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Nummerierung der Verbindungen 

Die vorliegende Arbeit besteht zu einem großen Teil aus den eigenen wissenschaftlichen 

Veröffentlichungen. Aufgrund der Vielzahl an Verbindungen in den jeweiligen 

Veröffentlichungen, wurde auf eine Durchnummerierung verzichtet, um dem Leser eine 

bessere Übersichtlichkeit zu bieten. Die Verbindungen sind in den jeweiligen 

Veröffentlichungen bzw. den jeweiligen Kapiteln getrennt voneinander nummeriert. Die 

analytischen Daten der Verbindungen sind im experimentellen Teil ebenfalls entsprechend 

den jeweiligen Kapiteln getrennt aufgeführt. 

Verallgemeinerte Strukturen in Schemata, die Reaktionsmechanismen und –prinzipien 

erläutern, wurden nicht nummeriert. 
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1 Struktur der Arbeit 

Die vorliegende Arbeit wurde in kumulativer Form verfasst. Der Hauptbestandteil diese 

Arbeit sind fünf eigenständige wissenschaftliche Veröffentlichungen, die sich zu dem 

Themengebiet der selektiven Fluoralkylgruppeneinführung in organische Moleküle 

zusammenfassen lassen. Dennoch sind die Eigenschaften der fluorierten Gruppen 

verschieden, weshalb diese in eigenständigen Unterkapiteln in der Einleitung (Kapitel 2) 

näher erläutert werden. 

Aufgrund der kumulativen Art enthält diese Arbeit englische Originaltexte eigener 

wissenschaftlicher Veröffentlichungen. Diese wurden mit deutschsprachigen Einführungen in 

die Thematik jeweils ergänzt. 

Im Kapitel 3 sind die grundlegende Aufgabenstellung und die Zielsetzung erläutert. Diese 

werden im folgenden Kapitel in den einzelnen Projekten detaillierter formuliert und die 

erhaltenen Ergebnisse nach jeweiliger kurzer Einleitung in die Thematik diskutiert. Die 

Aufgabenverteilung gemeinsam bearbeiteter Projekte ist ebenfalls in der jeweiligen Einleitung 

erläutert. Kopien der Manuskripte bereits veröffentlichter Ergebnisse sowie 

Manuskriptentwürfe sind den betreffenden Abschnitten der Arbeit angefügt. Im Kapitel 5 

werden die Ergebnisse kurz zusammengefasst und ein Ausblick auf nächste Arbeiten 

gegeben. 

Die experimentellen Daten finden sich am Ende der Arbeit, sortiert nach Projekten, in 

einem gemeinsamen Kapitel. Diese setzen sich aus den experimentellen Teilen der 

Veröffentlichungen zusammen und sind zum größten Teil in englischer Sprache. 
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2 Einleitung 

2.1 Eigenschaften und Bedeutung fluoralkylierter Verbindungen 

Das Fluoratom, mit der Elektronenkonfiguration [(1s2)(2s2)(2p5)], ist nur geringfügig 

größer als das kleinste Element Wasserstoff (Van-der-Waals-Radius 1.47 Å vs. 1.20 Å), und 

mit 3.98 auf der Pauling-Skala das elektronegativste sowie reaktivste Element des 

Periodensystems.[1] Aufgrund der hohen Reaktivität kommt Fluor in der Natur nur in 

Verbindungen, am häufigsten in Mineralien wie z.B. Flussspat (CaF2), vor. Fluorhaltige 

Naturstoffe sind dagegen sehr selten.
[2]

 Die Tatsache, dass die meisten Organismen 

Kohlenstoff-Fluorbindungen nicht um-, auf- oder abbauen können, wird gezielt in der 

Entwicklung von Medikamenten,
[3]

 Pflanzenschutzmitteln
[4]

 und Funktionsmaterialien
[5]

 

genutzt. Fluorsubstituenten führen in organischen Molekülen zur starken 

Bindungspolarisierung und ändern deren physikalische und chemische Eigenschaften. Eine 

Kohlenstoff-Fluor-Einheit kann sowohl mit polaren funktionellen Gruppen wie 

Carbonylgruppen und Wasserstoffbrückendonoren als auch mit hydrophoben Resten 

Wechselwirkungen eingehen. Eine Einführung von Fluorsubstituenten in biologisch aktive 

Moleküle kann deren Bioverfügbarkeit und metabolische Stabilität steigern. Dabei können die 

pKs-Werte der Wirkstoffe so verändert werden, dass diese besser vom Zielorganismus 

resorbiert werden können.
[6]

 Die Lipophilie der Wirkstoffe kann durch Fluorierung bzw. 

Fluoralkylierung erhöht werden. Hohe Lipophilie der Wirkstoffe ist aufgrund des verbesserten 

passiven Transports durch die unpolaren Zellmembranen in der Wirkstoffentwicklung 

erwünscht. Zusammengefasst lässt sich festhalten, dass eine geschickte Einführung von Fluor 

und Fluorsubstituenten in Medikamentenkandidaten die Rezeptorbindungsaffinität, 

Wirksamkeit und Wirkungsdauer rational steuerbar machen kann. Deshalb ist es nicht 

verwunderlich, dass etwa 40 % aller Agrochemikalien und 25 % aller Arzneimittel in ihrer 

Struktur Fluoratome enthalten und dieser Trend setzt sich stetig fort.
[7,8]
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Den Hauptbestandteil fluorierter Wirkstoffe machen aufgrund des erhöhenden Effektes 

der metabolischen Stabilität einfach fluorierte Aryle und Alkyle aus (Schema 1).
[9]

 

 

Schema 1. Diversität fluorierter Gruppen in Pharmazeutika. 

Ein sogenanntes „Fluorine-Scan“ ist in der Wirkstoffentwicklung mittlerweile eine 

Standardprozedur bei der Fluorsubstituenten wie CF3, C2F5, SCF3, OCF3 etc. systematisch 

eingeführt und auf ihre Wirkung getestet werden.
[8]

 Der Effekt der Bioisosterie (Änderung der 

biologischen Aktivität ohne die Struktur zu beeinflussen) wird speziell im Bereich des 

rationalen Wirkstoffdesigns genutzt, um die Wirkung und die Wirkungsdauer zu steuern. 

In den folgenden Abschnitten werden die besonderen Eigenschaften und die Einführung 

von CF3, SCF3 und SCF2H-Gruppen näher erläutert, da die vorliegende Dissertation sich 

hauptsächlich mit der Einführung dieser Gruppen befasst. 

2.1.1 Trifluormethylgruppen 

Unter den Fluorsubstituenten erwies sich die Trifluormethylgruppe (CF3-Gruppe) wegen 

ihrer besonderen physikalischen und chemischen Eigenschaften als besonders wertvoll für 

Pharmazeutika,
[3]

 Pflanzenschutzmittel
[4]

 und Funktionsmaterialien.
[5]

 Die CF3-Gruppe ist 

geringfügig größer als eine Methylgruppe (Van-der-Waals-Volumen 42.6 Å
3
 vs. 16.8 Å

3
) und 

besitzt eine vergleichbar hohe Elektronegativität von 3.45 auf der Pauling-Skala wie 

Sauerstoff (3.44) oder Chlor (3.16).
[10,11]

 Die geringe Polarisierbarkeit der CF3-Gruppe führt 

zur Erhöhung der Lipophilie der trifluormethylierten Verbindungen.
[12]

 Folglich führt in 

ArF 
47% 

AlkF 
18% 

ArCF3 
15% 

HetArCF3 
 

AlkCF3 
 

OCHF2 
 

SCF3 
 

SCH2CF3 
 

COCF3 
 SCF2H 

 

OCF3 
 

NHCH2CF3 OCH2CF3 
 

Fluorierte Pharmazeutika 
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einem Wirkstoff der Austausch einer Methyl- oder Methoxygruppe mit einer 

Trifluormethylgruppe in einem Wirkstoff zu einer verbesserten Bioverfügbarkeit und 

metabolischen Stabilität, wobei die geringen Größenunterschiede der Substituenten den 

Enzym-Substrat-Komplex kaum verändern. Ein Beispiel dafür ist die Funktionalisierung des 

Zytostatikums Epothilon, welches durch eine Trifluormethylierung erhöhte metabolische 

Stabilität bei vergleichbarer zytotoxischer Wirkung erzielte und anschließend unter dem 

Namen Fludelon auf den Markt kam.
[13]

 Fluoxetin, Celecoxib, Efavirenz sind weitere 

Beispiele für trifluormethylierte Arzneimittel und bei den Agrochemikalien sind als weitere 

Beispiele Beflubutamid, Trifloxystrobine und Norflurazon (Schema 2) zu nennen.
[3]

 

 

Schema 2. Wirkstoffe mit Trifluormethylgruppen. 

In den vergangenen Jahren wurden aufgrund der stetig steigenden Nachfrage an 

trifluormethylierten Verbindungen zahlreiche innovative Reaktionen und Reagenzien 

entwickelt, die eine Einführung der CF3-Gruppe in organische Moleküle in späten Stufen 

einer Synthese ermöglichten. Diese sollen im nachfolgenden Unterkapitel näher erläutert 

werden. 
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2.1.2 Reaktionen und Reagenzien zur Trifluormethylierung 

2.1.2.1 Traditionelle Methoden  

Traditionelle Methoden zur Synthese von Trifluormethylgruppen sind 

Fluorierungsreaktionen. Diese basieren auf dem Fluor-Halogen-Austausch am 

Kohlenstoffatom, welcher bereits zuvor in der Zielstruktur eingeführt wurde. Diese 

Fluorierungsmethode wurde im Jahre 1898 erstmals am Beispiel von Benzotrichlorid von 

Swarts beschrieben (Schema 3).
[14]

 

 

Schema 3. Swarts-Reaktion zur Synthese von Benzotrifluoriden. 

Die Swarts-Reaktion wurde seit ihrer Entdeckung weiterentwickelt und wird noch heute in 

industriellen Syntheseverfahren genutzt.
[15]

 Allerdings ist diese Methode nur unter sehr 

harschen Reaktionsbedingungen wie z.B. Reaktionstemperaturen weit über 100 °C, in situ 

Generierung von stark korrosiven Wasserstofffluorid Gasen anwendbar und erfordert dazu 

entsprechende Reaktorausrüstung. Zudem ist ihre Anwendungbreite durch diese 

Reaktionsbedingungen an Substratklassen stark beschränkt, weshalb sie ausschließlich am 

Anfang einer Synthesesequenz eingesetzt wird. 

2.1.2.2 Moderne Trifluormethylierung 

Aufgrund der starken Nachfrage an trifluormethylierten Verbindungen wurden im letzten 

Jahrzehnt enorme Fortschritte bei der Entwicklung moderner Methoden zur 

Trifluormethylierung gemacht. Als Beleg hierfür gelten die mehr als 350 wissenschaftliche 

Veröffentlichungen seit dem Jahre 2008, die über innovative Verfahren zur Einführung dieser 

Gruppe berichten.
[16]

 Trifluormethylgruppen werden als eine ganze Einheit regio- und sogar 

enantioselektiv in hochkomplexe, funktionalisierte organische Moleküle eingeführt, meist 

übergangsmetallkatalysiert.
[17-22]

 Hierbei erschwert die Bindung der CF3 Gruppe an die 

Katalysatormetalle, bedingt durch einerseits einen hohen polaren Anteil, andererseits durch 

eine Rückbindung der d-Orbitale in die σ* (C─F) Bindungen, den Schritt der reduktiven 

Eliminierung und stellt eine Herausforderung dar. In den folgenden Abschnitten wird anhand 

ausgewählter Beispiele der Stand der Forschung vorgestellt. 
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Trifluormethylierung mit elektrophilen Reagenzien 

Eine große Bandbreite von Substraten kann mit elektrophilen 

Trifluormethylierungsreagenzien unter Tolerierung einer Vielzahl an funktionellen Gruppen 

umgesetzt werden. Besonders im Labormaßstab werden die kristallinen und leicht 

handhabbaren Reagenzien verwendet und erhielten häufig Trivialnamen wie z.B. die Togni`s 

Reagenzien oder Umemoto`s Reagenzien. Sie alle haben den großen Nachteil durch die hohen 

molaren Massen erhebliche Mengen an Abfall zu generieren und sind daher für den 

industriellen Maßstab zu kosten- und abfallintensiv (Schema 4). 

 

Schema 4. Elektrophile Trifluormethylierungsreagenzien. 

Durch den Einsatz dieser Reagenzien wurden zahlreiche Trifluormethylierungsmethoden 

entwickelt und die Bandbreite der Substratklassen maßgebend erweitert. Sowohl sp, sp
2
 als 

auch sp
3
 hybridisierte nukleophile oder radikalische Kohlenstoffzentren können unter 

optimierten Bedingungen mit diesen elektophilen Reagenzien trifluormethyliert werden.
[20]

 So 

werden beispielsweise Nukleophile wie Alkenyl- und Arylboronsäuren in Gegenwart eines 

Kupferkatalysators trifluormethyliert (Schema 5). 

 

Schema 5. Elektrophile Trifluormethylierung von Aryl- und Alkenylboronsäuren. 

α,β-Ungesättigte Carbonsäuren können in einem kupferkatalysierten System unter 

Decarboxylierung zu trifluormethylierten Alkenen umgesetzt werden, wobei die 

Trifluormethylquelle zugleich als Oxidatiansmittel dient (Schema 6).
[23]

 

 

Schema 6. Trifluormethylierung α,β-Ungesättigter Carbonsäuren. 
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Heteroaromaten können in Gegenwart einer Lewis-Säure wie z.B. 

Zinkbis(trifluormethylsulfonyl)imid oder Kupferacetat in 2-Position regioselektiv 

trifluormethyliert werden (Schema 7).
[24]

 

 

Schema 7. Trifluormethylierung der Heteroaromaten. 

Über eine C-H Funktionalisierung mittels dirigierender Stickstoffgruppen (DG) können 

Arene palladiumkatalysiert selektiv trifluormethyliert werden (Schema 8). Ein Vorteil hierbei 

ist, dass selten eine ortho.ortho-Ditrifluormethylierung stattfindet. Der Grund dafür ist 

höchstwahrscheinlich die sterische Hinderung der CF3-Gruppe für eine weitere 

Cyclometallierung. 

 

Schema 8. Trifluormethylierung über C-H Funktionalisierung. 

Unter Nutzung chiraler Enamine durch Organokatalyse können enantioselektive 

α-Trifluormethylierungen von Carbonylverbindungen ermöglicht werden. MacMillan und 

seine Mitarbeiter berichteten über die enantioselektive α-Trifluormethylierung von Aldehyden 

unter Iridium-Photoredox-Cokatalyse (Schema 9).
[25]

  

 

Schema 9. Enantioselektive α-Trifluormethylierung von Aldehyden. 

Trifluormethylierung mit nukleophilen Reagenzien  

Die nukleophile Trifluormethylierung ist eine breit angewandte Strategie um stabilisierte 

Trifluormethyl-Anionenäquivalente auf elektrophile Gruppen zu übertragen. Die 
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Herausforderung dabei ist die Instabilität des Trifluormethylanions und den damit 

verbundenen Zerfall in Fluorid und Difluorcarben, die sogenannte α-Fluorideliminierung zu 

kontrollieren (Schema 10).
[26]

 

 

Schema 10. Zerfallsgleichgewicht des Trifluormethylanions. 

Als Pränukleophile werden präformierte Metalltrifluormethylkomplexe aus den Metallen 

Sn, Hg, Cu, Cd, Zn und Ag
[27-31]

 Trifluomethylacetate,
[32,33]

 TMSCF3,
[34]

 K(OMe)3CF3,
[35]

 und 

Fluoroform,
[36,37]

 ein Abfallprodukt der Teflonindustrie, eingesetzt (Schema11). 

 

Schema 11. Nukleophile Trifluormethylierungsreagenzien. 

Um das instabile CF3-Anion in der Katalyse zu stabilisieren werden meist Metalle wie 

z.B. Zink und besonders Kupfer eingesetzt, da diese Metall-CF3-Komplexe bilden und das 

Anion so in Lösung stabilisieren, damit es anschließend mit den Elektrophilen weiter 

reagieren kann. Die Reaktion von Rupperts Reagenz mit Arylhalogeniden zu 

trifluormethylierten Arenen führten Vicic et al. mit preformierten Kupfer-Carbenkomplexen 

durch. Kondo, Amii, Grushin, Hartwig und Weng leisteten auf diesem Gebiet Pionierarbeiten, 

in denen diverse Kupfer-CF3-Komplexe als aktive Katalysatoren identifiziert wurden.
[38-42]

 

TMSCF3 das Rupperts Reagenz  

Das von Ruppert et al. zuerst beschriebene Trifluoromethylsilan Reagenz
[34]

 wird am 

häufigsten als nukleophile CF3-Quelle herangezogen, hierbei wird das Trifluormethylanion 

unter Zugabe eines Fluoridanions (z.B. Tetrabutylammoniumfluorid oder Kaliumfluorid) in 

stöchiometrischen Mengen aktiviert (Schema 11, rechts).
[43,44]

 Seit dem ersten Bericht über 

die Synthese im Jahre 1984,
[34]

 war der synthetische Nutzen des Rupperts Reagenzes bis 1997 

zunächst hauptsächlich auf die nukleophile Trifluormethylierung harter Kohlenstoff-
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Elektrophile wie z.B. nicht-enolisierbare Aldehyde und Ketone, Lactone, zyklische Anhydride 

und Azirine (Schema 12) limitiert.
[45]

 

 

Schema 12. Trifluormethylierung von Carbonylverbindungen. 

In den letzten Jahren wurden basierend auf den Pionierarbeiten von McLoughlin,
[46]

 

Yagupoliskii,
[47]

 Burton,
[48]

 Chambers
[49]

 und Grushin
[50]

 erhebliche Fortschritte in der 

nukleophilen Trifluormethylierung geleistet. Vor allem mit dem TMSCF3 Reagenz.
[44]

 So 

werden unter anderem z.B. Arylhalogenide palladiumkatalysiert trifluormethyliert.
[51-53],[44]

 

Das Rupperts Reagenz und dessen Einsatz wird immer bedeutender für die organische 

Synthese seit in der richtungsweisenden Arbeit von Prakash et al. gezeigt wurde, dass sich 

dieses Reagenz aus dem Fluoroform Gas, dem ungenutzten Abfallprodukt der 

Teflonherstellung, herstellen lässt (Schema 13).
[54]

 

 

Schema 13. Rupperts Reagenz Synthese aus Fluoroform. 

Fluoroform ist zwar nicht ozonschädigend, aber dennoch ein starkes Treibhausgas 

(15.000-mal stärker als Kohlendioxid), dessen Freisetzung in die Atmosphäre schwere 

Umweltschäden (sog. „climate bomb“) verursacht. Umso bedeutender ist die Verwertung 

dieses Gases als wertvolle nachhaltige CF3-Quelle.  

Über die Struktur von TMSCF3 und seinen Derivaten in katalysierten Reaktionen und die 

entsprechenden Reaktionsmechanismen wurden zahlreiche Studien durchgeführt. Der 

synthetische Nutzen dieses Reagenzes wurde vom nukleophilen CF3-Anion (Schema 14, A) 

auf radikalische „∙CF3“ (B), Difluorcarben-„:CF2“, elektrophile „CF3
+
“ (z.B. Synthese der 

Togni`s Reagenz G, Phenyliodonium-CF3 oder Umemoto Reagenzien E) Quellen oder mittels 

Reduktion als CF2H-Quelle erweitert (Schema 14).
[44]
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Schema 14. Rupperts Reagenz als nachhaltige, vielfältige CF3-Quelle. 

Als Alternative zur Verwendung ozonschädlicher Interhalogenverbindungen wie z.B. 

CF3Br, kann TMSCF3 auch ausgehend von Flussspat als natürliche Fluoridquelle auf 

nachhaltige Syntheseroute über Fluoroform (CF3H) hergestellt werden. 

2.1.3 Trifluormethylthiolgruppen 

Im Vergleich zu den intensiven Forschungen zur Trifluormethylierung gewinnt seit kurzer 

Zeit die Einführung der weniger erforschtenTrifluormethylthiolgruppe (SCF3-Gruppe) immer 

mehr an Bedeutung. Die SCF3-Gruppe ist eine der lipophilsten Substituenten (Hansch 

Konstanten für Lipophilie für SCF3 1.44 vs. für CF3 0.88)
[55]

 und kann als Substituent in 

einem Wirkstoff-Kandidaten die Membranpermeabilität signifikant erhöhen und gleichzeitig 

dessen metabolische Stabilität positiv beeinflussen.
[4]

 Bereits heute sind einige 

trifluormethylthiolierte Wirkstoffe in Pharmazeutika oder Agrochemikalien, wie z.B. Tiflorex 

und Toltrazuril, zugelassen und es ist davon auszugehen, dass dieser Trend in naher Zukunft 

weiter zunimmt (Schema 15). 

 

Schema 15. Wirkstoffe mit Trifluormethylthiolgruppen. 



EINLEITUNG 

11 

 

2.1.4 Reaktionen und Reagenzien zur Trifluormethylthiolierung 

2.1.4.1 Traditionelle Methoden 

Die klassischen Methoden zur Einführung einer SCF3-Gruppe basieren, ähnlich wie die 

Swarts-Reaktion, auf dem Fluor-Halogen-Austausch oder Trifluormethylierung am 

Schwefelzentrum, welches bereits zuvor am Zielmolekül installiert wurde (Schema 16).
[56-65]

 

Diese Methoden erfordern jedoch harsche Reaktionsbedingungen und/oder sind auf ihren 

schwefelhaltigen Ausgangsstoffen beschränkt. 

 

 

Schema 16. Traditionelle Synthesestrategien der Trifluormethylthiolgruppen. 

2.1.4.2 Moderne Trifluormethylthiolierung 

Die steigende Nachfrage nach trifluormethylthiolierten Verbindungen führte zwangsläufig 

zur Entwicklung neuer Reagenzien und Methoden, die eine direkte Einführung von 

SCF3-Gruppen als eine ganze Einheit in organische Moleküle erlauben.
[66]

  

Trifluormethylthiolierung mit elektrophilen Reagenzien 

Bis zum Jahre 2009 wurde das Gas CF3SCl ausschließlich als elektrophiles 

Trifluormethylierungsreagenz eingesetzt.
[66]

 Die hohe Toxizität des Reagenzes beschränkte 

dessen Einsatz und führte schließlich zum Verwendungsverbot in der organischen Synthese. 

In den letzten Jahren wurden zahlreiche Reagenzien unter anderem in den Forschungsgruppen 

Munavalli, Langlois, Shen etc. entwickelt, welche aus nukleophilen SCF3-Quellen 

(hauptsächlich aus Silbertrifluormethylthiolat, AgSCF3 oder Kupfertrifluormethylthiolat 

CuSCF3) synthetisiert werden (Schema 17).
[66]
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Schema 17. Elektrophile Trifluormethylthiolierungsreagenzien. 

Die Verfügbarkeit dieser Reagenzien führte zu zahlreichen 

Trifluormethylthiolierungsmethoden und erschuf somit den Zugang zu Verbindungen mit 

biologisch wertvollen Eigenschaften.  

Trifluormethansulfenamide (Billard’s Reagenzien) reagieren mit Alkinen und Alkenen 

unter sauren Bedingungen z.B. in Gegenwart von Brönstedt oder Lewis Säuren 

(Schema 18).
[67]

 Im Falle der Alkene können regio- und stereoselektive Produkte erhalten 

werden, was ein Indiz dafür ist, dass diese Additionsreaktion über eine Episulfonium 

Zwischenstufe verläuft. Indole werden an den C2 oder C3 Positionen mittels direkter 

elektrophiler aromatischer Substitution trifluormethylthioliert, wobei die Position C3 

bevorzugt wird, jedoch erfolgt die Reaktion an C2, wenn C3 substituiert ist.
[68]

 

 

Schema 18. Trifluormethylthiolierung mit Billards Reagenz. 

Im Falle terminaler Alkine wird das Shens Reagenz in Gegenwart eines 

Kupferkatalysators zur Trifluormethylthiolierung eingesetzt (Schema 19).
[69]
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Schema 19. Trifluormethylthiolierung mit Shens Reagenz. 

Aryl- und Vinylboronsäuren können mit diesem Reagenz trifluormethylthioliert werden. 

β-Ketoester können an der α-Position in Gegenwart katalytischer Mengen an Base meistens 

4-(Dimethylamino)pyridine (DMAP) trifluormethylthioliert werden.
[70]

  

 

Schema 20. Trifluormethylthiolierung mit Shibatas Reagenz. 

Die Arbeitsgruppe von Shibata berichtete über die Synthese von hypervalenten 

trifluormethylsulfonylyliden aus Triflon.
[71]

 In Gegenwart von katalytischen Mengen an 

Kupfer konnte dieses Reagenz zahlreiche Nukleophile wie z.B. β-Enamine und Ketone 

trifluormethylthiolieren. Des Weiteren wurden Indole an C3 Position und β-Ketoester in 

α-Position trifluormethylthioliert.
[71]

 

Diese Reagenzien liefern alle „SCF3
+“

, dennoch unterscheiden sie sich in ihrer Reaktivität 

signifikant. Dazu wurden mechanistische und theoretische Untersuchungen geleistet und eine 

Auflistung mit steigender „SCF3-Kation-Donor-Fähigkeit“ (Tt
+
DA) erstellt. Diese sollte zur 

Hilfe der richtigen Reagenzienwahl dienen (Schema 21).
[72]

 Dabei wurde die freie Gibbs-

Energie der heterolytischen Spaltung der Y-SCF3 (Y-Heteroatom der Reagenzien N, O, Cl) in 

Y-Anion und SCF3-Kation bei Raumtemperatur berechnet. 
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Schema 21. SCF3-Kation-Donor-Fähigkeiten der Trifluormethylthiolierungsreagenzien. 

Während das Billards Reagenz mit 59.7 kcal/mol für stärkere Nukleophile einsetzbar sind, 

sind Imid Derivative mit ca. 34 kcal/mol wesentlich reaktiver. Das SCF3-N-Saccharin, 

entwickelt in der Gruppe von Shen, ist am reaktivsten mit 17.9 kcal/mol.
[72]

 

Trifluormethylthiolierung mit nukleophilen Reagenzien 

Nukleophile Trifluormethylthiolierungen wurden in den letzten Jahren ebenfalls 

entwickelt, wobei die Instabilität des SCF3
-
-Anions und dessen Zerfall in Difluorthiophosgen 

und Fluorid, eine Herausforderung darstellt (Schema 21).
[73-76]

 

 

Schema 21. Zerfall des SCF3
-
-Anions. 

Analog zu den Erfahrungen aus der Trifluormethylierung wurden auch hier stabilisierende 

Metalle wie Hg
II
, Ag

I
 und Cu

I 
eingesetzt. Zunächst wurde Hg(SCF3)2 durch die Reduktion 

von Bis(trifluormethyl)dilsulfid mit elementarem Quecksilber hergestellt und als 

präformiertes Trifluormethylthiolierungsreagenz in nukleophile Substitutionsreaktionen 

eingesetzt (Schema 22).
[77]

  

 

Schema 22. Trifluormethylthiolierung von Alkylhalogeniden. 

Aufgrund der hohen Toxizität des Quecksilbers (Hg
II
) wurden Alternativen AgSCF3 und 

CuSCF3 untersucht. Im Jahre 2011 berichtete die Forschungsgruppe von Buchwald eine 

palladiumkatalysierte Methode zur Trifluormethylthiolierung von Arylbromiden mit AgSCF3 

(Schema 23).
[78]
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Schema 23. Trifluormethylthiolierung von Arylbromiden. 

Das AgSCF3 Salz lässt sich aus Kohlenstoffdisulfid (CS2) und Silberfluorid (AgF) 

herstellen (Schema 24, I). Das Kupfertrifluormethylthiolat (CuSCF3) lässt sich anschließend 

aus AgSCF3 und Kupferbromid (CuBr) mittels einer Salzmetathese synthetisieren (II).
[79]

 

 

Schema 24. Synthese von Silber- und Kupfertrifluormethylthiolaten. 

Der große Nachteil dieser Reagenzien ist die teure Herstellung des AgSCF3 Salzes, 

welches 3 Äquivalente an AgF und den Einsatz von toxischem Kohlenstoffdisulfid erfordert. 

Seit kurzem wird das Tetramethylammonium trifluormethylthiolat Salz (Me4NSCF3) als 

alternative nukleophile SCF3-Quelle eingesetzt. Dieses ist aus dem Rupperts Reagenz 

TMSCF3, Schwefel und Tetramethylammoniumfluorid leicht herzustellen und stellt eine der 

momentan günstigsten und nachhaltigen SCF3-Quellen dar (Schema 25).
[80]

 

 

Schema 25. Synthese des Tetramethylammonium trifluormethylthiolat Salzes. 

Diverse Elektrophile wie z.B. Vinyliodide, Arylhalogenide und -diazonium Salze konnten 

in sehr guten Ausbeuten unter milden Reaktionsbedingungen, meist sogar bei 

Raumtemperatur redoxneutral trifluormethylthioliert werden (Schema 26). Aber auch 

Nukleophile wie z.B. Aryl- und Vinylboronsäuren können unter oxidativen Bedingungen 

meist kupferkatalysiert umgesetzt werden.
[81-87]

 

 

Schema 26. Trifluormethylthiolierung mit Me4NSCF3. 
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2.2 Sandmeyer-Reaktion 

Die Sandmeyer-Reaktion, benannt nach ihrem Entdecker Traugott Sandmeyer, ist eine 

erstmals 1884 beschriebene Methode zur Überführung aromatischer Amine in die 

Arylhalogenide oder -pseudohalogenide.
[88]

 Aromatische Amine werden zunächst unter 

sauren Bedingungen zu den entsprechenden Diazoniumsalzen überführt, welche anschließend 

unter Freisetzung des Stickstoffs in der Lage sind mit diversen Nukleophilen 

Kreuzkupplungsreaktionen einzugehen.  

 

Schema 27. Sandmeyer-Reaktion. 

Die zur Herstellung benötigten Anilinderivate sind kommerziell in großer struktureller 

Vielfalt und recht günstig verfügbar. Weitere Vorteile dieser Transformation sind die hohe 

Toleranz gegenüber einer Vielzahl funktioneller Gruppen sowie milde Reaktionsbedingungen. 

Die Sandmeyer-Reaktion zählt zu den bekanntesten Namensreaktionen der organischen 

Synthesechemie.  

2.2.1 Der Mechanismus 

Hantzsch berichtete bereits im Jahre 1895 über die Diazo-Stickstoff-Komplexbildung des 

Diazoniumsalzes in Gegenwart von Kupferbromid (CuBr) und dessen Zerfall zu Brombenzol 

bei der Zugabe von Wasser (Schema 28, links)
[89]

 während in Gegenwart von Kupferchlorid 

Chlorbenzol gebildet wurde (rechts).
[90]

 Dies zeigt, dass das Halogenid, welches die 

Diazogruppe ersetzt, vom Kupfersalz stammt.  

 

Schema 28. Bromierung und Chlorierung des Phenyldiazoniumbromides. 

Die Freisetzung des Stickstoffs als Abgangsgruppe kann sowohl heterolytisch als auch 

homolytisch erfolgen (Schema 29). In Gegenwart eines Kupfersalzes findet ein 

Einelektrontransfer (SET) vom Kupfer auf die Diazogruppe statt, sodass nach der 

Dediazonierung ein Arylradikal gebildet wird.
[91] 

In Abwesenheit eines Reduktionsmittels 
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verläuft die Dediazonierung heterolytisch. Die Triebkraft ist in beiden Prozessen die Bildung 

des molekularen Stickstoffs.  

 

Schema 29. Dediazonierungen des Diazoniumsalzes. 

Die Gruppen um Waters,
[92]

 Kornblum,
[93]

 Knochi,
[94]

 Rüchardt,
[95]

 Bunnet
[96] 

und 

Zollinger
[97]

 leisteten Pionierarbeiten bei den Untersuchungen zur Dediazonierung und 

postulierten folgenden Mechanismus (Schema 30). Die Diazogruppe des Salzes A wird unter 

Oxidation von Cu
+1

 zu Cu
2+

 mittels eines SET zum Diazenylradikal (B) reduziert. Dieses setzt 

Stickstoff frei und bildet das Arylradikal (C), welches mit dem Gegenanion (Nu = Cl
-
, Br

-
, 

CN
-
) des Kupfersalzes unter Reduktion des Cu

2+
 zu Cu

+
 reagiert.  

 

Schema 30. Der Mechanismus der Sandmeyer Reaktion. 

Das Kupfer fungiert dabei sowohl als Elektronendonor als auch –akzeptor. Bei der 

Einführung von leicht oxidierbaren Nukleophilen wie z. B. Iodid erfolgt die Reaktion ohne 

Zusatz eines Kupfersalzes. Als mögliche Nebenprodukte entstehen Biaryle und 

Azoverbindungen, was ebenfalls ein Beweis für radikalische Zwischenstufen ist. 

Durch Untersuchungen zur Reduktion auf einer Elektrodenoberfläche zeigten Elofson und 

Gadallah eine Übersicht über die polarographische Halbstufenreduktionspotentiale (E1/2) der 

Aryldiaziumionen (Tabelle 1).
[98]
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Tabelle 1. Halbstufenreduktionspotentiale der Aryldiazoniumsalze. 

Eintrag Substituent E1/2 

(gegen SCE), V 

Eintrag Substituent E1/2 

(gegen SCE), V 

1 p-NO2 +0.450 7 p-SO3
- 

+0.297 

2 p-CN +0.433 8 p-H +0.295 

3 p-I +0.383 9 p-Me +0.250 

4 p-Br +0.383 10 p-OMe +0.140 

5 p-Cl +0.350 11 p-N(Me)2 -0.095 

6 p-CO2
- 

+0.328    

Gemessen in Sulfolan, SCE = saturated calomel electrode, Kalomelektrode, V = Volt, E1/2 polarographische  

Halbstufenreduktionspotentiale. 

Elektronenziehende Effekte führten zur Erhöhung der Potentiale (+0.450 V für p-NO2 vs 

0.297 V für H). D.h. die Reduktionsreaktion wird durch elektronenziehende Effekte 

begünstigt (Schema 31). Elektronenreiche Aryldiazoniumsalze (z.B. p-N(Me)2 mit -0.095 V) 

verlangsamen dagegen die Reaktion durch stabilisierende Effekte auf die Diazogruppe.  

 

Schema 31. Substituenteneffekte auf die Stabilität der Diazoniumsalze. 

2.2.2 Katalytische Sandmeyer-Reaktionen  

Die Sandmeyer-Reaktion stellt eine nachhaltige Methode zur Einführung von 

Nukleophilen in aromatische Verbindungen dar. Die hohe Toleranz gegenüber funktionellen 

Gruppen und die milden Reaktionsbedingungen machen sie- und konzeptionell ähnliche 

Methoden attraktiv in der organischen Synthese. Weiterhin spart die Nutzung von 

aromatischen Aminen gegenüber den üblicherweise genutzten Arylhalogeniden mindestens 

eine Stufe in der Synthesesequenz, i.e. die Sandmeyer-Halogenierung von Diazoniumsalzen. 

Der einzige Nachteil der Reaktion ist der Einsatz stöchiometrischer Mengen an Kupfer. In den 

letzten Jahren wurden hier jedoch erhebliche Fortschritte gemacht, sodass die Bromierung, 

Cyanierung und Thiocyanierung schon mit katalytischen Mengen an Kupfer erfolgen 

können.
[99,100]

 Dies wurde durch ein effektives Cu(I)/Cu(II)-System (jeweils 10 Mol%) und 

den Einsatz von Kronenether Liganden, welche stabilisierende Effekte auf die Nukleophile 

ausüben, ermöglicht (Schema 32, A). Das Konzept der Sandmeyer-Reaktion wurde auf 
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Borylierung (B) und Stannylierung (C) erweitert.
[101,102]

 Die Trifluormethylthiolierung 

ausgehend von präformiertem Kupfertrifluormethylthiolat wurde von Clark et al. berichtet 

(D), wobei sich die Anwendungsbreite dieser Methode nur auf elektronenarme Aniline und 

ihre korrespondierenden Aryldiazoniumsalze beschränkte.
[103]

 Dies spricht dafür, dass die 

Reaktion nicht über die klassische Sandmeyer-Route verläuft, sondern höchstwahrscheinlich 

über eine nukleophile aromatische Substitution.  

 

Schema 32. Sandmeyer-ähnliche Reaktionen. 

In den Forschungsgruppen von Gooßen, Fu und Wang wurden unabhängig voneinander 

Sandmeyer-analoge Trifluormethylierungsmethoden entwickelt (E).
[104]

  

 

Schema 33. Sandmeyer-Trifluormethylierungen. 

Die Methode, entwickelt von Fu und seinen Mitarbeiter, setzte aromatische Amine in 

Gegenwart von elementarem Kupfer mit elektrophilem CF3-Reagenz unter oxidativen 

Bedingungen um (Schema 33, A). Wang generierte AgCF3 aus AgF und TMSCF3 und setzte 

diese mit in situ generierten Diazoniumsalzen weiter um (B). Im Arbeitskreis von Gooßen 
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wurde eine direkte Sandmeyer Trifluormethylierungsmethode entwickelt(C). CuCF3 wurde 

aus TMSCF3 und Kupferthiocyanat (CuSCN) in situ generiert, welches anschließend mit dem 

präformierten Diazoniumsalzen umgesetzt wurde. Der klare Vorteil der Methoden von Fu und 

Wang ist die direkte Umsetzung der Amine in ihre Benzotrifluoride, während die Methode 

von Gooßen den Einsatz der präformierten Diazoniumsalze erfordert. Der Einsatz von teurem 

Umemoto`s Reagenz oder überschüssigem Silbersalz machen die Anwendung dieser 

Methoden allerdings extrem kostspielig. 

Nach der erfolgreichen Entwicklung der Sandmeyer-ähnlichen Methode zur 

Trifluormethylierung von Diazoniumsalzen wurde die Einführung der 

Trifluormethylthiolgruppen in Aryldiazoniumsalze im Arbeitskreis von Gooßen untersucht. 

Basierend auf dem Bericht von Clark wurden zwei unterschiedliche Strategien in 

Erwägung gezogen (Schema 34). Einerseits eine Methode in der die SCF3-Einheit sequentiell 

aus unterschiedlichen Reagenzien in situ eingeführt (A) und zum anderen eine Übertragung 

der SCF3-Einheit als Ganzes (B). 

 

Schema 34. Sandmeyer-ähnliche Trifluormethylthiolierungen. 

In der sequentiellen Strategie wird nach der in situ Thiocyanierung, das Schwefelzentrum 

mittels ebenfalls in situ generiertem Kupfertrifluormethylat CuCF3 trifluormethyliert 

(Schema 35). Es werden 50 Mol% Kupferthiocyanat als Katalysator benötigt um die 

CF3-Anion vollständig zu stabilisieren. Die Besonderheit dieser Methode ist, dass 

kommerziell verfügbares, nachhaltig herstellbares Rupperts Reagenz TMSCF3 und günstiges 

Natriumthiocyanatsalz (NaSCN) bei Raumtemperatur umgesetzt werden. Deshalb eignet sich 

diese Methode besonders gut für Scale-Up Prozesse. 

 

Schema 35. Sequentielle Sandmeyer-Trifluormethylthiolierungen. 
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Die direkte Sandmeyer Reaktion verläuft nach dem klassischem Sandmeyer 

Mechanismus, in dem die Kupfertrifluomethylthiolat Spezies involviert ist (Schema 36). Das 

Tetramethylammoniumtrifluormethylthiolat Salz (Me4NSCF3) reagiert in Gegenwart von 

10 Mol% Kupferthiocyanat mit dem Diazoniumsalz. Die Besonderheit dieser Methode ist, 

dass deutlich weniger Kupfer benötigt wird, da es ausschließlich als ein 

Einelektronentransfer-Katalysator dient. Diese Methode eignet sich besonders gut für schnelle 

Screeningreaktionen im Labormaßstab. 

 

Schema 36. Direkte Sandmeyer-Trifluormethylthiolierungen. 

2.3 Herausforderungen und offene Probleme 

2.3.1 Einsatz der Interhalogenverbindungen als Fluoralkylquelle 

Die starke Nachfrage an fluoralkylierten Substraten führte in den letzten Jahren zu einer 

immensen Entwicklung an Fluoralkylierungsmethoden insbesondere im Bereich der 

Trifluormethylierung. Zunächst bestand das Hauptaugenmerk der Forschung auf der Synthese 

der wertvollen fluorierten Substrate ohne dabei die Nachhaltigkeit der Reaktionskonzepte zu 

berücksichtigen. So wurden hauptsächlich Methoden entwickelt, in denen 

Interhalogenverbindungen eingesetzt wurden. Insbesondere Fluorchlorkohlenwasserstoffe 

(FCKW), welche zu den langlebigen, anthropogenen, ozonschädigenden Treibhausgasen 

gehören. Zwar haben sich die Unterzeichnerstaaten im Montrealer Protokoll verpflichtet, die 

Emission der ozonzerstörenden Chemikalien zu minimieren, jedoch können Folgeprodukte, 

die aus FCKWs erzeugt werden, weiterhin verwendet werden. 

2.3.2 Fluoroform ein ungenutztes Abfallprodukt der Teflonindustrie 

Die Herstellung von Tetrafluorethylen, der Grundbaustein von Teflon, erfordert die 

Synthese von Chlordifluormethan (CHClF2, HCFC-22, R-22) als Ausgangsverbindung. Diese 

wird industriell durch Fluorierung von Chloroform mit Flusssäure (HF), in der sog. 

Swarts-Reaktion, hergestellt. Hierbei entsteht Fluoroform aufgrund der Überfluorierung als 

Nebenprodukt. Auch wenn der Fluoroformanteil bei diesem Verfahren im Verhältnis zum 

gewünschten Produkt prozentual gering ist, fallen allein durch die Synthese von HCFC-22 

weltweit tausende Tonnen Fluoroform an. Schätzungen zufolge werden bis zum Jahr 2015 
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über 24.000 Tonnen Fluoroform zirkuliert.
[105]

 Der industrielle Einsatz des Fluoroforms als 

Synthesebaustein ist im Vergleich zu dessen anfallender Menge nicht annähernd angemessen.  

Die geringe Reaktivität des Fluoroforms erschwert dessen umweltgerechte 

Entsorgung.
[106]

 Nur durch eine vollständige Verbrennung mittels thermischer Oxidation, 

katalytischer Hydrolyse oder Plasmavergasung ist eine nachhaltige Entsorgung möglich. Die 

Nachteile dieser Verfahren liegen im hohen Energieverbrauch, der Notwendigkeit von 

speziellen Materialien, welche bei einer Ofentemperatur von 1200 °C in Gegenwart der stark 

korrosiver Flusssäure standhalten, dem Einsatz teurer Katalysatoren und der möglichen 

Erzeugung hochgiftiger Fluorphosgene. Zudem produziert die Neutralisation der Flusssäure 

große Mengen anorganischer Fluoridsalze. 

Es wäre weitaus vorteilhafter, das anfallende Fluoroform als CF3-Baustein für die 

organische Synthese nutzbar zu machen. Insbesondere, da letzteres häufig aus eigens dafür 

erzeugten, ozonschädlichen Fluorhalogenkohlenwasserstoffen hergestellt werden. Angesichts 

der kontinuierlich steigenden Nachfrage nach fluorierten Wirkstoffen und 

Funktionsmaterialien ergäbe sich durch die Entwicklung fluoroformbasierter Synthesen zwei 

entscheidende Vorteile: 1) Die aufwendige Entsorgung von Fluoroformabfällen wäre bei einer 

Vermarktungsmöglichkeit des Materials nicht mehr notwendig, wodurch auch die 

Versuchung wegfiele, Produktionskosten durch dessen illegale Freisetzung zu vermindern. 2) 

Die Produktion von Fluorhalogenkohlenwasserstoffen in Nicht-Montreal-Staaten als Rohstoff 

für Trifluormethylierungsreagenzien wäre nicht mehr lukrativ. 
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3 Aufgabenstellung 

Das Ziel dieses Dissertationsvorhabens war die rationale Entwicklung umweltfreundlicher 

atomeffizienter Methoden zur regioselektiven Einführung von Fluoralkyl(thiol)gruppen in 

organische Moleküle. Anstelle von ozonschädlichen Fluorhalogenkohlenwasserstoffen soll 

dabei Fluoroform (HFC-23) und dessen Folgeprodukte wie z.B. TMSCF3 oder KB(OMe)3CF3 

als Quelle der Fluoralkylgruppen dienen.  

Aufbauend auf meiner Diplomarbeit war das Ziel zunächst die Sandmeyer 

Fluoralkylierungsmethoden hin zu einem Eintopfverfahren zu optimieren. Dabei war das Ziel 

die Verwendung von in situ diazotierten aromatischen Aminen, die sowohl die Isolierung, als 

auch die Handhabung der chemisch reaktiven Diazoniumsalze als Zwischenstufe ersparen. 

Anschließend sollte die Anwendungsbreite bestimmt werden. 

Weiterhin lag das Hauptaugenmerk darauf das Sandmeyer–analoge Reaktionskonzept auf 

weitere wichtige Fluoralkyl(thiol)gruppen, wie beispielsweise CF2H, SCF2H, oder SC2F5, zu 

erweitern und im Erfolgsfall die Anwendungsbreite zu bestimmen. 
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4 Ergebnisse 

4.1 Eintopf-Sandmeyer-Reaktion – CF3 und SCF3 

Das Ziel dieses Teilprojekts bestand in der konsequenten Fortsetzung der Ergebnisse 

meiner Diplomarbeit zu Sandmeyer-artigen Trilfuormethyl- und 

Trifluormethylthiolierungen.
[104]

 
[107]

 Im Rahmen dieser Arbeit sollten diese Methoden weiter 

im Hinblick auf Atomeffizienz und Anwendbarkeit für Scale-Up Prozesse optimiert werden. 

Dafür sollten Untersuchungen zur in situ Generierung der Diazoniumsalze (Diazotierung) 

erfolgen. Als Testsystem wurde 4-Methoxyanilin in Gegenwart diverser Säuren unter jenen 

Reaktionsbedingungen umgesetzt, die sich bei den vorherigen Methoden als optimal bewährt 

hatten. 

Die Optimierung des Katalysatorsystems sowie die Untersuchung der Anwendungsbreite 

dieser Methode erfolgten zu gleichen Teilen mit Herrn C. Matheis. Herr E. Risto unterstütze 

uns bei der Auftrennung einiger Verbindungen. Das Manuskript verfasste ich zusammen mit 

Herrn Prof. Dr. L. J. Gooßen, während Herr C. Matheis die analytischen Daten auswertete 

und die Supporting Information erstellte. 

Die Ergebnisse wurden 2014 in den Zeitschriften Advanced Synthesis and Catalysis 

veröffentlicht.
[108]

 Teile dieser Arbeit wurden zusammen mit den vorherigen Ergebnissen zur 

Sandmeyer-Trifluormethylierung ausgehend von Diazoniumsalzen in der Zeitschrift Synthesis 

zusammengefasst.
[109]

 Dabei unterstützte ich Herrn Dr. G. Danoun, Herrn C. Matheis, Herrn 

M. F. Grünberg und Herrn Prof. Dr. L. J. Gooßen beim Verfassen des Manuskripts. Kopien 

der jeweiligen Manuskripte sind angepasst und mit Erlaubnissen der John Wiley & Sons, Inc. 

Bzw. Thieme nachfolgend beigefügt.  
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4.2 Synthese von Difluormethylthioethern ausgehend von Difluormethyl 

Trimethylsilan und in situ generierten Organothiocyanaten – SCF2H  

Das Ziel dieses Teilprojekts bestand in der Übertragung des Sandmeyer-analogen 

Trifluormethylthiolierungskonzepts auf die Einführung der Difluormethylthiolgruppe.  Dabei 

erwies sich das Reagenz TMSCF2H, welches aus TMSCF3 mittels einfacher Reduktion 

erhältlich ist,  als erfolgversprechend.
[110]

 Der Mechanismus verläuft dabei analog zu der 

Sandmeyer Trifluormethylthiolierung über einen CN-CF2H-Austausch der in situ generierten 

Organothiocyanate. 

