ �130.07–-132.33 (m) ppm;
13C NMR (126 MHz, CDCl3): δ ¼ 174.1 (C-28), 171.1 (C-31), 170.4 (C-
35), 161.9 (C-51), 160.5 (C-55), 154.0 (C-40), 151.0 (C-20), 146.8 (C-
49), 145.3 (C-56), 141.7 (C-42), 135.8 (C-36), 134.2 (C-39), 132.6 (C-
47), 132.5 (C-43), 131.8 (C-44), 129.8 (C-59), 129.6 (C-48), 129.4 (C-
53þC-530), 129.4 (C-58þC-580), 129.2 (C-46þC-460), 129.1 (C-37þC-
370), 128.6 (C-45þC-450), 128.6 (C-57þC-570), 127.3 (C-38þC-380),
122.7 (C-52), 120.1 (C-50), 117.8 (C-41), 116.3 (C-54-H þ C-540), 109.4
(C-29), 81.0 (C-3), 55.5 (C-5), 54.7 (C-17), 52.6 (C-9), 50.7 (C-18), 47.9
(C-34þC-340), 45.6 (C-19), 42.5 (C-33þC-330), 41.9 (C-14), 40.7 (C-8),
38.4 (C-1), 37.8 (C-4), 37.1 (C-10), 36.9 (C-13), 36.0 (C-22), 34.3 (C-7),
32.6 (C-16), 31.3 (C-21), 29.8 (C-15), 27.9 (C-24), 25.6 (C-12), 23.7 (C-
2), 21.3 (C-32), 21.1 (C-11), 19.6 (C-30), 18.2 (C-6), 16.4 (C-23), 16.2 (C-
25), 16.0 (C-26), 14.6 (C-27) ppm; MS (ESI, CHCl3/MeOH, 4:1): m/z ¼
1006.5 (30%, [M]-); analysis calcd for C69H78BF2N5O5 (1106.22): C
74.92, H 7.11, N 6.33; found: C 74.61, H 7.38, N 6.51.
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