Die ersten mechanistischen Kontrollexperimente mit präformierten Organothiocyanaten 

bestätigten die Realisierbarkeit dieses Konzepts. Nach der sorgfältigen Optimierung aller 

Reaktionsparameter wie zum Beispiel Temperatur, Lösemittel, Katalysator etc. lieferte die 

Testreaktion das gewünschte SCF2H Produkt in quantitativer Ausbeute. Im Anschluss wurde 

die Methode mit Unterstützung von Herrn C. Matheis auf ein Eintopfverfahren verfeinert, 

sodass die Organothiocyanate in situ in der Reaktionslösung generiert werden konnten. Die 

Anwendungsbreit wurde zusätzlich mit der Unterstützung von Herrn Dr. K. Jouvin 

gemeinsam bestimmt. Hierbei wurden insgesamt 35 bisher unbekannte Substrate synthetisiert 

und vollständig charakterisiert. Das Manuskript wurde von mir zusammen mit Herrn Prof. Dr. 

L. J. Gooßen verfasst, während Herr Dr. K. Jouvin und Herr C. Matheis die analytischen 

Daten auswerteten und die Supporting Information erstellten. 

Die Ergebnisse wurden 2015 in der Zeitschrift Angewandte Chemie Int. Ed. 

veröffentlicht.
[111]

 Eine Kopie des Manuskripts ist angepasst und mit Erlaubnis der John 

Wiley & Sons, Inc. nachfolgend beigefügt. 
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4.3 Eisenkatalysierte Decarboxylierung von Trifluoracteten – SCF3 

Das Ziel dieses Teilprojekts bestand in der mechanistischen Untersuchung zur 

Decarboxylierung von Trifluoracetaten. Um Einblicke in den Mechanismus zu erhalten wurde 

die Decarboxylierung verschiedener Trifluoracetate in Anwesenheit von Eisen- und 

Kupfermediatoren untersucht. Die Decarboxylierungen sollten an präparativ einfach 

durchführbaren Testreaktionen durchgeführt werden, in denen die gebildeten 

Trifluormethylnukleophile auf ein Elektrophil übertragen werden und so eine einfache 

Analytik der Produkte erlauben. Basierend auf den vorherigen Ergebnissen erwies sich die 

Umsetzung der Organothiocyanate in ihre korrespondierenden Trifluormethylthioether mittels 

CN-CF3-Austausches als vielversprechend.  

Im Rahmen einer Zusammenarbeit mit Herrn B. Exner konnte ein Verfahren entwickelt 

werden, in dem Organothiocyanate mittels Decarboxylierung von Trifluoracetatsalzen zu den 

korrespondierenden, wertvollen Trifluormethylthioethern (SCF3) umgesetzt werden können. 

Der eingesetzte Einsenkatalysator ermöglicht die Decarboxylierung von Trifluoracetaten bei 

140 °C und formt mit den entstehenden Cyaniden Eisencyanid-Komplexe [K4(FeCN6)4].  

Die Optimierungsarbeiten dieser Methode erfolgten zu gleichen Teilen von Herrn B. 

Exner und mir. Die Anwendungsbreite wurde mit zusätzlicher Unterstützung von Herrn F. Jia 

gemeinsam bestimmt. Das Manuskript wurde von Herrn B. Exner und mir zusammen mit 

Herrn Prof. Dr. L. J. Gooßen verfasst. Die Supporting Information wurde von  den Herren B. 

Exner und F. Jia erstellt 

Die Ergebnisse wurden 2015 in der Zeitschrift Chemistry – A European Journal 

veröffentlicht.
[112]

 Eine Kopie des Manuskripts ist angepasst und mit Erlaubnis der John 

Wiley & Sons, Inc. nachfolgend beigefügt. 
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4.4 Sandmeyer Pentafluoroethylthiolierung - SC2F5 

Das Ziel dieses Projekts bestand an der konsequenten Fortsetzung der Sandmeyer 

Trifluormethylthiolerung. Die Erweiterung dieser Methode auf die nächst längere 

perfluorierte Thioalkylgruppe (SC2F5) wurde untersucht. Die vielversprechenden 

Eigenschaften dieser Gruppe wurden aufgrund fehlender Reagenzien und Methoden vorher 

nahezu nicht untersucht. Herrn C. Matheis und mir gelang es mittels einer Zusammenarbeit 

mit der Firma CF Plus Chemicals ein neues SC2F5-Reagenz, ein Tetramethylammonium 

Pentafluoroethylthiolat Salz, aus nichtozonschädigenden Fluorkohlenwasserstoffen (TMS-

CF2CF3) und elementarem Schwefel herzustellen. In ersten Testreaktionen wurde das neue 

Reagenz in das aus vorangegangenen Arbeiten erarbeitetes Protokoll zur Sandmeyer 

Trifluormethylthiolierung (SCF3)
[87]

 übertragen, wodurch das gewünschte Produkt erhalten 

und die Machbarkeit dieses Ansatzes gezeigt werden konnte. Anschließend wurde die 

Methode von Herrn C. Matheis und mir vollständig optimiert. Mit Unterstützung von Dr. K. 

Jouvin wurde die Anwendungsbreite bestimmt. Das Manuskript wurde von mir und Herrn 

Prof. Dr. L. J. Gooßen verfasst, während Herr C. Matheis die Supporting Information 

erstellte. 

Die Ergebnisse wurden 2016 in der Zeitschrift Organic Chemistry Frontiers 

veröffentlicht.
[113]

 Eine Kopie des Manuskripts ist nachfolgend beigefügt. 
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4.5 Eisenvermittelte Decarboxylierung perfluorierter Carbonsäure Derivate - SRf 

Das Ziel dieses Projekts bestand an der Fortsetzung der Arbeiten zur eisenvermittelten 

Decarboxylierungen der Trifluoracetate. Nach der erfolgreichen Entwicklung zur 

decarboxylierenden Trifluormethylierung der Thiocyanate, war es naheliegend 

Decarboxylierungen weiterer perfluorierten Carbonsäure Derivaten zu untersuchen. Dabei 

wurde zunächst die Decarboxylierung der Pentafluorpropionate in Anwesenheit von Eisen- 

und Kupfermediatoren unter denselben Reaktionsbedingungen, die sich für die 

Decarboxylierung von Trifluoracetaten als optimal erwiesen hatten, untersucht. Die 

Kontrollexperimente bestätigten die Realisierbarkeit dieser Methode und den analogen 

mechanistischen Verlauf.  

Herr B. Exner entwickelte die Reaktion und optimierte das Katalysatorsystems. Herr B. 

Exner, Herr C. Matheis und ich synthetisierten diverse Organothiocyanate als Startmaterialien 

und untersuchten die Anwendungsbreite der Reaktion. Herr B. Exner verfasste das 

Manuskripts zusammen mit Herrn Prof. Dr. L. J. Gooßen, während Herr C. Matheis und ich 

die analytischen Daten auswerteten und die Supporting Information erstellten. 

Die Ergebnisse wurden 2016 in der Zeitschrift Journal of Fluorine Chemistry eingereicht. 

Eine Kopie des Manuskriptentwurfs ist nachfolgend beigefügt. 
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4.6 Synthese elektrophiler Trifluormethylthiolierungsreagenzien – SCF3 

Das Ziel dieses Projekts bestand darin nachhaltige Synthesen der gängigen elektrophilen 

Trifluormethylthiolierungsreagenzien zu entwickeln. Diese finden seit kurzer Zeit eine 

enorme Anwendungsbreite in der organischen Synthese, obwohl deren Herstellungsmethoden 

noch Optimierungsbedarf hinsichtlich Abfallminimierung und Resourceneffizienz zeigen. Für 

die Synthese der Reagenzien werden stöchiometrische Mengen Silbertrifluormethylthiolat 

AgSCF3 eingesetzt, welches wiederum aus überschüssigem Silberfluorid und toxischem 

Kohlenstoffdisulfid CS2 hergestellt wird.
[114]

 

Eine Synthesemethode der Reagenzien aus dem günstigen Me4NSCF3 sollte eine erheblich 

nachhaltigere Alternative darstellen. Me4NSCF3 ist günstig aus dem Fluoroformderivat 

TMSCF3, elementarem Schwefel und Tetramethylammoniumfluorid Me4NF zugängig. 

Die Reaktion wurde von mir entwickelt. Herr S. Kovács und ich synthetisierten diverse 

Reagenzien und untersuchten deren Anwendungsbreite zu gleichen Teilen. Das Manuskript 

verfasst ich zusammen mit Herrn Prof. Dr. L. J. Gooßen, während Herr S. Kovács die 

analytischen Daten auswerteten und die Supporting Information erstellte. 

Eine Kopie des Manuskriptentwurfes ist nachfolgend beigefügt. 
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4.7 Synthese neuer Reagenzien zu übergangsmetallkatalysierten Einführung von 

Phosphorothioatgruppen – SP(O)(OMe)2 

4.7.1 Hintergrund 

Organophosphorverbindungen finden aufgrund ihrer besonderen biologischen und 

physikalischen Eigenschaften eine breite Anwendung in der chemischen, agro-chemischen 

und medizinischen Industrie.
[115]

 Die Substitution der natürlichen Phosphate durch 

Phosphonate hat immensen Einfluss auf die metabolische Regulierung, so zeigen 

beispielsweise phosphorothioatmodifizierte Oligonucleotide zeigen eine deutlich gesteigerte 

Stabilität gegenüber Nucleasen auf.
[116,117]

 Unter den Phosphonatsubstituenten erwies sich die 

Phosphorothioatgruppe als besonders wertvoller Grundbaustein für Pharmazeutika und 

Pestizide in der organischen Synthese (Schema 37).  

 

Schema 37. Biologisch aktive Phosphorothioate. 

Traditionelle Methoden zur Einführung dieser Gruppe basieren auf die Additionsreaktion 

von Sulfenylhalogeniden oder Disulfiden an Phosphiten und erfordern stark basische 

Reaktionsbedingungen und den Einsatz hochtoxischer, feuchtigkeitsempfindlichen Phosphor- 

oder Schwefel-Halogenverbindungen.
[118,119]

 

In den letzten Jahren wurden neue Methoden ausgehend von Thiolsubstraten mit 

Sulfonylchloriden beschrieben.
[120-124]

 Allerdings wurde erst im Jahre 2016 eine halogenfreie, 

kupferkatalysierte Phosphorothiolierungsmethode ausgehend von Aryl-boronsäuren und –

diazoniumsalzen mit elementarem Schwefel und Phosphonat durch die Forschungsgruppe von 

Zhao beschrieben.
[125,126]

 

Dennoch, Reaktionen und Reagenzien, welche eine regiolselektive Einführung dieser 

Gruppe als Ganzes erlauben, konnten aufgrund der sensiblen Phosphor-Schwefel-Bindung 

nicht ermöglicht werden. 
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4.7.2 Entwicklung neuer Reagenzien zu übergangsmetallkatalysierten 

Einführung von Phosphorothioatgruppen 

Das Ziel des letzten Teilprojekts bestand an der konzeptionellen Übertragung der 

Reagenziensynthese (Kap. 4.6) auf die regioselektive Einführung von 

Phosphorothioatgruppen (-SP(O)OR2, mit R: Alkyl) in organische Verbindungen. Das 

Hauptaugenmerk lag dabei auf der Entwicklung neuer Reagenzien, die die Schwefel-

Phosphor-Einheit als Ganzes in späten Stufen einer Synthesesequenz ermöglichen.  

Zunächst wurde aufbauend auf den Arbeiten zu Me4NSCF3 die Synthese von 

Me4NSP(O)(OMe)2 aus Tetramethylammoniumfluorid (TMAF), elementarem Schwefel und 

Dimethyltrimethylsilylphosphit (TMS-P(O)(OMe)2) untersucht. Nach der erfolgreichen 

Synthese wurde die Anwendung am Beispiel der kupferkatylisierten Sandmeyer-analogen 

Reaktion mit Diazoniumsalzen bestimmt. Des Weiteren lieferten die ersten Testreaktionen 

einer palladiumkatalysierten Umsetzung des Aryliodids vielversprechende Ergebnisse.  

Anschließend wurde basierend auf den Erfahrungen aus der Synthese elektrophiler SCF3-

Reagenzien ebenfalls ein elektrophiles SP-Reagenz synthetisiert und seine potenzielle 

Anwendung mit der Umsetzung von Arylboronsäuren gezeigt. 

Diese Methoden ermöglichen zum ersten Mal die Einführung von 

Phosphorothioategruppen als ganze Einheit unter milden Reaktionsbedingungen und eröffnen 

komplett neuen Zugang zu der wichtigen Substratklasse. Die Vorteile dieser Sandmeyer 

Reaktion sind hohe Toleranz gegenüber funktioneller Gruppen und die geringe 

Katalysatorbeladung (20 mol% Kupferthiocyanat). 

Die Synthese der Reagenzien und Reaktionen zur Anwendung wurden von mir entwickelt. 

Herr Dr. A. Aillerie und Herr Dr. S. Kovács unterstützten mich bei der Bestimmung der 

Anwendungsbreite. Der Manuskriptentwurf wurde von mir erstellt, während die Herren A. 

Aillerie und S. Kovács die analytischen Daten auswerteten und die Supporting Information 

erstellten. 

Eine Kopie des Manuskriptentwurfs ist nachfolgend beigefügt. 
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5 Zusammenfassung und Ausblick 

Im Rahmen dieser Arbeit konnten neue Konzepte zur regioselektiven Einführung von CF3, 

SCF3, und SCF2H-Gruppen entwickelt und neue konzeptionelle Perspektiven für die 

Entwicklung nachhaltiger Fluoralkylierungsreaktionen und Reagenzien eröffnet werden. 

Im ersten Teilprojekt gelang es, praktische Eintopfverfahren zu entwickeln, mit denen 

Trifluormethyl- und Trifluormethylthiolgruppen selektiv in organische Moleküle eingeführt 

werden. Der maßgebliche Vorteil dieser Methoden ist, dass breit verfügbare aromatische 

Amine in situ diazotiert und ohne weitere Aufarbeitung weiter umgesetzt werden. Die 

vorteilhaften Reaktionsbedingungen wie z.B. Katalysatorbeladung, Raumtemperatur, und die 

hohe Toleranz gegenüber funktionellen Gruppen konnten beibehalten werden (Schema 38).  

 

Schema 38. Eintopf-Sandmeyer-Trifluormethyl(thiol)ierungen. 

Ein Ansatzpunkt für weitere Forschungen in diesem Projekt wäre die Reduzierung der 

substöchiometrischen Katalysatorbeladung bis hin zu katalytischen Mengen. Die 

Herausforderung dabei ist es die Reaktionsbedingungen so zu optimieren, dass das CF3-Anion 

stabil vorliegt ohne am Kupfer gebunden zu sein. Nur dann könnte der Kupferkatalysator als 

reiner Katalysator dienen und nicht zugleich als CF3-Stabilisator. Der mögliche Ansatz dazu 

wären die Untersuchungen von Hilfslösemittel wie z.B. DMF als CF3-Anionenreservoir oder 

weiteren Gegenkationen wie z.B. Me4N
+
. 

Im nächsten Teilprojekt wurde aufbauend auf dem Konzept der nukleophilen 

Difluormethylierung der Organothiocyanate Zugang zu wertvollen Difluormethylthioethern 

ermöglicht. Dabei werden die Organothiocyanate in situ in Reaktionslösung aus diversen 

Aryl- und Alkylhalogeniden und –pseudohalogeniden erzeugt, welche anschließend unter 

Einsatz von TMSCF2H difluormethyliert werden konnten (Schema 39). Der entscheidende 

Vorteil dieser Methode ist der Einsatz der nachhaltigen CF2H-Quelle, welche aus Fluoroform 

herstellbar ist. 
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Schema 39. Synthese der Difluormethyl Thioether. 

Weitere Untersuchungen zu dieser Thematik wäre die Synthese nukleophiler und 

elektrophiler SCF2H-Reagenzien, die eine direkte Einführung ermöglichen. Die 

Herausforderung dabei ist ein geeignetes Reaktionsmedium zu finden, in dem das acide 

Proton der SCF2H-Gruppe toleriert wird. 

In einem weiteren Teilpojekt erfolgte die Entwicklung eines Verfahrens zur Synthese von 

Trifluormethylthioethern. Dabei können Organothiocyanate unter Decarboxylierung von 

Trifluoracetaten in Anwesenheit von Eisenkatalysatoren leicht zu den korrespondierenden, 

wertvollen Trifluormethylthioethern umgesetzt werden (Schema 40). Die Anwendungsbreite 

konnte an zahlreichen aromatischen, heteroaromatischen und aliphatischen 

Organothiocyanaten demonstriert werden. In weiterführenden Arbeiten konnte dieses 

Reaktionskonzepts auf längerkettige perfluorierte Carboxylate erweitert werden. 

 

Schema 40. Decarboxylierende Perfluoralkylierung der Thiocyanate. 

Weitere Untersuchungen auf diesem Gebiet könnten die kupfer- oder eisenkatalysierten 

Decarboxylierungen von Trifluoracetat in Anwesenheit weiterer Elektrophile wie z.B. 

terminaler Alkine, Arylboron- oder Benzoesäuren sein. Die Hauptherausforderung dabei ist es 

ein geeignetes Katalysatorsystem zu entwickeln, welches sowohl die Decarboxylierung der 

Trifluoracetate als auch die Aktivierung der Elektrophile als Kupplungspartner zur gleichen 

Zeit vermittelt. Als möglicher Ansatz könnte z.B. eine Umsetzung von terminalen Alkinen 

mit Trifluoracetaten in Anwesenheit eines Kupferkatalysators getestet werden. In diesem 

Zusammenhang sollten auch Liganden wie z.B. Phenanthrolin, die sich als gute Stabilisatoren 

für CuCF3-Komplexe erwiesen haben, in Erwägung gezogen werden. 

In einem weiteren Teilprojekt wurde die Sandmeyer Pentafluorethylthiolierung mit 

Aryldiazoniumsalzen ermöglicht. Sie stellt einen weiteren alternativen Zugang zu den 

pentafluorethylierten Aromaten dar (Schema 41).  
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Schema 41. Sandmeyer Pentafluorethylthiolierung. 

Weitere Untersuchungen beständen in der Entwicklung elektrophiler SC2F5-Reagenzien 

aus diesem Pränukleophil und deren Anwendung. 

Im darauffolgenden Teilprojekt wurden alternative, nachhaltigere Synthesewege zu den 

gängigen elektrophilen SCF3-Reagenzien ausgehend von Me4NSCF3 mittels einfacher 

Salzmetatese realisiert. Besonders erwähnenswert hierbei ist, dass eine in situ Generierung 

dieser sensiblen Reagenzien die komplizierte Handhabung vereinfacht (Schema 42).  

 

Schema 42. C-H Trifluormethylthiolierungen. 

Die Resultate dieses Projekts sollten dazu dienen weitere, noch reaktivere SCF3
+
-

Reagenzien in situ zu generieren, wodurch auch die Funktionalisierung unreaktiver C-H 

Bindungen ermöglicht werden soll.  

Im letzten Teilprojekt wurden sowohl elektrophile als auch nukleophile Reagenzien zur 

regioselektiven Einführung von Phosphorothioat-Gruppen entwickelt. Die 

Anwendungsmöglichkeiten wurden anhand kupferkatalysierten Sandmeyer Reaktion von 

Aryldiazoniumsalzen (Schema 43, I), einer palladiumkatalysierten Umsetzung von 

Aryliodiden und einer kupferkatalysierten Umsetzung von Arylboronsäuren gezeigt (II).  

 

Schema 43. Neue Reagenzien und Methoden zur Einführung von SP-Einheiten. 
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Zusammengefassend wurden in dieser Arbeit nachhaltige Methoden zur regioselektiven 

Einführung von CF3, SCF3, SCF2H und SP(O)(OMe)2-Gruppen entwickelt. Dabei wurde das 

Reaktionskonzept der Sandmeyer Reaktion angewandt. Die wesentlichen Vorteile dabei sind 

der Einsatz geringer Mengen der Kupferkatalysatoren, die milden Reaktionsbedingungen, 

sowie die hohe Toleranz gegenüber funktioneller Gruppen, wodurch sich diese Verfahren 

auch besonders in späten Synthesestufen anbietet. 

 



EXPERIMENTELLER TEIL 

6 Experimenteller Teil  

6.1 Verwendete Materialien und Methoden 

6.1.1 Chemikalien und Lösungsmittel 

Kommerziell verfügbare Chemikalien wurden bei einem Reinheitsgrad von ≥95% 

direkt eingesetzt oder andernfalls nach Standardverfahren aufgereinigt. Luft- und 

feuchtigkeitsempfindliche Substanzen wurden mit Standard-Schlenktechniken stets unter 

einer Stickstoff- oder Argonatmosphäre gelagert und gehandhabt. Flüssige Einsatzstoffe 

wurden unmittelbar vor der Reaktion mit dem Durchleiten von Argon (20 min) von Sauerstoff 

befreit. Toluol, 1,4-Dioxan und Mesitylen wurden über Natrium/Benzophenon getrocknet. 

NMP und DMF wurden durch die azeotrope Destillation mit Toluol von Feuchtigkeitsspuren 

befreit. Acetonitril, Diglyme und DMSO wurden zunächst über CaH2 refluxiert und 

anschließend fraktionierend destilliert. Alle Lösungsmittel wurden über Molsieben (3 Å) 

gelagert, die zuvor im Mikrowellenofen (2 × 2 min, 600 W) erhitzt und im Vakuum (10-3 

mbar) abgekühlt wurden. Alle anderen organischen Salze wurden über Nacht bei 60 °C im 

Vakuum (10-3 mbar) getrocknet. Die anorganischen Salze wurden über Nacht im Vakuum 

(10-3 mbar) auf 160 °C erhitzt. 

6.1.2 Durchführung von Parallelreaktionen 

Die Reihenversuche wurden in 20 mL Headspace-Vials für die Gaschromatographie 

durchgeführt und mit Aluminium-Bördelkappen mit Teflon-beschichteten Butylgummisepten 

verschlossen. Das Aufheizen der Gefäße erfolgte in 8 cm hohen Aluminiumblöcken mit 7 cm 

tiefen, zylindrischen Bohrungen vom Durchmesser der Reaktionsgefäße und einer Bohrung 

für den Temperaturfühler. Der Durchmesser der Heizblöcke entsprach genau dem der 

Heizplatten gängiger Labor-Magnetrührer. 

Zum parallelen Evakuieren und Rückbefüllen mehrerer Reaktionsgefäße wurden 

Vakuumverteiler verwendet, die an die Schlenk-Linie angeschlossen werden konnten. Diese 

Verteiler verfügten über jeweils zehn vakuumfeste 3 mm Teflonschläuche mit Adaptern zur 

Befestigung von Luer-Lock-Spritzennadeln. 

Die festen Einsatzstoffe der Reihenversuche wurden an der Luft in die 

Reaktionsgefäße eingewogen, 20 mm Magnet-Rührkerne zugegeben und mit einer 

Septumkappe luftdicht verschlossen. Das Einwiegen besonders luft- oder 
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feuchtigkeitsempfindlicher Substanzen erfolgte in einer Glovebox mit Stickstoff als Inertgas. 

Die Gefäße wurden in die Bohrungen eines Aluminiumblocks gesteckt und über die 

Hohlnadeln mit dem Vakuumverteiler verbunden. Die Reaktionsgefäße wurden anschließend 

dreimal hintereinander evakuiert und mit Stickstoff rückbefüllt. Mit Hilfe von Spritzen 

wurden die reinen Lösungsmittel, Stammlösungen oder flüssigen Einsatzstoffe durch die 

Septen hindurch injiziert. Anschließend wurde der Aluminiumblock auf Reaktionstemperatur 

gebracht und die Hohlnadeln des Vakuumverteilers entfernt. 

Nach Ablauf der Reaktionszeit und dem Abkühlen auf Raumtemperatur wurden die 

Gefäße vorsichtig geöffnet und mit einem geeigneten organischen Lösungsmittel und Wasser 

verdünnt. Die Phasen wurde mit einer 1 mL Einwegpipette zunächst gut durchmischt und 1.5 

mL der organischen Phasen anschließend durch 0.3 mL trockenes Magnesiumsulfat in 2 mL 

GC-Probengläschen filtriert. Dabei wurden Glaspipetten als Filter verwendet, die mit einem 

Wattepfropfen versehen waren. Die so vorbereiteten Proben wurden schließlich 

gaschromatographisch untersucht. 

6.1.3 Allgemeine Analytische Methoden 

6.1.3.1 Dünnschichtchromatographie 

Dünnschichtchromatographische Untersuchungen wurden mit Kieselgel DC-Folien 

Polygram SIL G/UV254 der Firma Macherey-Nagel durchgeführt. Zur Detektion der 

Substanzen wurden Fluoreszenzlöschungen bei 254 nm und Fluoreszenzen bei 366 nm 

genutzt. 

6.1.3.2 Säulenchromatographie 

Säulenchromatographische Trennungen erfolgten mit einem Combi Flash Companion-

Chromatographie-System der Firma Isco-Systems. Als stationäre Phase wurden fertig 

gepackte RediSep und Grace Reveleris Flashkieselgel-Kartuschen oder Telos Kartuschen mit 

basischem Aluminiumoxid (0.063–0.200 mm, Aktivitätsstufe I) verwendet. 

6.1.3.3 Gaschromatographie 

Gaschromatographische Untersuchungen erfolgten mit einem Hewlett Packard 6890 und 

HP-5-Säulen mit 5% Phenyl-Methyl-Siloxan (30 m × 320 μm × 1.0 μm) der Firmen Agilent, 

Macherey-Nagel und Perkin Elmer. Dabei betrug die Temperatur des Injektors 220 °C und die 

des Detektors 330 °C. Das Standardtemperaturprogramm startete mit 2 min bei 60 °C, gefolgt 
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von einem linearen Temperturanstieg auf 300 °C mit einer Rate von 30 °C/min. Anschließend 

wurden die 300 °C für weitere 3 min gehalten. 

6.1.3.4 Massenspektrometrie 

Massenspektren wurden mit einem Varian GC-MS Saturn 2100 T oder einem Agilent GC-

MS 5973N System gemessen. Die Ionisierung erfolgte dabei per Elektronenstoß (EI). 

Hochauflösende Massenspektren wurde mit einem Waters GTC Premier erhalten. 

6.1.3.5 Infrarotspektroskopie 

Infrarotspektroskopische Messungen erfolgten mit einem Perkin Elmer Fourier Transform 

Spektrometer oder einem Perkin Elmer Spectrum BX, FT-IR System (He, Ne 633 nm < 0.4 

mW). Die Signalintensitäten sind mit vs (very strong), s (strong), m (medium) und w (weak) 

angegeben. 

6.1.3.6 Kernresonanzspektroskopie 

Der Großteil der NMR Spektren wurde mit einem Bruker AMX 400 System gemessen. 

Dabei wurden Benzol-d6, Chloroform-d, Deuteriumoxid, Dioxan-d8, Methanol-d4 und 

Toluol-d8 als Lösungsmittel und Wasserstoff-, Kohlenstoff-, Fluor- und Phosphorresonanzen 

von 400 MHz, 101 MHz, 376 MHz bzw. 162 MHz verwendet. Einzelne Messungen erfolgten 

weiterhin an Bruker FT-NMR DPX 200 und Avance 600 Geräten und sind jeweils als solche 

gekennzeichnet. Die Auswertung der Spektren erfolgte mit ACD-Labs 12. Die Multiplizität 

der Signale wird durch die Abkürzungen s = Singulett, d = Dublett, dd = Dublett eines 

Dubletts, dt = Dublett eines Tripletts, t = Triplett, usw. angegeben. Alle Kopplungskonstanten 

sind in Hertz angegeben. 

6.1.3.7 Elementaranalysen 

Die Elementaranalysen wurden mit einem Hanau Elemental Analyzer vario Micro cube 

durchgeführt. Alle Schmelzpunkte wurden mit einem Mettler FP61 bestimmt. 
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6.2 One-Pot Sandmeyer Trifluoromethylation and Trifluoromethylthiolation 

General Methods 

The reactions were performed in oven-dried glassware containing a Teflon-coated stirrer 

bar and septum under a nitrogen atmosphere. Acetonitrile was dried by refluxing over CaH2 

and subsequent fractionally distillation. Three freeze-pump-thaw cycles were performed 

before the reagents were mixed. All reactions were monitored by GC and the yields were 

determined by 
19

F NMR using trifluoroethanol as internal standard. GC analyses were carried 

out using a HP-5 capillary column (Phenyl Methyl Siloxane 30 m x 320 x 0.25, 100/2.3-30- 

300/3) and a time program beginning with 2 min at 60°C followed by 30°C/min ramp to 

300°C, then 3 min at this temp. Column chromatography was performed using a Combi Flash 

Companion-Chromatography-System (Isco-Systems) and Grace Reveleris packed flash 

columns (12 g). NMR spectra were obtained on a Bruker AMX 400 system using 

chloroform-d1, or DMSO-d6 as deuterated solvents, with proton, carbon and fluorine 

resonances at 400 MHz, 101 MHz and 151 MHz, respectively. Mass spectral data were 

acquired on a Varian Saturn 2100 T. 

All starting materials were commercially available. All anilines and solvents were purified 

by distillation or sublimation prior to use. pTSA was purified and dried by sublimation prior 

to use. The other chemicals were used without further purification. 

6.2.1 Synthesis of benzotrifluorides 

6.2.1.1 Standard procedure for the synthesis of benzotrifluorides from the 

corresponding aromatic amines 

An oven-dried 20 mL crimp cap vessel with Teflon-coated stirrer bar was charged with 

amine (1.00 mmol), p-toluenesulfonic acid (258 mg, 1.50 mmol) and acetonitrile (2 mL) 

under nitrogen. tert-Butyl nitrite (133 µL, 1.00 mmol) was added dropwise via syringe. 

The resulting solution was stirred at room temperature for 30 minutes and afterwards 

added dropwise to a suspension of copper thiocyanate (61.0 mg, 0.50 mmol), caesium 

carbonate (489 mg, 1.50 mmol) and trifluoromethyltrimethylsilane (240 µL, 1.50 mmol) 

in acetonitrile (2 mL) that was stirred at room temperature for 10 min. The suspension was 

stirred at room temperature for 12 h. The resulting mixture was filtered through a short 

pad of celite (5 g) and rinsed with diethyl ether (20 mL). The resulting organic solution 

was washed with water (2 × 10 mL) and brine (10 mL). The organic layer was dried over 
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MgSO4, filtered and concentrated (700 mbar, 40°C). The residue was further purified by 

flash chromatography (SiO2, pentane/diethyl ether gradient), yielding the corresponding 

benzotrifluorides. 

Synthesis of 1-methoxy-4-(trifluoromethyl)benzene (2) 

CF3

O
CH3

 

[CAS: 402-52-8] 

Compound 2 was prepared following the standard procedure, starting from 

4-methoxyaniline (123 mg, 1.00 mmol). After purification, 2 was isolated as colorless liquid 

(150 mg, 0.85 mmol, 85%). 
1
H NMR (400 MHz, CDCl3):  = 7.58 (d, 

3
J(H,H) = 8.8 Hz, 

2H), 6.98 (d, 
3
J(H,H) = 8.8 Hz, 2H), 3.86 ppm (s, 3H); 

19
F NMR (375 MHz, CDCl3): 

 = 61.5 ppm; 
13

C NMR (101 MHz, CDCl3):  = 162.1, 126.8 (q, 
3
J(C,F) = 3.7 Hz, 2C), 

124.4 (q, 
1
J(C,F) = 271.4 Hz, 1C), 122.9 (q, 

2
J(C,F) = 33.0 Hz, 1C), 113.9 (2C), 55.2 ppm. 

Upscale of 1-methoxy-4-(trifluoromethyl)benzene (2). 

CF3

O
CH3

 

[CAS: 402-52-8] 

An oven-dried 50 mL flask with Teflon-coated stirrer bar was charged with 

4-methoxyaniline (985 mg, 8.00 mmol), p-toluenesulfonic acid (2.07 g, 12.0 mmol) and 

acetonitrile (16 mL) under nitrogen. tert-Butyl nitrite (1066 µL, 8.00 mmol) was added 

dropwise via syringe. The resulting solution was stirred at room temperature for 30 minutes 

and afterwards added dropwise to a suspension of copper thiocyanate (590 mg, 4.00 mmol), 

caesium carbonate (3.91 g, 12.0 mmol) and trifluoromethyltrimethylsilane (1926 µL, 

12.0 mmol) in acetonitrile (16 mL) that was stirred at room temperature for 10 min. The 

suspension was stirred at room temperature for 12 h. The resulting mixture was filtered 

through a short pad of celite (40 g) and rinsed with diethyl ether (100 mL). The resulting 

organic solution was washed with water (2 × 50 mL) and brine (50 mL). The organic layer 

was dried over MgSO4, filtered and concentrated (700 mbar, 40°C). The residue was further 

purified by flash chromatography (SiO2, pentane/diethyl ether gradient), yielding 2 as 

colorless liquid (1.14 g, 6.48 mmol, 81%).  
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Synthesis of 1-methoxy-2-(trifluoromethyl)benzene (3). 

CF3

O

CH3 

[CAS: 395-48-2] 

Compound 3 was prepared following the standard procedure, starting from 

2-methoxyaniline (62.0 mg, 0.50 mmol). After the reaction, trifluoroethanol as internal 

standard (36.0 µL, 0.50 mmol) was added to the reaction mixture and the trifluoromethylated 

product 3 was formed in 70% yield as determined by 
19

F NMR spectroscopic analysis and 

confirmed by GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 62.8 ppm. 

 

Synthesis of 1-methyl-2-(trifluoromethyl)benzene (4). 

CF3

CH3 

[CAS: 401-79-6] 

Compound 4 was prepared following the standard procedure, starting from 2-

methylaniline (54.0 mg, 0.50 mmol). After the reaction, trifluoroethanol as internal standard 

(36.0 µL, 0.50 mmol) was added to the reaction mixture and the trifluoromethylated product 4 

was formed in 78% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 62.0 ppm. 
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Synthesis of 1-methyl-3-(trifluoromethyl)benzene (5). 

CF3

CH3  

[CAS: 5140-17-6] 

Compound 5 was prepared following the standard procedure, starting from 3-methylaniline 

(54.0 mg, 0.50 mmol). After the reaction, trifluoroethanol as internal standard (36.0 µL, 

0.50 mmol) was added to the reaction mixture and the trifluoromethylated product 5 was 

formed in 84% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 63.1 ppm. 

 

Synthesis of 1-methyl-4-(trifluoromethyl)benzene (6). 

CF3

CH3  

[CAS: 6140-17-6] 

Compound 5 was prepared following the standard procedure, starting from 

4-methylaniline (54.0 mg, 0.50 mmol). After the reaction, trifluoroethanol as internal standard 

(36.0 µL, 0.50 mmol) was added to the reaction mixture and the trifluoromethylated product 5 

was formed in 98% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 62.8 ppm. 
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Synthesis of 4-(trifluoromethyl)biphenyl (7) 

CF3

 

[CAS: 398-36-7] 

Compound 7 was prepared following the standard procedure, starting from [1,1’-

biphenyl]-4-amine (169 mg, 1.00 mmol). After purification, 7 was isolated as colorless solid 

(204 mg, 0.92 mmol, 92%). 
1
H NMR (400 MHz, CDCl3):  = 7.72 (m, 4H), 7.617.64 (m, 

2H), 7.527.50 (m, 2H), 7.487.43 ppm (m, 1H); 
19

F NMR (375 MHz, CDCl3): 

 = 62.4 ppm; 
13

C NMR (101 MHz, CDCl3):  = 144.8, 139.8, 129.3 (q, 
2
J(C,F) = 32.7 Hz, 

1C), 129.0 (2C), 128.2, 127.5 (2C), 127.3 (2C), 125.7 (q, 
3
J(C,F) = 3.7 Hz, 2C), 124.5 ppm 

(q, 
1
J(C,F) = 272.4 Hz, 1C). 

Synthesis of 1-chloro-4-(trifluoromethyl)benzene (8) 

CF3

Cl  

[CAS: 98-56-6] 

Compound 8 was prepared following the standard procedure, starting from 4-chloroaniline 

(65 mg, 0.50 mmol). After the reaction, trifluoroethanol as internal standard (36 µL, 

0.50 mmol) was added to the reaction mixture and the trifluoromethylated product 8 was 

formed in 98 % yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 63.1 ppm. 

 

Synthesis of 1-iodo-4-(trifluoromethyl)benzene (9). 

CF3

I  



EXPERIMENTELLER TEIL 

 

 

[CAS: 455-13-0] 

Compound 9 was prepared following the standard procedure, starting from 4-iodoaniline 

(221 mg, 1.00 mmol). After chromatography, 9 was obtained as colorless liquid (166 mg, 

0.61 mmol, 61%) which contained traces of 1,4-diiodobenzene that can be removed by low 

temperature crystallization from pentane. 
1
H NMR (400 MHz, CDCl3):  = 7.85 (d, 

3
J(H,H) = 8.03 Hz, 2H), 7.36 ppm (d, 

3
J(H,H) = 8.03 Hz, 2H); 

19
F NMR (375 MHz, CDCl3): 

 = 63.0 ppm; 
13

C NMR (101 MHz, CDCl3):  = 138.0 (2 C), 130.3 (q, 
2
J(C,F) = 33.1 Hz, 

1 C), 126.9 (q, 
3
J(C,F) = 3.8 Hz, 2 C), 123.8 (q, 

1
J(C,F) = 272.5 Hz, 1 C), 98.6 ppm (q, 

J(C,F) = 2.2 Hz, 1C). 

Synthesis of 4-(trifluoromethyl)benzonitrile (10). 

CF3

NC  

[CAS: 455-18-5] 

Compound 10 was prepared following the standard procedure, starting from 4-

cyanoaniline (118 mg, 1.00 mmol). After purification, 10 was isolated as colorless solid 

(156 mg, 0.91 mmol, 91%). 
1
H NMR (400 MHz, CDCl3):  = 7.82 (d, 

3
J(H,H) = 8.3 Hz, 2H), 

7.77 ppm (d, 
3
J(H,H) = 8.3 Hz, 2H); 

19
F NMR (375 MHz, DMSO-d6):  = 63.6 ppm; 

13
C 

NMR (101 MHz, CDCl3):  = 134.5 (q, 
2
J(C,F) = 33.3 Hz, 1C), 132.7 (2C), 126.1 (q, 

3
J(C,F) = 3.6 Hz, 2C), 123.2 (q, 

1
J(C,F) = 272.5 Hz, 1C), 117.4, 116.0 ppm (q, 

J(C,F) = 1.8 Hz, 1C).  

Synthesis of 3-(trifluoromethyl)acetophenone (11). 

CF3

O

CH3

 

[CAS: 349-76-8] 

Compound 11 was prepared following the standard procedure, starting from 

1-(3-aminophenyl)ethanone (139 mg, 1.00 mmol). After purification, 11 was isolated as 

colorless liquid (139 mg, 0.74 mmol, 74%). 
1
H NMR (400 MHz, CDCl3):  = 8.22 (s, 1H), 

8.15 (d, 
3
J(H,H) = 8.0 Hz, 1H), 7.84 (d, 

3
J(H,H) = 7.8 Hz, 1H), 7.63 (t, 

3
J(H,H) = 7.8 Hz, 1H), 

2.66 ppm (s, 3H, CH3); 
19

F NMR (375 MHz, CDCl3):  = 62.8 ppm; 
13

C NMR (101 MHz, 



EXPERIMENTELLER TEIL 

91 

 

CDCl3):  = 196.6, 137.5, 131.4, 131.2 (q, 
2
J(C,F) = 34.5 Hz, 1C), 129.5 (q, 

3
J(C,F) = 3.3 Hz, 

1C), 129.3, 125.1 (q, 
3
J(C,F) = 3.6 Hz, 1C), 123.8 (q, 

1
J(C,F) = 272.5 Hz, 1C), 26.6 ppm. 

Synthesis of methyl 4-(trifluoromethyl)benzoate (12) 

CF3

O
CH3

O  

[CAS: 2967-66-0] 

Compound 12 was prepared following the standard procedure, starting from methyl 4-

aminobenzoate (154 mg, 1.00 mmol). After purification, 12 was isolated as colorless liquid 

(169 mg, 0.83 mmol, 83%). 
1
H NMR (400 MHz, CDCl3):  = 8.17 (d, 

3
J(H,H) = 8.1 Hz, 2H), 

7.72 (d, 
3
J(H,H) = 8.2 Hz, 2H), 3.97 ppm (s, 3H); 

19
F NMR (375 MHz, CDCl3): 

 = 63.1 ppm; 
13

C NMR (101 MHz, CDCl3):  = 165.9, 134.4 (q, 
2
J(C,F) = 32.3 Hz, 1C), 

133.3, 130.0 (2C), 125.4 (q, 
3
J(C,F) = 3.7 Hz, 2C), 123.6 (q, 

1
J(C,F) = 272.9 Hz, 1C), 

52.5 ppm. 

Synthesis of N-4[-(trifluoromethyl)phenyl]acetamide (13) 

CF3

NHCH3

O

 

[CAS: 349-97-3] 

Compound 13 was prepared following the standard procedure, starting from 

N-(4-aminophenyl)acetamide (158 mg, 1.00 mmol). After purification, 13 was isolated as 

colorless solid (83 mg, 0.41 mmol, 41%). 
1
H NMR (400 MHz, CDCl3):  = 7.64 (d, 

3
J(H,H) = 8.5 Hz, 2H), 7.58 (d, 

3
J(H,H) = 8.8 Hz, 2H), 7.41 (br. s, 1H), 2.22 ppm (s, 3H); 

19
F 

NMR (375 MHz, CDCl3):  = 62.1 ppm; 
13

C NMR (101 MHz, CDCl3):  = 168.7, 140.9, 

126.3 (q, 
3
J(C,F) = 3.7 Hz, 2C), 125.9, 124.1 (q, 

1
J(C,F) = 271.4 Hz, 1C), 119.3 (2C), 

24.6 ppm. 

Synthesis of N,N-dimethyl-4-(trifluoromethyl)aniline (14) 

CF3

N
CH3

CH3  

[CAS: 329-17-9] 
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Compound 14 was prepared following the standard procedure, starting from 

N,N-dimethylbenzene-1,4-diamine (140 mg, 1.00 mmol). After purification, 14 was isolated 

as colorless solid (172 mg, 0.91 mmol, 91%). 
1
H NMR (400 MHz, CDCl3):  = 7.49 (d, 

3
J(H,H) = 8.6 Hz, 2H), 6.72 (d, 

3
J(H,H) = 8.5 Hz, 2H), 3.03 ppm (s, 6H); 

19
F NMR 

(375 MHz, CDCl3):  = 60.8 ppm; 
13

C NMR (101 MHz, CDCl3):  = 152.3, 126.3 (q, 

3
J(C,F) = 3.6 Hz, 2C), 125.1 (q, 

1
J(C,F) = 270.3 Hz, 1C), 117.4 (q, 

2
J(C,F) = 32.7 Hz, 1C), 

111.1 (2C), 40.1 ppm (2C). 

Synthesis of phenyl[2-(trifluoromethyl)phenyl]methanone (15) 

CF3

O

 

[CAS: 727-99-1] 

Compound 15 was prepared following the standard procedure, starting from 

(2-aminophenyl)(phenyl)methanone (201 mg, 1.00 mmol). After purification, 15 was isolated 

as colorless solid (198 mg, 0.79 mmol, 79%). 
1
H NMR (400 MHz, CDCl3):  = 7.807.79 

(m, 3H), 7.657.60 (m, 3H), 7.497.47 (m, 2H), 7.457.40 ppm (m, 1H); 
19

F NMR 

(375 MHz, CDCl3):  = 58.0 ppm; 
13

C NMR (101 MHz, CDCl3):  = 195.5, 138.3 (q, 

3
J(C,F) = 1.8 Hz, 1C), 136.3 (q, 

4
J(C,F) = 1.3 Hz, 1C), 133.8, 131.4, 130.2 (2 C), 130.1, 

129.8, 128.5 (2 C), 128.4 (q, 
2
J(C,F) = 33.1 Hz, 1C), 126.7 (q, 

3
J(C,F) = 4.5 Hz, 1C), 

123.7 ppm (q, 
1
J(C,F) = 273.4 Hz, 1C). 

Synthesis of 3-(trifluoromethyl)quinoline (16) 

N

CF3

 

[CAS: 25199-76-2] 

Compound 16 was prepared following the standard procedure, starting from quinolin-3-

amine (146 mg, 1.00 mmol). Dry acetone (0.50 mL) was added additionally in the 

diazotization step to improve the solubility. After purification, 16 was isolated as colorless 

solid (108 mg, 0.55 mmol, 55%). 
1
H NMR (400 MHz, CDCl3):  = 9.12 (d, 

4
J(H,H) = 2.4 Hz, 

1H), 8.47 (m, 1H), 8.21 (d, 
3
J(H,H) = 8.2 Hz, 1H), 7.95 (d, 

3
J(H,H) = 8.5 Hz, 1H), 7.907.86 

(m, 1H), 7.717.69 ppm (m, 1H); 
19

F NMR (375 MHz, CDCl3):  = 61.8 ppm; 
13

C NMR 
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(101 MHz, CDCl3):  = 149.3, 146.1 (q, 
3
J(C,F) = 3.6 Hz, 1C), 134.0 (q, 

3
J(C,F) = 4.5 Hz, 

1C), 131.8, 129.6, 128.6, 128.0, 126.2, 123.2 (q, 
1
J(C,F) = 273.4 Hz, 1C), 123.6 ppm (q, 

2
J(C,F) = 32.7 Hz, 1C). 

Synthesis of 6-(trifluoromethyl)quinoline (17) 

N

CF3

 

[CAS: 325-13-3] 

Compound 17 was prepared following the standard procedure, starting from quinoline-6-

amine (147 mg, 1.00 mmol). Dry acetone (0.50 mL) was added additionally in the 

diazotization step to improve the solubility. After purification, 17 was isolated as colorless 

solid (105 mg, 0.53 mmol, 53%). 
1
H NMR (400 MHz, CDCl3):  = 9.04(d, 

4
J(H,H) = 3.0 Hz, 

1H), 8.278.22 (m, 2H), 8.15 (s, 1H), 7.89 (dd, 
3,4

J(H,H) = 9.0, 2.0 Hz, 1H), 7.52 ppm (dd, 

3,4
J(H,H) = 8.3, 4.3 Hz, 1H); 

19
F NMR (375 MHz, CDCl3):  = 62.4 ppm; 

13
C NMR 

(101 MHz, CDCl3):  = 152.5, 149.2, 136.9, 130.7, 128.4 (q, 
2
J(C,F) = 32.6 Hz, 1C), 127.2, 

125.5 (q, 
3
J(C,F) = 3.9 Hz, 1C), 125.2 (q, 

3
J(C,F) = 2.2 Hz, 1C), 123.9 (q, 

1
J(C,F) = 273.2 Hz, 

1C), 122.2 ppm. 

Synthesis of 8-(trifluoromethyl)quinoline (18) 

N

CF3

 

[CAS: 317-57-7] 

Compound 18 was prepared following the standard procedure, starting from quinoline-8-

amine (144 mg, 1.00 mmol). Dry acetone (0.50 mL) was added additionally in the 

diazotization step to improve the solubility. After purification, 18 was isolated as colorless 

solid (97 mg, 0.49 mmol, 49%). 
1
H NMR (400 MHz, CDCl3):  = 9.08 (m,1H), 8.22 (m, 1H), 

8.08 (d, 
3
J(H,H) = 7.3 Hz, 1H), 8.00 (d, 

3
J(H,H) = 8.0 Hz, 1H), 7.59 (t, 

3
J(H,H) = 8.0 Hz, 1H), 

7.51 ppm (m, 1H); 
19

F NMR (375 MHz, CDCl3):  = 60.2 ppm; 
13

C NMR (101 MHz, 

CDCl3):  = 151.2, 144.7, 136.3, 132.4, 128.7, 127.9 (q, 
3
J(C,F) = 5.4 Hz, 1C), 127.6 (q, 

2
J(C,F) = 29.4 Hz, 1C), 125.2, 124.4 (q, 

1
J(C,F) = 272.9 Hz, 1C), 121.9 ppm. 
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Synthesis of 9-ethyl-3-(trifluoromethyl)-9H-carbazole (19) 

N

CH3

CF3

 

[CAS: 1638885-28-5] 

Compound 19 was prepared following the standard procedure, starting from 9-ethyl-9H-

carbazol-3-amine (221 mg, 1.00 mmol). After purification, 19 was isolated as colorless solid 

(234 mg, 0.89 mmol, 89%). 
1
H NMR (400 MHz, CDCl3):  = 8.39 (m, 1H), 8.15 (m, 1H), 

7.55 (m, 1H), 7.53 (m, 1H), 7.47 (m, 2H), 7.32 (m, 1H), 4.41 (q,
 3

J(H,H) = 7.3 Hz, 2H), 

1.46 ppm (t,
 3

J(H,H) = 7.3 Hz, 3H); 
19

F NMR (375 MHz, CDCl3):  = 59.9 ppm; 
13

C NMR 

(101 MHz, CDCl3):  = 141.3, 140.5, 126.6, 126.1 (q, 
1
J(C,F) = 270.7 Hz, 1C), 124.0, 122.5 

(q, 
3
J(C,F) = 3.6 Hz, 1C), 122.4 (q, 

3
J(C,F) = 3.6 Hz, 1C), 120.9 (q, 

2
J(C,F) = 31.8 Hz, 1C), 

120.7, 119.7, 117.9 (q, 
3
J(C,F) = 3.6 Hz, 1C), 108.9, 108.4, 37.7, 13.8 ppm; IR (neat): 

 = 3057, 2981, 1603, 1474, 1340, 1269, 1143, 1104, 1051, 904, 804, 748 cm
-1

; HRMS (EI-

TOF) calcd for C15H12F3N: 263.0916; found: 263.0915. 

Synthesis of methyl 3-(trifluoromethyl)thiophene-2-carboxylate (20) 

CF3

S

O

O

 

[CAS: 1638885-32-1] 

Compound 20 was prepared following the standard procedure, starting from methyl 

3-aminothiophene-2-carboxylate (157 mg, 1.00 mmol). After purification, 20 was isolated as 

colorless solid (145 mg, 0.69 mmol, 69%). 
1
H NMR (400 MHz, CDCl3):  = 7.54 (d, 

3
J(H,H) = 5.3, 1H), 7.32 (d, 

3
J(H,H) = 5.3, 1H), 3.90 (s, 3H) ppm; 

19
F NMR (375 MHz, 

CDCl3):  = 58.1 ppm; 
13

C NMR (101 MHz, CDCl3):  = 160.1, 134.2 (q, 

2
J(C,F) = 36.3 Hz, 1C), 133.2 (q, 

3
J(C,F) = 2.7 Hz, 1C), 130.7, 127.7 (q, 

3
J(C,F) = 3.8 Hz, 

1C), 121.2 (q, 
1
J(C,F) = 271.6 Hz, 1C), 52.6 ppm; IR (neat):  = 3021, 2956, 1734, 1545, 

1440, 1398, 1294, 1216, 1153, 1156, 902 cm
-1

; HRMS (EI-TOF) calcd for C7H5F3O2S: 

209.9957; found: 209.9958. 
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Synthesis of 2-(trifluoromethyl)-1,3-benzothiazole (21). 

S

N CF3

 

[CAS: 14468-40-7] 

Compound 21 was prepared following the standard procedure, starting from 

2-amino-benzothiazole (155 mg, 1.00 mmol). After purification, 21 was isolated as colorless 

solid (124 mg, 0.61 mmol, 61%). 
1
H NMR (400 MHz, CDCl3):  = 8.228.20 (d,

 

3
J(H,H) = 8.5 Hz, 1H), 8.017.99 (d,

 3
J(H,H) = 8.5 Hz, 1H), 7.647.57 ppm (m, 2H); 

19
F 

NMR (375 MHz, CDCl3):  = 61.7 ppm; 
13

C NMR (101 MHz, CDCl3):  = 156.4 (q, 

1
J(C,F) = 272.5 Hz, 1C), 152.1, 135.0, 127.5, 127.4, 125.0, 122.0, 119.9 ppm (q, 

2
J(C,F) = 29.5 Hz, 1C). 

Optimization of trifluoromethylthiolation 

Table 1. Optimization of the reaction conditions 

 

Entry Cu source  Cs2CO3 [equiv.] Yield of 22 [%]
[a] 

1
[b]

 CuSCN 2 15 

2 " " 41 

3 " 4 53 

4
[c]

 " " 74 

5
[c]

 CuCN " 52 

6
[c]

 CuOAc " 56 

7
[c]

 Cu(MeCN)4BF4 " 63 

Reaction conditions: 0.75 mmol NaSCN, 0.50 mmol Cu source, Cs2CO3, 1 mL MeCN, 10 min, r.t., followed by 

dropwise addition of 0.50 mmol 1, 0.50 mmol t-BuONO and 0.75 mmol pTSA in 1 mL MeCN, 15 min. Then 

addition of 1.50 mmol TMSCF3, 12 h, r.t. [a] Yields were determined by 
19

F NMR using trifluoroethanol as internal 

standard. 
[b]

0.25 mmol Cu source. 
[c]

 Addition of Cs2CO3 just before adding TMSCF3. pTSA = p-toluenesulfonic 

acid, TMS = trimethylsilyl. 

NH
2

MeO

SCF
3

MeO

1. pTSA, t-BuONO
2. TMSCF3, Cu source,      

    Cs2CO3, NaSCN

solvent, rt

1 22
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6.2.2 Synthesis of aryl trifluoromethyl thioethers  

6.2.2.1 Standard procedure for the synthesis of aryl trifluoromethyl 

thioethers from the corresponding aromatic amines.  

An oven-dried 20 mL crimp cap vessel with Teflon-coated stirrer bar was charged with 

amine (1.00 mmol), p-toluenesulfonic acid (258 mg, 1.50 mmol) and acetonitrile (2 mL) 

under nitrogen. tert-Butyl nitrite (133 µL, 1.00 mmol) was added dropwise via syringe. The 

resulting solution was stirred at room temperature for 30 minutes and afterwards added 

dropwise to a suspension of copper thiocyanate (123 mg, 1.00 mmol) and sodium thiocyanate 

(122 mg, 1.50 mmol) in acetonitrile (1 mL). The suspension was stirred at room temperature 

for 30 minutes and added to a suspension of caesium carbonate (652 mg, 4.00 mmol) in 

acetonitrile (1 mL). Finally trifluoromethyltrimethylsilane (240 µL, 1.50 mmol) was added 

and the reaction mixture was stirred at ambient temperature for 12 h. The resulting mixture 

was filtered through a short pad of celite (5.00 g) and rinsed with diethyl ether (20 mL). The 

resulting organic solution was washed with water (2 × 10 mL) and brine (10 mL). The organic 

layer was dried over MgSO4, filtered and concentrated (700 mbar, 40°C). The residue was 

further purified by flash chromatography (SiO2, pentane/diethyl ether gradient), yielding the 

corresponding aryl trifluoromethyl thioethers. 

Synthesis of 1-methoxy-4-[(trifluoromethyl)thio]benzene (22) 

SCF3

O
CH3

 

[CAS: 78914-94-0] 

Compound 22 was prepared following the standard procedure, starting from 

4-methoxyaniline (123 mg, 1.00 mmol). After purification, 22 was isolated as colorless liquid 

(146 mg, 0.70 mmol, 70%). 
1
H NMR (400 MHz, CDCl3):  = 7.59 (d, 

3
J(H,H)=8.8 Hz, 2H), 

6.94 (d, 
3
J(H,H)=8.8 Hz, 2H), 3.85 ppm (s, 3H); 

19
F NMR (151 MHz, CDCl3): 

 = 43.9 ppm; 
13

C NMR (101 MHz, CDCl3):  = 161.8, 138.3 (2C), 129.7 (q, 

1
J(C,F)=308.5 Hz, 1C), 115.0 (2C), 114.8 (q, 

3
J(C,F)=1.8 Hz, 1C), 55.4 ppm. 
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Synthesis of 4-[(trifluoromethyl)thio]benzonitrile (23) 

SCF3

NC  

[CAS: 332-26-3] 

Compound 23 was prepared following the standard procedure, starting from 

4-cyanoaniline (118 mg, 1.00 mmol). After purification, 23 was isolated as colorless liquid 

(134 mg, 0.66 mmol, 66%). 
1
H NMR (400 MHz, CDCl3):  = 7.78 (d, 

3
J(H,H)=8.6 Hz, 2H), 

7.73 ppm (d, 
3
J(H,H)=8.6 Hz, 2H); 

19
F NMR (151 MHz, CDCl3):  = 41.5 ppm; 

13
C NMR 

(101 MHz, CDCl3):  =136.0 (2C), 132.9 (2C), 130.5 (q, 
3
J(C,F)=1.8 Hz, 1C), 129.1 (q, 

1
J(C,F)=309.3 Hz, 1C), 117.6, 114.7 ppm. 

Synthesis of methyl 4-[(trifluoromethyl)thio]benzoate (24) 

SCF3

O

O

CH3

 

[CAS: 88489-60-5] 

Compound 24 was prepared following the standard procedure, starting from methyl 4-

aminobenzoate (154 mg, 1.00 mmol). After purification, 24 was isolated as colorless liquid 

(116 mg, 0.49 mmol, 49%). 
1
H NMR (400 MHz, CDCl3):  = 8.08 (d, 

3
J(H,H)=8.6 Hz, 2H), 

7.72 (d, 
3
J(H,H)=8.5 Hz, 2H), 3.95 ppm (s, 3H); 

19
F NMR (151 MHz, CDCl3): 

 = 41.8 ppm; 
13

C NMR (101 MHz, CDCl3):  = 166.0, 135.5 (2C), 132.2, 130.4 (2C), 

129.9 (q, 
3
J(C,F)=1.8 Hz, 1C), 129.3 (q, 

1
J(C,F)=307.9 Hz, 1C), 52.5 ppm. 

Synthesis of 1-iodo-4-[(trifluoromethyl)thio]benzene (25) 

SCF3

I  

[CAS: 372-15-6] 

Compound 25 was prepared following the standard procedure, starting from 4-iodoaniline 

(221 mg, 1.00 mmol). After chromatography, 25 was obtained as colorless liquid (137 mg, 

0.45 mmol, 45%). 
1
H NMR (400 MHz, CDCl3):  = 7.78 (m, 2H), 7.23 ppm (m, 2H); 

19
F 

NMR (151 MHz, CDCl3):  = 42.6 ppm; 
13

C NMR (101 MHz, CDCl3):  = 138.7 (2C), 

137.7 (2C), 129.2 (q, 
1
J(C,F)=308.7 Hz, 1C), 124.1 (q, 

3
J(C,F)=1.8 Hz, 1C), 98.0 ppm.  
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Synthesis of 3-[(trifluoromethyl)thio]quinoline (26) 

N

SCF3

 

[CAS: 1333415-90-9] 

Compound 26 was prepared following the standard procedure, starting from quinolin-3-

amine (146 mg, 1.00 mmol). Dry acetone (0.50 mL) was added additionally in the 

diazotization step to improve the solubility. After purification, 26 was isolated as colorless 

solid (73 mg, 0.32 mmol, 32%). 
1
H NMR (400 MHz, CDCl3):  = 9.07 (m, 1H), 8.54 (d, 

4
J(H,H)=1.8 Hz, 1H), 8.17 (m, 1H), 7.85 (m, 2H), 7.65 ppm (m, 1H); 

19
F NMR (151 MHz, 

CDCl3):  = 42.3 ppm; 
13

C NMR (101 MHz, CDCl3):  = 154.5, 148.4, 144.7, 131.6, 129.6, 

129.3 (q, 
1
J(C,F)=308.8 Hz, 1C), 128.1, 127.8, 127.7, 118.3 ppm (q, 

3
J(C,F)=1.8 Hz, 1C). 

Synthesis of 9-ethyl-3-[(trifluoromethyl)thio]-9H-carbazole (27) 

N

SCF3

CH3  

[CAS: 1639370-01-6] 

Compound 27 was prepared following the standard procedure, starting from 9-ethyl-9H-

carbazol-3-amine (221 mg, 1.00 mmol). After purification, 27 was isolated as colorless solid 

(133 mg, 0.45 mmol, 45%). 
1
H NMR (400 MHz, CDCl3):  = 8.40 (d, 

4
J(H,H)=1.8 Hz, 1H), 

8.13 (d, 
3
J(H,H)=7.6 Hz, 1H), 7.74 (dd, 

3,4
J(H,H)=8.2, 1.8 Hz, 1H), 7.53 (m, 1H), 7.45 (d, 

3
J(H,H)=8.3 Hz, 1H), 7.43 (d, 

3
J(H,H)=8.5 Hz, 1H), 7.31 (d, 

3,4
J(H,H)=7.5, 0.9 Hz, 1H), 4.40 

(q, 
3
J(H,H)=7.1 Hz, 2H), 1.47 ppm (t, 

3
J(H,H)=7.1 Hz, 3H); 

19
F NMR (151 MHz, CDCl3): 

 = 44.1 ppm; 
13

C NMR (101 MHz, CDCl3):  = 141.1, 140.3, 133.7, 130.0 (q, 

1
J(C,F)=309.3 Hz, 1C), 129.6, 126.6, 123.9, 122.2, 120.7, 119.8, 112.5 (q, 

3
J(C,F)=1.8 Hz, 

1C), 109.2, 108.9, 37.8, 13.8 ppm; HRMS (EI-TOF) calcd for C15H12N1F3
32

S: 295.0637; 

found: 295.0636.  
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6.3 Synthesis of Difluoromethyl Thioethers from Difluoromethyl Trimethylsilane 

and Organothiocyanates Generated in situ 

6.3.1 DFT Calculations 

Level of calculations: M06-2X/6-311+G(d,p) 

1) Electrostatic potential plot (isodensity = 0.02 electron/bohr
3
).  

 

 

2) Frontier molecular orbitals (isodensity = 0.05 electron/bohr
3
). 

 

 

PhSCF2H_HOMO PhSCF2H_LUMO 

 

3) Natural charge 
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4) The calculated pKa values: 

PhSCF2H = 35.2 

PhCF2H = 42.2 

5) Cartesian coordinate 

PhSCF2H 

16 

XYZ 

C         -0.50740        0.76425        0.48637 

C          0.85009        0.73317        0.78482 

C          1.64721        1.83810        0.48605 

C          1.08430        2.97593       -0.09028 

C         -0.27773        3.00494       -0.37206 

C         -1.07212        1.89912       -0.08828 

H         -1.12566       -0.09627        0.71186 

H          1.29675       -0.14018        1.24371 

H          1.71294        3.82970       -0.31271 

H         -0.71547        3.89055       -0.81669 

H         -2.13194        1.92226       -0.31187 

S          3.39346        1.82190        0.87349 

C          3.90643        0.69719       -0.45469 

H          3.49641        0.99545       -1.41979 

F          3.52408       -0.57862       -0.20667 

F          5.25430        0.70596       -0.50641 
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General Methods 

The reactions were performed in oven-dried glassware containing a Teflon-coated stirrer 

bar and septum under a nitrogen atmosphere. Dimethylformamid and acetonitrile were dried 

by refluxing over CaH2 and subsequent fractionally distillation. All reactions were monitored 

by GC and the yields were determined by 
19

F NMR using trifluoroethanol as internal 

standard. GC analyses were carried out using a HP-5 capillary column (Phenyl Methyl 

Siloxane 30 m x 320 x 0.25) and a time program beginning with 2 min at 60 °C followed by 

30 °C/min ramp to 300 °C, then 3 min at this temp. Column chromatography was performed 

using a Combi Flash Companion-Chromatography-System (Isco-Systems) and Grace 

Reveleris packed flash columns (12 g). NMR spectra were obtained on a Bruker AMX 400 

system using chloroform-d1 as deuterated solvent, with proton, carbon and fluorine 

resonances at 400 MHz, 101 MHz and 375 MHz, respectively. Mass spectral data were 

acquired on a Varian Saturn 2100 T. Optical rotations were recorded on a Jasco P-2000 

polarimeter at 589 nm and reported as follows: []
D

20 , concentration (c in g/100 mL), and 

solvent. 

The diazonium salts were prepared from the corresponding anilines following the 

procedure below and were directly used. TMSCF2H was prepared from TMSCF3 following 

the procedure below and was directly used. All other starting materials were commercially 

available. CsF was dried for 24 h at 200 °C in 1x10
-3

 mbar. The other chemicals were used 

without further purification. 
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6.3.2 Detailed Screening Experiments 

Table 1. Optimization of the reaction conditions.[a]  

SCF
2
HSCN additives

TMSCF2H

solvent, RT

1 2
 

Entry Additive Mediator Solvent Yield of 2 [%]
[b] 

1
[c]

 TBAF - THF trace 
2 CsF - " 0 
3

 
TBAF - DMF trace 

4
 

KF - " trace 
5

 
CsF - " 51 

6
[d]

 " CuSCN " 85 
7

[e]
 " " " 98 

8
[e]

 " CuI " 90 
9

[e]
 " CuCl " 82 

10
[e]

  Cu " 61 
11

[e]
 " CuO " 76 

12
[e]

 " CuSCN THF trace 
13

[e]
 " " NMP 85 

14
[e,f]

 " " DMF 73 
15

[e,g]
 " " " 80 

[a] Reaction conditions: 0.5 mmol of benzyl thiocyanate, 1.0 mmol of additive, 1 mL solvent, 1.0 mmol of TMS–

CF2H, RT. [b] Yields were determined by 
19

F NMR using trifluoroethanol as an internal standard. [c] TMS–CF2H 

was added at 0 °C, then slowly warm up to RT. [d] 1.0 mmol of CuSCN. [e] 1.0 mmol of CuSCN and 2.0 mmol of 

CsF were used. [f] In the presence of 0.5 mmol TEMPO. [g] In the presence of 0.5 mmol p-benzochinone. 

 

Table 2. Optimization of the reaction conditions.[a]  

SCF
2
H

MeOMeO

N
2
BF

4
CuSCN, additives

TMSCF2H

NaSCN

solvent, RT

22

-N2

21  

Entry Additive 1 Additive 2 Solvent Yield of 22 [%]
[b]

 

1 Cs2CO3 - MeCN 0 
2 " - DMF 15 

3
[c] 

" CsF " 25 
4

[d] 
" " " 50 

5
[e] 

" " " 83 
6 - " DMF 0 
7

[f]
 " " MeCN/DMF 98 

[a] Reaction conditions: 1.0 mmol of CuSCN, 0.5 mmol of Cs2CO3, 0.75 mmol of NaSCN, 1 mL solvent, RT, 

dropwise addition of 0.5 mmol of 21 in 1 mL solvent, then 1.0 mmol of TMS–CF2H. [b] Yields were determined by 
19

F NMR using trifluoroethanol as an internal standard. [c] 1.5 mmol of both cesium bases. [d] 1.0 mmol of CsF [e] 

2.0 mmol of CsF. [f] 0.5 mmol of CuSCN, 0.35 mmol Cs2CO3, 0.75 mmol NaSCN, 1 mL MeCN, dropwise addition 

of 0.5 mmol of 21 in 1 mL MeCN, 1 h. Then evaporation of the solvent, addition of 0.5 mmol of CuSCN, 2.0 mmol 

of CsF, 1.0 mmol of TMS–CF2H in 1 mL DMF, RT, 12 h. 
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Table 3. Interference of Cs2CO3 or NaSCN on the difluoromethlation step.[a]  

SCF
2
H

MeOMeO

SCN CuSCN, CsF

TMSCF2H

additive

DMF, RT

2222a
 

Entry Additive Yield of 22 [%]
[b]

 

1 - 98 
2 Cs2CO3 77 
3 NaSCN 82 

[a] Reaction conditions: 0.5 mmol of 22a, 0.5 mmol of CuSCN, 2.0 mmol of CsF, 0.5 mmol of additive, 1.0 mmol 

of TMS–CF2H in 1 mL DMF, RT, 12 h. [b] Yields were determined by 
19

F NMR using trifluoroethanol as an internal 

standard. 
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6.3.3 Synthesis of Starting Materials 

6.3.3.1 Synthesis of arenediazonium tetrafluoroborates 

The aniline (10 mmol) was dissolved in a mixture of absolute ethanol (3 mL) and an 

aqueous solution of HBF4 (50%, 2.5 mL, 20 mmol) and tert-butyl nitrite (2.7 mL, 20 mmol) 

was added dropwise to the solution at 0 °C. The reaction was stirred at room temperature for 

1 h and diethyl ether (20 mL) was added to precipitate the arenediazonium tetrafluoroborate 

that was filtered off and washed with diethyl ether (3 × 10 mL). The arenediazonium 

tetrafluoroborate was dried in vacuo (10
-3

 mbar) for 10 minutes and was then directly used 

without further purification. 

6.3.3.2 Synthesis of difluoromethyltrimethylsilane 

Si

CH3

CF2HCH3

CH3

 

[CAS: 65864-64-4] 

Following the literature procedure, trifluoromethyltrimethylsilane (22.3 mL, 139 mmol) 

was added dropwise to the stirred suspension of sodium borohydride (1.79 g, 46 mmol) in 

40 mL of dry diglyme at 10 °C. The reaction mixture was stirred 12 h at room temperature 

and afterwards difluoromethyltrimethylsilane was isolated by distillation (b.p. 65-66 °C) as a 

colorless liquid (15.6 mL, 97 mmol, 71%). 
1
H NMR (400 MHz, CDCl3):  = 5.86 (t, 

J = 46.2 Hz, 1H), 0.18 ppm (s, 9H); 
19

F NMR (375 MHz, CDCl3):  = 139.5.6 ppm (d, 

J = 46.3 Hz); 
13

C NMR (101 MHz, CDCl3):  = 123.9 (t, 
1
J(C,F) = 253.9 Hz), -5.5 (3C) ppm. 

6.3.3.3 Synthesis of thiocyanated compounds 

Synthesis of 4-(dimethylamino)benzenethiocyanate 

SCN

N
CH3

CH3  

[CAS: 7152-80-9] 

Copper thiocyanate (610 mg, 5.00 mmol), sodium thiocyanate (620 mg, 7.50 mmol) and 

cesium carbonate (1.14 g, 3.50 mmol) was dissolved in MeCN (10 mL). Afterwards a solution 

of the 4-(dimethylamino)benzenediazonium tetrafluoroborate (1.18 g, 5.00 mmol) in MeCN 

(10 mL) and was added dropwise via syringe. The suspension was stirred at room temperature 
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for 1 h. The resulting mixture was filtered through a short pad of silica (20 g) and rinsed with 

diethyl ether (100 mL). The resulting organic solution was washed with water (2 × 50 mL) 

and brine (50 mL). The organic layer was dried over MgSO4, filtered and concentrated 

(700 mbar, 40 °C). The residue was further purified by flash chromatography (SiO2, 

pentane/diethyl ether gradient) and 4-(dimethylamino)benzenethiocyanate was isolated as a 

yellow solid (757 mg, 4.25 mmol, 85%). 
1
H NMR (400 MHz, CDCl3):  = 7.43 (d, 

J = 9.1 Hz, 2H), 6.68 (d, J = 9.0 Hz, 2H), 3.01 ppm (s, 6H); 
13

C NMR (101 MHz, CDCl3): 

 = 151.6, 134.5 (2C), 113.1 (2C), 112.6, 106.4, 40.1 (2C) ppm; MS (Ion trap, EI, 70 eV): 

m/z (%) = 178 [M
+
] (100), 152 (30), 145 (47), 118 (13); HRMS (EI-TOF) calcd for 

C9H10N2S: 178.0565; found: 178.0567. 

Synthesis of 4-nitrobenzenethiocyanate 

SCN

O2N  

[CAS: 2137-92-0] 

Copper thiocyanate (610 mg, 5.00 mmol), sodium thiocyanate (620 mg, 7.50 mmol) and 

cesium carbonate (1.14 g, 3.50 mmol) was dissolved in MeCN (10 mL). Afterwards a solution 

of the 4-nitrobenzenediazonium tetrafluoroborate (1.19 g, 5.00 mmol) in MeCN (10 mL) and 

was added dropwise via syringe. The suspension was stirred at room temperature for 1 h. The 

resulting mixture was filtered through a short pad of silica (20 g) and rinsed with diethyl ether 

(100 mL). The resulting organic solution was washed with water (2 × 50 mL) and brine 

(50 mL). The organic layer was dried over MgSO4, filtered and concentrated (700 mbar, 

40 °C). The residue was further purified by flash chromatography (SiO2, pentane/diethyl ether 

gradient) and 4-nitrobenzenethiocyanate was isolated as a yellow solid (738 mg, 4.10 mmol, 

82%). 
13

C NMR (400 MHz, CDCl3):  = 8.31 (d, J = 9.0 Hz, 2H), 7.68 ppm (d, J = 9.1 Hz, 

2H); 
13

C NMR (101 MHz, CDCl3):  = 148.0, 133.4, 128.7 (2C), 125.1 (2C), 108.1 ppm. 

Synthesis of 4-thiocyanatopyridine 

N

SCN

 

[CAS: 2637-36-7] 

Following the literature procedure, 4-aminopyridine [CAS: 504-24-5] (2.00 g, 21.2 mmol) 

was dissolved in a mixture of conc. H2SO4 (6 mL) and water (24 mL) and a solution of 
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sodium nitrite (1.00 g, 14.5 mmol) in water (20 mL) was added at 0 °C dropwise. Afterwards 

a solution of potassium thiocyanate (2.00 g, 20.0 mmol) in water (5 mL) and copper 

thiocyanate (500 mg, 4.07 mmol) was added. The reaction mixture was stirred at room 

temperature for 5 h and neutralized with sodium carbonate. Diethyl ether was added and the 

resulting organic solution was washed with water and brine. The organic layer was dried 

over MgSO4, filtered and concentrated (700 mbar, 40 °C). The residue was further purified by 

flash chromatography (SiO2, pentane/diethyl ether gradient) and 4-thiocyanatopyridine was 

isolated as yellow oil (1.47 g, 9.12 mmol, 43%). 
1
H NMR (400 MHz, CDCl3):  = 8.64 (d, 

J = 6.0 Hz, 2H), 7.40 ppm (d, J = 6.0 Hz, 2H); 
13

C NMR (101 MHz, CDCl3):  = 150.7 (2C), 

136.7, 121.5 (2C), 107.3 ppm; IR (neat):  = 3048, 2160, 1570, 1455, 1415, 1022, 757, 707 

cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 136 [M
+
] (100), 109 (40), 78 (34); HRMS (EI-

TOF) calcd for C6H4N2S: 136.0095; found: 136.0091. 

Synthesis of 2-thiocyanatopyridine 

N

SCN

 

[CAS: 2637-35-6] 

Following the literature procedure, 2-aminopyridine [CAS: 504-29-0] (10.0 g, 105 mmol) 

and sodium nitrite (8.00 g, 116 mmol) were dissolved in water (40 mL) and a solution of 

acetic acid (6 mL) in water (20 mL) was added dropwise at 0 °C. The solution was stirred for 

10 min at 0 °C and potassium thiocyanate (45.0 g, 454 mmol) in water (25 mL) and copper 

thiocyanate (12.9 g, 105 mmol) was added. The reaction mixture was stirred at room 

temperature for 17 h and neutralized with sodium carbonate. Diethyl ether was added and the 

resulting organic solution was washed with water and brine. The organic layer was dried over 

MgSO4, filtered and concentrated (700 mbar, 40 °C). The residue was further purified by 

flash chromatography (SiO2, pentane/diethyl ether gradient) and 2-thiocyanatopyridine was 

isolated as yellow oil (2.54 g, 15.8 mmol, 15%). 
1
H NMR (400 MHz, CDCl3):  = 8.53 (d, 

J = 4.8 Hz, 1H), 7.78 (td, J = 8.0, 1.9 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.29 ppm (ddd, 

J = 7.5, 4.9, 1.0 Hz, 1H);
 13

C NMR (101 MHz, CDCl3):  = 150.5, 150.0, 138.5, 122.7, 122.0, 

109.0 ppm; IR (neat):  = 3054, 2161, 1574, 1563, 1449, 1419, 1118, 1082, 1044, 988, 757, 

715 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 136 [M
+
] (100), 78 (100); HRMS (EI-TOF) 

calcd for C6H4N2S: 136.0095; found: 136.0090. 
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Synthesis of 3-thiocyanatopyridine  

N

SCN

 

[CAS: 2645-25-2] 

Following the literature procedure, 3-aminopyridine [CAS: 462-08-8] (7.50 g, 79.0 mmol) 

was dissolved in a mixture of conc. H2SO4 (14 mL) and water (50 mL) and sodium nitrite 

(5.77 g, 83.6 mmol) in water (25 mL) was added dropwise. Afterwards a solution of 

potassium thiocyanate (8.75 g, 88.2 mmol) in water (25 mL) and copper thiocyanate (9.69 g, 

78.9 mmol) was added. The reaction mixture was stirred at room temperature for 1 h and 

neutralized with sodium carbonate. Diethyl ether was added and the resulting organic solution 

was washed with water and brine. The organic layer was dried over MgSO4, filtered and 

concentrated (700 mbar, 40 °C). The residue was further purified by flash chromatography 

(SiO2, pentane/diethyl ether gradient) and 3-thiocyanatopyridine was isolated as yellow oil 

(5.09 g, 31.6 mmol, 40%). 
1
H NMR (400 MHz, CDCl3):  = 8.76 (d, J = 1.9 Hz, 1H), 8.67 (d, 

J = 4.9 Hz, 1H), 7.93 (m, 1H), 7.62 ppm (dd, J = 8.1, 4.9 Hz, 1H); 
13

C NMR (101 MHz, 

CDCl3):  = 150.6, 150.4, 137.9, 124.8, 122.5, 109.2 ppm; IR (neat):  = 3043, 2159, 1568, 

1466, 1412, 1327, 1192, 1107, 1014, 796, 751, 698 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 

136 [M
+
] (100), 111 (12), 109 (41), 92 (10), 78 (45); HRMS (EI-TOF) calcd for C6H4N2S: 

136.0095; found: 136.0088. 
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6.3.4 Synthesis of difluoromethyl thioethers starting from the corresponding 

organo thiocyanates 

6.3.4.1 Standard procedure 1 

An oven-dried 20 mL crimp cap vessel with Teflon-coated stirrer bar was charged with the 

organo thiocyanate (1.00 mmol), copper thiocyanate (122 mg, 1.00 mmol), cesium fluoride 

(608 mg, 4.00 mmol) and DMF (4 mL). Difluoromethyltrimethylsilane (245 mg, 2.00 mmol) 

was added and the suspension was stirred at room temperature for 12 h. The resulting mixture 

was filtered through a short pad of silica (5 g) and rinsed with diethyl ether (20 mL). The 

resulting organic solution was washed with water (2 × 10 mL) and brine (10 mL). The organic 

layer was dried over MgSO4, filtered and concentrated (700 mbar, 40 °C). After evaporation 

of the solvent, the corresponding difluoromethyl thioether was generally obtained pure (in 

some cases a second filtration through a short pad of silica removed the trace amount of 

impurities). 

Synthesis of [(difluoromethyl)thio]-methylbenzene (2). 

SCF2H

 

[CAS: 68965-44-6] 

Compound 2 was prepared following the standard procedure 1, starting from 

(bromomethyl)benzene [CAS: 100-39-0] (171 mg, 1.00 mmol). After purification, 2 was 

isolated as colorless oil (171 mg, 0.98 mmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 7.32 

(m, 5H), 6.75 (t, J = 56.6 Hz, 1H), 4.04 ppm (s, 2H); 
19

F NMR (375 MHz, CDCl3): 

 = 94.4 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 136.2, 128.9 (2C), 128.8 

(2C), 127.6, 120.2 (t, 
1
J(C,F) = 272.9 Hz), 31.7 ppm (t, 

3
J(C,F) = 3.6 Hz); IR (neat): 

 = 3032, 1739, 1496, 1455, 1366, 1323, 1217, 1056, 1018, 754, 703 cm
-1

; MS (Ion trap, EI, 

70 eV): m/z (%) = 174 [M
+
] (65), 92 (10), 91 (100); HRMS (EI-TOF) calcd for C8H8F2S: 

174.0315; found: 174.0314.  
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Synthesis of 1-[(difluoromethyl)thio]-butane (3). 

CH3 SCF2H 

[CAS: 1809138-51-9] 

Compound 3 was prepared following the standard procedure 1, starting from 

butylthiocyanate [CAS: 628-83-1] (83 mg, 0.50 mmol). After the reaction, trifluoroethanol as 

internal standard (36 µL, 0.50 mmol) was added to the reaction mixture and product 3 was 

formed in 99% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 93.7 ppm (d, J = 55.9 Hz). 

 

Synthesis of 1-[(difluoromethyl)thio]-2-methyl-propane (4). 

CH3

SCF2HCH3

CH3

 

[CAS: 68965-47-9] 

Compound 4 was prepared following the standard procedure 1, starting from 2-thiocyano-

2-methyl-propane [CAS: 37985-18-5], that was synthesized via nukleophilic substitution of 2-

iodo-2-methyl-propane [CAS: 558-17-8] (92 mg, 0.50 mmol) by sodium thiocyanate (50 mg, 

0.60 mmol) in DMF (1 mL) and used without further purification. After the reaction, 

trifluoroethanol as internal standard (36 µL, 0.50 mmol) was added to the reaction mixture 

and product 4 was formed in trace amounts (<10%) as determined by 
19

F NMR spectroscopic 

analysis. 
19

F NMR (375 MHz, DMSO-d6):  = 92.5 ppm (d, J = 57.2 Hz).  
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Synthesis of 1-[(difluoromethyl)thio]-4-nitrobenzene (5) 

SCF2H

O2N  

[CAS: 24933-57-1] 

Compound 5 was prepared following the standard procedure 1, starting from 4-

nitrobenzenethiocyanate [CAS: 2137-92-0] (180 mg, 1.00 mmol). After purification, 5 was 

isolated as colorless oil (148 mg, 0.72 mmol, 72%). 
1
H NMR (400 MHz, CDCl3):  = 8.24 (d, 

3
J(H,H) = 8.9 Hz, 2H), 7.73 (d, 

3
J(H,H) = 8.9 Hz, 2H), 6.96 ppm (t, J = 55.8 Hz, 1H); 

19
F 

NMR (375 MHz, CDCl3):  = 91.2 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3): 

 = 148.2, 134.2 (t, 
3
J(C,F) = 3.3 Hz), 134.3 (2C), 124.1 (2C), 119.6 ppm (t, 

1
J(C,F) = 276.6 Hz); IR (neat):  = 2971, 1739, 1600, 1517, 1344, 1217, 1035, 852, 763, 739, 

684 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 205 [M
+
] (100), 175 (75), 155 (38), 125 (37), 

124 (86), 108 (33), 80 (16); HRMS (EI-TOF) calcd for C7H5NO2F2S: 205.0009; found: 

205.0002. 

Synthesis of N,N-dimethyl-4-[(difluoromethyl)thio]aniline (6) 

SCF2H

N
CH3

CH3  

[CAS: 1808089-13-5] 

Compound 6 was prepared following the standard procedure 1, starting from 4-

(dimethylamino)benzenethiocyanate [CAS: 7152-80-9] (178 mg, 1.00 mmol). After 

purification, 6 was isolated as yellow oil (187 mg, 0.92 mmol, 92%). 
1
H NMR (400 MHz, 

CDCl3):  = 7.43 (d, 
3
J(H,H) = 9.0 Hz, 2H), 6.71 (t, J = 57.6 Hz, 1H), 6.68 (d, 

3
J(H,H) = 9.0 Hz, 2H), 3.00 ppm (s, 6H); 

19
F NMR (375 MHz, CDCl3):  = 92.6 ppm (d, 

J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 151.4, 137.3 (2C), 121.4 (t, 

1
J(C,F) = 274.8 Hz), 112.5 (2C), 109.8 (t, 

3
J(C,F) = 2.7 Hz), 40.1 ppm (2C); IR (neat): 

 = 2971, 1739, 1593, 1508, 1445, 1365, 1218, 1197, 1060, 1028, 815, 769, 751 cm
-1

; MS 

(Ion trap, EI, 70 eV): m/z (%) = 203 [M
+
] (52), 153 (15), 152 (100), 136 (13); HRMS (EI-

TOF) calcd for C9H11NF2S: 203.0580; found: 203.0571.   
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Synthesis of 2-[(difluoromethyl)thio]pyridine (7) 

N

SCF2H

 

[CAS: 250690-59-6] 

Compound 7 was prepared following the standard procedure 1, starting from 2-

thiocyanatopyridine [CAS: 2637-35-6] (136 mg, 1.00 mmol). After purification, 7 was 

isolated as a slightly yellow oil (147 mg, 0.91 mmol, 91%). 
1
H NMR (400 MHz, CDCl3): 

 = 8.50 (d, 
3
J(H,H) = 4.8 Hz, 1H), 7.71 (t, J = 56.3 Hz, 1H), 7.62 (dt, 

3
J(H,H) = 7.8, 1.6 Hz, 

1H), 7.28 (d, 
3
J(H,H) = 7.8 Hz, 1H), 7.16 ppm (dd, 

3
J(H,H) = 7.6, 4.9 Hz, 1H); 

19
F NMR 

(375 MHz, CDCl3):  = 96.2 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 153.2 

(t, 
3
J(C,F) = 3.6 Hz), 150.1, 137.1, 124.3 (t, 

3
J(C,F) = 2.3 Hz), 121.7, 121.3 ppm (t, 

1
J(C,F) = 271.3 Hz); IR (neat):  = 3002, 1739, 1578, 1562, 1455, 1419, 1284, 1127, 1042, 

989, 790, 757, 720 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 161 [M
+
] (100), 111 (65), 79 

(47), 67 (14); HRMS (EI-TOF) calcd for C6H5NF2S: 161.0111; found: 161.0114. 

Synthesis of 3-[(difluoromethyl)thio]pyridine (8) 

N

SCF2H

 

[CAS: 1809138-52-0] 

Compound 8 was prepared following the standard procedure 1, starting from 3-

thiocyanatopyridine [CAS: 2645-25-2] (136 mg, 1.00 mmol). After purification, 8 was 

isolated as a slightly yellow oil (140 mg, 0.87 mmol, 87%). 
1
H NMR (400 MHz, CDCl3): 

 = 8.80 (s, 1 H), 8.67 (d, 
3
J(H,H) = 4.8 Hz, 1H), 7.95 (d, 

3
J(H,H) = 7.9 Hz, 1H), 7.37 (dd, 

3
J(H,H) = 7.9, 4.8 Hz, 1H), 6.86 ppm (t, J = 56.3 Hz, 1H); 

19
F NMR (375 MHz, CDCl3): 

 = 91.4 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 155.0, 150.6, 142.9, 132.9, 

122.9, 119.6 ppm (t, 
1
J(C,F) = 276.6 Hz); IR (neat):  = 3041, 1738, 1570, 1467, 1407, 1320, 

1299, 1063, 1031, 1016, 808, 783, 753, 724, 703 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 

161 [M
+
] (100), 111 (51), 110 (27), 83 (17); HRMS (EI-TOF) calcd for C6H5NF2S: 161.0111; 

found: 161.0104.  
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Synthesis of 4-[(difluoromethyl)thio]pyridine (9) 

N

SCF2H

 

[CAS: 1809138-53-1] 

Compound 9 was prepared following the standard procedure 1, starting from 4-

thiocyanatopyridine [CAS: 2637-36-7] (136 mg, 1.00 mmol). After purification, 9 was 

isolated as yellow oil (137 mg, 0.85 mmol, 85%). 
1
H NMR (400 MHz, CDCl3):  = 5.59 (s, 

2H), 7.40 (d, 
3
J(H,H) = 4.8 Hz, 2H), 6.99 ppm (t, J = 55.8 Hz, 1H); 

19
F NMR (375 MHz, 

CDCl3):  = 91.1 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 150.2 (2C), 138.4 

(t, 
3
J(C,F) = 3.0 Hz), 126.3 (2C), 119.7 ppm (t, 

1
J(C,F) = 276.1 Hz); IR (neat):  = 3041, 

1738, 1574, 1545, 1486, 1408, 1299, 1217, 1033, 809, 787, 756, 706 cm
-1

; MS (Ion trap, EI, 

70 eV): m/z (%) = 161 [M
+
] (100), 111 (50); HRMS (EI-TOF) calcd for C6H5NF2S: 

161.0111; found: 161.0111. 

Synthesis of 2-[(difluoromethyl)thio]-4-methyl-6-phenylpyrimidine (10) 

N

N SCF2HCH3

 

[CAS: 1809138-54-2] 

Compound 10 was prepared following the standard procedure 1, starting from 4-methyl-6-

phenyl-2-pyrimidinyl thiocyanate [CAS: 55055-29-3] (227 mg, 1.00 mmol). After 

purification, 10 was isolated as green oil (239 mg, 0.95 mmol, 95%). 
1
H NMR (400 MHz, 

CDCl3):  = 8.04 (m, 2H), 7.94 (t, J = 56.0 Hz, 1H), 7.51 (m, 3H), 7.35 (s, 1H), 2.55 ppm (s, 

3H); 
19

F NMR (375 MHz, CDCl3):  = 99.0 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, 

CDCl3):  = 186.8, 167.1 (t, 
3
J(C,F) = 5.8 Hz), 164.3, 135.7, 131.4, 129.0 (2C), 127.2 (2C), 

121.0 (t, 
1
J(C,F) = 269.8 Hz), 113.3, 24.2 ppm; IR (neat):  = 2971, 1739, 1574, 1523, 1353, 

1257, 1206, 1044, 914, 834, 783, 753, 689 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 252 

[M
+
] (19), 201 (25), 170 (100); HRMS (EI-TOF) calcd for C12H10N2F2S: 252.0533; found: 

252.0532.  
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6.3.5 Synthesis of difluoromethyl thioethers starting from the corresponding 

bromides or mesylates 

6.3.5.1 Standard procedure 2 

An oven-dried 20 mL crimp cap vessel with Teflon-coated stirrer bar was charged with 

sodium thiocyanate (100 mg, 1.20 mmol), DMF (2 mL) and the bromide or mesylate starting 

material (mesylates were obtained from the corresponding alcohol via classical mesylation 

reaction, after a short extraction with DCM, water and brine the mesylates were used without 

further purification). (1.00 mmol) was added via syringe. The suspension was heated under 

stirring until completion of the reaction, followed by GC and GC-MS (following temperatures 

were required depending on the leaving group: primary alkylbromides: 60 °C; secondary 

alkylbromides 110 °C and primary alkylmesylates: 80-90 °C). Afterwards the reaction 

mixture was charged with copper thiocyanate (122 mg, 1.00 mmol), cesium fluoride (608 mg, 

4.00 mmol) and difluoromethyltrimethylsilane (245 mg, 2.00 mmol) and the suspension was 

stirred at room temperature for 12 h. The resulting mixture was filtered through a short pad of 

silica (5 g) and rinsed with diethyl ether (20 mL). The organic solution was washed with 

water (2 × 10 mL) and brine (10 mL). The organic layer was dried over MgSO4, filtered and 

concentrated (700 mbar, 40 °C). After evaporation of the solvent, the corresponding 

difluoromethyl thioether was generally obtained pure (in some cases a second filtration 

through a short pad of silica removed the trace amount of impurities). 

Synthesis of 1-[(difluoromethyl)thio]-hexane (11) 

SCF2HCH3  

[CAS: 1809138-55-3] 

Compound 11 was prepared following the standard procedure 2, starting from 1-

bromohexane [CAS: 111-25-1] (82 mg, 0.50 mmol). After the reaction, trifluoroethanol as 

internal standard (36 µL, 0.50 mmol) was added to the reaction mixture and product 11 was 

formed in 98% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 92.7 ppm (d, J = 57.2 Hz).  
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Synthesis of 1-[(difluoromethyl)thio]-dodecane (12) 

n-dodec
SCF2H

 

[CAS: 1191279-61-4] 

Compound 12 was prepared following the standard procedure 2, starting from 1-

bromododecane [CAS: 143-15-7] (249 mg, 1.00 mmol). After purification, 12 was isolated as 

slightly yellow oil (246 mg, 0.98 mmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 6.81 (t, 

J = 56.5 Hz, 1H), 2.80 (d, 
3
J(H,H) = 7.5 Hz, 2H), 1.67 (q, 

3
J(H,H) = 7.5 Hz, 2H), 1.40 (q, 

3
J(H,H) = 7.4 Hz, 2H), 1.27 (m, 16H), 0.89 ppm (t, 

3
J(H,H) = 6.8 Hz, 3H); 

19
F NMR 

(375 MHz, CDCl3):  = 92.7 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 120.8 

(t, 
1
J(C,F) = 271.8 Hz), 31.9, 30.1, 29.6 (2C), 29.5, 29.4, 29.3, 29.0, 28.7, 27.2 (t, 

3
J(C,F) = 2.9 Hz), 22.7, 14.1 ppm; IR (neat):  = 2924, 2854, 1738, 1466, 1282, 1168, 1021, 

771, 721 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 202 (29), 201 (100), 139 (10), 97 (24), 83 

(24), 69 (27); HRMS (EI-TOF) calcd for C13H26F2S: 251.1645; found: 251.1626. 

Synthesis of [(difluoromethyl)thio]-cyclohexane (13) 

SCF2H

 

[CAS: 1809138-56-4] 

Compound 13 was prepared following the standard procedure 2, starting from 

bromocyclohexane [CAS: 108-85-0] (81 mg, 0.50 mmol). After the reaction, trifluoroethanol 

as internal standard (36 µL, 0.50 mmol) was added to the reaction mixture and product 13 was 
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formed in 70% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics. 
19

F NMR (375 MHz, DMSO-d6):  = 92.4 ppm (d, J = 55.9 Hz). 

 

Synthesis of [(difluoromethyl)thio]-methylbenzene (2) 

SCF2H

 

[CAS: 68965-44-6] 

Compound 2 was prepared following the standard procedure 2, starting from 

(bromomethyl)benzene [CAS: 100-39-0] (171 mg, 1.00 mmol). After purification, 2 was 

isolated as colorless oil (171 mg, 0.98 mmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 7.32 

(m, 5H), 6.75 (t, J = 56.6 Hz, 1H), 4.04 ppm (s, 2H); 
19

F NMR (375 MHz, CDCl3): 

 = 94.4 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 136.2, 128.9 (2C), 128.8 

(2C), 127.6, 120.2 (t, 
1
J(C,F) = 272.9 Hz), 31.7 ppm (t, 

3
J(C,F) = 3.6 Hz); IR (neat): 

 = 3032, 1739, 1496, 1455, 1366, 1323, 1217, 1056, 1018, 754, 703 cm
-1

; MS (Ion trap, EI, 

70 eV): m/z (%) = 174 [M
+
] (65), 92 (10), 91 (100); HRMS (EI-TOF) calcd for C8H8F2S: 

174.0315; found: 174.0314. 

Synthesis of [(difluoromethyl)thio]-ethylbenzene (14) 

SCF2H

 

[CAS: 1809138-57-5] 

Compound 14 was prepared following the standard procedure 2, starting from (2-

bromoethyl)benzene [CAS: 103-63-9] (184 mg, 1.00 mmol). After purification, 14 was 
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isolated as colorless oil (175 mg, 0.93 mmol, 93%). 
1
H NMR (400 MHz, CDCl3):  = 7.36 

(m, 2H), 7.29 (m, 1H), 7.25 (m, 2H), 6.80 (t, J = 56.2 Hz, 1H), 3.05 ppm (m, 4H); 
19

F NMR 

(375 MHz, CDCl3):  = 92.7 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 139.5, 

128.6 (2C), 128.5 (2C), 126.7, 120.6 (t, 
1
J(C,F) = 272.9 Hz), 36.7, 28.5 ppm (t, 

3
J(C,F) = 2.7 Hz); IR (neat):  = 3030, 1604, 1497, 1455, 1323, 1056, 1010, 798, 773, 745, 

697 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 188 [M
+
] (45), 91 (100); HRMS (EI-TOF) 

calcd for C9H10F2S: 188.0471; found: 188.0461. 

Synthesis of [(difluoromethyl)thio]-2-phenylpropylene (15) 

CH3

SCF2H

 

[CAS: 112028-29-2] 

Compound 15 was prepared following the standard procedure 2, starting from 2-Phenyl-1-

propanol [CAS: 1123-85-9] (136 mg, 1.00 mmol). After purification, 15 was isolated as 

colorless oil (176 mg, 0.87 mmol, 87%). 
1
H NMR (400 MHz, CDCl3):  = 7.36 (m, 2H), 7.26 

(m, 3H), 6.70 (t, J = 56.5 Hz, 1H), 3.05 (m, 3H), 1.41 ppm (d, 
3
J = 6.7 Hz, 3H); 

19
F NMR 

(375 MHz, CDCl3):  = 92.8 ppm; 
13

C NMR (101 MHz, CDCl3):  = 114.5, 128.6 (2C), 

127.0 (2C), 126.9, 120.5 (t, 
1
J(C,F) = 272.4 Hz), 40.4, 35.0 (t, 

3
J(C,F) = 2.7 Hz), 20.8 ppm; 

IR (neat):  = 2967, 1494, 1453, 1328, 1049, 1011, 783, 760, 697 cm
-1

; MS (Ion trap, EI, 70 

eV): m/z (%) = 166 [M
+
] (11), 83 (100); HRMS (EI-TOF) calcd for C10H12F2S: 202.0628; 

found: 202.0619. 

Synthesis of 6-[(difluoromethyl)thio]-hexanoic acid-ethyl ester (16) 

O
SCF2H

O

CH3
6  

[CAS: 1809138-59-7] 

Compound 16 was prepared following the standard procedure 2, starting from 6-bromo-

hexanoic acid-ethyl ester [CAS: 25542-62-5] (223 mg, 1.00 mmol). After purification, 16 was 

isolated as orange oil (222 mg, 0.98 mmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 6.80 (t, 

J = 56.3 Hz, 1H), 4.13 (q, 
3
J = 7.2 Hz, 2H), 2.80 (t, 

3
J = 7.4 Hz, 2H), 2.31 (t, 

3
J = 7.4 Hz, 2H), 

1.67 (m, 4H), 1.44 (m, 2H), 1.26 ppm (t, 
3
J = 7.2 Hz, 3H); 

19
F NMR (375 MHz, CDCl3): 

 = 92.7 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 173.5, 120.7 (t, 
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1
J(C,F) = 271.9 Hz), 60.3, 34.1, 29.8, 28.1, 26.9 (t, 

3
J(C,F) = 3.3 Hz), 24.3, 14.2 ppm; IR 

(neat):  = 2939, 1730, 1463, 1374, 1259, 1180, 1016, 770 cm
-1

; MS (Ion trap, EI, 70 eV): 

m/z (%) = 206 (33), 186 (30), 181 (100), 171 (17), 143 (60), 129 (68), 101 (48), 97 (41), 88 

(53), 69 (42); HRMS (EI-TOF) calcd for C9H16O2F2S: 226.0839; found: 226.0858. 

Synthesis of [(difluoromethyl)thio]-undecanoic acid (17) 

OH
SCF2H

O

10  

[CAS: 1809138-60-0] 

Compound 17 was prepared following the standard procedure 2, but with the double 

amounts of copper thiocyanate, cesium fluoride and TMSCF2H, starting from 11-

Bromoundecanoic acid [CAS: 2834-05-1] (265 mg, 1.00 mmol). After purification, 17 was 

isolated as yellow oil (201 mg, 0.75 mmol, 75%) but contained traces of impurities. 
1
H NMR 

(400 MHz, CDCl3):  = 6.81 (t, J = 56.5 Hz, 1H), 2.80 (d, 
3
J = 7.4 Hz, 2H), 2.36 (d, 

3
J = 7.4 Hz, 2H), 1.65 (m, 4H), 1.39 (m, 2H), 1.29 ppm (s, 10H); 

19
F NMR (375 MHz, 

CDCl3):  = 92.7 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 179.9, 120.8 (t, 

1
J(C,F) = 271.9 Hz), 34.0, 30.1, 29.3, 29.3, 29.2, 29.0, 29.0, 28.6, 27.2 (t, 

3
J(C,F) = 2.9 Hz), 

24.6 ppm; IR (neat):  = 2926, 2855, 1738, 1708, 1366, 1217, 1056, 1019, 771 cm
-1

; MS (Ion 

trap, EI, 70 eV): m/z (%) = 247 [M
+
, -H, -HF] (12), 228 (10), 215 (95), 181 (26), 113 (30), 99 

(27), 98 (72), 87 (95), 73 (36), 69 (100), 55 (73); HRMS (EI-TOF) calcd for Fragment 1 [M
+
, 

-H, -HF]: C12H20FO2S: 247.1168; found: 247.1160, calcd for Fragment 2 [-2HF]: C12H20O2S: 

228.1184; found: 228.1172, calcd for Fragment 3 [-CF2H]: C11H19O2S: 215.1106; found: 

215.1086. 

Synthesis of 2-[2-[(difluoromethyl)thio]ethyl]-1H-isoindole-1,3(2H)-dione (18) 

SCF2H
N

O

O
 

[CAS: 1809138-61-1] 

Compound 18 was prepared following the standard procedure 2, starting from 2-(2-

bromoethyl)-1H-isoindole-1,3(2H)-dione [CAS: 574-98-1] (254 mg, 1.00 mmol). After 

purification, 18 was isolated as colorless solid (213 mg, 0.83 mmol, 83%). 
1
H NMR 

(400 MHz, CDCl3):  = 7.86 (m, 2H), 7.74 (m, 2H), 6.85 (t, J = 56.1 Hz, 1H), 3.98 (d, 
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3
J = 7.0 Hz, 2H), 3.13 ppm (d, 

3
J = 7.0 Hz, 2H); 

19
F NMR (375 MHz, CDCl3): 

 = 92.78 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 168.0 (2C), 134.2 (2C), 

131.8 (2C), 123.4 (2C), 120.0 (t, 
1
J(C,F) = 273.8 Hz), 37.8, 25.4 ppm (t, 

3
J(C,F) = 3.2 Hz); IR 

(neat):  = 2995, 2951, 1769, 1706, 1471, 1438, 1396, 1331, 1047, 999, 940, 862, 769, 

714 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 175 (15), 161 (11), 160 (100), 148 (11); m.p.: 

59-60 °C; HRMS (EI-TOF) calcd for C11H9NO2F2S: 257.0322; found: 257.0320. 

Synthesis of [(difluoromethyl)thio]-methyl-1,3-dioxolane (19) 

SCF2H

O

O

 

[CAS: 1809138-62-2] 

Compound 19 was prepared following the standard procedure 2, starting from 2-

Bromomethyl-1,3-dioxolane [CAS: 4360-63-8] (167mg, 1.00 mmol) with traces of impurities. 

After purification, 19 was isolated as slightly yellow oil (104 mg, 0.61 mmol, 61%) but 

contained traces of impurities. 
1
H NMR (400 MHz, CDCl3):  = 6.97 (t, J = 57.4 Hz, 1H), 

5.16 (t, 
3
J = 4.1 Hz, 1H), 4.05 (m, 2H), 3.94 (m, 2H), 2.99 (d, 

3
J = 4.0 Hz, 2H),; 

19
F NMR 

(375 MHz, CDCl3):  = 93.4 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 120.5 

(t, 
1
J(C,F) = 272.5 Hz), 102.9, 65.5 (2C), 31.2 ppm (t, 

3
J(C,F) = 2.9 Hz); IR (neat):  = 2970, 

1739, 1366, 1229, 1217, 1137, 1060, 1014, 980, 831, 778, 738 cm
-1

; MS (Ion trap, EI, 70 eV): 

m/z (%) = 96 (34), 73 (100); HRMS (EI-TOF) calcd for C5H8F2O2S: 169.0135; found: 

169.0126. 

Synthesis of [(difluoromethyl)thio]-2-(6,6-dimethylbicyclo[3.1.1]-hept-2-en-2-

yl)ethylene (20) 

CH3

CH3

SCF2H

 

[CAS: 1809138-63-3] 

Compound 20 was prepared following the standard procedure 2, starting from 2-

methanesulfonate-6,6-dimethyl-(1R,5S)-Bicyclo[3.1.1]-hept-2-ene-2-ethanol [CAS:107667-

90-3] (166 mg, 1.00 mmol). After purification, 20 was isolated as slightly yellow oil (216 mg, 

0.93 mmol, 93%). 
1
H NMR (400 MHz, CDCl3):  = 6.82 (t, J = 56.4 Hz, 1H), 5.30 (m, 1H), 

2.83 (m, 2H), 2.39 (m, 1H), 2.32 (m, 2H), 2.24 (m, 2H), 2.10 (m, 1H), 2.02 (m, 1H), 1.29 (s, 

3H), 1.16 (d, 
3
J = 8.5 Hz, 1H), 0.84 ppm (s, 3H); 

19
F NMR (375 MHz, CDCl3): 
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 = 92.7 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 145.7, 120.7 (t, 

1
J(C,F) = 272.1 Hz), 118.3, 45.5, 40.7, 38.0, 37.4, 31.6, 31.2, 26.2, 25.1 (t, 

3
J(C,F) = 3.3 Hz), 

21.2 ppm; IR (neat):  = 2917, 1469, 1433, 1324, 1060, 1020, 772 cm
-1

; MS (Ion trap, EI, 70 

eV): m/z (%) = 232 [M
+
] (49), 188 (100), 105 (54); HRMS (EI-TOF) calcd for C12H18F2S: 

232.1097; found: 232.1099; []
D

20  -29 (c 1.14, CHCl3). 
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6.3.6 Synthesis of difluoromethyl thioethers from the corresponding 

arenediazonium salts 

6.3.6.1 Standard procedure 3 

An oven-dried 20 mL crimp cap vessel with Teflon-coated stirrer bar was charged with 

copper thiocyanate (122 mg, 1.00 mmol) sodium thiocyanate (124 mg, 1.50 mmol) and 

cesium carbonate (228 mg, 0.70 mmol) in MeCN (2 mL). Afterwards a solution of the 

arenediazonium tetrafluoroborate (1.00 mmol) in MeCN (2 mL) and was added dropwise via 

syringe. The suspension was stirred at room temperature for 1 h. After a short filtration 

through a short pad of silica the solvent was evaporated and the vessel was charged with 

copper thiocyanate (122 mg, 1.00 mmol), cesium fluoride (608 mg, 4.00 mmol) and DMF 

(4 mL). Difluoromethyltrimethylsilane (245 mg, 2.00 mmol) was added and the suspension 

was stirred at room temperature for 12 h. The resulting mixture was filtered through a short 

pad of silica (5 g) and rinsed with diethyl ether (20 mL). The resulting organic solution was 

washed with water (2 × 10 mL) and brine (10 mL). The organic layer was dried over MgSO4, 

filtered and concentrated (700 mbar, 40 °C). The residue was further purified by flash 

chromatography (SiO2, pentane/diethyl ether gradient), yielding the corresponding aryl 

difluoromethyl thioethers. 

Synthesis of 1-[(difluoromethyl)thio]-4-methoxybenzene (22) 

SCF2H

O
CH3

 

[CAS: 81931-98-8] 

Compound 22 was prepared following the standard procedure 3, starting from 4-

methoxybenzenediazonium tetrafluoroborate (21) [CAS: 459-64-3] (222 mg, 1.00 mmol). 

After purification, 22 was isolated as colorless oil (181 mg, 0.95 mmol, 95%). 
1
H NMR 

(400 MHz, CDCl3):  = 7.56 (d, 
3
J = 8.9 Hz, 2H), 6.94 (d, 

3
J = 8.9 Hz, 2H), 6.80 (t, 

J = 57.1 Hz, 1H), 3.82 ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3):  = 92.2 ppm (d, 

J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 161.1, 137.4 (2C), 121.0 (t, 

1
J(C,F) = 274.6 Hz), 115.9 (t, 

3
J(C,F) = 3.3 Hz), 114.8 (2C), 55.0 ppm; IR (neat):  = 2971, 

1739, 1592, 1494, 1463, 1366, 1290, 1247, 1175, 1063, 1027, 829, 800, 755, 711 cm
-1

; MS 

(Ion trap, EI, 70 eV): m/z (%) = 190 [M
+
] (57), 187 (18), 154 (28), 139 (100), 124 (21), 96 
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(17), 95 (18), 77 (10), 70 (13), 69 (13), 63 (13); HRMS (EI-TOF) calcd for C8H8OF2S: 

190.0264; found: 190.0270. 

Upscale of 1-[(difluoromethyl)thio]-4-methoxybenzene (22) 

SCF2H

O
CH3

 

[CAS: 81931-98-8] 

An oven-dried 100 mL flask with Teflon-coated stirrer bar was charged with copper 

thiocyanate (1.22 g, 10.0 mmol) sodium thiocyanate (1.22 g, 10.0 mmol) and cesium 

carbonate (2.28 g, 7.00 mmol) in MeCN (20 mL). Afterwards a solution of 4-

methoxybenzenediazonium tetrafluoroborate (21) [CAS: 459-64-3] (2.22 g, 10.0 mmol) in 

MeCN (20 mL) and was added dropwise via syringe. The suspension was stirred at room 

temperature for 1 h. After a short filtration through a short pad of silica the solvent was 

evaporated and the vessel was charged with copper thiocyanate (1.22 g, 10.0 mmol), cesium 

fluoride (6.08 g, 40.0 mmol) and DMF (40 mL). Difluoromethyltrimethylsilane (2.45 g, 

20.0 mmol) was added and the suspension was stirred at room temperature for 12 h. The 

resulting mixture was filtered through a short pad of silica (50 g) and rinsed with diethyl ether 

(100 mL). The resulting organic solution was washed with water (2 × 50 mL) and brine 

(50 mL). The organic layer was dried over MgSO4, filtered and concentrated (700 mbar, 

40 °C). The residue was further purified by flash chromatography (SiO2, pentane/diethyl ether 

gradient), and 22 was isolated as colorless oil (1.69 g, 8.90 mmol, 89%). 

Synthesis of 1-[(difluoromethyl)thio]-2-methoxybenzene (23) 

SCF2H

O

CH3  

[CAS: 1097193-02-6] 

Compound 23 was prepared following the standard procedure 3, starting from 2-

methoxybenzenediazonium tetrafluoroborate [CAS: 395-48-2] (222 mg, 1.00 mmol). After 

purification, 23 was isolated as colorless oil (133 mg, 0.70 mmol, 70%). 
1
H NMR (400 MHz, 

CDCl3):  = 7.54 (m, 1H), 7.41 (m, 1H), 6.98 (m, 2H), 6.95 (t, J = 58.0 Hz, 1H), 3.92 ppm (s, 

3H); 
19

F NMR (375 MHz, CDCl3):  = 92.6 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, 

CDCl3):  = 159.4, 136.6, 131.5, 121.3, 120.6 (t, 
1
J(C,F) = 274.3 Hz), 114.8 (t, 

3
J(C,F) = 3.6 Hz), 111.4, 56.0 ppm; IR (neat):  = 2970, 1739, 1586, 1479, 1433, 1292, 1276, 
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1248, 1058, 1017, 802, 750, 685 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 190 [M
+
] (100), 

157 (20), 140 (58), 125 (16); HRMS (EI-TOF) calcd for C8H8OF2S: 190.0264; found: 

190.0263. 

Synthesis of 1-[(difluoromethyl)thio]-3-methoxybenzene (24) 

SCF2HO

CH3

 

[CAS: 1333375-76-0] 

Compound 24 was prepared following the standard procedure 3, starting from 3-

methoxybenzenediazonium tetrafluoroborate
i
 (222 mg, 1.00 mmol). After purification, 24 was 

isolated as colorless oil (156 mg, 0.82 mmol, 82%). 
1
H NMR (400 MHz, CDCl3):  = 7.31 (t, 

3
J = 7.9 Hz, 1H), 7.18 (d, 

3
J = 7.7 Hz, 1H), 7.12 (m, 1H), 6.97 (m, 1H), 6.86 (t, J = 57.0 Hz, 

1H), 3.83 ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3):  = 91.1 ppm (d, J = 55.9 Hz); 
13

C 

NMR (101 MHz, CDCl3):  = 159.9, 130.1, 127.2, 127.1 (t, 
3
J = 3.3 Hz), 121.1 (t, 

1
J(C,F) = 274.7 Hz), 120.1, 115.8, 55.4 ppm; IR (neat):  = 2965, 1739, 1591, 1577, 1480, 

1425, 1316, 1285, 1248, 1233, 1064, 1030, 860, 795, 754, 686 cm
-1

; MS (Ion trap, EI, 70 eV): 

m/z (%) = 190 [M
+
] (20), 140 (13), 139 (35), 111 (33), 109 (24); HRMS (EI-TOF) calcd for 

C8H8OF2S: 190.0264; found: 190.0269. 

Synthesis of 1-[(difluoromethyl)thio]-3-nitrobenzene (25). 

SCF2HO2N

 

[CAS: 24933-39-9] 

Compound 25 was prepared following the standard procedure 3, starting from 3-

nitrobenzenediazonium tetrafluoroborate [CAS: 586-36-7] (237 mg, 1.00 mmol). After 

purification, 25 was isolated as colorless oil (133 mg, 0.65 mmol, 65%). 
1
H NMR (400 MHz, 

CDCl3):  = 8.46 (t, 
3
J(H,H) = 1.9 Hz, 1H), 8.30 (m, 1H), 7.93 (d, 

3
J(H,H) = 7.8 Hz, 1H), 7.62 

(t, 
3
J(H,H) = 8.0 Hz, 1H), 6.92 ppm (t, J = 56.0 Hz, 1H); 

19
F NMR (375 MHz, CDCl3): 

 = 91.5 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 148.4, 141.0, 130.1, 129.8, 

128.1.5 (t, 
3
J(C,F) = 2.7 Hz), 124.6, 119.6 ppm (t, 

1
J(C,F) = 277.0 Hz); IR (neat):  = 3088, 

1739, 1528, 1341, 1318, 1296, 1063, 1032, 876, 807, 761, 729, 672 cm
-1

; MS (Ion trap, EI, 70 
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eV): m/z (%) = 205 [M
+
] (100), 175 (15), 159 (14), 155 (68), 139 (12), 109 (17), 108 (46), 95 

(12); HRMS (EI-TOF) calcd for C7H5NO2F2S: 205.0009; found: 205.0003. 

Synthesis of 4-[(difluoromethyl)thio]-1,1'-biphenyl (26) 

SCF2H

 

[CAS: 207974-77-4] 

Compound 26 was prepared following the standard procedure 3, starting from [1,1’-

biphenyl]-4-diazonium tetrafluoroborate
ii
 (267 mg, 1.00 mmol). After purification, 26 was 

isolated as white solid (201 mg, 0.85 mmol, 85%). 
1
H NMR (400 MHz, CDCl3):  = 7.67 (m, 

2H), 7.61 (m, 4H), 7.48 (m, 2H), 7.41 (m, 1H), 6.88 ppm (t, J = 56.9 Hz, 1H); 
19

F NMR 

(375 MHz, CDCl3):  = 91.3 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 142.8, 

139.8, 135.7, 128.9 (2C), 128.0 (2C), 127.9 (2C), 127.1 (2C), 124.7 (t, 
3
J(C,F) = 3.1 Hz), 

120.9 ppm (t, 
1
J(C,F) = 275.2 Hz); IR (neat):  = 3027, 1739, 1593, 1479, 1397, 1322, 1310, 

1058, 1018, 968, 920, 835, 762, 747, 718, 699, 656 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 

237 [M
+
+H] (13), 236 (83), 186 (41), 185 (100), 184 (30), 152 (32); m.p.: 56-57 °C; HRMS 

(EI-TOF) calcd for C13H10F2S: 236.0471; found: 236.0474. 

Synthesis of 1-bromo-4-[(difluoromethyl)thio] benzene (27) 

SCF2H

Br  

[CAS: 4837-14-3] 

Compound 27 was prepared following the standard procedure 3, starting from 4-

bromobenzenediazonium tetrafluoroborate [CAS: 673-40-5] (271 mg, 1.00 mmol). After 

purification, 27 was isolated as colorless oil (195 mg, 0.82 mmol, 82%). 
1
H NMR (400 MHz, 

CDCl3):  = 7.53 (m, 2H), 7.45 (m, 2H), 6.99 ppm (t, J = 56.6 Hz, 1H); 
19

F NMR (375 MHz, 

CDCl3):  = 91.6 ppm (d, J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 136.9 (2C), 132.5 

(2C), 124.8 (t, 
3
J(C,F) = 3.3 Hz), 124.7, 120.2 ppm (t, 

1
J(C,F) = 275.7 Hz); IR (neat): 

 = 3083, 1910, 1739, 1646, 1561, 1472, 1385, 1065, 1044, 1007, 964, 886, 867, 816, 758, 

729 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 240 [M
+
] (80), 238 (81), 190 (76), 189 (36), 

188 (77), 187 (35), 109 (24), 108 (100), 82 (14), 63 (12); HRMS (EI-TOF) calcd for 

C7H5F2SBr: 237.9263; found: 237.9259. 
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Synthesis of 1-bromo-4-[(difluoromethyl)thio]naphthalene (28) 

SCF2H

Br  

[CAS: 1809138-64-4] 

Compound 28 was prepared following the standard procedure 3, starting from 4-

bromonaphthalen-1-yldiazonium tetrafluoroborate [CAS: 341-89-9] (321 mg, 1.00 mmol). 

After purification, 28 was isolated as colorless oil (225 mg, 0.78 mmol, 78%). 
1
H NMR 

(400 MHz, CDCl3):  = 8.55 (m, 1H), 8.32 (m, 1H), 7.82 (d, 
3
J(H,H) = 7.9 Hz, 1H), 7.74 (d, 

3
J(H,H) = 7.8 Hz, 1H), 7.69 (m, 2H), 6.83 ppm (t, J = 56.8 Hz, 1H); 

19
F NMR (375 MHz, 

CDCl3):  = 90.9 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 136.3, 136.2, 

132.7, 129.7, 128.2, 128.0, 127.9, 126.7, 124.5, 123.4 (t, 
3
J(C,F) = 2.7 Hz), 120.7 ppm (t, 

1
J(C,F) = 276.1 Hz); IR (neat):  = 3072, 1578, 1496, 1369, 1317, 1295, 1069, 1039, 976, 

877, 828, 759 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 291 [M
+
+H] (12), 290 (100), 289 

(13), 288 (100), 240 (26), 239 (82), 238 (27), 237 (78), 193 (10), 159 (28), 158 (97), 126 (12), 

115 (12), 114 (23), 113 (13); HRMS (EI-TOF) calcd for C11H7F2SBr: 287.9420; found: 

287.9434. 

Synthesis of 4-[(difluoromethyl)thio]benzonitrile (29) 

SCF2H

NC  

[CAS: 4837-25-6] 

Compound 29 was prepared following the standard procedure 3, starting from 4-

cyanobenzenediazonium tetrafluoroborate [CAS: 2252-32-6] (217 mg, 1.00 mmol). After 

purification, 29 was isolated as colorless oil (135 mg, 0.73 mmol, 73%). 
1
H NMR (400 MHz, 

CDCl3):  = 7.65 (s, 4H), 6.92 ppm (t, J = 55.8 Hz, 1H); 
19

F NMR (375 MHz, CDCl3): 

 = 91.2 (d, J = 55.9 Hz) ppm; 
13

C NMR (101 MHz, CDCl3):  = 134.4 (2C), 132.7 (t, 

3
J(C,F) = 2.7 Hz), 132.6 (2C), 119.7 (t, 

1
J(C,F) = 276.6 Hz), 117.9, 113.2 ppm; IR (neat): 

 = 2927, 2231, 1738, 1594, 1486, 1370, 1299, 1217, 1064, 1036, 1018, 833, 791, 777, 754 

cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 185 [M
+
] (69), 135 (100), 134 (22); HRMS (EI-

TOF) calcd for C8H5NF2S: 185.0111; found: 185.0102.  
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Synthesis of methyl 4-[(difluoromethyl)thio]benzoate (30) 

SCF2H

O

O
CH3  

[CAS: 1458640-72-6] 

Compound 30 was prepared following the standard procedure 3, starting from 4-

(methoxycarbonyl)benzenediazonium tetrafluoroborate (222 mg, 1.00 mmol). After 

purification, 30 was isolated as colorless oil (164 mg, 0.75 mmol, 75%). 
1
H NMR (400 MHz, 

CDCl3):  = 8.04 (d, 
3
J(H,H) = 8.4 Hz, 2H), 7.62 (d, 

3
J(H,H) = 8.4 Hz, 2H), 6.90 (t, 

J = 56.5 Hz, 1H), 3.93 ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3):  = 91.1 ppm (d, 

J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 166.2, 134.0 (2C), 132.2 (t, 

3
J(C,F) = 2.7 Hz), 131.0, 130.3 (2C), 120.3 (t, 

1
J(C,F) = 275.7 Hz), 52.4 ppm; IR (neat): 

 = 2955, 1720, 1597, 1436, 1400, 1273, 1180, 1110, 1064, 1031, 1016, 964, 855, 828, 793, 

748, 720, 691 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 218 [M
+
] (70), 187 (100), 182 (46), 

168 (21), 151 (63), 139 (10), 137 (58), 136 (13), 109 (12), 108 (21); HRMS (EI-TOF) calcd 

for C9H8O2F2S: 218.0213; found: 218.0202. 

Synthesis of methyl 4-[(difluoromethyl)thio]acetanilide (31) 

SCF2H

NH

O

CH3  

[CAS: 24933-63-9] 

Compound 31 was prepared following the standard procedure 3, starting from 4-

acetamidobenzenediazonium tetrafluoroborate [CAS: 19089-87-3] (249 mg, 1.00 mmol). 

After purification, 31 was isolated as colorless solid (187 mg, 0.86 mmol, 86%). 
1
H NMR 

(400 MHz, CDCl3):  = 7.54 (m, 4H), 6.78 (t, J = 57.0 Hz, 1H), 2.20 ppm (s, 3H); 
19

F NMR 

(375 MHz, CDCl3):  = 91.8 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 168.6, 

139.6, 136.6 (2C), 120.8 (t, 
1
J(C,F) = 275.2 Hz), 120.2 (2C), 24.7 ppm; IR (neat):  = 3253, 

3185, 3112, 1737, 1664, 1609, 1590, 1532, 1492, 1399, 1371, 1317, 1292, 1262, 1025, 969, 

835, 758 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 217 [M
+
] (64), 175 (52), 125 (18), 124 

(100); m.p.: 133-134 °C; HRMS (EI-TOF) calcd for C9H9NOF2S: 217.0373; found: 

217.0384.  
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Synthesis of N,N-dimethyl-4-[(difluoromethyl)thio]aniline (6) 

SCF2H

N
CH3

CH3  

[CAS: 1808089-13-5] 

Compound 6 was also prepared following the standard procedure 3, starting from 4-

(dimethylamino)benzenediazonium tetrafluoroborate [CAS: 24564-52-1] (235 mg, 

1.00 mmol). After purification, 6 was isolated as yellow oil (142 mg, 0.70 mmol, 70%). 
1
H 

NMR (400 MHz, CDCl3):  = 7.43 (d, 
3
J(H,H) = 9.0 Hz, 2H), 6.71 (t, J = 57.6 Hz, 1H), 6.68 

(d, 
3
J(H,H) = 9.0 Hz, 2H), 3.00 ppm (s, 6H); 

19
F NMR (375 MHz, CDCl3):  = 92.6 ppm (d, 

J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 151.4, 137.3 (2C), 121.4 (t, 

1
J(C,F) = 274.8 Hz), 112.5 (2C), 109.8 (t, 

3
J(C,F) = 2.7 Hz), 40.1 ppm (2C); IR (neat): 

 = 2971, 1739, 1593, 1508, 1445, 1365, 1218, 1197, 1060, 1028, 815, 769, 751 cm
-1

; MS 

(Ion trap, EI, 70 eV): m/z (%) = 203 [M
+
] (52), 153 (15), 152 (100), 136 (13); HRMS (EI-

TOF) calcd for C9H11NF2S: 203.0580; found: 203.0571.  

Synthesis of (4-[(difluoromethyl)thio]phenyl)(phenyl)methanone (32) 

SCF2H

O  

[CAS: 1779524-54-7] 

Compound 32 was prepared following the standard procedure 3, starting from 4-

benzoylbenzenediazonium tetrafluoroborate [CAS: 32785-41-4] (296 mg, 1.00 mmol). After 

purification, 32 was isolated as colorless oil (190 mg, 0.72 mmol, 72%). 
1
H NMR (400 MHz, 

CDCl3):  = 7.81 (m, 4H), 7.68 (m, 2H), 7.63 (m, 1H), 7.51 (m, 2H), 6.94 ppm (t, 

J = 56.4 Hz, 1H); 
19

F NMR (375 MHz, CDCl3):  = 91.0 ppm (d, J = 55.9 Hz); 
13

C NMR 

(101 MHz, CDCl3):  = 195.7, 138.3, 137.0, 134.0 (2C), 132.8, 131.4 (t, 
3
J(C,F) = 2.9 Hz), 

130.7 (2C), 130.0 (2C), 128.4 (2C), 120.3 ppm (t, 
1
J(C,F) = 275.8 Hz); IR (neat):  = 3062, 

1738, 1656, 1592, 1447, 1397, 1317, 1305, 1277, 1063, 1029, 937, 922, 846, 795, 760, 729, 

696, 662 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 265 [M
+
+H] (20), 264 (100), 214 (33), 

187 (87), 181 (14), 137 (51), 109 (11), 108 (13), 105 (84), 77 (39); HRMS (EI-TOF) calcd for 

C14H10OF2S: 264.0420; found: 264.0412.   
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Synthesis of 1-[4-[(difluoromethyl)thio]phenyl]ethanone (33) 

SCF2H

O

CH3

 

[CAS: 145326-60-9] 

Compound 33 was prepared following the standard procedure 3, starting from 4-

acetylbenzenediazonium tetrafluoroborate [CAS: 350-47-0] (234 mg, 1.00 mmol). After 

purification, 33 was isolated as colorless oil (174 mg, 0.86 mmol, 86%). 
1
H NMR (400 MHz, 

CDCl3):  = 7.96 (d, 
3
J(H,H) = 8.4 Hz, 2H), 7.66 (d, 

3
J(H,H) = 8.4 Hz, 2H), 6.99 (t, 

J = 56.3 Hz, 1H), 2.62 ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3):  = 91.1 ppm (d, 

J = 55.9 Hz); 
13

C NMR (101 MHz, CDCl3):  = 197.2, 137.5, 134.2 (2C), 132.4 (t, 

3
J(C,F) = 2.7 Hz), 129.0 (2C), 120.2 (t, 

1
J(C,F) = 275.6 Hz), 26.7 ppm; IR (neat):  = 2970, 

1736, 1683, 1593, 1396, 1358, 1260, 1028, 957, 826, 792, 766, 751, 719 cm
-1

; MS (Ion trap, 

EI, 70 eV): m/z (%) = 202 [M
+
] (51), 187 (100), 137 (35), 136 (10), 108 (13); HRMS (EI-

TOF) calcd for C9H8OF2S: 202.0264; found: 202.0258. 

Synthesis of 2-(3-[(difluoromethyl)thio]phenyl)-1,1-difluoropropan-2-ol (34) 

SCF2H

CF2H

CH3
OH

 

[CAS: 1809138-65-5] 

Compound 34 was prepared following the standard procedure 3, starting from 3-

acetylbenzenediazonium tetrafluoroborateFehler! Textmarke nicht definiert. (234 mg, 

1.00 mmol). After purification, 34 was isolated as colorless oil (165 mg, 0.65 mmol, 65%). 
1
H 

NMR (400 MHz, CDCl3):  = 7.76 (s, 1H), 7.58 (m, 2H), 7.43 (m, 1H), 6.85 (t, J = 56.8 Hz, 

1H), 5.71 (t, J = 56.4 Hz, 1H), 1.68 ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3): 

 = 91.4 ppm (d, J = 55.8 Hz), 130.0 ppm (qd, 
1
J = 277.9 Hz, 

2
J = 54.5 Hz); 

13
C NMR 

(101 MHz, CDCl3):  = 141.7, 134.9, 132.7, 129.3, 127.4, 126.4 (t, 
3
J(C,F) = 6.2 Hz), 120.8 

(t, 
1
J(C,F) = 275.2 Hz), 116.6 (t, 

1
J(C,F) = 247.2 Hz), 74.0 (t, 

2
J(C,F) = 21.5 Hz), 22.4 ppm (t, 

3
J(C,F) = 2.2 Hz); IR (neat):  = 3409, 1736, 1661, 1475, 1416, 1386, 1321, 1297, 1043, 958, 

902, 803, 753, 699 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 254 [M
+
] (29), 204 (12), 203 

(100), 183 (13), 163 (29); HRMS (EI-TOF) calcd for C10H10OF4S: 254.0388; found: 

254.0387.  
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Synthesis of 9-ethyl-3-[(difluoromethyl)thio]-9H-carbazole (35) 

SCF2H

N

CH3  

[CAS: 1779524-74-1] 

Compound 35 was prepared following the standard procedure 3, starting from 9-ethyl-9H-

carbazol-3-diazonium tetrafluoroborate (309 mg, 1.00 mmol). After purification, 35 was 

isolated as colorless oil (224 mg, 0.81 mmol, 81%). 
1
H NMR (400 MHz, CDCl3):  = 8.36 (d,

 

3
J(H,H) = 1.6 Hz, 1H), 8.13 (d,

 3
J(H,H) = 7.8 Hz, 1H), 7.68 (m, 1H), 7.53 (m, 1H), 7.43 (d,

 

3
J(H,H) = 8.3 Hz, 2H), 7.30 (m, 1H), 6.86 (t, J = 57.4 Hz, 1H), 4.38 (q,

 3
J(H,H) = 7.2 Hz, 

2H), 1.46 ppm (t,
 3

J(H,H) = 7.2 Hz, 3H); 
19

F NMR (375 MHz, CDCl3):  = 92.1 ppm (d, 

J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 140.6, 140.3, 132.3, 128.9, 126.4, 123.9, 

122.2, 121.5 (t, 
1
J(C,F) = 274.6 Hz), 120.6, 119.6, 113.9 (t, 

3
J(C,F) = 3.1 Hz), 109.2, 108.8, 

37.7, 13.8 ppm; IR (neat):  = 2972, 1739, 1590, 1473, 1455, 1380, 1330, 1269, 1231, 1057, 

1022, 888, 806, 747, 727 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 278 [M
+
+H] (13), 277 

(72), 262 (15), 227 (32), 226 (100), 212 (26), 211 (17), 198 (10); HRMS (EI-TOF) calcd for 

C15H13NF2S: 277.0737; found: 277.0747. 

Synthesis of 3-[(difluoromethyl)thio]quinoline (36) 

N
SCF2H

 

[CAS: 1779524-71-8] 

Compound 36 was prepared following the standard procedure 3, starting from quinoline-3-

diazonium tetrafluoroborate (243 mg, 1.00 mmol). After purification, 36 was isolated as 

colorless oil (137 mg, 0.65 mmol, 65%). 
1
H NMR (400 MHz, CDCl3):  = 9.01 (s, 1H), 8.48 

(d, 
3
J(H,H) = 2.0 Hz, 1H), 8.16 (d, 

3
J(H,H) = 8.5 Hz, 1H), 7.86 (d, 

3
J(H,H) = 8.2 Hz, 1H), 

7.82 (m, 1H), 7.64 (m, 1H), 6.91 ppm (t, J = 56.3 Hz, 1H); 
19

F NMR (375 MHz, CDCl3): 

 = 91.3 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 154.5, 148.0, 143.7, 131.1, 

129.5, 127.9, 127.6, 119.8 (t, 
1
J(C,F) = 276.9 Hz), 119.4 ppm; IR (neat):  = 2926, 1738, 

1489, 1356, 1317, 1297, 1064, 1034, 957, 911, 864, 783, 766 cm
-1

; MS (Ion trap, EI, 70 eV): 
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m/z (%) = 212 [M
+
+H] (12), 211 (100), 161 (54), 160 (65), 133 (13), 116 (11), 89 (27); 

HRMS (EI-TOF) calcd for C10H7NF2S: 211.0267; found: 211.0269. 

Synthesis of 6-[(difluoromethyl)thio]quinoline (37) 

SCF2H

N

 

[CAS: 1779524-70-7] 

Compound 37 was prepared following the standard procedure 3, starting from quinoline-6-

diazonium tetrafluoroborate
iii

 (243 mg, 1.00 mmol). After purification, 37 was isolated as 

colorless oil (129 mg, 0.61 mmol, 61%). 
1
H NMR (400 MHz, CDCl3):  = 8.98 (m, 1H), 8.14 

(m, 3H), 7.85 (m, 1H), 7.47 (m, 1H), 6.94 ppm (t, J = 56.6 Hz, 1H); 
19

F NMR (375 MHz, 

CDCl3):  = 91.3 ppm (d, J = 57.2 Hz); 
13

C NMR (101 MHz, CDCl3):  = 151.8, 148.3, 

136.0, 135.1, 135.0, 130.6, 128.4, 124.4 (t, 
3
J(C,F) = 2.7 Hz), 122.0, 120.6 ppm (t, 

1
J(C,F) = 275.7 Hz); IR (neat):  = 3039, 1590, 1567, 1489, 1348, 1316, 1187, 1059, 1025, 

945, 890, 864, 834, 792, 766, 749 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 212 [M
+
+H] 

(12), 211 (100), 162 (10), 161, (64), 160 (72), 117 (14), 116 (27), 89 (14); HRMS (EI-TOF) 

calcd for C10H7NF2S: 211.0267; found: 211.0260.  
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6.4 Iron-Catalyzed Decarboxylation of Trifluoroacetate and its Application to the 

Synthesis of Trifluoromethyl Thioethers 

General Methods 

All reactions were performed in oven-dried glassware containing a Teflon-coated stir bar 

and sealed by a septum under a nitrogen atmosphere. Acetonitrile and DMF were dried by 

refluxing over CaH2 and subsequent fractional distillation. The yields were determined by 
19

F 

NMR spectroscopy using 2,2,2-trifluoroethanol as the internal standard. GC analyses were 

carried out using a HP-5 capillary column (phenyl pethyl siloxane 

30 m × 320 µm × 0.25 µm, 100/2.3-30-300/3) and a time program beginning with 2 min at 

60 °C followed by a 30 °C·min
–1

 ramp to 300 °C, then 3 min at this temperature. Column 

chromatography was performed using a CombiFlash Companion chromatography system 

(Isco Systems) and Grace Reveleris packed flash columns (12 g). NMR spectra were obtained 

on a Bruker AMX 400 system using chloroform-d as deuterated solvent, with proton, carbon 

and fluorine resonances at 400 MHz, 101 MHz and 376 MHz, respectively.  Mass spectral 

data were acquired on a Varian Saturn 2100 T. 

The diazonium salts were prepared from the corresponding anilines following the 

procedures below and were directly used. The aryl thiocyanates were prepared following the 

procedures below from the corresponding diazonium salts or the corresponding simple arenes. 

All other starting materials were commercially available. All solvents were purified by 

distillation prior to use. The other chemicals were used without further purification. 
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6.4.1 Optimization of the Reaction Conditions 

Table 1: Optimization of the reaction conditions for the iron-catalyzed decarboxylative 

trifluoromethylation of 4-methoxyphenyl thiocyanate (1a) yielding 1-methoxy-4-

[trifluoromethyl)thio]benzene (2a). 

SCN

MeO

SCF
3

MeO

cat., MTFA
additive

1a 2a

Solvent, T, t
– CO2

 

Entry MTFA (eq.) cat. (eq.) additive (eq.) 
solvent 

(mL) 

Yield 

of 2a / % 

1 KTFA (1.2) – – DMF 17 

2 “ CuI (1.0) – “ 73 

3 KTFA (1.0) “ – “ 53 

4 KTFA (1.5) “ – “ 75 

5 “ ZnI2 (0.3) – “ 83 

6 “ Zn(CN)2 (0.3) – “ 78 

7 “ 
MnSO4•H2O 

(0.1) 
– “ 14 

8 “ 
MnBr2•4H2O 

(0.1) 
– “ 11 

9 “ Fe(CO)5(0.3) – “ 50 

10 “ FeCl3(0.3) – “ 51 

11 “ Fe(OTf)2 (0.1) – “ 50 

12 “ 
Fe(NH4)2(SO4)2•

6 H2O (0.1) 
– “ 4 

13 “ FeCl2 (0.3) – “ 99 

14 “ FeCl2 (0.25) – “ 79 

15 “ FeCl2 (0.2) – “ 70 

16 “ FeCl2 (0.15) – “ 59 

17 “ FeCl2 (0.1) – “ 45 

18 “ “ NaF (1.0) “ 46 

 19 “ “ LiF(1.0) “ 48 

20 “ “ Na2CO3 (0.5) “ 39 

21 “ “ NaH (0.5) “ 8 

22 “ FeCl2 (0.3) – DMSO 76 

23 “ “ – NMP 74 

24 “ “ – 
mesitylen

e 
0 

25 “ “ – 
y-

butyrolactone 
38 

26 “ “ – DMAc 77 

27 “ “ – 
propylene 

carbonate 
37 

28 “ “ – sulfolane 59 

29 “ FeCl2 (0.1) – diglyme 22 

30 “ “ – 
ethylene 

glycol 
0 

31 “ FeCl2 (0.3) Water (0.5) DMF traces 

32
[h]

 “ “ – DMF 17 

33 “ “ BHT (1.0) “ 39 

34
[i] 

“ “ – “ 98 

35
[j] 

“ “ – “ 98 

36
[k] 

“ “ – “ 0 
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[a] Reaction conditions: 0.5 mmol of 4-methoxyphenyl thiocyanate 1a, solvent (1.5 mL), additive, MTFA, cat., 

16 h, at 140 °C. Yields were determined by 
19

F NMR using 2,2,2-trifluoroethanol as an internal standard. [a] 1 mL 

solvent. [b] 2 mL solvent. [c] Reaction time was 2 h. [d] Reaction time was 4 h. [e] Temperature was 120 °C. [f] 

Temperature was 100 °C. [g] Reaction time was 64 h. [h] Under O2 atmosphere. [i] Using FeCl2 of high purity 

(99.998%). [j] All chemicals were used as received from the commercial supplier without any purification. [k] 

Starting from thiophenol. 

 

6.4.2 Additional control experiments 

6.4.2.1 Competition experiment between organo thiocyanate and alydehyde 

SCN

MeO

SCF
3

MeO

H

O

Br

MeO

CF
3

OH

Br

MeO

1a 2a

+

4a

+

5a

61% 20%

FeCl2 (30 mol%)

KTFA (1.2 eq.)

DMF
140 °C, 16 h

1 eq. 1 eq.

 

Reaction conditions: 0.5 mmol of 4-methoxyphenyl thiocyanate 1a, 0.5 mmol of 3-bromo-4-

methoxybenzaldehyde 4a, DMF (1.5 mL), 0.6 mmol of KTFA, 0.15 mmol of FeCl2, 16 h, at 140 °C. Yields were 

determined by 
19

F NMR using 2,2,2-trifluoroethanol as an internal standard. 

Synthesis of arenediazonium tetrafluoroborates 

In a 50 mL round-bottomed flask, the aniline (10 mmol) was dissolved in a mixture of 

absolute ethanol (3 mL) and an aqueous solution of HBF4 (50%, 2.5 mL, 20 mmol). 

Afterwards tert-butyl nitrite (2.7 mL, 20 mmol) was added dropwise to the solution at 0 °C. 

The reaction was stirred at room temperature for 1 h, followed by the addition of diethyl ether 

(20 mL) to precipitate the arenediazonium tetrafluoroborate that was then filtered off and 

washed with diethyl ether (3 × 10 mL). After it had been dried in vacuo (10
–3

 mbar) for 10 

minutes, it was directly used without further purification. 
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6.4.3 Synthesis of aryl thiocyanates 

6.4.3.1 Procedure A, starting from the corresponding arenediazonium 

tetrafluoroborates 

N
2

+
BF

4

-

FG

SCN

FG

NaSCN (1.5 eq.)
CuSCN (1.0 eq.)
Cs2CO3 (1.0 eq.)

MeCN
rt, overnight  

Cesium carbonate (1 eq.), sodium thiocyanate (1.5 eq.), and copper(I) thiocyanate (1 eq.) 

were suspended in acetonitrile (0.67 M). To this suspension was added dropwise a solution of 

the arenediazonium salt (1 eq.) in acetonitrile (0.40 M), and the resulting mixture was stirred 

overnight. Afterwards diethyl ether (30 mL) was added and the precipitate was filtered off. 

The filtrate was washed with water (2 × 30 mL) and the organic layer was dried with 

magnesium sulfate. The product was purified by column chromatography (SiO2, 

cyclohexane/ethyl acetate gradient).  

 

6.4.3.2 Procedure B, starting from the corresponding simple arenes 

H

FG

SCN

FG

NTS (1.0 eq.)
AlCl3 (0.1 eq.)

MeCN
60 °C, overnight  

The corresponding arene (1 eq.), aluminium chloride (0.1 eq.), and N-

thiocyanatosuccinimide (1 eq.) were dissolved in acetonitrile (0.6 M) and heated to 60 °C 

overnight. Afterwards diethyl ether (30 mL) was added and the precipitate was filtered off. 

The filtrate was washed with water (2 × 30 mL) and the organic layer was dried with 

magnesium sulfate. The product was purified by column chromatography (ethyl 

acetate/cyclohexane gradient).  
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Synthesis of 4-methoxyphenyl thiocyanate (1a) 

SCN

MeO  

[CAS: 5285-90-5] 

Compound 1a was prepared following procedure A starting from Cs2CO3 (6.52 g, 

20.0 mmol), NaSCN (2.48 g, 30.0 mmol), CuSCN (2.46 g, 20.0 mmol), and 4-

methoxybenzenediazonium tetrafluoroborate [CAS: 459-64-3] (4.44 g, 20.0 mmol). After 

purification, 1a was obtained as yellow liquid. 
1
H NMR (400 MHz, CDCl3):  = 7.50 (m, 

2 H), 6.94 (m, 2 H), 3.82 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 161.4, 133.9, 

115.9, 113.9, 111.7, 55.6 ppm; IR (neat): 𝜈 = 2942 (w), 2838 (w), 2155 (w), 1590 (m), 1493 

(vs), 1460 (w), 1295 (m), 1248 (vs), 1175 (m), 1025 (s), 825 (s), 679 (w) cm
–1

; MS (Ion trap, 

EI, 70 eV): m/z (%) = 166 (23), 165 (100) [M
+
], 150 (57), 122 (34), 95 (11), 69 (13), 63 (14). 

Synthesis of 3-methoxyphenyl thiocyanate (1b) 

SCNMeO

 

[CAS: 14372-67-9] 

Compound 1b was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 3-

methoxybenzenediazonium tetrafluoroborate [CAS: 660-42-4] (2.22 g, 10.0 mmol). After 

purification, 1b was obtained as orange liquid. 
1
H NMR (400 MHz, CDCl3):  = 7.33 (t, 

J = 8.2 Hz, 1 H), 7.08 (m, 1 H), 7.04 (t, J = 2.1 Hz, 1 H), 6.93 (m, 1 H), 3.83 ppm (s, 3 H); 

13
C NMR (101 MHz, CDCl3):  = 160.7, 131.1, 125.3, 122.0, 115.6, 115.1, 110.5, 55.6 ppm; 

IR (neat): 𝜈 = 2939 (w), 2837 (w), 2157 (w), 1591 (vs), 1479 (vs), 1428 (m), 1287 (m), 1235 

(vs), 1162 (w), 1032 (vs), 991 (w), 853 (m), 770 (vs), 681 (vs) cm
–1

; MS (Ion trap, EI, 70 eV): 

m/z (%) = 166 (13), 165 (100) [M
+
], 150 (44), 122 (19), 92 (12), 77 (16), 63 (19); HRMS (EI-

TOF) calcd. for C8H7NOS: 165.0248; found: 165.0253. 

Synthesis of 2,4-dimethoxyphenyl thiocyanate (1c) 

SCN

OMeMeO  

[CAS: 186047-37-0] 
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Compound 1c was prepared following procedure B starting from AlCl3 (66.7 mg, 

500 µmol), N-thiocyanatosuccinimide (780 mg, 5.00 mmol) and 1,3-dimethoxybenzene 

(690 mg, 5.00 mmol). After purification, 1c was obtained as yellow liquid. 
1
H NMR 

(400 MHz, CDCl3):  = 7.46 (d, J = 8.8 Hz, 1 H), 6.54 (dd, J = 8.5, 2.5 Hz, 1 H), 6.51 (d, 

J = 2.5 Hz, 1 H), 3.91 (s, 3 H), 3.83 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 163.2, 

159.2, 134.0, 111.5, 106.3, 102.6, 99.7, 56.3, 55.8 ppm; IR (neat): 𝜈 = 2942 (w), 2839 (w), 

2155 (w), 1575 (m), 1489 (m), 1456 (m), 1409 (w), 1306 (m), 1283 (m), 1209 (vs), 1162 (s), 

1068 (m), 1023 (s), 916 (w), 825 (m), 792 (m), 650 (w)  cm
–1

; MS (Ion trap, EI, 70 eV): m/z 

(%) = 197 (7), 196 (27), 195 (100) [M
+
], 180 (23), 169 (8), 152 (25), 69 (7); HRMS (EI-TOF) 

calcd. for C9H9NO2S: 195.0354; found: 195.0360. 

Synthesis of 4-phenoxyphenyl thiocyanate (1d) 

PhO

SCN

 

[CAS: 96460-69-4] 

Compound 1d was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 4-

phenoxybenzenediazonium tetrafluoroborate [CAS: 330-87-0] (2.84 g, 10.0 mmol). After 

purification, 1d was obtained as orange liquid. 
1
H NMR (400 MHz, CDCl3):  = 7.52 (m, 

2 H), 7.40 (m, 2 H), 7.20 (tt, J = 7.4, 1.1 Hz, 1 H), 7.04 ppm (m, 4 H); 
13

C NMR (101 MHz, 

CDCl3):  = 159.7, 155.7, 133.5, 130.2, 124.7, 119.9, 119.7, 116.6, 111.2 ppm; IR (neat): 𝜈 = 

3065 (w), 2156 (w), 1580 (m), 1481 (vs), 1234 (vs), 1167 (m), 1071 (w), 1008 (w), 868 (m), 

830 (m), 794 (w), 753 (s), 691 (s) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 228 (18), 227 

(100) [M
+
], 198 (9), 109 (16), 77 (16), 51 (17), 50 (10); HRMS (EI-TOF) calcd. for 

C13H9NOS: 227.0405; found: 227.0405. 

Synthesis of 4-benzoylphenyl thiocyanate (1e) 

O

SCN

Ph

 

[CAS: 107508-42-9] 

Compound 1e was prepared following procedure A starting from Cs2CO3 (2.28 g, 

7.00 mmol), NaSCN (869 mg, 10.5 mmol), CuSCN (860 mg, 7.00 mmol), and 4-

benzoylbenzenediazonium tetrafluoroborate [CAS: 38246-74-1] (2.07 g, 7.00 mmol). After 
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purification, 1e was obtained as orange solid. 
1
H NMR (400 MHz, CDCl3):  = 7.85 (m, 2 H), 

7.76 (m, 2 H), 7.61 (m, 3 H), 7.49 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 195.2, 

138.3, 136.9, 133.2, 131.6, 130.1, 129.8, 128.7, 128.6, 109.3 ppm; IR (neat): 𝜈 = 3058 (w) 

2159 (w), 1655 (s), 1587 (m), 1447 (w), 1398 (w), 1315 (m), 1271 (s), 1177 (w), 1149 (w), 

1078 (w), 1013 (w), 921 (s), 840 (m), 788 (m), 727 (s), 695 (vs), 659 (vs) cm
–1

; MS (Ion trap, 

EI, 70 eV): m/z (%) = 240 (22), 239 (100) [M
+
], 162 (36), 105 (62), 77 (30), 51 (15), 50 (13); 

HRMS (EI-TOF) calcd. for C14H9NOS: 239.0405; found: 239.0420; m.p.: 44–45 °C. 

Synthesis of methyl 4-thiocyanatobenzoate (1f) 

SCN

O

MeO

 

[CAS: 1879-22-7] 

Compound 1f was prepared following procedure A starting from Cs2CO3 (1.42 g, 

4.36 mmol), NaSCN (541 mg, 6.54 mmol), CuSCN (536 mg, 4.36 mmol), and 4-

methoxycarbonylbenzenediazonium tetrafluoroborate [CAS: 1879-22-7] (1.09 g, 4.36 mmol). 

After purification, 1f was obtained as pale orange solid. 1
H NMR (400 MHz, CDCl3): 

 = 8.09 (m, 2 H), 7.56 (m, 2 H), 3.94 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 165.9, 

131.3, 131.0, 130.5, 128.5, 109.2, 52.6 ppm; IR (neat): 𝜈 = 2953 (w), 2156 (w), 1707 (s), 

1596 (w), 1434 (m), 1402 (w), 1277 (vs), 1178 (w), 1107 (s), 1012 (m), 961 (w), 846 (w), 827 

(w), 755 (vs), 683 (m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 194 (9), 193 (76) [M
+
], 163 

(10), 162 (100), 134 (18), 63 (8), 50 (9); HRMS (EI-TOF) calcd. for C9H7NO2S: 193.0198; 

found: 193.0208; m.p.: 61 °C. 

Synthesis of 3-acetylphenyl thiocyanate (1g) 

SCN

O

 

[CAS: 14428-55-8] 

Compound 1g was prepared following procedure A starting from Cs2CO3 (1.63 g, 

5.00 mmol), NaSCN (620 mg, 7.50 mmol), CuSCN (614 mg, 5.00 mmol), and 3-

acetylbenzenediazonium tetrafluoroborate [CAS: 59206-56-4] (1.17 g, 5.00 mmol). After 

purification, 1g was obtained as yellowish liquid. 
1
H NMR (400 MHz, CDCl3):  = 8.08 (m, 

1 H), 7.98 (m, 1 H), 7.74 (dt, J = 8.0, 1.0 Hz, 1 H), 7.57 (t, J = 7.8 Hz, 1 H), 2.63 ppm (s, 
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3 H); 
13

C NMR (101 MHz, CDCl3):  = 196.4, 138.8, 134.1, 130.8, 129.7, 129.5, 125.8, 

110.0, 26.8 ppm; IR (neat): 𝜈 = 3063 (w), 2922 (w), 2158 (w), 1685 (s), 1571 (w), 1420 (m), 

1356 (m), 1249 (vs), 1072 (w), 997 (w), 959 (w), 899 (w), 787 (m), 682 (s) cm
–1

; MS (Ion 

trap, EI, 70 eV): m/z (%) = 177 (41) [M
+
], 163 (11), 162 (100), 134 (23), 63 (7), 50 (8), 43 

(12); HRMS (EI-TOF) calcd. for C9H7NOS: 177.0248; found: 177.0260. 

Synthesis of 4-acetylphenyl thiocyanate (1h) 

SCN

O  

[CAS: 14428-56-9] 

Compound 1h was prepared following procedure A starting from Cs2CO3 (1.63 g, 

5.00 mmol), NaSCN (620 mg, 7.50 mmol), CuSCN (614 mg, 5.00 mmol), and 4-

acetylbenzenediazonium tetrafluoroborate [CAS: 1820-80-0] (1.17 g, 5.00 mmol). After 

purification, 1h was obtained as colorless solid. 
1
H NMR (400 MHz, CDCl3):  = 8.00 (m, 2 

H), 7.58 (m, 2 H), 2.62 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 196.7, 137.4, 130.7, 

130.0, 128.6, 109.2, 26.8 ppm; IR (neat): 𝜈 = 3095 (w), 2158 (w), 1685 (m), 1585 (m), 1486 

(w), 1425 (w), 1395 (m), 1359 (m), 1260 (s), 1187 (m), 1125 (w), 1087 (m), 1005 (m), 960 

(m), 811 (vs), 757 (m), 708 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 177 (33) [M
+
], 163 

(10), 162 (100), 134 (20), 63 (8), 50 (7), 43 (8); HRMS (EI-TOF) calcd. for C9H7NOS: 

177.0248; found: 177.0254; m.p.: 80 °C. 

Synthesis of 4-nitrophenyl thiocyanate (1i) 

SCN

O
2
N

 

[CAS: 3226-41-3] 

Compound 1i was prepared following procedure A starting from Cs2CO3 (1.96 g, 

6.00 mmol), NaSCN (745 mg, 7.50 mmol), CuSCN (737 mg, 6.00 mmol), and 4-

nitrobenzenediazonium tetrafluoroborate [CAS: 456-27-9] (1.42 g, 6.00 mmol). After 

purification, 1i was obtained as pale yellow solid. 
1
H NMR (400 MHz, CDCl3):  = 8.30 (m, 

2 H), 7.67 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 148.1, 133.5, 128.8, 125.2, 108.2 

ppm; IR (neat): 𝜈 = 3104 (w), 2845 (w), 2162 (w), 1923 (w), 1602 (w), 1578 (m), 1514 (s), 

1475 (m), 1340 (vs), 1279 (m), 1189 (w), 1107 (m), 1082 (m), 1009 (m), 956 (w), 842 (vs), 
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736 (vs), 700 (w), 674 (m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 180 (100) [M
+
], 150 

(79), 134 (26), 122 (37), 90 (26), 63 (28), 50 (21); HRMS (EI-TOF) calcd. for C7H4N2O2S: 

179.9993; found: 180.0002; m.p.: 132 °C. 

Synthesis of 2-nitrophenyl thiocyanate (1j) 

SCN

NO
2  

[CAS: 2769-30-4] 

Compound 1j was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 2-

nitrobenzenediazonium tetrafluoroborate [CAS: 365-33-3] (2.37 g, 10.0 mmol). After 

purification, 1j was obtained as beige solid. 
1
H NMR (400 MHz, CDCl3):  = 8.41 (dd, 

J = 8.3, 1.5 Hz, 1 H), 8.06 (dd, J = 8.2, 1.1 Hz, 1 H), 7.81 (ddd, J = 8.4, 7.2, 1.5 Hz, 1 H), 

7.58 ppm (ddd, J = 8.3, 7.3, 1.1 Hz, 1 H); 
13

C NMR (101 MHz, CDCl3):  = 135.2, 129.2, 

129.0, 126.7, 126.5, 110.3 ppm; IR (neat): 𝜈 = 3100 (w), 2159 (w), 1592 (w), 1568 (m), 1509 

(m), 1456 (m), 1331 (vs), 1261 (m), 1152 (m), 1113 (m), 1041 (m), 959 (w), 856 (s), 784 (s), 

728 (vs), 654 (m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 181 (17), 180 (100) [M
+
], 154 

(18), 116 (41), 90 (21), 69 (17), 63 (25); HRMS (EI-TOF) calcd. for C7H4N2O2S: 179.9993; 

found: 180.0007; m.p.: 129 °C. 

Synthesis of [1,1’-biphenyl]-2-yl thiocyanate (1k) 

SCN

Ph  

[CAS: 99847-58-2] 

Compound 1k was prepared following procedure A starting from Cs2CO3 (1.63 g, 

5.00 mmol), NaSCN (620 mg, 7.50 mmol), CuSCN (614 mg, 5.00 mmol), and [1,1’-

biphenyl]-2-diazonium tetrafluoroborate [CAS: 318-13-8] (1.34 g, 5.00 mmol). After 

purification, 1k was obtained as yellow liquid. 
1
H NMR (400 MHz, CDCl3):  = 7.79 (m, 

1 H), 7.47 (m, 5 H), 7.35 ppm (m, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 142.5, 138.6, 

131.2, 129.6, 129.3, 129.2, 128.9, 128.7, 124.2, 110.9 ppm; IR (neat): 𝜈 = 3056 (w), 2156 

(w), 1587 (w), 1464 (m), 1429 (w), 1256 (w), 1074 (w), 1032 (w), 1008 (w), 918 (w), 746 

(vs), 699 (vs), 675 (m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 212 (19), 211 (100) [M
+
], 
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210 (19), 185 (14), 184 (87), 152 (12), 50 (10); HRMS (EI-TOF) calcd. for C13H9NS: 

211.0463; found: 211.0456. 

Synthesis of 4-(dimethylamino)phenyl thiocyanate (1l) 

SCN

Me
2
N

 

[CAS: 7152-80-9] 

Compound 1l was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 4-

(dimethylamino)benzenediazonium tetrafluoroborate [CAS: 33271-82-8] (2.35 g, 10.0 mmol). 

After purification, 1l was obtained as orange solid. 
1
H NMR (400 MHz, CDCl3):  = 7.42 (m, 

2 H), 6.68 (m, 2 H), 3.00 ppm (s, 6 H); 
13

C NMR (101 MHz, CDCl3):  = 151.8, 134.6, 

113.3, 112.7, 106.7, 40.3 ppm; IR (neat): 𝜈 = 2906 (w), 2808 (w), 2143 (m), 1884 (w), 1753 

(w), 1586 (m), 1508 (m), 1439 (m), 1367 (m), 1230 (m), 1198 (m), 1073 (m), 989 (m), 946 

(m), 805 (vs), 762 (w), 708 (w), 665 (m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 179 (21), 

178 (99) [M
+
], 177 (100), 162 (15), 161 (15), 118 (13), 63 (9); HRMS (EI-TOF) calcd. for 

C9H10N2S: 178.0565; found: 178.0567; m.p.: 71–72 °C. 

Synthesis of 4-bromophenyl thiocyanate (1m) 

SCN

Br  

[CAS: 3226-41-3] 

Compound 1m was prepared following procedure A starting from Cs2CO3 (1.63 g, 

5.00 mmol), NaSCN (620 mg, 7.50 mmol), CuSCN (614 mg, 5.00 mmol), and 4-

bromobenzenediazonium tetrafluoroborate [CAS: 673-40-5] (1.35 g, 5.00 mmol). After 

purification, 1m was obtained as pale yellow solid. 
1
H NMR (400 MHz, CDCl3):  = 7.57 (m, 

2 H), 7.40 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 133.5, 131.7, 124.3, 123.5, 110.0 

ppm; IR (neat): 𝜈 = 3081 (w), 2164 (m), 1889 (w), 1625 (w), 1471 (vs), 1390 (m), 1262 (w), 

1112 (w), 1068 (m), 1004 (vs), 957 (w), 800 (vs), 720 (m), 694 (w) cm
–1

; MS (Ion trap, EI, 70 

eV): m/z (%) = 215 (79) [M
+
(
81

Br)], 213 (67) [M
+
(
79

Br)], 134 (100), 75 (15), 69 (11), 63 (11), 

50 (22); HRMS (EI-TOF) calcd. for C7H4
79

BrNS: 212.9248; found: 212.9258; m.p.: 53 °C. 
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Synthesis of 4-chlorophenyl thiocyanate (1n) 

SCN

Cl  

[CAS: 3226-37-7] 

Compound 1n was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 4-

chlorobenzenediazonium tetrafluoroborate [CAS: 673-41-6] (2.26 g, 10.0 mmol). After 

purification, 1n was obtained as yellow liquid. 
1
H NMR (400 MHz, CDCl3):  = 7.43 (m, 

2 H), 7.37 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 136.0, 131.3, 130.3, 122.7, 

109.9 ppm; IR (neat): 𝜈 = 3086 (w), 2158 (w), 1572 (w), 1475 (vs), 1391 (m), 1089 (vs), 

1010 (vs), 814 (vs), 741 (w), 701 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 171 (38), 170 

(19), 169 (100) [M
+
], 134 (33), 108 (11), 75 (11), 69 (11); HRMS (EI-TOF) calcd. for 

C7H4
35

ClNS: 168.9753; found: 168.9755. 

Synthesis of 4-fluorophenyl thiocyanate (1o) 

SCN

F  

[CAS: 2924-02-9] 

Compound 1o was prepared following procedure A starting from Cs2CO3 (1.63 g, 

5.00 mmol), NaSCN (620 mg, 7.50 mmol), CuSCN (614 mg, 5.00 mmol), and 4-

fluorobenzenediazonium tetrafluoroborate [CAS: 1820-80-0] (1.05 g, 5.00 mmol). After 

purification, 1o was obtained as yellowish liquid. 
1
H NMR (400 MHz, CDCl3):  = 7.54 (m, 

2 H), 7.13 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 163.7 (d, J = 252.5 Hz), 133.3 (d, 

J = 9.1 Hz), 119.3 (d, J = 3.6 Hz), 117.6 (d, J = 22.7 Hz), 110.6 ppm (s); 
19

F NMR 

(376 MHz, CDCl3):  = –109.6 ppm; IR (neat): 𝜈 = 3099 (w), 2158 (w), 1590 (m), 1489 (vs), 

1401 (w), 1229 (s), 1160 (m), 1080 (w), 1012 (w), 827 (vs), 705 (w), 684 (w) cm
–1

; MS (Ion 

trap, EI, 70 eV): m/z (%) = 154 (32), 153 (100) [M
+
], 133 (22), 127 (12), 126 (24), 83 (11), 69 

(14); HRMS (EI-TOF) calcd. for C7H4FNS: 153.0048; found: 153.0037.  
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Synthesis of 3-fluorophenyl thiocyanate (1p) 

SCNF

 

[CAS: 2402-01-9] 

Compound 1p was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 3-

fluorobenzenediazonium tetrafluoroborate [CAS: 1996-38-9] (2.10 g, 10.0 mmol). After 

purification, 1p was obtained as yellow liquid. 
1
H NMR (400 MHz, CDCl3):  = 7.41 (td, 

J = 8.2, 5.8 Hz, 1 H), 7.29 (m, 1 H), 7.24 (dt, J = 8.3, 2.1 Hz, 1 H), 7.10 ppm (tdd, J = 8.3, 

2.5, 0.9 Hz, 1 H); 
13

C NMR (101 MHz, CDCl3):  = 163.0 (d, J = 253 Hz), 131.7 (d, 

J = 8.2 Hz), 126.4 (d, J = 8.2 Hz), 125.3 (d, J = 3.6 Hz), 116.9 (d, J = 24.5 Hz), 116.8 (d, 

J = 20.9 Hz), 109.6 ppm (s); IR (neat): 𝜈 = 3070 (w), 2160 (w), 1590 (s), 1475 (vs), 1428 (m), 

1268 (m), 1221 (s), 1160 (w), 1087 (w), 1066 (w), 1001 (w), 873 (vs), 776 (vs), 672 (vs), 522 

(m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 153 (100) [M
+
], 133 (23), 126 (29), 109 (18), 

95 (20), 83 (16), 75 (33); HRMS (EI-TOF) calcd. for C7H4FNS: 153.0048; found: 153.0047. 

Synthesis of 2-nitro-4-methoxyphenyl thiocyanate (1q) 

SCN

MeO NO
2  

[CAS: 59607-71-5] 

Compound 1q was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 2-nitro-4-

methoxybenzenediazonium tetrafluoroborate [CAS: 33271-82-8] (2.67 g, 10.0 mmol). After 

purification, 1q was obtained as yellow solid. 
1
H NMR (400 MHz, CDCl3):  = 7.91 (d, 

J = 8.8 Hz, 1 H), 7.86 (d, J = 3.0 Hz, 1 H), 7.35 (dd, J = 8.9, 2.9 Hz, 1 H), 3.93 ppm (s, 3 H); 

13
C NMR (101 MHz, CDCl3):  = 160.1, 145.6, 130.1, 123.1, 116.3, 110.8, 110.7, 56.4 ppm; 

IR (neat): 𝜈 = 3099 (w), 3078 (w), 2162 (w), 1608 (w), 1517 (vs), 1473 (s), 1434 (w), 1339 

(m), 1280 (vs), 1239 (vs), 1187 (m), 1106 (m), 1049 (m), 1024 (s), 911 (m), 885 (s), 820 (vs), 

756 (m), 688 (m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 210 (100) [M
+
], 184 (19), 168 

(20), 131 (14), 121 (11), 120 (21), 63 (12); HRMS (EI-TOF) calcd. for C8H6N2O3S: 

210.0099; found: 210.0108; m.p.: 128–129 °C.  
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Synthesis of 3-fluoro-4-methoxyphenyl thiocyanate (1r) 

SCN

MeO

F

 

[CAS: 89818-26-8] 

Compound 1r was prepared following procedure A starting from Cs2CO3 (652 mg, 

2.00 mmol), NaSCN (248 mg, 3.00 mmol), CuSCN (246 mg, 2.00 mmol), and 3-fluoro-4-

methoxybenzenediazonium tetrafluoroborate (479 mg, 2.00 mmol). After purification, 1r was 

obtained as yellow solid. 
1
H NMR (400 MHz, CDCl3):  = 7.33 (m, 1 H), 7.31 (m, 1 H), 7.01 

(m, 1 H), 3.92 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 152.6 (d, J = 253 Hz), 149.9 

(d, J = 10.0 Hz), 128.6 (d, J = 3.6 Hz), 119.8 (d, J = 20.0 Hz), 114.6 (d, J = 2.7 Hz), 114.4 (d, 

J = 7.3 Hz), 110.9 (s), 56.6 ppm (s); 
19

F NMR (376 MHz, CDCl3):  =           –130.6 ppm; IR 

(neat): 𝜈 = 2940 (w), 2847 (w), 2155 (m), 2016 (w), 1880 (w), 1603 (w), 1505 (vs), 1468 (m), 

1442 (s), 1414 (m), 1316 (m), 1273 (s), 1212 (vs), 1182 (s), 1136 (vs), 1079 (m), 1014 (vs), 

872 (s), 817 (vs), 762 (vs), 715 (w), 684 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 184 

(19), 183 (100) [M
+
], 168 (66), 140 (28), 113 (10), 69 (11), 63 (9); HRMS (EI-TOF) calcd. 

for C8H6FNOS: 183.0154; found: 183.0166; m.p.: 48–49 °C. 

Synthesis of 4-hydroxyphenyl thiocyanate (1s) 

SCN

OH  

[CAS: 3774-52-5] 

Compound 1s was prepared following procedure B starting from AlCl3 (66.7 mg, 

500 µmol), N-thiocyanatosuccinimide (781 mg, 5.00 mmol) and phenol (471 mg, 5.00 mmol). 

After purification, 1s was obtained as colorless solid. 
1
H NMR (400 MHz, CDCl3):  = 7.44 

(m, 2 H), 6.88 (m, 2 H), 6.04 ppm (s, 1 H); 
13

C NMR (101 MHz, CDCl3):  = 158.1, 134.4, 

117.6, 113.3, 112.4 ppm; IR (neat): 𝜈 = 3363 (s), 3062 (w), 2152 (s), 1870 (w), 1597 (m), 

1580 (vs), 1494 (vs), 1463 (w), 1426 (m), 1348 (m), 1282 (vs), 1207 (vs), 1167 (s), 1099 (m), 

957 (w), 829 (vs), 804 (s), 711 (w), 679 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 151 

(100) [M
+
], 123 (38), 122 (13), 96 (48), 69 (17), 65 (14), 53 (13); HRMS (EI-TOF) calcd. for 

C7H5NOS: 151.0092; found: 151.0091; m.p.: 61–62 °C.  
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Synthesis of 4-cyanophenyl thiocyanate (1t) 

SCN

NC  

[CAS: 122148-91-8] 

Compound 1t was prepared following procedure A starting from Cs2CO3 (1.96 g, 

6.00 mmol), NaSCN (745 mg, 9.00 mmol), CuSCN (737 g, 6.00 mmol), and 4-

cyanobenzenediazonium tetrafluoroborate [CAS: 2252-32-6] (1.30 g, 6.00 mmol). After 

purification, 1t was obtained as light-yellow solid. 
1
H NMR (400 MHz, CDCl3):  = 7.73 (m, 

2 H), 7.61 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 133.7, 131.5, 128.9, 117.6, 113.2, 

108.3 ppm; IR (neat): 𝜈 = 3090 (w), 2227 (m), 2163 (w), 1917 (w), 1592 (m), 1487 (m), 1402 

(m), 1279 (w), 1255 (w), 1181 (w), 1079 (m), 1017 (w), 952 (w), 820 (vs), 774 (w), 696 (w) 

cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 161 (13), 160 (100) [M
+
], 133 (45), 116 (20), 102 

(20), 75 (18), 50 (12); HRMS (EI-TOF) calcd. for C8H4N2S: 160.0095; found: 160.0109; 

m.p.: 127–128 °C. 

Synthesis of 3-pyridinyl thiocyanate (1u) 

N

SCN

 

[CAS: 2645-25-2] 

3-Aminopyridine (7.50 g, 78.9 mmol) was dissolved in a mixture of concentrated sulfuric 

acid (13.6 mL) and water (50 mL), and a solution of sodium nitrite (5.77 g, 83.6 mmol) in 

water (25 mL) was added. To this mixture potassium thiocyanate (8.75 g, 88.2 mmol) and 

copper(I) thiocyanate (9.69 g, 78.9 mmol), dissolved in water (25 mL), were added and the 

resulting mixture was stirred for 1 h. Sodium carbonate solution was added until a basic pH 

was reached and the solution was extracted with diethyl ether (4 × 50 mL). The organic phase 

was dried with magnesium sulfate. After purification by column chromatography 

(cyclohexane/ethyl acetate gradient), 1u was obtained as yellow liquid. 
1
H NMR (400 MHz, 

CDCl3):  = 8.75 (d, J = 2.0 Hz, 1 H), 8.67 (m, 1 H), 7.92 (m, 1 H), 7.41 ppm (m, 1 H); 
13

C 

NMR (101 MHz, CDCl3):  = 150.8, 150.5, 138.1, 125.0, 122.6, 109.3 ppm; IR (neat): 𝜈 = 

3045 (w), 2159 (w), 1568 (w), 1466 (w), 1412 (m), 1327 (w), 1192 (w), 1107 (w), 1014 (s), 

796 (m), 698 (vs) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 138 (10), 137 (81), 136 (100) 
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[M
+
], 110 (9), 109 (53), 78 (15), 51 (18); HRMS (EI-TOF) calcd. for C6H4N2S: 136.0095; 

found: 136.0088. 

Synthesis of 2,6-dimethoxypyridin-3-yl thiocyanate (1v) 

N

SCN

MeO OMe  

[CAS: 1821240-60-1] 

Compound 1v was prepared following procedure B starting from AlCl3 (40.0 mg, 

300 µmol), N-thiocyanatosuccinimide (469 mg, 3.00 mmol) and 2,6-dimethylpyridine 

(331 mg, 3.00 mmol). After purification, 1v was obtained as colorless solid. 
1
H NMR 

(400 MHz, CDCl3):  = 7.71 (d, J = 8.3 Hz, 1 H), 6.39 (d, J = 8.3 Hz,1 H), 4.05 (s, 3 H), 

3.95 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 165.1, 161.4, 144.9, 110.9, 103.7, 95.4, 

54.6, 54.2 ppm; IR (neat): 𝜈 = 3095 (w), 2980 (w), 2955 (w), 2926 (w), 2855 (w), 2150 (w), 

1735 (w), 1568 (vs), 1465 (s), 1411 (m), 1374 (m), 1323 (vs), 1270 (s), 1239 (vs), 1193 (m), 

1128 (m), 1064 (m), 1006 (vs), 955 (m), 817 (s), 760 (s), 725 (m), 700 (m) cm
–1

; MS (Ion 

trap, EI, 70 eV): m/z (%) = 197 (20), 196 (100) [M
+
], 181 (14), 167 (15), 153 (16), 96 (15), 69 

(13); HRMS (EI-TOF) calcd. for C8H8N2O2S: 196.0306; found: 196.0305; m.p.: 69–70 °C. 

Synthesis of 3-quinolinyl thiocyanate (1w) 

N

SCN

 

[CAS: 2645-26-3] 

Compound 1w was prepared following procedure A starting from Cs2CO3 (995 mg, 

3.05 mmol), NaSCN (378 mg, 4.57 mmol), CuSCN (375 mg, 3.05 mmol), and 3-

quinolinediazonium tetrafluoroborate (741 mg, 3.05 mmol). After purification, 1w was 

obtained as colorless solid. 
1
H NMR (400 MHz, CDCl3):  = 8.96 (s, 1 H), 8.42 (d, J = 2.5 

Hz, 1 H), 8.15 (d, J = 8.5 Hz, 1 H), 7.84 (m, 2 H), 7.66 ppm (ddd, J = 8.1, 7.0, 1.2 Hz, 1 H); 

13
C NMR (101 MHz, CDCl3):  = 149.8, 147.9, 138.5, 131.6, 129.8, 128.5, 128.1, 127.8, 

120.1, 109.5 ppm; IR (neat): 𝜈 = 3031 (w), 2153 (w), 1977 (w), 1847 (w), 1713 (w), 1615 

(w), 1564 (w), 1490 (m), 1455 (w), 1361 (m), 1330 (w), 1254 (w), 1197 (w), 1128 (w), 1082 

(w), 950 (m), 911 (s), 865 (w), 780 (m), 745 (vs) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 

187 (17), 186 (100) [M
+
], 159 (13), 142 (28), 128 (13), 101 (15), 89 (11); HRMS (EI-TOF) 

calcd. for C10H6N2S: 186.0252; found: 186.0253; m.p.: 59-60 °C. 
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Synthesis of methyl-3-thiocyanatothiophene-2-carboxylate (1x) 

S

SCN

O

OMe  

[CAS: 1369794-51-3] 

Compound 1x was prepared following procedure A starting from Cs2CO3 (3.26 g, 

10.0 mmol), NaSCN (1.24 g, 15.0 mmol), CuSCN (1.23 g, 10.0 mmol), and 2-

(methoxycarbonyl)-3-thiophenediazonium tetrafluoroborate [CAS: 100421-50-9] (2.56 g, 

10.0 mmol). After purification, 1x was obtained as colorless solid.
 1

H NMR (400 MHz, 

CDCl3):  = 7.63 (d, J = 5.3 Hz, 1 H); 7.28 (d, J = 5.3 Hz, 1 H), 3.88 ppm (s, 3 H); 
13

C NMR 

(101 MHz, CDCl3):  = 162.1, 132.6, 130.1, 128.0, 125.1, 110.5, 52.7 ppm; IR (neat): 𝜈 = 

3123 (w), 2952 (w), 2158 (w), 1689 (s), 1505 (m), 1437 (s), 1409 (m), 1357 (w), 1275 (s), 

1191 (w), 1100 (m), 966 (w), 891 (m), 793 (w), 765 (vs), 737 (m), 665 (w) cm
–1

; MS (Ion 

trap, EI, 70 eV): m/z (%) = 201 (10), 199 (100) [M
+
], 168 (76), 142 (28), 96 (16), 69 (17), 45 

(11); HRMS (EI-TOF) calcd. for C7H5NO2S: 198.9762; found: 198.9757; m.p.: 115 °C. 

Synthesis of 9H-carbazol-3-yl thiocyanate (1y) 

N
H

SCN

 

[CAS: 40604-35-1] 

Compound 1y was prepared following procedure B starting from AlCl3 (66.7 mg, 

500 µmol), N-thiocyanatosuccinimide (781 mg, 5.00 mmol) and 9H-carbazole (880 mg, 

5.00 mmol). After purification, 1y was obtained as colorless solid. 
1
H NMR (400 MHz, 

CDCl3):  = 8.28 (s, 1 H), 8.06 (d, J = 8.0 Hz, 1 H), 7.59 (dd, J = 8.5, 2.0 Hz, 1 H), 7.47 (m, 

3 H), 7.30 ppm (ddd, J = 8.0, 6.2, 1.9 Hz, 1 H); 
13

C NMR (101 MHz, CDCl3):  = 140.3, 

140.0, 129.8, 127.3, 125.4, 125.0, 122.3, 120.8, 120.6, 112.7, 112.4 (2 C), 111.2 ppm; IR 

(neat): 𝜈 = 3412 (m), 3069 (w), 2151 (m), 1894 (w), 1710 (w), 1595 (w), 1491 (w), 1449 (m), 

1386 (w), 1318 (w), 1275 (m), 1236 (m), 1199 (w), 1153 (w), 1132 (w), 1005 (w), 939 (w), 

890 (w), 844 (w), 815 (s), 754 (vs), 733 (s) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 225 

(17), 224 (100) [M
+
], 223 (7), 198 (5), 192 (21); HRMS (EI-TOF) calcd. for C13H8N2S: 

224.0408; found: 224.0409; m.p.: 146–147 °C. 
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6.4.4 Synthesis of aryl trifluoromethyl thioethers 

6.4.4.1 Standard procedure for the synthesis of aryl trifluoromethyl 

thioethers from the corresponding aryl thiocyanates 

An oven-dried 20 mL crimp cap vessel with PTFE-coated stir bar was charged with 

anhydrous iron chloride (38.8 mg, 300 µmol), potassium trifluoroacetate (186 mg, 

1.20 mmol), and the corresponding aryl thiocyanate (1.00 mmol) and was then brought under 

an atmosphere of dry nitrogen. DMF (3.00 mL) was added via syringe and the reaction 

mixture was heated to 140 °C for 16 h. Afterwards it was diluted with diethyl ether (20 mL), 

filtered through a short pad of silica and washed with a 1 M solution of lithium chloride in 

water (2 × 50 mL). The organic phase was dried with magnesium sulfate and the crude 

product purified by column chromatography (SiO2, pentane/diethyl ether gradient). 

1-methoxy-4-[trifluoromethyl)thio]benzene (2a) 

SCF
3

MeO  

[CAS: 78914-94-0] 

Compound 2a was prepared following the standard procedure starting from 4-

(dimethylamino)phenyl thiocyanate (1a, 165 mg, 1.00 mmol). After purification, 2a was 

isolated as colorless liquid (204 mg, 980 µmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 7.59 

(d, J = 8.8 Hz, 2 H), 6.95 (d, J = 8.8 Hz, 2 H), 3.85 ppm (s, 3 H); 
13

C NMR (101 MHz, 

CDCl3):  = 161.8 (s), 138.3 (s), 129.6 (q, J = 308 Hz), 115.0 (s), 114.8 (q, J = 1.8 Hz), 

55.4 ppm (s); 
19

F NMR (376 MHz, CDCl3):  = –44.0 ppm; IR (neat): 𝜈 = 3012 (w), 2946 

(w), 2843 (w), 1592 (m), 1494 (m), 1463 (w), 1294 (w), 1252 (m), 1104 (vs), 1029 (s), 828 

(s), 799 (w), 755 (w), 650 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 208 (10) [M
+
], 207 

(100), 138 (75), 123 (10), 95 (14), 69 (9), 68 (25); HRMS (EI-TOF) calcd. for C9H10F3NS: 

208.0170; found: 208.0171.  
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Synthesis of 1-methoxy-3-[trifluoromethyl)thio]benzene (2b) 

SCF
3

MeO

 

[CAS: 97675-15-5] 

Compound 2b was prepared following the standard procedure starting from 3-

methoxyphenyl thiocyanate (1b, 165 mg, 1.00 mmol). After purification, 2b was isolated as 

colorless oil (177 mg, 852 µmol, 85%). 
1
H NMR (400 MHz, CDCl3):  = 7.33 (t, J = 7.9 Hz, 

1 H), 7.24 (d, J = 7.8 Hz, 1 H), 7.18 (t, J = 2 Hz, 1 H), 7.02 (ddd, J = 8.3, 2.5, 1.0 Hz, 1 H), 

3.83 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 160.1 (s), 130.3 (s), 129.8 (q, 

J = 308.1 Hz), 128.6 (s), 125.4 (q, J = 2.2 Hz), 121.3 (s), 117.0 (s), 55.6 ppm (s); 
19

F NMR 

(376 MHz, CDCl3):  = –42.6 ppm; IR (neat): 𝜈 = 3014 (w), 2970 (w), 2924 (w), 2853 (w), 

1739 (vs), 1366 (m), 1229 (m), 1217 (m), 1206 (m), 1092 (w) cm
–1

; MS (Ion trap, EI, 70 eV): 

m/z (%) = 208 (10), 207 (100) [M
+
], 138 (36), 123 (19), 95 (16), 94 (20), 68 (21); HRMS (EI-

TOF) calcd. for C8H7F3OS: 208.0170; found: 208.0188. 

Synthesis of 2,4-dimethoxy-1-[(trifluoromethyl)thio]benzene (2c) 

SCF
3

MeO OMe  

[CAS: 66476-29-7] 

Compound 2c was prepared following the standard procedure starting from 2,4-

dimethoxyphenyl thiocyanate (1c, 195 mg, 1.00 mmol). After purification, 2c was isolated as 

colorless oil (177 mg, 745 µmol, 75%). 
1
H NMR (400 MHz, CDCl3):  = 7.53 (d, J = 8.8 Hz, 

1 H), 6.52 (m, 2 H), 3.88 (s, 3 H), 3.84 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 164.1 

(s), 162.2 (s), 140.4 (s), 129.7 (q, J = 309 Hz), 105.7 (s), 103.4 (q, J = 2.2 Hz), 99.4 (s), 56.2 

(s), 55.7 ppm (s);  
19

F NMR (376 MHz, CDCl3):  = –44.7 ppm; IR (neat): 𝜈 = 2945 (w), 

2842 (w), 1739 (w), 1584 (m), 1574 (m), 1492 (w), 1464 (w), 1415 (w), 1303 (m), 1211 (s), 

1099 (vs), 1070 (vs), 1027 (s), 938 (w), 824 (m), 794 (w), 754 (w), 650 (w) cm
–1

; MS (Ion 

trap, EI, 70 eV): m/z (%) = 238 (11), 237 (100) [M
+
], 169 (44), 141 (26), 123 (19), 94 (15), 69 

(14); HRMS (EI-TOF) calcd. for C9H9F3O2S: 238.0275; found: 238.0288.  
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Synthesis of 1-phenoxy-4-[(trifluoromethyl)thio]benzene (2d) 

PhO

SCF
3

 

[CAS: 1333415-80-7] 

Compound 2d was prepared following the standard procedure starting from 4-

phenoxyphenyl thiocyanate (1q, 227 mg, 1.00 mmol). After purification, 2d was isolated as 

colorless oil (265 mg, 982 µmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 7.61 (m, 2 H), 7.41 

(m, 2 H), 7.20 (m, 1 H), 7.09 (2 H), 7.01 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 

160.6 (s), 155.8 (s), 138.5 (s) 130.2 (s), 129.7 (q, J = 308 Hz), 124.7 (s), 120.2 (s), 118.8 (s), 

117.4 ppm (q, J = 2.2 Hz); 
19

F NMR (376 MHz, CDCl3):  = –44.5 ppm; IR (neat): 𝜈 = 3043 

(w), 1582 (m), 1485 (s), 1241 (s), 1111 (vs), 1081 (vs), 1011 (w), 869 (m), 834 (m), 797 (w), 

754 (s), 691 (s) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 271 (16), 270 (100) [M
+
], 201 (50), 

129 (11), 77 (15), 69 (12), 51 (13); HRMS (EI-TOF) calcd. for C13H9F3OS: 270.0326; found: 

270.0320. 

Synthesis of phenyl[4-[(trifluoromethyl)thio]phenyl]methanone (2e) 

SCF
3

O

Ph

 

[CAS: 41830-99-3] 

Compound 2e was prepared following the standard procedure starting from 2-

benzoylphenyl thiocyanate (1e, 239 mg, 1.00 mmol). After purification, 2e was isolated as 

colorless solid (182 mg, 643 µmol, 64 %). 
1
H NMR (400 MHz, CDCl3):  = 7.80 (m, 6 H), 

7.62 (m, 1 H), 7.50 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 195.7 (s), 139.6 (s), 

136.9 (s), 135.6 (s), 133.1 (s), 130.8 (s), 130.2 (s), 129.5 (q, J = 308 Hz), 129.3 (q, J = 2.0 

Hz), 128.6 ppm (s); 
19

F NMR (376 MHz, CDCl3):  = –42.9 ppm; IR (neat): 𝜈 = 3067 (w), 

2971 (w),  1738 (w), 1652 (m), 1590 (w), 1448 (w), 1397 (w), 1307 (w), 1280 (w), 1108 (vs), 

1080 (s), 1014 (m), 971 (w), 924 (m), 847 (m), 792 (m), 756 (m), 730 (m), 696 (s), 664 (m) 

cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 283 (19), 282 (91) [M
+
], 205 (91), 108 (15), 105 

(100), 77 (29), 51 (16); HRMS (EI-TOF) calcd. for C14H9F3OS: 282.0326; found: 282.0317; 

m.p.: 69.0 °C.  
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Synthesis of methyl-4-[(trifluoromethyl)thio]benzoate (2f) 

SCF
3

O

MeO

 

[CAS: 88489-60-5] 

Compound 2f was prepared following the standard procedure starting from methyl-4-

thiocyanato benzoate (1f, 193 mg, 500 µmol). After purification, 2f was isolated as colorless 

oil (99.9 mg, 423 µmol, 42%). 
1
H NMR (400 MHz, CDCl3):  = 8.06 (m, 2 H), 7.70 (m, 2 H), 

3.93 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 166.1 (s), 135.7 (s), 132.3 (s), 130.5 (s), 

130.5 (q, J = 2.2 Hz), 129.4 (q, J = 308 Hz), 52.6 ppm (s); 
19

F NMR (376 MHz, CDCl3): 

 = –43.0 ppm; IR (neat): 𝜈 = 2955 (w), 1726 (s), 1597 (w), 1436 (w), 1399 (w), 1273 (s), 

1101 (vs), 1079 (vs), 1016 (m), 964 (w), 856 (w), 827 (w), 763 (s), 725 (w), 692 (m) cm
–1

; 

MS (Ion trap, EI, 70 eV): m/z (%) = 236 (10), 235 (93) [M
+
], 206 (9), 205 (100), 177 (8), 108 

(10), 69 (18); HRMS (EI-TOF) calcd. for C9H7F3O2S: 236.0119; found: 236.0123. 

Synthesis of 1-[3-[(trifluoromethyl)thio]phenyl]ethanone (2g) 

SCF
3

O

 

[CAS: 56773-33-2] 

Compound 2g was prepared following the standard procedure starting from 3-acetylphenyl 

thiocyanate (1g, 177 mg, 1.00 mmol). After purification, 2g was isolated as colorless oil 

(87.2 mg, 396 µmol, 40%). 
1
H NMR (400 MHz, CDCl3):  = 8.23 (t, J = 2 Hz, 1 H), 8.07 (dt, 

J = 7.8, 1.5 Hz, 1 H), 7.86 (d, J = 7.8 Hz, 1 H), 7.55 (t, J = 7.8 Hz, 1 H), 2.63 ppm (s, 3 H); 

13
C NMR (101 MHz, CDCl3):  = 196.7 (s), 140.6 (s), 138.4 (s), 136.2 (s), 130.7 (s), 130.0 

(s), 129.5 (q, J = 308 Hz), 125.6 ppm (q, J = 2.2 Hz), 26.8 ppm (s); 
19

F NMR (376 MHz, 

CDCl3):  = –43.5 ppm; IR (neat): 𝜈 = 2918 (w), 2848 (w), 1689 (m), 1593 (w), 1564 (w), 

1431 (w), 1397 (w), 1360 (w), 1259 (m), 1115 (vs), 1086 (vs), 1014 (w), 958 (w), 828 (w), 

757 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 220.0 (26) [M
+
], 205.1 (100), 177.1 (17), 

108.1 (12), 69.0 (15), 43.1 (10); HRMS (EI-TOF) calcd. for C9H7F3OS: 220.0170; found: 

220.0154.  
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Synthesis of 1-[4-[(trifluoromethyl)thio]phenyl]ethanone (2h) 

SCF
3

O  

[CAS: 713-67-7] 

Compound 2h was prepared following the standard procedure starting from 4-

acetylphenyl thiocyanate (1h, 177 mg, 1.00 mmol). After purification, 2h was isolated as 

colorless oil (40.7 mg, 185 µmol, 19%). 
1
H NMR (400 MHz, CDCl3):  = 7.98 (m, 2 H), 7.74 

(m, 2 H), 2.62 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 197.2 (s), 138.6 (s), 135.9 (s), 

130.2 (q, J = 2.2 Hz), 129.4 (q, J = 308 Hz), 129.2 (s), 26.8 ppm (s); 
19

F NMR (376 MHz, 

CDCl3):  = –43.1 ppm; IR (neat): 𝜈 = 2917 (w), 1689 (m), 1593 (w), 1397 (w), 1359 (w), 

1260 (m), 1115 (vs), 1085 (vs), 1014 (w), 958 (w), 828 (w), 757 (w) cm
–1

; MS (Ion trap, EI, 

70 eV): m/z (%) = 220 (19) [M
+
], 206 (10), 205 (100), 177 (10), 136 (11), 108 (11), 69 (15); 

HRMS (EI-TOF) calcd. for C9H7F3OS: 220.0170; found: 220.0164. 

Synthesis of 1-nitro-4-[(trifluoromethyl)thio]benzene (2i) 

SCF
3

O
2
N

 

[CAS: 403-66-7] 

Compound 2i was prepared following the standard procedure starting from 4-nitrophenyl 

thiocyanate (1i, 180 mg, 1.00 mmol). After purification, 2i was obtained as yellow oil 

(69.6 mg, 312 µmol, 31%) 
1
H NMR (400 MHz, CDCl3):  = 8.27 (m, 2 H), 7.83 ppm (m, 

2 H); 
13

C NMR (101 MHz, CDCl3):  = 149.3 (s), 136.3 (s), 132.9 (q, J = 2.2 Hz), 129.2 (q, 

J = 309 Hz), 124.7 ppm (s); 
19

F NMR (376 MHz, CDCl3):  = –42.6 ppm; IR (neat): 𝜈 = 

2946 (w), 2843 (w), 1592 (m), 1494 (m), 1463 (w), 1294 (w), 1252 (m), 1104 (vs), 1029 (s), 

828 (s), 799 (w), 755 (w), 650 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 223 (100) [M
+
], 

193 (42), 165 (13), 108 (17), 95 (10), 69 (31), 63 (13); HRMS (EI-TOF) calcd. for 

C7H4F3NO2S: 222.9915; found: 222.9917. 

Synthesis of 1-nitro-2-[(trifluoromethyl)thio]benzene (2j) 

SCF
3

NO
2  
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[CAS: 1644-87-7] 

Compound 2j was prepared following the standard procedure starting from 3-quinolyl 

thiocyanate (1j, 180 mg, 1.00 mmol). After the reaction, 2,2,2-trifluoroethanol as internal 

standard (36 µL, 500 µmol) was added to the reaction mixture. 2j was formed in 33% yield as 

determined by 
19

F spectroscopic analysis and confirmed by GC-HRMS analytics. 
19

F NMR 

(376 MHz, DMSO-d6):  = –42.4 ppm; HRMS (EI-TOF) calcd. for C7H4F3NO2S: 222.9915; 

found: 222.9913. 

 

Synthesis of 2-[(trifluoromethyl)thio]-1,1’-biphenyl (2k) 

SCF
3

Ph  

[CAS: 129922-51-6] 

Compound 2k was prepared following the standard procedure starting from (1,1’-

biphenyl)-2-yl thiocyanate (1k, 211 mg, 1.00 mmol). After purification, 2k was isolated as 

yellow liquid (138 mg, 543 µmol, 54%). 
1
H NMR (400 MHz, CDCl3):  = 7.82 (d, 

J = 8.0 Hz, 1 H), 7.53 (m, 1 H), 7.43 (m, 5 H), 7.32 ppm (m, 2 H); 
13

C NMR (101 MHz, 

CDCl3):  = 148.0 (s), 140.4 (s), 137.3 (s), 131.4 (s), 130.8 (s), 129.8 (s), 129.7 (q, 

J = 308 Hz), 128.4 (s), 128.1 (s), 127.8 (s), 123.4 ppm (q, J = 2.0 Hz); 
19

F NMR (376 MHz, 

CDCl3):  = –43.0 ppm; IR (neat): 𝜈 = 3061 (w), 1588 (w),  1465 (w), 1100 (vs), 1072 (s), 

1036 (m), 1008 (w), 756 (s), 749 (s), 698 (s) cm
–1

;  MS (Ion trap, EI, 70 eV): m/z (%) = 254 

(100) [M
+
], 186 (15), 185 (94), 184 (88), 152 (17), 139 (14), 69 (24); HRMS (EI-TOF) calcd. 

for C13H9F3S: 254.0377; found: 254.0378. 

Synthesis of N,N-dimethyl-4-[(trifluoromethyl)thio]benzeneamine (2l) 

Me
2
N

SCF
3
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[CAS: 2677-71-6] 

Compound 2l was prepared following the standard procedure starting from 4-

(dimethylamino)phenyl thiocyanate (1l, 178 mg, 1.00 mmol). After purification, 2l was 

isolated as colorless liquid (154 mg, 694 µmol, 69%). 
1
H NMR (400 MHz, CDCl3):  = 7.48 

(m, 2 H), 6.68 (m, 2 H), 3.01 ppm (s, 6 H); 
13

C NMR (101 MHz, CDCl3):  = 152.0 (s), 138.1 

(s), 130.0 (q, J = 308 Hz), 112.5, 108.5 (q, J = 2.2 Hz), 40.2 ppm (s); 
19

F NMR (376 MHz, 

CDCl3):  = –45.7 ppm; IR (neat): 𝜈 = 3003 (w), 2999 (w), 1596 (w), 1490 (w), 1462 (w), 

1381 (w), 1306 (w), 1095 (vs), 979 (m), 820 (m), 785 (s), 754 (m), 658 (m) cm
–1

; MS (Ion 

trap, EI, 70 eV): m/z (%) = 222 (15), 221 (100) [M
+
], 220 (13), 152 (81), 151 (11), 136 (9), 

108 (10); HRMS (EI-TOF) calcd. for C9H10F3NS: 221.0486; found: 221.0473. 

Synthesis of 1-bromo-4-[(trilfluoromethyl)thio]benzene (2m) 

SCF
3

Br  

[CAS: 333-47-1] 

Compound 2m was prepared following the standard procedure starting from 4-

bromophenyl thiocyanate (1m, 214 mg, 1.00 mmol). After purification, 2m was isolated as 

colorless liquid (119 mg, 463 µmol, 46%). 
1
H NMR (400 MHz, CDCl3):  = 7.56 (m, 2 H), 

7.52 ppm (m, 2 H); 
13

C NMR (101 MHz, CDCl3):  = 137.9 (s), 133.0 (s), 129.3 (q, 

J = 308 Hz), 126.2 (s), 123.5 ppm (q, J = 2.2 Hz);  
19

F NMR (376 MHz, CDCl3):  = –

43.8 ppm; IR (neat): 𝜈 = 2927 (w), 1642 (w), 1564 (w), 1474 (w), 1388 (w), 1112 (vs), 1080 

(vs), 1009 (s), 817 (s), 756 (w), 732 (w), 702 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 

258 (100) [M
+
], 256 (90), 189 (35), 187 (34), 108 (53), 69 (33), 63 (12); HRMS (EI-TOF) 

calcd. for C7H4
79

BrF3S: 255.9169; found: 255.9179. 

Synthesis of 1-chloro-4-[(trifluoromethyl)thio]benzene (2n) 

SCF
3

Cl  

[CAS: 407-16-9] 

Compound 2n was prepared following the standard procedure starting from 4-

chlorophenyl thiocyanate (1n, 84.8 mg, 500 µmol). After the reaction, 2,2,2-trifluoroethanol 

as internal standard (36 µL, 500 µmol) was added to the reaction mixture. 2n was formed in 
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80% yield as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 

19
F NMR (376 MHz, DMSO-d6):  = –43.9 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 214 

(40), 212 (100) [M
+
], 145 (29), 143 (72), 108 (42), 69 (32), 50 (10). 

 

Synthesis of 1-fluoro-4-[(trifluoromethyl)thio]benzene (2o) 

SCF
3

F  

[CAS: 940-76-1] 

Compound 2o was prepared following the standard procedure starting from 4-

fluorophenyl thiocyanate (1o, 76.6 mg, 500 µmol). After the reaction, 2,2,2-trifluoroethanol 

as internal standard (36 µL, 500 µmol) was added to the reaction mixture. 2o was formed in 

63% yield as determined by 
19

F spectroscopic analysis and confirmed by GC-HRMS 

analytics. 
19

F NMR (376 MHz, DMSO-d6):  = –43.6, –108.8 ppm; HRMS (EI-TOF) calcd. 

for C7H4F4S: 195.9970; found: 195.9977.  
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Synthesis of 1-fluoro-3-[(trifluoromethyl)thio]benzene (2p) 

SCF
3

F

 

[CAS: 940-19-2] 

Compound 2p was prepared following the standard procedure starting from 3-

fluorophenyl thiocyanate (1p, 76.6 mg, 500 µmol). After the reaction, 2,2,2-trifluoroethanol 

as internal standard (36 µL, 500 µmol) was added to the reaction mixture. 2p was formed in 

82% yield as determined by 
19

F spectroscopic analysis and confirmed by GC-HRMS 

analytics. 
19

F NMR (376 MHz, DMSO-d6):  = –43.5, –112.0 ppm; HRMS (EI-TOF) calcd. 

for C7H4F4S: 195.9970; found: 195.9972.  

 

Synthesis of 4-methoxy-2-nitro-1-[(trifluormethyl)thio]benzene (2q) 

SCF
3

MeO NO
2  

[CAS: 959144-33-3] 

Compound 2q was prepared following the standard procedure starting from 4-methoxy-2-

nitrophenyl thiocyanate (1q, 210 mg, 1.00 mmol). After purification, 2q was isolated as 

yellow oil (86.1 mg, 340 µmol, 34%). 
1
H NMR (400 MHz, CDCl3):  = 7.73 (d, J = 8.8 Hz, 

1 H), 7.46 (d, J = 2.8 Hz, 1 H), 7.17 (dd, J = 8.9, 2.9 Hz, 1 H), 3.91 ppm (s, 3 H); 
13

C NMR 

(101 MHz, CDCl3):  = 161.5 (s), 153.3 (s), 137.2 (q, J = 1.5 Hz), 129.0 (q, J = 310 Hz), 

119.5 (s), 111.1 (q, J = 2.4 Hz), 110.6 (s), 56.3 ppm (s); 
19

F NMR (376 MHz, CDCl3):  = –

43.4 ppm; IR (neat): 𝜈 = 2944 (w), 1602 (w), 1534 (m), 1485 (w), 1356 (w), 1303 (m), 1273 

(w), 1237 (m), 1126 (s), 1092 (vs), 1052 (m), 1023 (m), 911 (w), 859 (w), 801 (m), 755 (m), 

676 (w), 655 (w) cm
–1

 MS (Ion trap, EI, 70 eV): m/z (%) = 253 (89) [M
+
], 184 (100), 136 

(39), 128 (46), 126 (48), 123 (52), 69 (49); HRMS (EI-TOF) calcd. for C8H6F3NO3S: 

253.0020; found: 253.0026. 
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Synthesis of 2-fluoro-1-methoxy-4-[(trifluoromethyl)thio]benzene (2r) 

SCF
3

MeO

F

 

[CAS: 1821240-73-6] 

Compound 2r was prepared following the standard procedure starting from 3-fluoro-4-

methoxyphenyl thiocyanate (1r, 183 mg, 1.00 mmol). After purification, 2r was obtained as 

colorless liquid (174 mg, 768 µmol, 77%). 
1
H NMR (400 MHz, CDCl3):  = 7.40 (m, 2 H), 

6.99 (t, J = 8.7 Hz, 1 H), 3.93 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 152.0 (d, 

J = 251 Hz), 150.5 (d, J = 11.0 Hz), 133.7 (d, J = 3.7 Hz), 129.5 (q, J = 308 Hz), 124.1 (d, 

J = 19.8 Hz), 115.2 (m), 113.7 (d, J = 2.2 Hz), 55.4 ppm (s); 
19

F NMR (376 MHz, CDCl3): 

 = –44.7, –133.8 ppm; IR (neat): 𝜈 = 2938 (w), 1602 (w), 1507 (m), 1465 (w), 1444 (w), 

1410 (w), 1307 (w), 1272 (m), 1217 (w), 1098 (vs), 1024 (m), 898 (w), 875 (w), 809 (m), 761 

(m), 652 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 227 (10) [M
+
], 226 (100), 157 (73), 

142 (13), 114 (11), 95 (11), 69 (25); HRMS (EI-TOF) calcd. for C8H6F4OS: 226.0075; found: 

226.0086.  

Synthesis of 4-[(trifluoromethyl)thio]phenol (2s) 

SCF
3

OH  

[CAS: 461-84-7] 

Compound 2s was prepared following the standard procedure starting from 4-fluorophenyl 

thiocyanate (1s, 151 mg, 1.00 µmol). After purification, 2s was obtained as colorless solid 

(57.1 mg, 294 µmol, 29%). 
1
H NMR (400 MHz, CDCl3):  = 7.54 (m, 2 H), 6.88 (m, 2 H), 

5.70 ppm (s, 1 H); 
13

C NMR (101 MHz, CDCl3):  = 158.0 (s), 138.7 (s), 129.7 (q, 

J = 308 Hz), 116.7 (s), 115.4 ppm (q, J = 2.4 Hz); 
19

F NMR (376 MHz, CDCl3):  = –

45.3 ppm; IR (neat): 𝜈 = 3221 (m), 3021 (w), 2971 (w), 1739 (w), 1584 (m), 1494 (m), 1437 

(w), 1365 (w), 1228 (m), 1109 (vs), 1086 (vs), 1011 (m), 827 (s), 755 (m), 708 (w), 650 (w) 

cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 194 (100) [M
+
], 125 (76), 97 (28), 81 (15), 69 (31), 

53 (17), 45 (11); HRMS (EI-TOF) calcd. for C7H5F3OS: 194.0013; found: 194.0010; m.p.: 

58–59 °C.  
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Synthesis of 4-[(trifluoromethyl)thio]benzonitrile (2t) 

SCF
3

NC  

[CAS: 332-26-3] 

Compound 2t was prepared following the standard procedure starting from 3-quinolyl 

thiocyanate (1w, 160 mg, 1.00 mmol). After purification, 2t was obtained as colorless oil 

(117 mg, 578 µmol, 58%). 
1
H NMR (400 MHz, CDCl3):  = 7.73 ppm (m, 4 H)

13
C NMR 

(101 MHz, CDCl3):  = 136.1 (s), 133.0 (s), 130.6 (q, J = 2.1 Hz), 129.1 (q, J = 309 Hz), 

117.7 (s), 114.8 ppm (s); 
19

F NMR (376 MHz, CDCl3):  = –42.8 ppm; IR (neat): 𝜈 = 3093 

(w), 3069 (w), 3043 (w), 2231 (w), 1927 (w), 1594 (w), 1488 (w), 1404 (w), 1306 (w), 1277 

(w), 1116 (vs), 1019 (m), 961 (w), 834 (m), 756 (w), 719 (w) cm
–1

; MS (Ion trap, EI, 70 eV): 

m/z (%) = 203 (15) [M
+
], 184 (15), 135 (9), 134 (100), 106 (12), 90 (23), 69 (43); HRMS (EI-

TOF) calcd. for C8H4F3NS: 203.0017; found: 203.0019. 

 Synthesis of 3-[(trifluoromethyl)thio]pyridine (2u) 

N

SCF
3

 

[CAS: 58313-26-1] 

Compound 2u was prepared following the standard procedure starting from 3-pyridyl 

thiocyanate (1u, 68.1 mg, 500 µmol). After the reaction, 2,2,2-trifluoroethanol as internal 

standard (36 µL, 500 µmol) was added to the reaction mixture. 2u was formed in 79% yield 

as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 
19

F NMR 

(376 MHz, DMSO-d6):  = –43.6 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 180 (16), 179 

(100) [M
+
], 110 (49), 83 (34), 69 (29), 57 (11), 50 (18). 
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 Synthesis of 2,6-dimethoxy-3-[(trifluoromethyl)thio]pyridine (2v) 

SCF
3

OMeNMeO  

[CAS: 58313-26-1] 

Compound 2v was prepared following the standard procedure starting from 2,6-

dimethoxypyridin-3-yl thiocyanate (1v, 196 mg, 1.00 mmol). After purification, 2v was 

obtained as colorless oil (147 mg, 616 µmol, 62%). 
1
H NMR (400 MHz, CDCl3):  = 7.74 (d, 

J = 8.3 Hz, 1 H), 6.36 (d, 8.0 Hz, 1 H), 4.02 (s, 3 H), 3.96 ppm (s, 3 H); 
13

C NMR (101 MHz, 

CDCl3):  = 165.6 (s), 164.2 (s), 150.2 (s), 129.6 (q, J = 310 Hz), 103.1 (s), 96.0 (q, 

J = 2.1 Hz), 54.4 (s), 54.0 ppm (s); 
19

F NMR (376 MHz, CDCl3):  = –44.7 ppm; IR (neat): 

𝜈 = 2956 (w), 1570 (s), 1466 (m), 1414 (m), 1376 (s), 1324 (s), 1267 (w), 1240 (m), 1099 

(vs), 1068 (s), 1010 (s), 956 (w), 811 (m), 753 (m), 728 (w), 692 (w) cm
–1

; MS (Ion trap, EI, 

70 eV): m/z (%) = 239.0 (100) [M
+
], 169.9 (58), 139.9 (18), 125.0 (11), 86.0 (11), 69.0 (19); 

HRMS (EI-TOF) calcd. for C7H5F3O2S2: 239.0228; found: 239.0227. 

Synthesis of 3-[(trifluoromethyl)thio]quinoline (2w) 

N

SCF
3

 

[CAS: 1333415-90-9] 

Compound 2w was prepared following the standard procedure starting from 3-quinolyl 

thiocyanate (1w, 186 mg, 1.00 mmol). After purification, 2w was obtained as colorless oil 



EXPERIMENTELLER TEIL 

 

 

(168 mg, 731 µmol, 73%). 
1
H NMR (400 MHz, CDCl3):  = 9.02 (d, J = 2.2 Hz, 1 H), 8.50 

(d, J = 2.0 Hz, 1 H), 8.14 (m, 1 H), 7.81 (m, 2 H), 7.61 ppm (m, 1 H)
 13

C NMR (101 MHz, 

CDCl3):  = 154.6 (s), 148.4 (s), 144.7 (s), 131.7 (s), 129.5 (s), 129.2 (q, J = 309 Hz), 128.1 

(s), 127.8 (s, 2C), 118.2 ppm (q, J = 1.8 Hz); 
19

F NMR (376 MHz, CDCl3):  =  –43.6 ppm; 

IR (neat): 𝜈 = 3063 (w), 2928 (w), 1619 (w), 1567 (w), 1489 (w), 1357 (w), 1321 (w), 1100 

(vs), 956 (m), 911 (w), 863 (w), 783 (m), 749 (s), 650 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z 

(%) = 229 (100) [M
+
], 160 (37), 133 (9), 116 (7), 89 (20), 69 (11), 63 (6); HRMS (EI-TOF) 

calcd. for C10H6F3NS: 229.0173; found: 229.0172. 

Synthesis of methyl-3-[(trifluoromethyl)thio]thiophene-2-carboxylate (2x) 

S

SCF
3

O

OMe

 

[CAS: 1639370-02-7] 

Compound 2x was prepared following the standard procedure starting from methyl-3-

thiocyanatothiophene-2-carboxylate (1x, 199 mg, 1.00 mmol). After purification, 2x was 

obtained as colorless oil (46.1 mg, 190 µmol, 19%). 
1
H NMR (400 MHz, CDCl3):  = 7.59 

(d, J = 5.3 Hz, 1 H), 7.25 (m, 1 H), 3.91 ppm (s, 3 H); 
13

C NMR (101 MHz, CDCl3):  = 

161.9 (s), 131.9 (s), 130.8 (q, J = 2.2 Hz), 129.5 (q, J = 309 Hz), 129.4 (q, J = 2.2 Hz), 128.6 

(q, J = 1.7 Hz), 52.7 ppm (s); 
19

F NMR (376 MHz, CDCl3):  = –42.4 ppm; IR (neat): 

𝜈 = 2956 (w), 1701 (m), 1504 (w), 1438 (m), 1406 (m), 1268 (m), 1082 (vs), 973 (w), 894 

(m), 793 (w), 767 (s), 721 (w) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 241.8 (100) [M
+
], 

210.9 (70), 173.0 (69), 142.0 (25), 68.9 (40), 45.0 (11); HRMS (EI-TOF) calcd. for 

C7H5F3O2S2: 241.9683; found: 241.9695.  

 Synthesis of 3-[(trifluoromethyl)thio]-9H-carbazole (2y) 

N
H

SCF
3

 

[CAS: 1808089-09-9] 

Compound 2y was prepared following the standard procedure starting from 9H-carbazol-

3-yl thiocyanate (1y, 224 mg, 1.00 mmol). After purification, 2y was obtained as colorless 

solid (29.4 mg, 110 µmol, 11%). 
1
H NMR (400 MHz, CDCl3):  = 8.38 (d, J = 1.3 Hz, 1 H), 
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8.14 (s, 1 H), 8.09 (dd, J = 7.8, 0.8 Hz, 1 H), 7.68 (dd, J = 8.5, 1.9 Hz, 1 H), 7.49 (ddd, 

J = 8.2, 7.1, 1.1 Hz, 1 H), 7.41 (m, 2 H), 7.31 ppm (ddd, J = 7.9, 7.0, 1.0 Hz, 1 H); 
13

C NMR 

(101 MHz, CDCl3):  = 140.7 (s), 139.8 (s), 134.0 (s), 129.9 (q, J = 308 Hz), 129.6 (s), 126.9 

(s), 124.4 (s), 122.5 (s), 120.6 (s), 120.4 (s), 113.5 (q, J = 2.0 Hz), 111.4 (s), 110.9 ppm (s); 

19
F NMR (376 MHz, CDCl3):  = –45.1 ppm; IR (neat): 𝜈 = 3385 (m), 2970 (w), 1894 (w), 

1739 (m), 1598 (w), 1491 (w), 1454 (m), 1366 (w), 1276 (w), 1231 (m), 1149 (m), 1101 (vs), 

894 (w), 815 (m), 754 (s) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 267.2 (100) [M
+
], 198.0 

(78), 154.2 (14), 69.0 (15); HRMS (EI-TOF) calcd. for C13H8F3NS: 267.0327; found: 

267.0330; m.p.: 146–147 °C. 

6.4.4.2 Upscaling of the synthesis of 1-methoxy-4-

[trifluoromethyl)thio]benzene (2a) 

Potassium trifluoroacetate (5.64 g, 36.4 mmol) and iron(II) chloride (1.18 g, 9.09 mmol) 

were weighed into a three-neck flask with reflux condenser and magnetic stir bar that was 

afterwards brought under an atmosphere of nitrogen. DMF (90 mL) and Synthesis of 4-

methoxyphenyl thiocyanate (1a) were added via syringe through a septum and the mixture 

was stirred for 16 h at 140 °C. After the reaction was completed, pentane (200 mL) and a 1 M 

lithium chloride solution (100 mL) were added. The organic layer was separated and dried 

over magnesium sulfate. The solvent was removed using a vigreux column (water bath at 

45 °C). The remaining crude product was purified by a manual column (SiO2, pentane/diethyl 

ether). After removing the solvent, 2a was obtained as colorless liquid (6.05 g, 29.1 mmol, 

96%). The analytical data matched the one previously reported in this paper.
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6.4.5 Synthesis of alkyl trifluoromethyl thioethers 

6.4.5.1 Standard procedure for the synthesis of alkyl trifluoromethyl 

thioethers from the corresponding alkyl bromides 

An oven-dried 20 mL crimp cap vessel with PTFE-coated stir bar was charged with 

anhydrous sodium thiocyanate (41.4 mg, 500 µmol) and was brought under an atmosphere of 

dry nitrogen. DMF (1.50 mL) and the alkyl bromide (500 µmol) were added via syringe and 

the mixture was stirred at 60 °C for 3 h. Afterwards the mixture was added to iron chloride 

(19.4 mg, 150 µmol) and potassium trifluoroacetate (93.1 mg, 600 µmol), that had been 

brought under an atmosphere of dry nitrogen, via syringe. The reaction mixture was heated to 

140 °C for 16 h.  

Synthesis of 1-[(trifluoromethyl)thio]butane (3a) 

SCF
3  

[CAS: 7412-26-2] 

Compound 3a was prepared following the standard procedure starting from 1-

bromobutane (69.2 mg, 54.5 µL, 500 µmol). After the reaction, 2,2,2-trifluoroethanol as 

internal standard (36 µL, 500 µmol) was added to the reaction mixture. 3a was formed in 44% 

yield as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 
19

F 

NMR (376 MHz, DMSO-d6):  = –42.0 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 89 (2) 

[(M–CF3)
+
], 73 (100), 58 (9), 44 (87). 
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Synthesis of 1-[(trifluoromethyl)thio]hexane (3b) 

SCF
3  

[CAS: 59529-76-9] 

Compound 3b was prepared following the standard procedure starting from 1-

bromohexane (84.2 mg, 62.5 µL, 500 µmol). After the reaction, 2,2,2-trifluoroethanol as 

internal standard (36 µL, 500 µmol) was added to the reaction mixture. 3b was formed in 

46% yield as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 

19
F NMR (376 MHz, DMSO-d6):  = –42.0 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 117 

(100) [(M–CF3)
+
], 83 (38), 69 (22), 56 (25), 55 (41), 43 (15), 41 (25). 

 

Synthesis of 1-[(trifluoromethyl)thio]octane (3c) 

n-C
8
H

17

SCF
3

 

[CAS: 134776-65-1] 

Compound 3c was prepared following the standard procedure starting from 1-

bromooctane (97.5 mg, 87.9 µL, 500 µmol). After the reaction, 2,2,2-trifluoroethanol as 

internal standard (36 µL, 500 µmol) was added to the reaction mixture. 3c was formed in 55% 

yield as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 
19

F 

NMR (376 MHz, DMSO-d6):  = –42.0 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 146 (10), 

145 (100) [(M–CF3)
+
], 69 (50), 56 (8), 55 (16), 41 (18). 
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Synthesis of 1-[(trifluoromethyl)thio]octadecane (3d) 

n-C
18

H
37

SCF
3

 

[CAS: 1821240-74-7] 

Compound 3d was prepared following the standard procedure starting from 1-

bromooctadecane (172 mg, 176 µL, 500 µmol). After the reaction, 2,2,2-trifluoroethanol as 

internal standard (36 µL, 500 µmol) was added to the reaction mixture. 3d was formed in 

46% yield as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 

19
F NMR (376 MHz, DMSO-d6):  = –42.0 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 286 

(20), 285 (100) [(M–CF3)
+
], 69 (7), 57 (7), 55 (7), 41 (7). 

 



EXPERIMENTELLER TEIL 

163 

 

Synthesis of [2-[(trifluoromethyl)thio]ethyl]benzene (3e) 

SCF
3

 

[CAS: 361182-15-2] 

Compound 3e was prepared following the standard procedure starting from (2-

bromoethyl)benzene (94.4 mg, 69.7 µL, 500 µmol). After the reaction, 2,2,2-trifluoroethanol 

as internal standard (36 µL, 500 µmol) was added to the reaction mixture. 3e was formed in 

48% yield as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 

19
F NMR (376 MHz, DMSO-d6):  = –41.8 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 206 

(64) [M
+
], 105 (12), 104 (8), 92 (8), 91 (100), 69 (9), 65 (16). 

 

Synthesis of ethyl-6-[(trifluoromethyl)thio]hexanoate (3f) 

SCF
3

O

EtO  

[CAS: 1620061-36-0] 

Compound 3f was prepared following the standard procedure starting from 1-

bromooctadecane (172 mg, 176 µL, 500 µmol). After the reaction, 2,2,2-trifluoroethanol as 

internal standard (36 µL, 500 µmol) was added to the reaction mixture. 3f was formed in 38% 

yield as determined by 
19

F spectroscopic analysis and confirmed by GC-MS analytics. 
19

F 

NMR (376 MHz, DMSO-d6):  = –41.9 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 245 (4) 
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[(M+H)
+
], 225 (24), 199 (50), 175 (48), 143 (100), 129 (43), 115 (46), 97 (39), 69 (81).

 

6.4.6 Synthesis of -(trifluoromethyl)-2-arenemethanols 

6.4.6.1 Standard procedure for the synthesis of -(trifluoromethyl)-2-

arenemethanols from the corresponding aldehydes 

An oven-dried 20 mL crimp cap vessel with PTFE-coated stir bar was charged with 

anhydrous iron chloride (77.6 mg, 600 µmol), potassium trifluoroacetate (373 mg, 

2.40 mmol), and the corresponding aldehyde (2.00 mmol) and was then brought under an 

atmosphere of dry nitrogen. DMF (6.00 mL) was added via syringe and the reaction mixture 

was heated to 140 °C for 6 h. Afterwards it was diluted with diethyl ether (20 mL), filtered 

through a short pad of silica and washed with a saturated solution of sodium 

hydrogencarbonate in water (2 × 50 mL). The organic phase was dried with magnesium 

sulfate and the crude product purified by column chromatography (SiO2, cyclohexane/ethyl 

acetate gradient). 

Synthesis of -(trifluoromethyl)-3-bromo-4-methoxybenzenemethanol (5a) 

CF
3

OH

Br

MeO  

[CAS: 1249929-52-9] 

Compound 5a was prepared following the standard procedure starting from 3-bromo-4-

methoxybenzaldehyde (439 mg, 2.00 mmol). After purification, 5a was obtained as yellow oil 
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(342 mg, 1.20 mmol, 60%). 
1
H NMR (400 MHz, CDCl3):  = 7.67 (d, J = 2.3 Hz, 1 H), 7.38 

(dd, J = 8.5, 2.0 Hz, 1 H), 6.92 (d, J = 8.5 Hz, 1 H), 4.93 (q, J = 6.5 Hz, 1 H), 3.92 ppm (s, 

3 H); 
13

C NMR (101 MHz, CDCl3):  = 156.9 (s), 132.5 (s), 127.9 (s), 124.2 (q, J = 282 Hz) 

112.0 (s), 111.8 (s), 71.9 (q, J = 32.3 Hz), 56.5 ppm (s); 
19

F NMR (376 MHz, DMSO-d6): 

 = –77.4 ppm; IR (neat): 𝜈 = 3451 (w), 2948 (w), 2944 (w), 1606 (w), 1498 (m), 1463 (w), 

1442 (w), 1408 (w), 1255 (s), 1166 (s), 1121 (vs), 1052 (s), 1018 (m), 888 (w), 810 (m), 780 

(w), 723 (w), 700 (w), 671 (m) cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 286 (63) [M
+
], 284 

(64), 217 (100), 215 (82), 108 (77), 78 (11), 65 (10).  
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6.5 Convenient Synthesis of Pentafluoroethyl Thioethers via Catalytic Sandmeyer 

Reaction with a Stable Fluoroalkylthiolation Reagent 

General Methods 

The reactions were performed in oven-dried glassware containing a Teflon-coated stirrer 

bar and septum under a nitrogen atmosphere. Acetonitrile were dried by refluxing over CaH2 

and subsequent fractionally distillation. All reactions were monitored by GC and the yields 

were determined by 
19

F NMR using trifluoroethanol as internal standard. GC analyses were 

carried out using a HP-5 capillary column (Phenyl Methyl Siloxane 30 m x 320 x 0.25) and a 

time program beginning with 2 min at 60 °C followed by 30 °C/min ramp to 300 °C, then 

3 min at this temp. Column chromatography was performed using a Combi Flash Companion-

Chromatography-System (Isco-Systems) and Grace Reveleris packed flash columns (12 g). 

NMR spectra were obtained on a Bruker AMX 400 system using chloroform-d1, acetonitrile-

d3 or methanol-d4 as deuterated solvents, with proton, carbon and fluorine resonances at 

400 MHz, 101 MHz and 375 MHz, respectively. Mass spectral data were acquired on a 

Varian Saturn 2100 T.  

All commercially available starting materials were used without further purification. 

Me4NSC2F5 was commercially available by CF Plus Chemicals s. r. o. 

6.5.1 Synthesis of Starting Materials 

Synthesis of arene diazonium tetrafluoroborates 

In a 50 mL round-bottom flask, the aniline (10 mmol) was dissolved in a mixture of 

absolute ethanol (3 mL) and an aqueous solution of HBF4 (50%, 2.5 mL, 20 mmol) and tert-

butyl nitrite (2.7 mL, 20 mmol) was added dropwise to the solution at 0 °C. The reaction was 

stirred at room temperature for 1 h and diethyl ether (20 mL) was added to precipitate the 

arenediazonium tetrafluoroborate that was filtered off and washed with diethyl ether (3 × 

10 mL). The arenediazonium tetrafluoroborate was dried in vacuo (10
-3

 mbar) for 10 minutes 

and was then directly used without further purification. 
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6.5.1.1 Synthesis of pentafluoroethyl thioethers from arenediazonium salts 

Standard procedure 

An oven-dried 20 mL crimp-cap vessel with stirrer bar was charged with Cu (6.4 mg, 

0.10 mmol), Me4NSC2F5 (338 mg, 1.50 mmol) and MeCN (2 mL). Then, the arenediazonium 

salt (1.00 mmol) in MeCN (2 mL) was added dropwise and the reaction mixture was stirred 

for 15 h at room temperature. The resulting mixture was diluted with diethyl ether (20 mL). 

The organic solution was washed with water (2 × 10 mL) and brine (10 mL). The organic 

layer was dried over MgSO4, filtered and concentrated (700 mbar, 40 °C). The residue was 

purified by flash chromatography (SiO2, cyclohexane / ethyl acetate gradient), yielding the 

aryl pentafluoroethyl thioethers. The yields of particularly volatile compounds were 

determined by 
19

F NMR, and their identity by mass spectroscopy. 

Synthesis of 1-methoxy-4-[(pentafluoroethyl)thio]benzene (2a) 

SC
2
F

5

O  

[CAS: 1955495-78-9] 

Compound 2a was prepared following the standard procedure, starting from 4-

methoxybenzenediazonium tetrafluoroborate (222 mg, 1.00 mmol). After purification, 2a was 

isolated as colorless oil (253 mg, 0.98 mmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 7.57 (d, 

3
J = 8.8 Hz, 2H), 6.94 (d, 

3
J = 8.8 Hz, 2H), 3.85 ppm (s, 3H); 

19
F NMR (375 MHz, CDCl3): 

 = 82.5 (t, J = 4.1 Hz, 3F), 92.8 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3): 

 = 162.0, 139.0 (2C), 115.0 (2C), 113.1 (t, 
3
J(C,F) = 2.7 Hz), 120.0 (qt, 

1
J(C,F) = 287.0 Hz, 

2
J(C,F) = 40.3 Hz), 118.8 (tq, 

1
J(C,F) = 286.1 Hz, 

2
J(C,F) = 37.0 Hz), 55.4 ppm; IR (neat): 

= 2934, 2842, 1593, 1495, 1293, 1252, 1205, 1102, 1087, 1030, 956, 828, 749 cm
-1

; MS 

(Ion trap, EI, 70 eV): m/z (%) = 258 [M
+
] (73), 139 (100), 123 (11), 96 (14); HRMS (EI-

TOF) calcd. for C9H7F5OS: 258.0138; found: 258.0143. 

Synthesis of 1-methyl-3-[(pentafluoroethyl)thio]benzene (2b) 

SC
2
F

5

 

[CAS: 1955495-79-0] 
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Compound 2b was prepared following the standard procedure, starting from 3-

methylbenzenediazonium tetrafluoroborate (206 mg, 1.00 mmol). After purification, 2b was 

isolated as colorless oil (225 mg, 0.93 mmol, 93%). 
1
H NMR (400 MHz, CDCl3):  = 7.49-

7.47 (m, 2H), 7.33-7.32 (m, 2H), 2.41 ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3):  = 82.5 

(t, J = 4.1 Hz, 3F), 91.0 ppm (q, J = 3.8 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 139.5, 

137.7, 134.2, 131.8, 129.2, 122.4 (t, 
3
J(C,F) = 2.7 Hz), 120.2 (qt, 

1
J(C,F) = 288.4 Hz, 

2
J(C,F) = 40.0 Hz), 118.8 (tq, 

1
J(C,F) = 286.8 Hz, 

2
J(C,F) = 36.8 Hz), 21.1 ppm; IR (neat): 

= 3053, 2929, 1595, 1477, 1330, 1203, 1095, 957, 780, 750, 691 cm
-1

; MS (Ion trap, EI, 70 

eV): m/z (%) = 242 [M
+
] (100), 173 (12), 123 (67), 91 (14); HRMS (EI-TOF) calcd. for 

C9H7F5S: 242.0189; found: 242.0183. 

Synthesis of 4-[(pentafluoroethyl)thio]-1,1'-biphenyl (2c) 

SC
2
F

5

Ph  

[CAS No.: 933673-37-1] 

Compound 2c was prepared following the standard procedure, starting from [1,1-

biphenyl]-4-diazonium tetrafluoroborate (268 mg, 1.00 mmol). After purification, 2c was 

isolated as colorless solid (289 mg, 0.95 mmol, 95%). m.p.: 60-61°C; 
1
H NMR (400 MHz, 

CDCl3):  = 7.80-7.78 (m, 2H), 7.70-7.66 (m, 4H), 7.56-7.45 ppm (m, 3H); 
19

F NMR 

(375 MHz, CDCl3):  = 82.4 (t, J = 3.8 Hz, 3F), 91.7 ppm (s, 2F); 
13

C NMR (101 MHz, 

CDCl3):  = 144.1, 139.6, 137.6, 129.0 (2C), 128.2 (2C), 128.1 (2C), 127.2 (2C), 121.4, 120.5 

(qt, 
1
J(C,F) = 288.4 Hz, 

2
J(C,F) = 39.9 Hz), 118.9 ppm (tq, 

1
J(C,F) = 287.0 Hz, 

2
J(C,F) = 37.1 Hz); IR (neat): = 3033, 1478, 1333, 1200, 1100, 960, 836, 760, 688 cm

-1
; MS 

(Ion trap, EI, 70 eV): m/z (%) = 304 [M
+
] (100), 190 (19), 188 (59), 185 (85), 152 (44); 

HRMS (EI-TOF) calcd. for C14H9F5S: 304.0345; found: 304.0368. 

Synthesis of 1-phenoxy-4-[(pentafluoroethyl)thio]benzene (2d) 

SC
2
F

5

PhO  

[CAS: 1955495-80-3] 

Compound 2d was prepared following the standard procedure, starting from 4-

phenoxybenzenediazonium tetrafluoroborate (284 mg, 1.00 mmol). After purification, 2d was 
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isolated as colorless oil (311 mg, 0.97 mmol, 97%). 
1
H NMR (400 MHz, CDCl3):  = 7.60 (d, 

3
J = 8.8 Hz, 2H), 7.42 (t, 

3
J = 8.0 Hz, 2H), 7.22 (t, 

3
J = 7.5 Hz, 1H), 7.09 (d, 

3
J = 8.5 Hz, 2H), 

7.01 ppm (d, 
3
J = 8.8 Hz, 2H); 

19
F NMR (375 MHz, CDCl3):  = 82.4 (t, J = 3.8 Hz, 3F), 

92.5 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 160.6, 155.5, 139.0 (2C), 

130.1 (2C), 124.6, 120.1 (2C), 120.0 (tq, 
1
J(C,F) = 286.1 Hz, 

2
J(C,F) = 36.3 Hz), 118.5 (2C), 

118.7 (qt, 
1
J(C,F) = 288.8 Hz, 

2
J(C,F) = 40.4 Hz), 115.5 ppm (t, 

3
J(C,F) = 3.2 Hz); IR (neat): 

= 3043, 1582, 1485, 1331, 1242, 1200, 1085, 957, 869, 833, 749, 691 cm
-1

; MS (Ion trap, 

EI, 70 eV): m/z (%) = 320 [M
+
] (94), 201 (100), 129 (16), 77 (23); HRMS (EI-TOF) calcd. 

for C14H9F5OS: 320.0294; found: 320.0279. 

Synthesis of 1-bromo-4-[(pentafluoroethyl)thio]-benzene (2e) 

SC
2
F

5

Br  

[CAS No.: 782491-17-2] 

Compound 2e was prepared following the standard procedure, starting from 4-

bromobenzenediazonium tetrafluoroborate (271 mg, 1.00 mmol). After purification, 2e was 

isolated as colorless oil (239 mg, 0.78 mmol, 78%). 
1
H NMR (400 MHz, CDCl3):  = 7.58-

7.51 ppm (m, 4H); 
19

F NMR (375 MHz, CDCl3):  = 82.7 (t, J = 4.1 Hz, 3F), 92.0 ppm (q, 

J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 138.6 (2C), 132.8 (2C), 126.4, 121.9 (t, 

3
J(C,F) = 2.7 Hz), 120.0 (qt, 

1
J(C,F) = 288.8 Hz, 

2
J(C,F) = 40.9 Hz), 118.7 ppm (tq, 

1
J(C,F) = 286.6 Hz, 

2
J(C,F) = 36.8 Hz); IR (neat): = 3023, 1569, 1475, 1388, 1331, 1204, 

1103, 1012, 954, 817, 749, 731 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 305 [M
+
] (100), 

189 (72), 171 (11), 108 (52); HRMS (EI-TOF) calcd. for C8H4F5S
79

Br: 305.9137; found: 

305.9154. 

Synthesis of 1-fluoro-4-[(pentafluoroethyl)thio]-benzene (2f) 

SC
2
F

5

F  

[CAS No.: 75220-65-4] 

Compound 2f was prepared following the standard procedure, starting from 4-

fluorodiazonium tetrafluoroborate (105 mg, 0.50 mmol). After the reaction, trifluoroethanol 

as internal standard (36.0 µL, 0.50 mmol) was added to the reaction mixture and the 
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pentafluoroethylthiolated product 2f was formed in 61% yield as determined by 
19

F NMR 

spectroscopic analysis and confirmed by GC-MS analytics. 
19

F NMR (375 MHz, CDCl3): 

 = 85.7 (t, J = 3.6 Hz, 3F), 92.1 ppm (q, J = 4.1 Hz, 2F); MS (Ion trap, EI, 70 eV): m/z 

(%) = 245.9 [M
+
] (100), 177.0 (9), 127.0 (92), 83.0 (44), 75.0 (9), 68.9 (23), 57.0 (15). 

Synthesis of 1-chloro-4-[(pentafluoroethyl)thio]-benzene (2g) 

SC
2
F

5

Cl  

[CAS No.: 782491-17-2] 

Compound 2g was prepared following the standard procedure, starting from 4-

chlorobenzenediazonium tetrafluoroborate (226 mg, 1.00 mmol). After purification, 2g was 

isolated as colorless oil (181 mg, 0.69 mmol, 69%). 
1
H NMR (400 MHz, CDCl3):  = 7.59 (d, 

3
J = 8.5 Hz, 2H), 7.41 ppm (d, 

3
J = 8.8 Hz, 2H); 

19
F NMR (375 MHz, CDCl3):  = 82.5 (t, 

J = 3.8 Hz, 3F), 92.0 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 138.4 (2C), 

138.0, 129.8 (2C), 121.2 (t, 
3
J(C,F) = 3.2 Hz), 120.2 (qt, 

1
J(C,F) = 288.8 Hz, 

2
J(C,F) = 40.3 Hz), 119.1 ppm (tq, 

1
J(C,F) = 287.0 Hz, 

2
J(C,F) = 36.3 Hz); IR (neat): = 

3045, 2925, 2855, 1575, 1478, 1331, 1204, 1088, 957, 822, 749 cm
-1

; MS (Ion trap, EI, 70 

eV): m/z (%) = 261 [M
+
] (100), 145 (31), 143 (82), 108 (32); HRMS (EI-TOF) calcd. for 

C8H4F5
35

ClS: 261.9642; found: 261.9633. 

Synthesis of 4-[(pentafluoroethyl)thio]acetophenone (2h) 

SC
2
F

5

O  

[CAS No.: 1328939-62-3] 

Compound 2h was prepared following the standard procedure, starting from 4-

acetylbenzenediazonium tetrafluoroborate (234 mg, 1.00 mmol). After purification, 2h was 

isolated as colorless oil (264 mg, 0.98 mmol, 98%). 
1
H NMR (400 MHz, CDCl3):  = 7.99 (d, 

3
J = 7.0 Hz, 2H), 7.76 (d, 

3
J = 7.0 Hz, 2H), 2.64 ppm (s, 3H); 

19
F NMR (375 MHz, CDCl3): 

 = 82.5 (t, J = 4.1 Hz, 3F), 91.2 ppm (q, J = 3.8 Hz, 2F); 
13

C NMR (101 MHz, CDCl3): 

 = 197.0, 138.7, 136.9 (2C), 128.9 (2C), 128.4 (t, 
3
J(C,F) = 2.7 Hz), 120.3 (qt, 

1
J(C,F) = 289.7 Hz, 

2
J(C,F) = 40.8 Hz), 118.6 (tq, 

1
J(C,F) = 286.5 Hz, 

2
J(C,F) = 36.4 Hz), 

26.7 ppm; IR (neat): = 3015, 2971, 1690, 1365, 1207, 1104, 954, 827, 750 cm
-1

; MS (Ion 
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trap, EI, 70 eV): m/z (%) = 270 [M
+
] (39), 255 (100), 136 (9); HRMS (EI-TOF) calcd. for 

C10H7F5OS: 270.0138; found: 270.0132. 

Synthesis of 4-[(pentafluoroethyl)thio]benzophenone (2i) 

SC
2
F

5

O

Ph

 

[CAS: 1955495-81-4] 

Compound 2i was prepared following the standard procedure, starting from 4-

benzoylbenzenediazonium tetrafluoroborate (296 mg, 1.00 mmol). After purification, 2i was 

isolated as colorless solid (309 mg, 0.99 mmol, 99%). m.p.: 56-57°C; 
1
H NMR (400 MHz, 

CDCl3):  = 7.88-7.77 (m, 6H), 7.64 (t, 
3
J = 7.5 Hz, 1H), 7.52 ppm (t, 

3
J = 7.5 Hz, 2H); 

19
F 

NMR (375 MHz, CDCl3):  = 82.4 (t, J = 3.8 Hz, 3F), 91.1 ppm (q, J = 4.1 Hz, 2F); 

13
C NMR (101 MHz, CDCl3):  = 195.6, 139.7, 136.7, 136.7, 133.0, 130.6, 130.1, 128.5, 

127.4 (t, 
3
J(C,F) = 2.7 Hz), 120.0 (qt, 

1
J(C,F) = 289.7 Hz, 

2
J(C,F) = 41.0 Hz), 118.6 ppm (tq, 

1
J(C,F) = 286.6 Hz, 

2
J(C,F) = 36.8 Hz); IR (neat): = 2929, 1650, 1592, 1448, 1304, 1199, 

1103, 961, 850, 791, 730, 694 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 332 [M
+
] (100), 254 

(28), 108 (6); HRMS (EI-TOF) calcd. for C15H9F5OS: 332.0296; found: 332.0288. 

Synthesis of methyl-4-[(pentafluoroethyl)thio]benzoate (2j) 

SC
2
F

5

O

MeO

 

[CAS: 1955495-82-5] 

Compound 2j was prepared following the standard procedure, starting from 4-

(methoxycarbonyl)benzenediazonium tetrafluoroborate (250 mg, 1.00 mmol). After 

purification, 2j was isolated as colorless oil (269 mg, 0.94 mmol, 94%). 
1
H NMR (400 MHz, 

CDCl3):  = 8.08 (d, 
3
J = 8.2 Hz, 2H), 7.73 (d, 

3
J = 8.0 Hz, 2H), 3.95 ppm (s, 3H); 

19
F NMR 

(375 MHz, CDCl3):  = 82.5 (t, J = 3.8 Hz, 3F), 91.2 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR 

(101 MHz, CDCl3):  = 168.0, 136.7 (2C), 132.5, 130.3 (2C), 128.2 (t, 
3
J(C,F) = 2.7 Hz), 

120.0 (qt, 
1
J(C,F) = 289.7 Hz, 

2
J(C,F) = 40.9 Hz), 118.6 (tq, 

1
J(C,F) = 286.6 Hz, 

2
J(C,F) = 36.3 Hz), 52.5 ppm; IR (neat): = 2925, 1713, 1438, 1282, 1214, 1106, 961, 
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764 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 286 [M
+
] (56), 154 (100), 135 (17), 108 (15); 

HRMS (EI-TOF) calcd. for C10H7F5O2S: 286.0087; found: 286.0105.  

Synthesis of N,N-dimethyl-4-[(pentafluoroethyl)thio]benzenamine (2k) 

SC
2
F

5

Me
2
N

 

[CAS: 1955495-83-6] 

Compound 2k was prepared following the standard procedure, starting from 4-

(dimethylamino)benzenediazonium tetrafluoroborate (235 mg, 1.00 mmol). After purification, 

2k was isolated as colorless oil (247 mg, 0.91 mmol, 91%). 
1
H NMR (400 MHz, CDCl3): 

 = 7.52-7.50 (m, 2H), 6.72-6.69 (m, 2H), 3.04 ppm (s, 6H); 
19

F NMR (375 MHz, CDCl3): 

 = 82.4 (t, J = 4.1 Hz, 3F), 93.5 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3): 

 = 151.1, 138.6 (2C), 120.3 (qt, 
1
J(C,F) = 287.9 Hz, 

2
J(C,F) = 39.9 Hz), 120.0 (tq, 

1
J(C,F) = 286.1 Hz, 

2
J(C,F) = 37.2 Hz), 112.2 (2C), 106.3 (t, 

3
J(C,F) = 2.7 Hz), 39.9 

(2C) ppm; IR (neat): = 2896, 1593, 1509, 1446, 1365, 1329, 1193, 1086, 955, 810, 749 cm
-1

; 

MS (Ion trap, EI, 70 eV): m/z (%) = 271 [M
+
] (19), 257 (38), 152 (49), 138 (100), 109 (26), 

104 (20), 82 (29), 62 (40); HRMS (EI-TOF) calcd. for C10H10F5NS: 271.0454; found: 

271.0450. 

Synthesis of N-[4-[(pentafluoroethyl)thio]phenyl]acetamide (2l) 

SC
2
F

5

N
H

O

 

[CAS: 1955495-84-7] 

Compound 2l was prepared following the standard procedure, starting from 4-

(acetylamino)benzenediazonium tetrafluoroborate (249 mg, 1.00 mmol). After purification, 2l 

was isolated as slightly yellow solid (234 mg, 0.82 mmol, 82%). m.p.: 137-138°C; 
1
H NMR 

(400 MHz, CDCl3):  = 7.60 (s, 4H), 2.21 ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3): 

 = 82.4 (t, J = 4.1 Hz, 3F), 92.3 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3): 

 = 172.1, 143.4, 139.3 (2C), 121.6 (2C), 121.5 (qt, 
1
J(C,F) = 286.8 Hz, 

2
J(C,F) = 40.1 Hz), 

120.4 (tq, 
1
J(C,F) = 285.9 Hz, 

2
J(C,F) = 37.1 Hz), 117.3 (t, 

3
J(C,F) = 2.9 Hz), 24.1 ppm; IR 

(neat): = 3456, 3018, 2975, 1738, 1368, 1229, 1217 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 
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285 [M
+
] (40), 243 (35), 124 (100); HRMS (EI-TOF) calcd. for C10H8NF5OS: 285.0247; 

found: 285.0254. 

Synthesis of 4-[(pentafluoroethyl)thio]nitrobenzene (2m) 

SC
2
F

5

O
2
N

 

[CAS: 106854-75-5] 

Compound 2m was prepared following the standard procedure, starting from 4-

nitrobenzenediazonium tetrafluoroborate (237 mg, 1.00 mmol). After purification, 2m was 

isolated as slightly yellow oil (262 mg, 0.96 mmol, 96%). 
1
H NMR (400 MHz, CDCl3): 

 = 8.29 (d, 
3
J = 8.8 Hz, 2H), 7.86 ppm (d, 

3
J = 8.8 Hz, 2H); 

19
F NMR (375 MHz, CDCl3): 

 = 82.5 (t, J = 3.8 Hz, 3F), 90.8 ppm (q, J = 3.8 Hz, 2F); 
13

C NMR (101 MHz, CDCl3): 

 = 149.4, 137.5 (2C), 130.8 (t, 
3
J(C,F) = 2.7 Hz), 124.2 (2C), 120.0 (qt, 

1
J(C,F) = 290.5 Hz, 

2
J(C,F) = 41.1 Hz), 118.4 ppm (tq, 

1
J(C,F) = 286.5 Hz, 

2
J(C,F) = 36.0 Hz); IR (neat): = 

3459, 3003, 2971, 1602, 1524, 1347, 1207, 1103, 956, 851, 750, 729, 685 cm
-1

; MS (Ion trap, 

EI, 70 eV): m/z (%) = 272 [M
+
] (56), 243 (98), 206 (12), 124 (100), 108 (30), 96 (12), 80 

(21); HRMS (EI-TOF) calcd. for C8H4NF5O2S: 272.9883; found: 272.9897. 

Synthesis of 4-[(pentafluoroethyl)thio]benzonitrile (2n) 

SC
2
F

5

NC  

[CAS: 1955495-85-8] 

Compound 2n was prepared following the standard procedure, starting from 4-

cyanobenzenediazonium tetrafluoroborate (217 mg, 1.00 mmol). After purification, 2n was 

isolated as colorless solid (208 mg, 0.82 mmol, 82%). m.p.: 45-46°C; 
1
H NMR (400 MHz, 

CDCl3):  = 7.79 (d, 
3
J = 8.3 Hz, 2H), 7.73 ppm (d, 

3
J = 8.8 Hz, 2H); 

19
F NMR (375 MHz, 

CDCl3):  = 82.5 (t, J = 3.4 Hz, 3F), 91.0 ppm (q, J = 3.8 Hz, 2F); 
13

C NMR (101 MHz, 

CDCl3):  = 137.2 (2C), 132.8 (2C), 128.9 (t, 
3
J(C,F) = 2.7 Hz), 120.0 (qt, 

1
J(C,F) = 290.6 Hz, 

2
J(C,F) = 40.9 Hz), 118.4 (tq, 

1
J(C,F) = 287.0 Hz, 

2
J(C,F) = 36.3 Hz), 

117.5, 115.0 ppm; IR (neat): = 3073, 3039, 2232, 1487, 1318, 1202, 1092, 959, 851, 830, 

749 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 253 [M
+
] (100), 184 (69), 134 (94), 102 (13), 

90 (16); HRMS (EI-TOF) calcd. for C9H4NF5S: 252.9985; found: 252.9991. 
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Synthesis of 3-[(pentafluoroethyl)thio]quinoline (2o) 

N

SC
2
F

5

 

[CAS: 1955495-86-9] 

Compound 2o was prepared following the standard procedure, starting from quinoline-3-

diazonium tetrafluoroborate (243 mg, 1.00 mmol). After purification, 2o was isolated as 

colorless solid (249 mg, 0.89 mmol, 89%). m.p.: 35-36°C; 
1
H NMR (400 MHz, CDCl3): 

 = 9.00 (s, 1H), 8.49 (s, 1H), 8.14 (d, 
3
J = 8.5 Hz, 1H), 7.84-7.79 (m, 2H), 8.19 ppm (t, 

3
J = 7.5 Hz, 1H); 

19
F NMR (375 MHz, CDCl3):  = 82.5 (t, J = 4.1 Hz, 3F), 91.4 ppm (q, 

J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 154.9, 148.4, 145.5, 131.7, 129.5, 128.0, 

127.7, 119.6, 120.3 (qt, 
1
J(C,F) = 289.6 Hz, 

2
J(C,F) = 40.6 Hz), 118.6 (tq, 

1
J(C,F) = 286.1 Hz, 

2
J(C,F) = 36.3 Hz), 116.7 ppm (t, 

3
J(C,F) = 2.9 Hz); IR (neat): = 3031, 1972, 1617, 1565, 

1489, 1321, 1199, 1090, 948, 786, 748 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 279 [M
+
] 

(87), 160 (100), 116 (14), 89 (31); HRMS (EI-TOF) calcd. for C11H6NF5S: 279.0141; found: 

279.0145. 

Synthesis of 6-[(pentafluoroethyl)thio]quinoline (2p) 

SC
2
F

5

N  

[CAS: 1955495-87-0] 

Compound 2p was prepared following the standard procedure, starting from quinoline-6-

diazonium tetrafluoroborate (243 mg, 1.00 mmol). After purification, 2p was isolated as 

colorless oil (229 mg, 0.82 mmol, 82%). 
1
H NMR (400 MHz, CDCl3):  = 9.01 (dd, 

3
J = 4.3, 

1.8 Hz, 1H), 8.19 (d, 
3
J = 8.8 Hz, 2H), 8.14 (d, 

3
J = 8.8 Hz, 1H), 7.89 (dd, 

3
J = 8.8, 1.8 Hz, 

1H), 7.48 ppm (dd, 
3
J = 8.5, 4.3 Hz, 1H); 

19
F NMR (375 MHz, CDCl3):  = 82.4 (t, 

J = 3.8 Hz, 3F), 91.5 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 152.4, 

148.7, 137.7, 136.2, 136.1, 130.8, 128.3, 122.1, 121.1 (t, 
3
J(C,F) = 2.9 Hz), 120.2 (qt, 

1
J(C,F) = 289.0 Hz, 

2
J(C,F) = 40.6 Hz), 118.6 ppm (tq, 

1
J(C,F) = 286.8 Hz, 

2
J(C,F) = 36.7 Hz); IR (neat): = 3037, 1591, 1488, 1331, 1202, 1095, 959, 835, 794, 749, 

660 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 279 [M
+
] (88), 160 (100), 116 (23); HRMS 

(EI-TOF) calcd. for C11H6NF5S: 279.0141; found: 279.0130. 
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Synthesis of 8-[(pentafluoroethyl)thio]quinoline (2q) 

SC
2
F

5

N

 

[CAS: 1955495-88-1] 

Compound 2q was prepared following the standard procedure, starting from quinoline-8-

diazonium tetrafluoroborate (243 mg, 1.00 mmol). After purification, 2q was isolated as 

colorless oil (198 mg, 0.71 mmol, 71%). 
1
H NMR (400 MHz, CDCl3):  = 9.07 (dd, 

3
J = 4.3, 

1.8 Hz, 1H), 8.21 (dd, 
3
J = 8.3, 1.5 Hz, 1H), 8.15 (d, 

3
J = 7.3 Hz, 1H), 7.94 (dd, 

3
J = 8.0, 

1.3 Hz, 1H), 7.58 (t, 
3
J = 7.8 Hz, 1H), 7.50 ppm (dd, 

3
J = 8.3, 4.3 Hz, 1H); 

19
F NMR 

(375 MHz, CDCl3):  = 82.6 (t, J = 4.1 Hz, 3F), 91.0 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR 

(101 MHz, CDCl3):  = 151.2, 147.9, 137.5, 136.5, 130.9, 130.0, 126.4, 124.3, 122.0, 120.3 

(qt, 
1
J(C,F) = 290.3 Hz, 

2
J(C,F) = 40.6 Hz), 118.7 ppm (tq, 

1
J(C,F) = 286.6 Hz, 

2
J(C,F) = 36.8 Hz); IR (neat): = 3065, 1596, 1493, 1328, 1204, 1093, 950, 826, 787, 750, 

660 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 279 [M
+
] (80), 160 (100), 116 (15); HRMS 

(EI-TOF) calcd. for C11H6NF5S: 279.0141; found: 279.0134. 

Synthesis of 9-ethyl-3-[(pentafluoroethyl)thio]-9H-carbazole (2r) 

SC
2
F

5

N

Et  

[CAS: 1955495-89-2] 

Compound 2r was prepared following the standard procedure, starting from 9-ethyl-9H-

carbazol-3-diazonium tetrafluoroborate (309 mg, 1.00 mmol). After purification, 2r was 

isolated as colorless solid (249 mg, 0.72 mmol, 72%). m.p.: 64-65°C; 
1
H NMR (400 MHz, 

CDCl3):  = 8.40 (s, 1H), 8.14 (d, 
3
J = 7.8 Hz, 1H), 7.73 (dd, 

3
J = 8.5, 1.8 Hz, 1H), 7.55 (dt, 

3
J = 7.7, 1.1 Hz, 1H), 7.44 (t, 

3
J = 8.8 Hz, 2H), 7.32 (t, 

3
J = 7.8 Hz, 1H), 4.38 (q, 

3
J = 7.3 Hz, 

2H), 1.47 ppm (t, 
3
J = 7.3 Hz, 3H); 

19
F NMR (375 MHz, CDCl3):  = 82.2 (t, J = 4.1 Hz, 

3F), 92.7 ppm (q, J = 3.6 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 141.1, 140.3, 134.3, 

130.2, 126.6, 123.9, 122.2, 120.7, 120.2 (qt, 
1
J(C,F) = 287.9 Hz, 

2
J(C,F) = 40.0 Hz), 119.8, 

118.8 (tq, 
1
J(C,F) = 287.0 Hz, 

2
J(C,F) = 37.2 Hz), 110.7 (t, 

3
J(C,F) = 3.1 Hz), 109.2, 108.9, 

37.7, 13.8 ppm; IR (neat): = 3055, 2975, 1588, 1474, 1330, 1200, 1074, 958, 884, 798, 742, 
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654 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 345 [M
+
] (54), 330 (12), 226 (100), 211 (27), 

197 (14), 167 (16); HRMS (EI-TOF) calcd. for C16H12NF5S: 345.0611; found: 345.0616. 

Synthesis of methyl-3-[(pentafluoroethyl)thio]thiophene-2-carboxylate (2s) 

SC
2
F

5

S O

MeO  

[CAS: 1955495-90-5] 

Compound 2s was prepared following the standard procedure, starting from 2-

(methoxycarbonyl)thiophene-3-diazonium tetrafluoroborate (256 mg, 1.00 mmol). After 

purification, 2s was isolated as colorless oil (286 mg, 0.98 mmol, 98%). 
1
H NMR (400 MHz, 

CDCl3):  = 7.59 (d, 
3
J = 5.3 Hz, 1H), 7.30 (d, 

3
J = 5.3 Hz, 1H), 3.92 ppm (s, 3H); 

19
F NMR 

(375 MHz, CDCl3):  = 82.8 (t, J = 4.1 Hz, 3F), 91.2 ppm (q, J = 4.1 Hz, 2F); 
13

C NMR 

(101 MHz, CDCl3):  = 161.3, 132.6, 132.2 (t, 
3
J(C,F) = 2.7 Hz), 131.0, 126.6 (t, 

3
J(C,F) = 1.8 Hz), 120.3 (qt, 

1
J(C,F) = 291.9 Hz, 

2
J(C,F) = 41.3 Hz), 118.1 (tq, 

1
J(C,F) = 287.0 Hz, 

2
J(C,F) = 35.8 Hz), 52.5 ppm; IR (neat): = 2955, 1709, 1502, 1439, 

1266, 1204, 1075, 958, 893, 793, 768, 750 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 291 

[M
+
] (95), 261 (52), 172 (100), 142 (43), 114 (20); HRMS (EI-TOF) calcd. for C8H5F5O2S2: 

291.9651; found: 291.9675. 
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6.6 Synthesis of perfluoroalkyl thioethers by iron-catalysed decarboxylation of 

potassium perfluorocarboxylates 

6.6.1 Formation of pentafluoroethane through the protodecarboxylation of 

potassium pentafluoropropionate with starting materials containing acidic 

protons 

The reactions were performed in a 0.50 mmol scale using the optimised reaction 

conditions with 2,2,2-trifluoroethanol as an internal standard. After the reaction, the mixture 

was diluted with ethyl acetate (3 mL) and the mixture was filtered through a short pad of 

celite directly into an NMR tube. Although small quantities of pentafluoroethane
[127]

 were 

also formed in the control reaction with a starting material without acidic protons, probably 

originating from traces of water (1a, Figure S1), the amount increases considerably for 

compounds containing them (1t+u, Figures S2 and S3). 

SCN

R

SC
2
F

5

R

FeCl3 (0.3 eq.)

C2F5COOK (2a, 1.2 eq.)

3aa,ta,ua

DMF, 140 °C, 16
h– CO2

R = OMe (1a)
       NHAc (1t)
       OH (1u)

+ C2F5H
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Figure S 1: 
19

F spectrum of the reaction mixture starting from 1a. 
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Figure S 2: 
19

F spectrum of the reaction mixture starting from 1t. 
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Figure S 3: 
19

F spectrum of the reaction mixture starting from 1u.  
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6.6.2 Synthesis of Starting Materials 

Synthesis of arene diazonium tetrafluoroborates 

In a 50 mL round-bottomed flask, the aniline (20 mmol) was dissolved in a mixture of 

absolute ethanol (20 mL) and an aqueous solution of HBF4 (50%, 5.0 mL, 40 mmol). 

Afterwards tert-butyl nitrite (4.8 mL, 40 mmol) was added dropwise to the solution at 0 °C. 

The reaction was stirred at room temperature for 1 h, followed by the addition of diethyl ether 

(50 mL) to precipitate the arenediazonium tetrafluoroborate that was then filtered off and 

washed with diethyl ether (3 × 20 mL). After it had been dried in vacuo (10
–3

 mbar) for 10 

minutes, it was directly used without further purification. 



EXPERIMENTELLER TEIL 

 

 

6.6.2.1 Synthesis of aryl thiocyanates 

Procedure A, starting from the corresponding arenediazonium tetrafluoroborates: 

N
2

+
BF

4

-

FG

SCN

FG

NaSCN (1.5 eq.)
CuSCN (1.0 eq.)
Cs2CO3 (1.0 eq.)

MeCN
rt, overnight  

Caesium carbonate (1.0 eq.), sodium thiocyanate (1.5 eq.), and copper(I) thiocyanate 

(1.0 eq.) were suspended in acetonitrile (0.67 M), and the mixture was cooled to 0 °C. To this 

suspension was added dropwise a solution of the arenediazonium salt (1.0 –1.2 eq.) in 

acetonitrile (0.40 M), and the resulting mixture was first stirred for 1 h at 0 °C and then 

overnight at room temperature. Afterwards diethyl ether (30 mL) was added and the 

precipitate was filtered off. The filtrate was washed with water (2 × 30 mL) and the organic 

layer was dried with magnesium sulphate. The product was purified by column 

chromatography (SiO2, cyclohexane/ethyl acetate gradient).  

Procedure B, starting from the corresponding simple arenes:  

H

FG

SCN

FG

NTS (1.0 eq.)
AlCl3 (0.1 eq.)

MeCN
60 °C, overnight  

The corresponding arene (1.0 eq.), aluminium chloride (0.1 eq.), and N-

thiocyanatosuccinimide (1.0 eq.) were dissolved in acetonitrile (0.6 M) and heated to 60 °C 

overnight. Afterwards diethyl ether (30 mL) was added and the precipitate was filtered off. 

The filtrate was washed with water (2 × 30 mL) and the organic layer was dried with 

magnesium sulphate. The product was purified by column chromatography (ethyl 

acetate/cyclohexane gradient).
[128]
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Synthesis of 4-methoxyphenyl thiocyanate (1a) 

SCN

MeO  

[CAS: 5285-90-5] 

Compound 1a was prepared following procedure A starting from Cs2CO3 (14.4 g, 

44.3 mmol), NaSCN (5.50 g, 66.4 mmol), CuSCN (5.44 g, 44.3 mmol), and 4-

methoxybenzenediazonium tetrafluoroborate [CAS: 459-64-3] (16.9 g, 53.2 mmol). After 

purification, 1a was obtained as yellow liquid. The analytical data matched the one reported 

previously.
[129] 

Synthesis of 4-phenoxyphenyl thiocyanate (1b) 

SCN

PhO  

[CAS: 96460-69-4] 

Compound 1b was prepared following procedure A starting from Cs2CO3 (4.83 g, 

14.8 mmol), NaSCN (1.84 g, 22.2 mmol), CuSCN (1.82 g, 14.8 mmol), and 4-

phenoxybenzenediazonium tetrafluoroborate [CAS: 330-87-0] (5.04 g, 17.8 mmol). After 

purification, 1b was obtained as orange liquid. The analytical data matched the one reported 

previously.
[129] 

Synthesis of [1,1’-biphenyl]-4-yl thiocyanate (1c) 

SCN

Ph  

[CAS: 99847-27-5] 

Compound 1c was prepared following procedure A starting from Cs2CO3 (2.61 g, 

8.01 mmol), NaSCN (994 mg, 12.0 mmol), CuSCN (984 mg, 8.01 mmol), and [1,1’-

biphenyl]-4-diazonium tetrafluoroborate [CAS: 52053-64-2] (2.17 g, 8.09 mmol). After 

purification, 1c was obtained as orange solid. 

1
H NMR (250 MHz, CDCl3):  = 7.68–7.56 (m, 6H), 7.51–7.37 ppm (m, 3H); 

13
C NMR 

(63 MHz, CDCl3):  = 143.0, 139.5, 127.1, 130.8, 129.2, 129.0, 128.3, 127.3, 123.1, 

111.4 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 211 (100) [M
+
], 210 (53), 183 (12), 152 (18), 

102 (7), 74 (6), 50 (11); m.p.: 80–81 °C. 
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Synthesis of 2-methylphenyl thiocyanate (1d) 

SCN

 

[CAS: 5285-88-1] 

Compound 1d was prepared following procedure A starting from Cs2CO3 (5.19 g, 

15.9 mmol), NaSCN (1.97 g, 23.9 mmol), CuSCN (1.95 g, 15.9 mmol), and 2-

methylbenzenediazonium tetrafluoroborate [CAS: 2093-46-1] (3.93 g, 19.1 mmol). After 

purification, 1d was obtained as yellow liquid. 

1
H NMR (400 MHz, CDCl3):  = 7.61 (dd, J = 7.7, 1.1 Hz, 1H), 7.36–7.24 (m, 3H), 

2.47 ppm (s, 3H); 
13

C NMR (101 MHz, CDCl3):  = 139.4, 132.0, 131.5, 130.3, 127.9, 123.7, 

110.6, 20.5 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 149 (100) [M
+
], 122 (41), 121 (60), 91 

(15), 89 (15), 65 (23), 63 (15); HRMS (EI-TOF) calcd. for C8H7NS: 149.0299; found: 

149.0307. 

Synthesis of 3-methylphenyl thiocyanate (1e) 

SCN

 

[CAS: 5285-89-2] 

Compound 1e was prepared following procedure A starting from Cs2CO3 (4.89 g, 

15.0 mmol), NaSCN (1.86 g, 22.5 mmol), CuSCN (1.84 g, 15.0 mmol), and 3-

methylbenzenediazonium tetrafluoroborate [CAS: 1422-76-0] (3.71 g, 18.0 mmol). After 

purification, 1e was obtained as yellow liquid. 

1
H NMR (400 MHz, CDCl3):  = 7.34 (s, 1H), 7.31 (m, 2H), 7.21 (m, 1H), 2.38 ppm (s, 

3H); 
13

C NMR (101 MHz, CDCl3):  = 140.6, 130.6, 130.5, 130.1, 127.2, 124.1, 110.9, 

21.4 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 150 (13), 149 (100) [M
+
], 148 (13), 116 (72), 

91 (33), 65 (21), 63 (11). 

Synthesis of 4-methylphenyl thiocyanate (1f) 

SCN

 

[CAS: 5285-74-5] 
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Compound 1f was prepared following procedure A starting from Cs2CO3 (5.09 g, 

15.6 mmol), NaSCN (1.94 g, 23.4 mmol), CuSCN (1.92 g, 15.6 mmol), and 4-

methylbenzenediazonium tetrafluoroborate [CAS: 459-44-9] (3.85 g, 18.7 mmol). After 

purification, 1f was obtained as yellow liquid. 

1
H NMR (400 MHz, CDCl3):  = 7.42 (m, 2H), 7.23 (m, 2H), 2.37 ppm (s, 3H); 

13
C 

NMR (101 MHz, CDCl3):  = 140.4, 131.1, 130.8, 120.6, 111.2, 21.3 ppm; MS (Ion trap, EI, 

70 eV): m/z (%) = 150 (11), 149 (100) [M
+
], 116 (51), 91 (58), 89 (12), 65 (24), 63 (12); 

HRMS (EI-TOF) calcd. for C8H7NS: 149.0299; found: 149.0302.
[130]

 

Synthesis of 4-(methylthio)phenyl thiocyanate (1g) 

SCN

MeS  

[CAS: 5285-91-6] 

Compound 1g was prepared following procedure A starting from Cs2CO3 (5.25 g, 

16.1 mmol), NaSCN (2.00 g, 24.2 mmol), CuSCN (1.98 g, 16.1 mmol), and 4-

(methylthio)benzenediazonium tetrafluoroborate [CAS: 69209-17-2] (4.60 g, 19.3 mmol). 

After purification, 1g was obtained as red liquid. 

1
H NMR (400 MHz, CDCl3):  = 7.41 (m, 2H), 7.23 (m, 2H) 2.46 ppm (s, 3H); 

13
C NMR 

(101 MHz, CDCl3):  = 142.1, 131.2, 127.1, 119.2, 110.8, 15.1 ppm; MS (Ion trap, EI, 

70 eV): m/z (%) = 182 (16), 181 (100) [M
+
], 166 (61), 135 (12), 108 (19), 69 (16), 45 (21); 

HRMS (EI-TOF) calcd. for C8H7F3OS: 180.0020; found: 180.0018. 

Synthesis of 4-(dimethylamino)phenyl thiocyanate (1h) 

SCN

Me
2
N

 

[CAS: 7152-80-9] 

Compound 1h was prepared following procedure A starting from Cs2CO3 (2.62 g, 

8.02 mmol), NaSCN (995 mg, 12.0 mmol), CuSCN (985 mg, 8.02 mmol), and 4-

(dimethylamino)benzenediazonium tetrafluoroborate [CAS: 33271-82-8] (2.17 g, 9.22 mmol). 

After purification, 1h was obtained as orange solid. The analytical data matched the one 

reported previously.
[129] 

Synthesis of methyl 4-thiocyanatobenzoate (1i) 
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SCN

O

MeO

 

[CAS: 1879-22-7] 

Compound 1i was prepared following procedure A starting from Cs2CO3 (2.62 g, 

8.03 mmol), NaSCN (996 mg, 12.0 mmol), CuSCN (987 mg, 8.03 mmol), and 4-

methoxycarbonylbenzenediazonium tetrafluoroborate [CAS: 1879-22-7] (8.67 g, 8.67 mmol). 

After purification, 1i was obtained as pale orange solid. The analytical data matched the one 

reported previously.
  

Synthesis of 4-benzoylphenyl thiocyanate (1j) 

O

SCN

Ph

 

Compound 1j was prepared following procedure A starting from Cs2CO3 (5.38 g, 

16.5 mmol), NaSCN (2.05 g, 24.8 mmol), CuSCN (2.03 g, 16.5 mmol), and 4-

benzoylbenzenediazonium tetrafluoroborate [CAS: 38246-74-1] (5.87 g, 19.8 mmol). After 

purification, 1j was obtained as orange solid. The analytical data matched the one reported 

previously.
[129] 

Synthesis of 4-cyanophenyl thiocyanate (1k) 

SCN

NC  

[CAS: 122148-91-8] 

Compound 1k was prepared following procedure A starting from Cs2CO3 (2.61 g, 

8.00 mmol), NaSCN (993 mg, 12.0 mmol), CuSCN (983 g, 8.00 mmol), and 4-

cyanobenzenediazonium tetrafluoroborate [CAS: 2252-32-6] (1.74 g, 8.00 mmol). After 

purification, 1k was obtained as light-yellow solid. The analytical data matched the one 

reported previously.
[129] 

Synthesis of 8-quinolinyl thiocyanate (1l) 

SCN

N
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[CAS: 16671-93-5] 

Compound 1l was prepared following procedure A starting from Cs2CO3 (4.89 g, 

15.0 mmol), NaSCN (1.86 g, 22.5 mmol), CuSCN (1.84 g, 15.0 mmol), and 8-

quinolinediazonium tetrafluoroborate [CAS: 27388-19-8] (4.37 g, 18.0 mmol). After 

purification, 1l was obtained as colourless solid. 
 

1
H NMR (400 MHz, CDCl3):  = 8.90 (dd, J = 4.3, 1.8 Hz, 1H), 8.23 (dd, J = 8.4, 1.9 Hz, 

1H), 8.05 (dd, J = 7.5, 1.3 Hz, 1H), 7.82 (dd, J = 8.3, 0.9 Hz, 1H), 7.63 (t, J = 7.9 Hz, 1H), 

7.54 ppm (dd, J = 8.3, 4.3 Hz, 1H); 
13

C NMR (101 MHz, CDCl3):  = 150.1, 144.2, 136.5, 

128.5, 127.7, 127.5, 127.4, 126.6, 122.8, 111.4 ppm; MS (Ion trap, EI, 70 eV): m/z (%) = 188 

(6), 187 (21), 186 (100) [M
+
], 159 (11), 142 (38), 3640 (9), 2414 (6); m.p.: 90–91 °C. 

Synthesis of 3-quinolinyl thiocyanate (1m) 

N

SCN

 

[CAS: 2645-26-3] 

Compound 1m was prepared following procedure A starting from Cs2CO3 (2.91 g, 

8.92 mmol), NaSCN (1.11 g, 13.4 mmol), CuSCN (1.10 g, 8.92 mmol), and 3-

quinolinediazonium tetrafluoroborate (2.17 g, 8.92 mmol). After purification, 1m was 

obtained as colourless solid. The analytical data matched the one reported previously.
[129] 

Synthesis of 9-ethyl-9H-carbazol-3-yl thiocyanate (1n) 

SCN

N

 

Compound 1n was prepared following procedure A starting from Cs2CO3 (2.29 g, 

7.01 mmol), NaSCN (870 mg, 10.5 mmol), CuSCN (861 mg, 7.01 mmol), and 9-ethyl-9H-

carbazol-3-diazonium tetrafluoroborate [CAS: 115771-91-0] (2.17 g, 7.01 mmol). After 

purification, 1n was obtained as orange solid. 

1
H NMR (400 MHz, CDCl3):  = 8.16 (d, J = 1.5 Hz, 1H), 7.97 (d, J = 7.8 Hz, 1H), 7.53 

(m, 2H), 7.33 (d, J = 8.0 Hz, 1H), 7.29 (t, J = 7.5 Hz, 1H), 7.22 (d, J = 8.5 Hz, 1H), 4.10 (q, 

7.2 Hz, 2H), 1.30 ppm (t, J = 7.2 Hz, 3H); 
13

C NMR (101 MHz, CDCl3):  = 140.0 (2 

signals), 123.1, 126.6, 124.9, 123.9, 121.4, 120.4, 119.6, 112.4, 110.8, 109.8, 108.7, 37.3, 
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13.5 ppm; IR (neat): 𝜈 = 3050, 2973, 2147, 1619, 1588, 1492, 1467, 1450, 1379, 1347, 1321, 

1287, 1276, 1232, 1149, 1126, 1089, 1057, 1022, 942, 898, 799, 785, 741, 723, 685 cm
–1

; MS 

(Ion trap, EI, 70 eV): m/z (%) = 253 (11), 252 (65) [M
+
], 238 (18), 237 (100), 179 (18). 

Synthesis of 4-fluorophenyl thiocyanate (1o) 

SCN

F  

[CAS: 2924-02-9] 

Compound 1o was prepared following procedure A starting from Cs2CO3 (5.35 g, 

16.4 mmol), NaSCN (2.04 g, 24.6 mmol), CuSCN (2.01 g, 16.4 mmol), and 4-

fluorobenzenediazonium tetrafluoroborate [CAS: 159-45-0] (3.73 g, 15.7 mmol). After 

purification, 1o was obtained as yellow liquid. The analytical data matched the one reported 

previously.
[129] 

Synthesis of 4-chlorophenyl thiocyanate (1p) 

SCN

Cl  

[CAS: 3226-37-7] 

Compound 1p was prepared following procedure A starting from Cs2CO3 (4.57 g, 

14.0 mmol), NaSCN (1.74 g, 21.0 mmol), CuSCN (1.72 g, 14.0 mmol), and 4-

chlorobenzenediazonium tetrafluoroborate [CAS: 673-41-6] (3.80 g, 16.8 mmol). After 

purification, 1p was obtained as yellow liquid. The analytical data matched the one reported 

previously.
[129] 

Synthesis of 4-bromophenyl thiocyanate (1q) 

SCN

Br  

[CAS: 3226-41-3] 

Compound 1q was prepared following procedure A starting from Cs2CO3 (2.61 g, 

8.00 mmol), NaSCN (993 mg, 12.0 mmol), CuSCN (983 mg, 8.00 mmol), and 4-

bromobenzenediazonium tetrafluoroborate [CAS: 673-40-5] (2.17 g, 8.00 mmol). After 

purification, 1q was obtained as pale yellow solid. The analytical data matched the one 

reported previously.
[129] 
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Synthesis of 4-nitrophenyl thiocyanate (1r) 

SCN

O
2
N

 

[CAS: 3226-41-3] 

Compound 1ir was prepared following procedure A starting from Cs2CO3 (4.27 g, 

13.1 mmol), NaSCN (16.3 g, 19.7 mmol), CuSCN (16.1 g, 13.1 mmol), and 4-

nitrobenzenediazonium tetrafluoroborate [CAS: 456-27-9] (3.73 g, 15.7 mmol). After 

purification, 1ir was obtained as pale yellow solid. The analytical data matched the one 

reported previously.
[129] 

Synthesis of methyl-3-thiocyanatothiophene-2-carboxylate (1s) 

S

SCN

O

OMe  

[CAS: 1369794-51-3] 

Compound 1s was prepared following procedure A starting from Cs2CO3 (5.41 g, 

16.6 mmol), NaSCN (2.06 g, 24.9 mmol), CuSCN (2.04 g, 16.6 mmol), and 2-

(methoxycarbonyl)-3-thiophenediazonium tetrafluoroborate [CAS: 100421-50-9] (5.09 g, 

19.9 mmol). After purification, 1s was obtained as colourless solid. The analytical data 

matched the one reported previously.
[129] 

Synthesis of 4-(acetylamino)phenyl thiocyanate (1t) 

SCN

N
H

O

 

[CAS: 3321-94-6] 

Compound 1t was prepared following procedure A starting from Cs2CO3 (2.60 g, 

7.98 mmol), NaSCN (990 mg, 12.0 mmol), CuSCN (980 mg, 7.98 mmol), and 4-

(acetylamino)benzenediazonium tetrafluoroborate [CAS: 332-39-8] (2.17 g, 8.70 mmol). 

After purification, 1t was obtained as yellow solid. 

1
H NMR (400 MHz, CDCl3):  = 7.61 (d, 8.5 Hz, 2H), 7.50 (m, 2H), 7.36 (s, 1H), 

2.20 ppm (s, 3H); 
13

C NMR (101 MHz, CDCl3):  = 168.5, 139.7, 132.1, 121.0, 118.1, 111.0, 

24.7 ppm; IR (neat): 𝜈 = 3246, 3176, 3105, 3052, 2151, 1667, 1608, 1585, 1529, 1490, 1477, 
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1394, 1366, 1314, 1262, 1175, 1086, 1009, 967, 828, 756, 715, 706, 675 cm
–1

; MS (Ion trap, 

EI, 70 eV): m/z (%) = 193 (13), 192 (40) [M
+
], 151 (10), 150 (100), 123 (11), 118 (11), 43 

(16). 

Synthesis of 4-hydroxyphenyl thiocyanate (1u) 

SCN

OH  

[CAS: 3774-52-5] 

Compound 1u was prepared following procedure B starting from AlCl3 (133 mg, 

1.00 mmol), N-thiocyanatosuccinimide (3.12 g, 20.0 mmol) and phenol (941 mg, 10.0 mmol). 

After purification, 1u was obtained as colourless solid. The analytical data matched the one 

reported previously.
[129] 
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6.6.3 Synthesis of potassium carboxylates 

Potassium tert-butoxid (1.0 eq.) was dissolved in ethanol (4 M) and the corresponding 

acid (1 eq.) was added dropwise, either pure for liquid acids or dissolved in a small amount of 

ethanol for solid ones. After stirring the solution for 1 h, the solvent was removed under 

reduced pressure (50 mbar, 40 °C) and diethyl ether (50 mL) was added. The solid was 

filtered off, washed with diethyl ether (3 × 20 mL) and dried under vacuum. 
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6.6.4 Synthesis of pentafluoroethyl thioethers from aryl thiocyanates 

Standard procedure: An oven-dried 20 mL crimp-cap vessel with stir bar was charged 

with the potassium carboxylate (2.40 mmol), the aryl thiocyanate (2.00 mmol), iron(III) 

chloride (97.3 mg, 0.60 mmol) and DMF (6 mL). The reaction mixture was stirred for 16 h at 

140 °C. To prevent the crimp cap from flying off, the upper half of the vessel was cooled with 

water and the evolving CO2 pressure was released through a bubbler. After the reaction, the 

mixture was diluted with diethyl ether (20 mL), and subsequently washed with 20% (m/m) aq. 

LiCl solution (20 mL), water (20 mL) and brine (20 mL). The organic layer was dried over 

MgSO4, filtered and concentrated (700 mbar, 40 °C). The residue was purified by flash 

chromatography (SiO2, cyclohexane/ethyl acetate gradient), yielding the aryl pentafluoroethyl 

thioethers. The yields of particularly volatile compounds were determined by 
19

F NMR, and 

their identity by mass spectroscopy. 

Synthesis of 1-methoxy-4-[(pentafluoroethyl)thio]benzene (3aa) 

MeO

SC
2
F

5

 

[CAS: 1955495-78-9] 

Compound 3aa was prepared following the standard procedure, starting from Synthesis of 

4-methoxyphenyl thiocyanate (1a) (1a, 330 mg, 2.00 mmol) and potassium 

pentafluoropropionate (2a, 485 mg, 2.40 mmol). After purification, 3aa was isolated as 

colourless oil (501 mg, 1.94 mmol, 97%).  

1
H NMR (400 MHz, CDCl3):  = 7.56 (m, 2H), 6.93 (m, 2H), 3.84 ppm (s, 3H); 

13
C NMR (101 MHz, CDCl3):  = 162.2, 139.1, 120.2 (tq, J = 288.0, 40.0 Hz), 119.0 (qt, 

J = 285.7, 37.2 Hz), 115.1, 113.2 (t, J = 3.2 Hz), 55.5 ppm; 
19

F NMR (377 MHz, CDCl3): 

 = 83.3 (t, J = 4.1 Hz, 3F), 93.6 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 2971, 2947, 1740, 

1594, 1574, 1496, 1464, 1443, 1366, 1333, 1294, 1254, 1206, 1175, 1104, 1088, 1032, 960, 

829, 800, 750, 652 cm
1

; MS (Ion trap, EI, 70 eV): m/z (%) = 259 (10), 258 (100) [M
+
], 140 

(8), 139 (87), 96 (10), 95 (15), 69 (15); HRMS (EI-TOF) calcd. for C9H7F5OS: 258.0138; 

found: 258.0143. 

Synthesis of 1-phenoxy-4-[(pentafluoroethyl)thio]benzene (3ba)  

PhO

SC
2
F

5
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[CAS: 1955495-80-3] 

Compound 3ba was prepared following the standard procedure, starting from Synthesis of 

4-methoxyphenyl thiocyanate (1a) (1b, 455 mg, 2.00 mmol) and potassium 

pentafluoropropionate (2a, 485 mg, 2.40 mmol). After purification, 3ba was isolated as 

colourless oil (628 mg, 1.96 mmol, 98%).  

1
H NMR (400 MHz, CDCl3):  = 7.59 (m, 2H), 7.40 (m, 2H), 7.21 (t, 1H), 7.08 (m, 2H), 

7.00 ppm (m, 2H); 
13

C NMR (101 MHz, CDCl3):  = 160.7, 155.7, 139.2, 130.2, 124.8, 

120.3, 120.2 (tq, J = 289.1, 38.6 Hz), 118.9 (qt, J = 288.5, 38.5 Hz) 118.7, 115.6 ppm (t, 

J = 3.2 Hz); 
19

F NMR (377 MHz, CDCl3):  = 82.3 (t, J = 3.4 Hz, 3F), 92.5 ppm (q, 

J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3043, 1582, 1485, 1331, 1242, 1200, 1085, 957, 869, 833, 749, 

691 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 321 (16), 320 (100) [M
+
], 202 (8), 201 (53), 

129 (9), 77 (13), 51 (10); HRMS (EI-TOF) calcd. for C14H9F5OS: 320.0294; found: 

320.0279. 

Synthesis of 4-[(pentafluoroethyl)thio]-1,1'-biphenyl (3ca) 

SC
2
F

5

Ph  

[CAS: 933673-37-1] 

Compound 3ca was prepared following the standard procedure, starting from [1,1’-

biphenyl]-4-yl thiocyanate (1c, 423 mg, 2.00 mmol) and potassium pentafluoropropionate 

(2a, 485 mg, 2.40 mmol). After purification, 3ca was isolated as colourless solid (584 mg, 

1.92 mmol, 96%). 

1
H NMR (400 MHz, CDCl3):  = 7.79–7.77 (m, 2H), 7.69–7.65 (m, 4H), 7.56–7.51 (m, 

2H), 7.49–7.44 ppm (m, 1H); 
13

C NMR (101 MHz, CDCl3):  = 144.2, 139.7, 137.7, 129.1, 

128.4, 128.2, 127.4, 121.6 (t, J = 2.6 Hz), 120.4 (tq, J = 288.9, 40.4 Hz), 119.0 ppm (qt, 

J = 286.5, 37.1 Hz); 
19

F NMR (377 MHz, CDCl3):  = 82.3 (t, J = 3.4 Hz, 3F), 91.7 ppm 

(q, J = 4.1 Hz, 2F); IR (neat): 𝜈 = 3033, 1479, 1333, 1200, 1086, 961, 836, 751, 717, 688 cm
-

1
; MS (Ion trap, EI, 70 eV): m/z (%) = 305 (17), 304 (100) [M

+
], 186 (8), 185 (54), 184 (10), 

152 (11), 69 (9); HRMS (EI-TOF) calcd. for C14H9F5S: 304.0345; found: 304.0368; m.p.: 

60–61 °C.  
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Synthesis of 1-methyl-2-[(pentafluoroethyl)thio]benzene (3da) 

SC
2
F

5

 

Compound 3da was prepared following the standard procedure, starting from 2-

methylphenyl thiocyanate (1d, 74.6 mg, 0.50 mmol) and potassium pentafluoropropionate 

(2a, 222 mg, 0.60 mmol). After the reaction, 2,2,2-trifluoroethanol as internal standard (36.0 

µL, 0.50 mmol) was added to the reaction mixture. The pentafluoroethylthioether 3da was 

formed in 87% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by GC-

MS analytics. 

19
F NMR (377 MHz, DMF/EtOAc):  = 82.7 (t, J = 3.4 Hz, 3F), 91.2 ppm (q, 

J = 3.6 Hz, 2F); MS (Ion trap, EI, 70 eV): m/z (%) = 243 (9), 242 (100) [M
+
], 123 (62), 91 

(7), 77 (11), 69 (15), 45 (45). 

Synthesis of 1-methyl-3-[(pentafluoroethyl)thio]benzene (3ea) 

SC
2
F

5

 

[CAS: 1955495-79-0] 

Compound 3ea was prepared following the standard procedure, starting from 3-

methylphenyl thiocyanate (1e, 298 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 

485 mg, 2.40 mmol). After purification, 3ea was isolated as colourless oil (460 mg, 

1.90 mmol, 95%).  

1
H NMR (400 MHz, CDCl3):  = 7.50–7.47 (m, 2H), 7.33–7.32 (m, 2H), 2.40 ppm (s, 

3H); 
13

C NMR (101 MHz, CDCl3):  = 139.6, 137.9, 134.4, 132.0, 129.4, 122.6 (t, 

J = 2.7 Hz), 120.4 (tq, J = 288.6, 40.2 Hz), 119.0 (qt, J = 286.5, 36.8 Hz) 21.2 ppm; 
19

F NMR 

(377 MHz, CDCl3):  = 82.4 (t, J = 4.1 Hz, 3F), 91.7 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 

= 3053, 2929, 1595, 1478, 1318, 1202, 1096, 958, 780, 750, 692, 650 cm
-1

; MS (Ion trap, EI, 

70 eV): m/z (%) = 242 (100) [M
+
], 173 (14), 123 (41), 91 (11), 77 (11), 69 (15), 45 (27); 

HRMS (EI-TOF) calcd. for C9H7F5S: 242.0189; found: 242.0183. 

Synthesis of 1-methyl-2-[(pentafluoroethyl)thio]benzene (3fa) 

SC
2
F

5
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[CAS: 159597-07-6] 

Compound 3fa was prepared following the standard procedure, starting from 4-

methylphenyl thiocyanate (1f, 74.6 mg, 0.50 mmol) and potassium pentafluoropropionate (2a, 

222 mg, 0.60 mmol). After the reaction, 2,2,2-trifluoroethanol as internal standard (36.0 µL, 

0.50 mmol) was added to the reaction mixture. The pentafluoroethylthioether 3fa was formed 

in 99% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by GC-MS 

analytics. 

19
F NMR (377 MHz, DMF/EtOAc):  = 82.4 (t, J = 3.4 Hz, 3F), 92.0 ppm (q, 

J = 3.6 Hz, 2F); MS (Ion trap, EI, 70 eV): m/z (%) = 243 (10), 242 (100) [M
+
], 123 (71), 79 

(13), 77 (11), 69 (16), 45 (23). 

Synthesis of 1-methylthio-4-[(pentafluoroethyl)thio]benzene (3ga) 

SC
2
F

5

MeS  

Compound 3ga was prepared following the standard procedure, starting from 4-

methylthiophenyl thiocyanate (1g, 363 mg, 2.00 mmol) and potassium pentafluoropropionate 

(2a, 485 mg, 2.40 mmol). After purification, 3ga was isolated as colourless oil (527 mg, 

1.92 mmol, 96%).  

1
H NMR (400 MHz, CDCl3):  = 7.54–7.51 (m, 2H), 7.24–7.21 (m, 2H), 2.48 ppm (s, 

3H); 
13

C NMR (101 MHz, CDCl3):  = 143.8, 137.6, 126.3, 120.2 (tq, J = 288.5, 40.6 Hz), 

118.9 (qt, J = 286.5, 36.8 Hz), 118.1 (t, J = 2.9 Hz), 15.0 ppm; 
19

F NMR (377 MHz, CDCl3): 

 = 82.3 (t, J = 3.4 Hz, 3F), 92.2 ppm (q, J = 3.2 Hz, 2F); IR (neat): 𝜈 = 2925, 1578, 1479, 

1439, 1393, 1331, 1320, 1203, 1089, 1014, 955, 812, 749, 720, 707 cm
-1

; MS (Ion trap, EI, 70 

eV): m/z (%) = 276 (10), 275 (11), 274 (100) [M
+
], 155 (69), 140 (8), 69 (16), 45 (8); HRMS 

(EI-TOF) calcd. for C9H7F5S2: 273.9909; found: 273.9910. 

Synthesis of N,N-dimethyl-4-[(pentafluoroethyl)thio]benzenamine (3ha) 

SC
2
F

5

Me
2
N

 

[CAS: 1955495-83-6] 

Compound 3ha was prepared following the standard procedure, starting from 4-

(dimethylamino)phenyl thiocyanate (1h, 357 mg, 2.00 mmol) and potassium 
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pentafluoropropionate (2a, 485 mg, 2.40 mmol). After purification, 3ha was isolated as 

colourless oil (521 mg, 1.92 mmol, 96%).  

1
H NMR (400 MHz, CDCl3):  = 7.51–7.47 (m, 2H), 6.71–6.67 (m, 2H), 3.02 ppm (s, 

6H); 
13

C NMR (101 MHz, CDCl3):  = 152.1, 138.7, 120.2 (tq, J = 287.0, 39.8 Hz), 119.1 

(qt, J = 286.4, 37.5 Hz), 112.4, 106.5 (t, J = 3.3 Hz), 40.1 ppm; 
19

F NMR (377 MHz, CDCl3): 

 = 82.3 (t, J = 3.7 Hz, 3F), 93.3 ppm (q, J = 4.0 Hz, 2F); IR (neat): 𝜈 = 2895, 1594, 1509, 

1447, 1365, 1330, 1194, 1086, 956, 811, 749, 650 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 

271 [M
+
] (19), 257 (38), 152 (49), 138 (100), 109 (26), 104 (20), 82 (29), 62 (40); HRMS 

(EI-TOF) calcd. for C10H10F5NS: 271.0454; found: 271.0450. 

Synthesis of methyl-4-[(pentafluoroethyl)thio]benzoate (3ia) 

SC
2
F

5

O

MeO

 

[CAS: 1955495-82-5] 

Compound 3ia was prepared following the standard procedure, starting from 4-

thiocyanatobenzoate (1i, 386 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 485 

mg, 2.40 mmol). After purification, 3ia was isolated as colourless oil (521 mg, 1.82 mmol, 

91%).  

1
H NMR (400 MHz, CDCl3):  = 8.07 (m, 2H), 7.72 (m, 2H), 3.94 ppm (s, 3H); 

19
F NMR 

(377 MHz, CDCl3):  = 82.3 (t, J = 3.4 Hz, 3F), 91.0 ppm (q, J = 3.6 Hz, 2F); 
13

C NMR 

(101 MHz, CDCl3):  = 166.2, 136.9, 132.6, 130.5, 128.4 (t, J = 2.7 Hz), 120.2 (tq, J = 289.8, 

41.1 Hz), 118.7 (qt, J = 287.0, 36.5 Hz), 52.6 ppm; IR (neat): 𝜈 = 2954, 1731, 1599, 1438, 

1332, 1284, 1214, 1107, 962, 764 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 287 (8) [M
+
], 

286 (67), 256 (10), 255 (100), 136 (17), 108 (11), 69 (12); HRMS (EI-TOF) calcd. for 

C10H7F5O2S: 286.0087; found: 286.0105.  

Synthesis of 4-[(pentafluoroethyl)thio]benzophenone (3ja) 

SC
2
F

5

O  

[CAS: 1955495-81-4] 
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Compound 3ja was prepared following the standard procedure, starting from 4-

benzoylphenyl thiocyanate (1j, 479 mg, 2.00 mmol) and potassium pentafluoropropionate 

(2a, 485 mg, 2.40 mmol). After purification, 3ja was isolated as colourless solid (645 mg, 

1.94 mmol, 97%).  

1
H NMR (400 MHz, CDCl3):  = 7.87–7.76 (m, 6H), 7.65–7.61 (m, 1H), 7.53–7.49 ppm 

(m, 2H); 
13

C NMR (101 MHz, CDCl3):  = 195.7, 139.9, 136.7, 136.9, 136.8, 133.2, 130.7, 

130.2, 128.7, 127.6 (t, J = 2.7 Hz), 120.3 (tq, J = 289.5, 41.3 Hz), 118.8 ppm (qt, J = 286.7, 

36.7 Hz); 
19

F NMR (377 MHz, CDCl3):  = 82.4 (t, J = 3.4 Hz, 3F), 91.1 ppm (q, 

J = 3.6 Hz, 2F); IR (neat): 𝜈 = 2929, 1651, 1597, 1449, 1396, 1375, 1334, 1280, 1201, 1105, 

961, 925, 849, 792, 752, 731, 695, 663 cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 333 (18), 

332 (100) [M
+
], 255 (38), 105 (49), 77 (24) 51 (12), 50 (10); HRMS (EI-TOF) calcd. for 

C15H9F5OS: 332.0296; found: 332.0288; m.p.: 56–57°C. 

Synthesis of 4-[(pentafluoroethyl)thio]benzonitrile (3ka) 

SC
2
F

5

NC  

[CAS: 1955495-85-8] 

Compound 3ka was prepared following the standard procedure, starting from 4-

cyanophenyl thiocyanate (1k, 320 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 

485 mg, 2.40 mmol). After purification, 3ka was isolated as colourless solid (481 mg, 

0.82 mmol, 95%).  

1
H NMR (400 MHz, CDCl3):  = 7.79–7.76 (m, 2H), 7.74–7.70 ppm (m, 2H);

 13
C NMR 

(101 MHz, CDCl3):  = 137.4, 133.0, 129.1 (t, J = 2.7 Hz), 120.1 (tq, J = 290.6, 41.0 Hz), 

118.6 (qt, J = 286.5, 36.1 Hz), 117.7, 115.2 ppm; 
19

F NMR (377 MHz, CDCl3):  = 82.5 (t, 

J = 3.4 Hz, 3F), 90.9 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3074, 3041, 2233, 1487, 1309, 

1209, 1099, 960, 831, 749 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 254 (11), 253 (100) 

[M
+
], 184 (60), 134 (42), 90 (12), 69 (20), 63 (14); HRMS (EI-TOF) calcd. for C9H4NF5S: 

252.9985; found: 252.9991; m.p.: 45–46 °C. 

Synthesis of 8-[(pentafluoroethyl)thio]quinoline (3la) 

SC
2
F

5

N
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[CAS: 1955495-88-1] 

Compound 3la was prepared following the standard procedure, starting from quinoline-8-

yl thiocyanate (1l, 372 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 485 mg, 

2.40 mmol). After purification, 3la was isolated as colourless oil (547 mg, 1.96 mmol, 98%). 

1
H NMR (400 MHz, CDCl3):  = 9.06 (dd, J = 4.3, 1.8 Hz, 1H), 8.20 (dd, J = 8.3, 1.5 Hz, 

1H), 8.15 (d, J = 7.3 Hz, 1H), 7.94 (dd, J = 8.0, 1.3 Hz, 1H), 7.57 (t, J = 7.8 Hz, 1H), 

7.50 ppm (dd, J = 8.3, 4.3 Hz, 1H);
 13

C NMR (101 MHz, CDCl3):  = 151.3, 148.1, 137.7, 

136.7, 131.1, 129.2, 126.6, 124.5 (t, J = 1.8 Hz), 122.2, 120.9 (tq, J = 290.3, 40.2 Hz), 

118.8 ppm (qt, J = 286.7, 36.5 Hz); 
19

F NMR (377 MHz, CDCl3):  = 82.7 (t, J = 4.1 Hz, 

3F), 91.1 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3065, 1597, 1493, 1462, 1329, 1204, 1094, 

956, 827, 788, 750, 661 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 280 (13), 279 (100) [M
+
], 

160 (55), 116 (20), 89 (11), 69 (12); HRMS (EI-TOF) calcd. for C11H6NF5S: 279.0141; 

found: 279.0134. 

Synthesis of 3-[(pentafluoroethyl)thio]quinoline (3ma) 

SC
2
F

5

N  

[CAS: 1955495-86-9] 

Compound 3ma was prepared following the standard procedure, starting from quinoline-

3-yl thiocyanate (1m, 372 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 485 mg, 

2.40 mmol). After purification, 3ma was isolated as colourless solid (542 mg, 1.94 mmol, 

97%).  

1
H NMR (400 MHz, CDCl3):  = 8.99 (s, 1H), 8.47 (d, J = 5.0 Hz, 1H), 8.12 (dd, J = 7.8, 

2.9 Hz, 1H), 7.82–7.76 (m, 2H), 7.58 ppm (m, 1H);
 13

C NMR (101 MHz, CDCl3):  = 155.0, 

148.5, 145.6, 131.8, 129.6, 128.2, 127.9, 120.0 (tq, J = 289.9, 40.8 Hz), 118.7 (qt, J = 286.5, 

36.6 Hz); 
19

F NMR (377 MHz, CDCl3):  = 82.4 (t, J = 4.1 Hz, 3F), 91.3 ppm (q, 

J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3031, 1956, 1856, 1738, 1617, 1565, 1490, 1322, 1197, 1090, 

948, 912, 787, 748, 658 cm
–1

; MS (Ion trap, EI, 70 eV): m/z (%) = 280 (13), 279 (100) [M
+
], 

160 (43), 133 (10), 116 (8), 89 (20), 69 (10); HRMS (EI-TOF) calcd. for C11H6NF5S: 

279.0141; found: 279.0145. m.p.: 35–36 °C.  
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Synthesis of 9-ethyl-3-[(pentafluoroethyl)thio]-9H-carbazole (3na)  

SC
2
F

5

N

 

Compound 3na was prepared following the standard procedure, starting from 9-ethyl-9H-

carbazol-3-yl thiocyanate (1n, 505 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 

485 mg, 2.40 mmol). After purification, 3na was isolated as colourless solid (670 mg, 

1.94 mmol, 97%).  

1
H NMR (400 MHz, CDCl3):  = 8.40 (d, J = 1.5 Hz, 1H), 8.13 (d, J = 7.8 Hz, 1H), 7.72 

(dd, J = 8.4, 1.6 Hz, 1H), 7.54 (ddd, J = 8.3, 7.2, 1.1 Hz, 1H), 7.44 (dt, J = 8.3, 0.9 Hz, 1H), 

7.42 (dd, J = 8.5, 0.8 Hz, 1H), 7.31 (ddd, J = 7.8, 7.2, 1.0 Hz, 1H), 4.36 (q, J = 7.3 Hz, 2H), 

1.47 ppm (t, J = 7.3 Hz, 3H); 
13

C NMR (101 MHz, CDCl3):  = 141.3, 140.5, 134.5, 130.4, 

126.8, 124.1, 122.3, 120.8, 120.4 (tq, J = 287.4, 40.1 Hz), 120.0, 119.1 (qt, J = 286.4, 

37.1 Hz), 110.8 (t, J = 3.2 Hz), 109.3, 109.0, 37.9, 13.9 ppm; 
19

F NMR (377 MHz, CDCl3): 

 = 82.2 (t, J = 3.4 Hz, 3F), 92.7 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3055, 2974, 1625, 

1588, 1475, 1331, 1201, 1074, 959, 884, 799, 742, 654 cm
–1

; MS (Ion trap, EI, 70 eV): m/z 

(%) = 347 (6), 346 (18), 345 (100) [M
+
], 330 (6), 227 (8), 226 (50), 211 (7), 119 (3), 69 (6); 

HRMS (EI-TOF) calcd. for C16H12NF5S: 345.0611; found: 345.0616; m.p.: 64–65°C. 

Synthesis of 1-fluoro-4-[(pentafluoroethyl)thio]-benzene (3oa) 

SC
2
F

5

F  

[CAS: 75220-65-4] 

Compound 3oa was prepared following the standard procedure, starting from 4-

fluorophenyl thiocyanate (1o, 76.6 mg, 0.50 mmol) and potassium pentafluoropropionate (2a, 

222 mg, 0.60 mmol). After the reaction, 2,2,2-trifluoroethanol as internal standard (36.0 µL, 

0.50 mmol) was added to the reaction mixture and the pentafluoroethylthiolated product 3oa 

was formed in 97% yield as determined by 
19

F NMR spectroscopic analysis and confirmed by 

GC-MS analytics.  

19
F{

1
H} NMR (377 MHz, EtOAc/DMF 3:1):  = 82.3 (t, J = 3.4 Hz, 3F), 92.1 ppm (q, 

J = 3.2 Hz, 2F), 108.6 ppm (s, 1F); MS (Ion trap, EI, 70 eV): m/z (%) = 246 (100) [M
+
], 177 

(9), 127 (92), 83 (44), 75 (9), 69 (23), 57 (15). 
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Synthesis of 1-chloro-4-[(pentafluoroethyl)thio]-benzene (3pa) 

SC
2
F

5

Cl  

[CAS: 782491-17-2] 

Compound 3pa was prepared following the standard procedure, starting from 4-

chlorophenyl thiocyanate (1p, 339 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 

485 mg, 2.40 mmol). After purification, 3pa was isolated as colourless oil (504 mg, 

1.92 mmol, 96%).  

1
H NMR (400 MHz, CDCl3):  = 7.60–7.58 (m, 2H), 7.42–7.79 ppm (m, 2H);

 13
C NMR 

(101 MHz, CDCl3):  = 138.6, 138.2, 129.9, 121.4 (t, J = 2.7 Hz), 120.1 (tq, J = 289.1, 

40.6 Hz), 118.8 ppm (qt, J = 286.4, 36.8 Hz); 
19

F NMR (377 MHz, CDCl3):  = 82.4 (t, 

J = 3.4 Hz, 3F), 92.0 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3045, 2925, 2855, 1576, 1478, 

1394, 1332, 1203, 1089, 958, 823, 749 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 264 (38) 

[M
+
(
37

Cl)], 262 (100) [M
+
(
35

Cl)], 145 (26), 143 (67), 108 (32), 73 (11), 69 (24); HRMS (EI-

TOF) calcd. for C8H4F5
35

ClS: 261.9642; found: 261.9633. 

Synthesis of 1-bromo-4-[(pentafluoroethyl)thio]-benzene (3qa) 

SC
2
F

5

Br  

[CAS: 782491-17-2] 

Compound 3qa was prepared following the standard procedure, starting from 4-

bromophenyl thiocyanate (1q, 428 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 

485 mg, 2.40 mmol). After purification, 3qa was isolated as colourless oil (614 mg, 

1.96 mmol, 98%). 

1
H NMR (400 MHz, CDCl3):  = 7.58–7.55 (m, 2H), 7.53–7.50 ppm (m, 2H); 

13
C NMR 

(101 MHz, CDCl3):  = 138.7, 132.9, 126.5, 122.0 (t, J = 3.2 Hz), 120.1 (tq, J = 289.1, 

40.6 Hz), 118.9 ppm (qt, J = 286.4, 36.7 Hz); 
19

F NMR (377 MHz, CDCl3):  = 83.3 (t, 

J = 3.2 Hz, 3F), 92.6 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3023, 1569, 1475, 1389, 1331, 

1204, 1103, 1012, 957, 818, 750, 731 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 308 (100) 

[M
+
(
81

Br)], 306 (85) [M
+
(
79

Br)], 189 (43), 187 (39), 108 (44), 69 (27), 50 (13); HRMS (EI-

TOF) calcd. for C8H4F5S
79

Br: 305.9137; found: 305.9154.  
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Synthesis of 4-[(pentafluoroethyl)thio]nitrobenzene (3ra) 

SC
2
F

5

O
2
N  

Compound 3ra was prepared following the standard procedure, starting from 4-

nitrophenyl thiocyanate (1r, 407 mg, 2.00 mmol) and potassium pentafluoropropionate (2a, 

485 mg, 2.40 mmol). After purification, 3ra was isolated as slightly yellow oil (372 mg, 

1.36 mmol, 68%). 

1
H NMR (400 MHz, CDCl3):  = 8.28 (m, 2H), 7.85 ppm (m, 2H); 

13
C NMR (101 MHz, 

CDCl3):  = 149.6, 137.6, 131.0 (t, J = 2.6 Hz), 124.4, 120.1 (tq, J = 291.0, 41.0 Hz), 

118.6 ppm (qt, J = 286.7, 36.2 Hz); 
19

F NMR (377 MHz, CDCl3):  = 83.6 (t, J = 3.4 Hz, 

3F), 92.0 ppm (q, J = 3.5 Hz, 2F); IR (neat): 𝜈 = 3459, 3002, 2970, 1603, 1524, 1348, 1207, 

1103, 957, 851, 751, 730, 686 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 273 (100) [M
+
], 243 

(38), 215 (10), 108 (16), 82 (10), 69 (23), 50 (10); HRMS (EI-TOF) calcd. for C8H4NF5O2S: 

272.9883; found: 272.9897. 

Synthesis of methyl-3-[(pentafluoroethyl)thio]thiophene-2-carboxylate (3sa) 

SC
2
F

5

S O

MeO  

[CAS: 1955495-90-5] 

Compound 3sa was prepared following the standard procedure, starting from methyl-3-

thiocyanatothiophene-2-carboxylate (1s, 399 mg, 2.00 mmol) and potassium 

pentafluoropropionate (2a, 485 mg, 2.40 mmol). After purification, 3sa was isolated as 

colourless oil (187 mg, 0.64 mmol, 32%).  

1
H NMR (400 MHz, CDCl3):  = 7.58 (d, J = 5.3 Hz, 1H), 7.30 (dt, J = 5.3, 1.3 Hz, 1H), 

3.91 ppm (s, 3H); 
19

F NMR (377 MHz, CDCl3):  = 82.7 (t, J = 4.1 Hz, 3F), 91.2 ppm (q, 

J = 3.4 Hz, 2F); 
13

C NMR (101 MHz, CDCl3):  = 161.5, 132.8, 132.3 (t, J = 2.7 Hz), 131.2, 

126.8 (t, J = 1.8 Hz), 120.6 (tq, J = 291.4, 40.8 Hz), 118.6 (qt, J = 286.9, 35.8 Hz), 52.6 ppm; 

IR (neat): 𝜈 = 2955, 1708, 1502, 1439, 1407, 1266, 1204, 1076, 959, 894, 793, 768, 750, 

723 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 293 (11), 292 (100) [M
+
], 261 (37), 173 (63), 

143 (19), 142 (18), 69 (25); HRMS (EI-TOF) calcd. for C8H5F5O2S2: 291.9651; found: 

291.9675.  
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Synthesis of N-[4-[(pentafluoroethyl)thio]phenyl]acetamide (3ta) 

SC
2
F

5

N
H

O

 

[CAS: 1955495-84-7] 

Compound 3ta was prepared following the standard procedure, starting from 4-

(acetylamino)phenyl thiocyanate (1t, 384 mg, 2.00 mmol) and potassium 

pentafluoropropionate (2a, 485 mg, 2.40 mmol). After purification, 3ta was isolated as 

slightly yellow solid (131 mg, 0.46 mmol, 23%). 

1
H NMR (400 MHz, CDCl3):  = 7.59 (s, 4H), 2.20 ppm (s, 3H); 

13
C NMR (101 MHz, 

CD3OD):  = 172.0, 143.3, 139.2, 121.5 (tq, J = 287.1, 40.0 Hz), 121.4, 120.2 (qt, J = 285.6, 

37.1 Hz), 117.1 (t, J = 2.9 Hz), 24.0 ppm; 
19

F NMR (377 MHz, CDCl3):  = 82.3 (t, 

J = 4.1 Hz, 3F), 92.2 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3457, 3018, 2974, 1739, 1369, 

1229, 1218 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 285 (100) [M
+
], 243 (68), 124 (81), 69 

(14), 44 (15), 43 (37), 40 (15); HRMS (EI-TOF) calcd. for C10H8NF5OS: 285.0247; found: 

285.0254; m.p.: 137–138°C. 

Synthesis of 4-[(pentafluoroethyl)thio]phenol (3ua) 

SC
2
F

5

OH  

[CAS: 1639457-49-0] 

Compound 3ua was prepared following the standard procedure, starting from 4-

hydroxyphenyl thiocyanate (1u, 302 mg, 2.00 mmol) and potassium pentafluoropropionate 

(2a, 889 mg, 4.40 mmol). After purification, 3ua was isolated as colourless liquid (259 mg, 

1.06 mmol, 53%). 

1
H NMR (400 MHz, CDCl3):  = 7.52 (m, 2H), 6.88 (m, 2H), 6.04 ppm (s, 1H); 

13
C NMR (101 MHz, CDCl3):  = 158.5, 139.4, 166.7, 133.4 (t, J = 3.3 Hz), 120.1 (tq, 

J = 288.2, 40.0 Hz), 109.2 (qt, J = 286.6, 36.8 Hz); 
19

F NMR (377 MHz, CDCl3):  = 82.3 

(t, J = 3.4 Hz, 3F), 92.7 ppm (q, J = 3.6 Hz, 2F); IR (neat): 𝜈 = 3343, 1702, 1602, 1586, 

1496, 1437, 1379, 1332, 1319, 1261, 1201, 1172, 1101, 1087, 1045, 958, 831, 750, 727, 

646 cm
-1

MS (Ion trap, EI, 70 eV): m/z (%) = 245 (9), 244 (100) [M
+
], 125 (76), 97 (22), 81 

(11), 69 (22), 53 (16).  
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Synthesis of 1-methoxy-4-[(heptafluoropropyl)thio]benzene (3ab) 

MeO

S
n
C

3
F

7

 

[CAS: 166392-12-7] 

Compound 3ab was prepared following the standard procedure, starting from Synthesis of 

4-methoxyphenyl thiocyanate (1a) (1a, 330 mg, 2.00 mmol) and potassium 

heptafluorobutyrate (2b, 605 mg, 2.40 mmol). After purification, 3ab was isolated as 

colourless oil (419 mg, 1.36 mmol, 68%).  

1
H NMR (400 MHz, CDCl3):  = 7.59–7.55 (m, 2H), 6.95–6.92 (m, 2H), 3.84 ppm (s, 

3H); 
13

C NMR (101 MHz, CDCl3):  = 162.3, 139.3, 122.4 (tt, J = 289.0, 33.3 Hz), 118.0 

(qtt, J = 288.0, 35.4, 2.0 Hz) 115.1, 113.1 (t, J = 3.2 Hz), 111.8 (tqt, J = 265.1, 36.9, 2.1 Hz), 

55.5 ppm; 
19

F NMR (377 MHz, CDCl3):  = 80.0 (t, J = 9.5 Hz, 3F), 88.4 (qt, J = 8.9, 

4.3 Hz, 2F), 123.5 ppm (t, J = 4.1 Hz, 2F); IR (neat): 𝜈 = 3023, 2950, 1908, 1495, 1252, 

1205, 1174, 1108, 1030, 919, 851, 828, 741, 682 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 

309 (13), 308 (100) [M
+
], 140 (8), 139 (97), 96 (11), 95 (14), 69 (23). 

Branched side product in the synthesis of 1-methoxy-4-

[(pentafluoropropyl)thio]benzene (3ba), 1-methoxy-4-[(1-trifluoromethyl-1,2,2,2-

tetrafluoroethyl)thio]benzene 

MeO

S CF
3

CF
3

F

 

Due to very similar physical properties, the side product could not be separated from 3ba. 

Therefore and because of the comparatively low quantities in which the side product was 

present in the sample, a full characterisation proved difficult. In the 
1
H NMR, the shifts of the 

compounds seem to be too similar to identify individual signals. In the 
13

C NMR, only the 

shifts of the methoxy group and the aromatic carbons ipso, ortho and meta to it could be 

determined, as the C–F coupling causes all other signals to have a very low intensity and 

therefore to disappear in the noise.  

13
C NMR (101 MHz, CDCl3):  = 162.4, 139.5, 115.1, 55.5 ppm; 

19
F NMR (377 MHz, 

CDCl3):  = 73.6 (d, J = 12.3 Hz, 6F), 157.6 ppm (sept, J = 11.4 Hz, 1F); MS (Ion trap, EI, 

70 eV): m/z (%) = 309 (11), 308 (91) [M
+
], 139 (100), 124 (8), 95 (16), 69 (21), 63 (7), 45 

(5).  
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Synthesis of 1-methoxy-4-[(perfluoroheptyl)thio]benzene (3ac) 

MeO

S
n
C

7
F

15

 

Compound 3ac was prepared following the standard procedure, starting from Synthesis of 

4-methoxyphenyl thiocyanate (1a) (1a, 330 mg, 2.00 mmol) and potassium 

perfluoroheptanoate (2c, 1.09 g, 2.40 mmol). After purification, 3ac was isolated as colourless 

oil (295 mg, 0.58 mmol, 29%).  

1
H NMR (400 MHz, CDCl3):  = 7.60–7.57 (m, 2H), 6.96–6.92 (m, 2H), 3.83 ppm (s, 

3H); 
13

C NMR (101 MHz, CDCl3):  = 162.3, 139.4, 125.8 (tt, J = 268.8, 41.3 Hz), 123.1 (tt, 

J = 290.6, 34.2 Hz), 117.4 (qt, J = 288.2, 33.1 Hz), 115.1, 113.3 (t, J = 3.2 Hz), 111.7 (tt, J 

= 287.1, 39.4 Hz), 111.2 (tq, J = 272.2, 32.3 Hz), 110.5 (tt, J = 271.5, 32.2 Hz), 108.5 (tt, 

J = 270.1, 38.9 Hz), 55.4 ppm; 
19

F NMR (377 MHz, CDCl3):  = –80.6, –87.5, –118.9, –

121.0, –121.7, –122.4, –125.9 ppm; IR (neat): 𝜈 = 2847, 1594, 1574, 1497, 1466, 1444, 1411, 

1367, 1295, 1236, 1197, 1174, 1145, 1103, 1063, 1033, 986, 973, 874, 830, 802, 777, 763, 

745, 736, 723, 702, 670 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%) = 509 (14), 508 (90) [M
+
], 

489 (12), 140 (9), 139 (100), 95 (11), 69 (18); HRMS (EI-TOF) calcd. for C14H7F15OS: 

507.9978; found: 507.9968.  
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6.7 New Reagents for Transition Metal Catalyzed Late-Stage Phosphorothioation 

Synthesis of Starting Materials 

Synthesis of arene diazonium tetrafluoroborates 

In a 100 mL round-bottom flask, the aniline (25 mmol) was dissolved in a mixture of 

absolute ethanol (25 mL) and an aqueous solution of HBF4 (50%, 6.23 mL, 50 mmol) and 

tert-butyl nitrite (6.7 mL, 50 mmol) was added dropwise to the solution at 0 °C. The reaction 

was stirred at room temperature for 1 h and diethyl ether (20 mL) was added to precipitate the 

arenediazonium tetrafluoroborate that was filtered off and washed with diethyl ether (3 × 

20 mL). The arenediazonium tetrafluoroborate was dried in vacuo (10
-3

 mbar) for 10 minutes 

and was then directly used without further purification. 

Synthesis of Tetramethylammonium O,O-Dimethyl Phosphorothioate (1) 

S
P

O

OMe

OMe
Me4N

+ -
 

In an oven-dried 500 mL round-bottom flask with stirrer bar, elemental sulfur (0.64 g, 2.5 

mmol) was dissolved in THF (160 mL) at room temperature under nitrogen atmosphere. 

Dimethyltrimethylphosphite (4.73 mL, 24 mmol) was added and the reaction mixture was 

cooled to −60 °C and afterwards Me4NF (1.86 g, 20 mmol) was added in one portion. The 

reaction mixture was kept at −60 °C for ca. 30 min and then allowed to warm to room 

temperature overnight. The resulting solid was filtered, washed with diethyl ether and 1 was 

isolated as a white hydroscopic solid (3.7 g, 17.2 mmol, 86%). A solution of 1 in a mixture 

cyclohexane/acetone was cooled to -20°C to afford colorless prism crystals. 
1
H NMR 

(400 MHz, CDCl3):  = 3.44 (s, 3H), 3.41 (s, 3H), 3.18 (s, 12H); 
31

P NMR (162 MHz, 

CDCl3):  = 56.6 ppm;
 13

C NMR (101 MHz, CDCl3):  = 118.4, 56.0, 52.3; IR (neat): = 

3014, 2942, 2836, 2364, 1493, 1463, 1167, 1067, 1028, 949, 739, 626, 586, 552, 524 cm
-1

; 

ESI-MS (+MS): m/z: 289.17 [2M-((CH3)2O3PS)]
+
, 74.10 [M-((CH3)2O3PS)]

+
; ESI-MS (-MS): 

m/z: 356.05 [2M-((CH3)4N)]
-
, 140.98 [M-((CH3)4N)]

-
; Crystal Data for C6H18NO3PS (M = 

215.24 g.mol
-1

): orthorhombic, space group Pca21 (no. 29), a = 14.1490(4) Å, b = 

11.2214(3) Å, c = 13.8446(3) Å, V = 2198.13(10) Å
3
, Z = 8, T = 112(6) K, μ(CuKα) = 3.816 

mm
-1

, Dcalc = 1.301 g/cm
3
, 11823 reflections measured (7.878° ≤ 2Θ ≤ 152.504°), 4166 

unique (Rint = 0.0201, Rsigma = 0.0218) which were used in all calculations. The final R1 was 

0.0245 (I > 2σ(I)) and wR2 was 0.0661 (all data).  
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Synthesis of S-Aryl Phosphorothioates from arenediazonium salts 

Standard procedure: An oven-dried 20 mL crimp-cap vessel with stirrer bar was charged 

with CuSCN (24.6 mg, 0.20 mmol), 1 (323 mg, 1.50 mmol) in MeCN (2 mL). Then, the 

arenediazonium salt (1.00 mmol) in MeCN (2 mL) was added dropwise and the reaction 

mixture was stirred for 15 h at room temperature. The resulting mixture was diluted with 

diethyl ether (20 mL). The organic solution was washed with water (2 × 10 mL) and brine 

(10 mL). The organic layer was dried over MgSO4, filtered and concentrated (700 mbar, 40 

°C). The residue was purified by flash chromatography (SiO2, cyclohexane / ethyl acetate 

gradient), yielding the S-Aryl Phosphorothioate.  

Synthesis of O,O-Dimethyl S-(benzyl) phosphorothioate (3) 

S
P

O

OMe
OMe  

[CAS: 7205-16-5] 

An oven-dried 20 mL crimp-cap vessel with stirrer bar was charged with CuSCN 

(24.6 mg, 0.20 mmol), 1 (323 mg, 1.50 mmol) and MeCN (2 mL). Then, benzyl bromide 2 

(1.00 mmol) in MeCN (2 mL) was added dropwise and the reaction mixture was stirred for 15 

h at room temperature. The resulting mixture was diluted with diethyl ether (20 mL). The 

organic solution was washed with water (2 × 10 mL) and brine (10 mL). The organic layer 

was dried over MgSO4, filtered and concentrated (700 mbar, 40 °C). The residue was purified 

by flash chromatography (SiO2, cyclohexane / ethyl acetate gradient), yielding the S-Benzyl 

Phosphorothioate 3, isolated as colorless oil (227.7 mg, 0.98 mmol, 98%). 
1
H NMR 

(400 MHz, CDCl3):  = 7.34-7.21 (m, 5H), 4.01-3.95 (m, 2H), 3.66-3.60 (m, 6H); 
31

P NMR 

(162 MHz, CDCl3):  = 30.2 ppm; 
13

C NMR (101 MHz, CDCl3):  = 137.1 (d, 
3
J = 4.5 Hz), 

128.6 (2C), 128.4 (2C), 127.4, 53.3 (d, 
3
J = 5.4 Hz, 2C), 34.5 (d, 

3
J = 3.7 Hz), IR (neat): = 

2952, 2850, 1497, 1456, 1257, 1181, 1009, 826, 767, 698, 670 cm
-1

; MS (Ion trap, EI, 70 eV): 

m/z (%): 234.0 [M
2+

] (14), 232.0 (93), 199.0 (11), 122.9 (42), 121.0 (11), 109.8 (26), 91.0 

(100), 79.0 (17); HRMS (EI-TOF) calcd. for C9H13O3PS: 232.0323; found: 232.0314.  
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Synthesis of O,O-Dimethyl S-(4-methoxyphenyl) phosphorothioate (5) 

MeO

S
P

O

OMe
OMe

 

[CAS: 1335244-09-1] 

Compound 5 was prepared following the standard procedure, starting from 4-

methoxybenzenediazonium tetrafluoroborate 2 (222 mg, 1.00 mmol). After purification, 5 

was isolated as pale yellow oil (223.4 mg, 0.90 mmol, 90%). 
1
H NMR (400 MHz, CDCl3): 

 = 7.47 (d, 
3
J = 8.8 Hz, 2H), 6.89 (d, 

3
J = 8.8 Hz, 2H), 3.83 (s, 3H), 3.81  (s, 3H), 3.80 ppm 

(s, 3H); 
31

P NMR (162 MHz, CDCl3):  = 26.9 ppm; 
13

C NMR (101 MHz, CDCl3):  = 160.6 

(d, 
3
J = 3.6 Hz), 136.3 (d, 

3
J = 4.5 Hz, 2C), 116.0 (d, 

3
J = 7.3 Hz), 115.1 (d, 

3
J = 1.8 Hz, 2C), 

55.3, 54.2 ppm (d, 
3
J = 6.4 Hz, 2C); IR (neat): = 2954, 2850, 1591, 1494, 1461, 1290, 1244, 

1174, 1011, 826, 789, 759 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 249.0 [M
+
] (14), 248.1 

(100), 139.0 (22), 125.0 (8), 121.0 (11), 109.1 (27), 79.1 (9); HRMS (EI-TOF) calcd. for 

C9H13O4PS: 248.0272; found: 248.0277.  

Synthesis of O,O-Dimethyl S-(3-methoxyphenyl) phosphorothioate (6) 

S
P

O

OMe
OMe

MeO

 

[CAS: 1335244-10-4] 

Compound 6 was prepared following the standard procedure, starting from 3-

methoxybenzenediazonium tetrafluoroborate (222 mg, 1.00 mmol). After purification, 6 was 

isolated as pale yellow oil (203.6 mg, 0.82 mmol, 82%). 
1
H NMR (400 MHz, CDCl3):  = 

7.27 (t, 
3
J = 8.0 Hz, 1H), 7.16-7.13 (m, 1H), 7.12 (q, 

3
J = 2.0 Hz, 1H), 6.93-6.90 (m, 1H), 

3.85 (s, 3H), 3.82 ppm (s, 6H); 
31

P NMR (162 MHz, CDCl3):  = 26.1 ppm; 
13

C NMR 

(101 MHz, CDCl3):  = 159.9 (d, 
3
J = 1.8 Hz), 130.1 (d, 

3
J = 1.8 Hz), 126.9 (d, 

3
J = 7.3 Hz), 

126.6 (d, 
3
J = 5.4 Hz), 119.8 (d, 

3
J = 4.5 Hz), 115.1 (d, 

3
J = 3.1 Hz), 55.4, 54.3 ppm (d, 

3
J = 

5.4 Hz, 2C); IR (neat): = 2955, 1737, 1590, 1479, 1231, 1182, 1008, 828, 758, 686 cm
-1

; 

MS (Ion trap, EI, 70 eV): m/z (%): 249.2 [M
+
] (15), 248.3 (100), 121.2 (27), 120.3 (12), 109.2 

(38), 79.1 (14); HRMS (EI-TOF) calcd. for C9H13O4PS: 248.0272; found: 248.0265.  
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Synthesis of O,O-Dimethyl S-(4-phenoxyphenyl) phosphorothioate (7) 

S
P

O

OMe
OMe

PhO  

Compound 7 was prepared following the standard procedure, starting from 4-

phenoxybenzenediazonium tetrafluoroborate (284 mg, 1.00 mmol). After purification, 7 was 

isolated as pale yellow oil (294.8 mg, 0.95 mmol, 95%). 
1
H NMR (400 MHz, CDCl3): 

 = 7.50-7.47 (m, 2H), 7.36 (t, 
3
J = 8.0 Hz, 2H), 7.15 (t, 

3
J = 7.3 Hz, 2H), 7.15 (d, 

3
J = 7.8 Hz, 

1H), 6.95 (d, 
3
J = 8.8 Hz, 2H), 3.84 (s, 3H), 3.80 ppm (s, 3H);

 31
P NMR (162 MHz, CDCl3): 

 = 26.4 ppm; 
13

C NMR (101 MHz, CDCl3):  = 159.8 (d, 
3
J = 3.6 Hz), 155.8, 136.2 (d, 

3
J = 

4.5 Hz, 2C), 129.9 (2C), 124.1, 119.7 (2C), 118.8 (d, 
3
J = 2.7 Hz, 2C),118.7 (d, 

3
J = 8.2 Hz), 

54.2 ppm (d, 
3
J = 6.4 Hz, 2C); IR (neat): = 2953, 2850, 1581, 1483, 1233, 1166, 1007, 868, 

828, 788, 753, 693 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 311.1 [M
+
] (20), 310.2 (100), 

201.3 (10), 183.3 (8), 109.1 (24), 77.0 (9), 51.0 (8); HRMS (EI-TOF) calcd. for C14H15O4PS: 

310.0429; found: 310.0419. 

Synthesis of O,O-Dimethyl S-[1,1'-biphenyl]-4-yl phosphorothioate (8) 

S
P

O

OMe
OMe

Ph  

Compound 8 was prepared following the standard procedure, starting from [1,1'-

biphenyl]-4-diazonium tetrafluoroborate (268 mg, 1.00 mmol). After purification, 8 was 

isolated as white crystalline solid (279.6 mg, 0.95 mmol, 95%); m. p. 61.1°C. 
1
H NMR 

(400 MHz, CDCl3):  = 7.65-7.63 (m, 2H), 7.59-7.57 (m, 4H), 7.48-7.44 (m, 2H), 7.40-7.36 

(m, 1H), 3.88 (s, 3H), 3.85 ppm (s, 3H);
 31

P NMR (162 MHz, CDCl3):  = 26.2 ppm; 

13
C NMR (101 MHz, CDCl3):  = 142.1 (d, 

3
J = 3.6 Hz), 139.8, 134.9 (d, 

3
J = 5.5 Hz, 2C), 

128.9 (2C), 128.1 (d, 
3
J = 2.7 Hz, 2C), 127.8, 127.1 (2C), 124.7 (d, 

3
J = 7.3 Hz), 54.3 ppm (d, 

3
J = 6.4 Hz, 2C); IR (neat): = 2952, 2850, 2340, 1738, 1594, 1479, 1448, 1256, 1179, 1005, 

827, 791, 755, 696 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 295.1 [M
+
] (18), 294.1 (100), 

185.1 (21), 109.0 (26); HRMS (EI-TOF) calcd. for C14H15O3PS: 294.0480; found: 294.0490. 

Synthesis of O,O-Dimethyl S-[1,1'-biphenyl]-2-yl) phosphorothioate (9) 

S
P

O

OMe
OMe

Ph
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Compound 9 was prepared following the standard procedure, starting from [1,1'-

biphenyl]-2-diazonium tetrafluoroborate (268 mg, 1.00 mmol). After purification, 9 was 

isolated as colorless crystals (270.8 mg, 0.92 mmol, 92%); m. p. 73.5°C. 
1
H NMR (400 MHz, 

CDCl3):  = 7.80-7.78 (m, 1H), 7.46-7.42 (m, 5H), 7.40-7.34 (m, 3H), 3.54 (s, 3H), 3.51 ppm 

(s, 3H);
 31

P NMR (162 MHz, CDCl3):  = 25.8 ppm; 
13

C NMR (101 MHz, CDCl3):  = 146.5 

(d, 
3
J = 5.4 Hz), 140.4, 136.6 (d, 

3
J = 3.6 Hz), 131.1 (d, 

3
J = 2.7 Hz), 129.9 (2C), 128.9 (dd, 

1
J 

= 124.4 Hz, 
3
J = 2.7 Hz, 2C), 127.8 (2C), 127.4, 124.3 (d, 

3
J = 7.3 Hz), 53.9 ppm (d, 

3
J = 5.4 

Hz, 2C); IR (neat): = 2947, 2852, 2353, 1886, 1738, 1586, 1447, 1250, 1188, 1061, 1002, 

836, 796, 755, 702, 677 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 295.1 [M
+
] (18), 294.2 

(100), 185.2 (22), 184.4 (94), 109.2 (11), 79.2 (8); HRMS (EI-TOF) calcd. for C14H15O3PS: 

294.0480; found: 294.0481.  

Synthesis of O,O-Dimethyl S-(4-benzoylphenyl) phosphorothioate (10) 

S
P

O

OMe
OMe

O

Ph

 

Compound 10 was prepared following the standard procedure, starting from 4-(benzoyl)-

benzenediazonium tetrafluoroborate (296 mg, 1.00 mmol). After purification, 10 was isolated 

as colorless oil (290.1 mg, 0.90 mmol, 90%). 
1
H NMR (400 MHz, CDCl3):  = 7.80-7.76 (m, 

4H), 7.70-7.67 (m, 2H), 7.63-7.59 (m, 1H), 7.51-7.47 (m, 2H), 3.88 (s, 3H), 3.85 (s, 3H); 
31

P 

NMR (162 MHz, CDCl3):  = 24.9 ppm; 
13

C NMR (101 MHz, CDCl3):  = 195.6, 137.8 (d, 

3
J = 2.7 Hz), 136.9, 133.8 (d, 

3
J = 5.5 Hz), 132.7, 131.6 (d, 

3
J = 7.3 Hz), 130.7 (d, 

3
J = 1.8 Hz), 130.0 (2C), 128.4 (2C), 54.4 ppm (d, 

3
J = 6.4 Hz, 2C); IR (neat): = 2954, 

2851, 1738, 1656, 1590, 1447, 1396, 1256, 1178, 1011, 923, 830, 791, 762, 731, 697, 662 cm
-

1
; MS (Ion trap, EI, 70 eV): m/z (%): 229.2 (17), 228.2 (100), 181.3 (7), 151.2 (61), 105.2 

(12), 77.2 (24); HRMS (EI-TOF) calcd. for C15H15O4PS: 322.0429; found: 322.0424. 

Synthesis of O,O-Dimethyl S-(3,4,5-trimethoxyphenyl) phosphorothioate (11) 

S
P

O

OMe
OMe

MeO

MeO

OMe  

Compound 11 was prepared following the standard procedure, starting from 3,4,5-

trimethoxybenzenediazonium tetrafluoroborate (282 mg, 1.00 mmol). After purification, 11 

was isolated as white crystalline solid (252.8 mg, 0.82 mmol, 82%); m. p. 78.7°C. 
1
H NMR 
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(400 MHz, CDCl3):  = 6.77-6.75 (m, 2H), 3.83-3.78 (m, 15H);
 31

P NMR (162 MHz, CDCl3): 

 = 26.2 ppm; 
13

C NMR (101 MHz, CDCl3):  = 153.3 (d, 
3
J = 2.7 Hz, 2C), 139.0 (d, 

3
J = 3.6 Hz), 119.9 (d, 

3
J = 7.3 Hz), 111.7 (d, 

3
J = 5.5 Hz, 2C), 60.7, 56.1 (2C), 54.3 ppm (d, 

3
J = 6.4 Hz); IR (neat): = 2953, 2839, 2144, 1992, 1738, 1582, 1498, 1458, 1408, 1305, 

1255, 1230, 1124, 998, 871, 824, 794, 772, 653 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 

309.2 [M
+
] (10), 308.2 (70), 294.3 (11), 293.5 (100), 125.2 (30), 109.2 (11), 79.1 (8); HRMS 

(EI-TOF) calcd. for C11H17O6PS: 308.0483; found: 308.0475.  

Synthesis of O,O-Dimethyl S-(4-(trifluoromethyl)phenyl) phosphorothioate (12) 

S
P

O

OMe
OMe

F
3
C  

[CAS: 1519014-89-1] 

 Compound 12 was prepared following the standard procedure, starting from 4-

(trifluoromethyl)-benzenediazonium tetrafluoroborate (260 mg, 1.00 mmol). After 

purification, 12 was isolated as colorless oil (214.7 mg, 0.75 mmol, 75%). 
1
H NMR 

(400 MHz, CDCl3):  = 7.71 (d, 
3
J = 7.8 Hz, 2H), 7.61 (d, 

3
J = 8.8 Hz, 2H), 3.87 (s, 3H), 3.84 

ppm (s, 3H); 
19

F NMR (375 MHz, CDCl3):  = -62.9 ppm; 
31

P NMR (162 MHz, CDCl3): 

 = 24.7 ppm; 
13

C NMR (101 MHz, CDCl3):  = 134.4 (d, 
3
J = 5.5 Hz, 2C), 131.3, 131.1 (d, 

3
J = 24.5 Hz), 126.2 (d, 

3
J = 1.8 Hz, 2C), 123.7 (d, 

1
J = 272.5 Hz), 54.5 ppm (d, 

3
J = 6.4 Hz, 

2C); IR (neat): = 2956, 1608, 1450, 1401, 1322, 1262, 1166, 1124, 1062, 1009, 831, 794, 

763, 702 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 287.0 [M
+
] (10), 285.9 (96), 267.0 (19), 

177.0 (17), 157.9 (18), 127.0 (13), 109.0 (100), 108.0 (12), 78.9 (29); HRMS (EI-TOF) calcd. 

for C9H10F3O3PS: 286.0040; found: 286.0041. 

Synthesis of Methyl 4-((dimethoxyphosphoryl)thio)benzoate (13) 

S
P

O

OMe
OMe

MeO
2
C  

Compound 13 was prepared following the standard procedure, starting from 4-

(methoxycarbonyl)-benzenediazonium tetrafluoroborate (250 mg, 1.00 mmol). After 

purification, 13 was isolated as pale yellow oil (198.9 mg, 0.72 mmol, 72%). 
1
H NMR 

(400 MHz, CDCl3):  = 8.02 (d, 
3
J = 8.3 Hz, 2H), 6.66-6.64 (m, 2H), 3.93 (s, 3H), 3.86 (s, 

3H), 3.83 ppm (s, 3H); 
31

P NMR (162 MHz, CDCl3):  = 24.9 ppm; 
13

C NMR (101 MHz, 

CDCl3):  = 166.3, 133.9 (d, 
3
J = 5.4 Hz, 2C), 132.3 (d, 

3
J = 7.3 Hz), 130.6 (d, 

3
J = 2.7 Hz), 
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130.4 (d, 
3
J = 1.8 Hz, 2C), 54.4 (d, 

3
J = 5.4 Hz, 2C), 52.4 ppm; IR (neat): = 2954, 1720, 

1596, 1436, 1398, 1258, 1178, 1109, 1009, 855, 827, 791, 758, 692 cm
-1

; MS (Ion trap, EI, 70 

eV): m/z (%): 276.0 (100), 245.1 (29), 215.9 (15), 149.0 (23), 136.0 (20), 109.0 (59), 78.9 

(19); HRMS (EI-TOF) calcd. for C10H13O5PS: 276.0221; found: 276.0222. 

Synthesis of O,O-Dimethyl S-(4-(dimethylamino)phenyl) phosphorothioate (14) 

S
P

O

OMe
OMe

Me
2
N  

[CAS: 91010-15-0] 

 Compound 14 was prepared following the standard procedure, starting from 4-

(dimethylamino)-benzenediazonium tetrafluoroborate (235 mg, 1.00 mmol). After 

purification, 14 was isolated as an orange oil (177.7 mg, 0.68 mmol, 68%). 
1
H NMR 

(400 MHz, CDCl3):  = 7.38-7.36 (m, 2H), 6.66-6.64 (m, 2H), 3.83 (s, 3H), 3.80 (s, 3H), 2.98 

ppm (s, 6H); 
31

P NMR (162 MHz, CDCl3):  = 27.7 ppm; 
13

C NMR (101 MHz, CDCl3): 

 = 150.9 (d, 
3
J = 2.7 Hz), 136.0 (d, 

3
J = 4.5 Hz, 2C), 112.8 (d, 

3
J = 2.7 Hz, 2C), 109.5 (d, 

3
J 

= 8.2 Hz), 54.1 (d, 
3
J = 6.4 Hz, 2C), 40.2 ppm (2C); IR (neat): = 2952, 1593, 1505, 1444, 

1358, 1249, 1195, 1172, 1010, 944, 813, 792, 757 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 

262.1 [M
+
] (14), 261.1 (100), 152.0 (50); HRMS (EI-TOF) calcd. for C10H16NO3PS: 

261.0589; found: 261.0581. 

Synthesis of O,O-Dimethyl S-(4-cyanophenyl) phosphorothioate (15)  

S
P

O

OMe
OMe

NC  

Compound 15 was prepared following the standard procedure, starting from 4-

cyanobenzenediazonium tetrafluoroborate (217 mg, 1.00 mmol). After purification, 15 was 

isolated as pale yellow oil (197.0 mg, 0.81 mmol, 81%). 
1
H NMR (400 MHz, CDCl3):  = 

7.71-7.69 (m, 2H), 7.65-7.63 (m, 2H), 3.87 (s, 3H), 3.84 (s, 3H); 
31

P NMR (162 MHz, 

CDCl3):  = 23.9 ppm; 
13

C NMR (101 MHz, CDCl3):  = 134.3 (d, 
3
J = 5.4 Hz, 2C), 133.2 

(d, 
3
J = 7.3 Hz), 132.7 (d, 

3
J = 1.8 Hz, 2C), 117.9, 112.7 (d, 

3
J = 2.7 Hz), 54.6 ppm (d, 

3
J = 

6.4 Hz, 2C); IR (neat): = 2956, 2231, 1594, 1486, 1458, 1399, 1257, 1181, 1011, 830, 792, 

760 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 244.0 [M
+
] (21), 243.0 (67), 133.9 (12), 109.0 

(100), 78.9 (18), 63.0 (9), 47.0 (11); HRMS (EI-TOF) calcd. for C9H10NO3PS: 243.0119; 

found: 243.0109. 
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Synthesis of O,O-Dimethyl S-(4-fluorophenyl) phosphorothioate (16) 

S
P

O

OMe
OMe

F  

[CAS: 4163-76-2] 

Compound 16 was prepared following the standard procedure, starting from 4-

fluorobenzenediazonium tetrafluoroborate (210 mg, 1.00 mmol). After purification, 16 was 

isolated as colorless oil (184.2 mg, 0.78 mmol, 78%). 
1
H NMR (400 MHz, CDCl3):  = 7.57-

7.51 (m, 2H), 7.06 (t, 
3
J = 8.3 Hz, 2H), 3.83 (s, 3H), 3.80 ppm (s, 3H); 

19
F NMR (375 MHz, 

CDCl3):  = -111.3 ppm (d, J = 5.4 Hz); 
31

P NMR (162 MHz, CDCl3):  = 25.9 ppm; 

13
C NMR (101 MHz, CDCl3):  = 160.4 (dd, 

1
J = 250.7 Hz, 

3
J = 2.7 Hz), 136.7 (dd, 

3
J = 8.2 

Hz, 
3
J = 4.5 Hz, 2C), 120.1 (dd, 

3
J = 7.3, 3.6 Hz), 116.7 (dd, 

3
J = 21.8, 2.7 Hz, 2C), 54.3 ppm 

(d, 
3
J = 5.4 Hz, 2C); IR (neat): = 2956, 2852, 2369, 1737, 1590, 1490, 1462, 1256, 1225, 

1159, 1007, 829, 763 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 235.9 (29), 222.0 (100), 221.2 

(42), 109.0 (29), 83.0 (44), 75.0 (37), 57.0 (26); HRMS (EI-TOF) calcd. for C8H10FO3PS: 

236.0072; found: 236.0081. 

Synthesis of O,O-Dimethyl S-(4-chlorophenyl) phosphorothioate (17)  

S
P

O

OMe
OMe

Cl  

[CAS: 3309-87-3] 

Compound 17 was prepared following the standard procedure, starting from 4-

chlorobenzenediazonium tetrafluoroborate (226.4 mg, 1.00 mmol). After purification, 17 was 

isolated as pale yellow oil (214.8 mg, 0.85 mmol, 85%). 
1
H NMR (400 MHz, CDCl3):  = 

7.50-7.45 (m, 2H), 7.34-7.29 (m, 2H), 3.83-3.78 ppm (m, 6H); 
31

P NMR (162 MHz, CDCl3): 

 = 25.5 ppm; 
13

C NMR (101 MHz, CDCl3):  = 135.7 (d, 
3
J = 4.5 Hz, 2C), 135.6 (d, 

3
J = 2.7 

Hz), 129.6 (d, 
3
J = 2.7 Hz, 2C), 124.4 (d, 

3
J = 7.3 Hz), 54.3 ppm (d, 

3
J = 5.4 Hz, 2C); IR 

(neat): = 2955, 2851, 1573, 1476, 1392, 1256, 1179, 1091, 1007, 819, 792, 758 cm
-1

; MS 

(Ion trap, EI, 70 eV): m/z (%): 253.9 [M
+
] (37), 252.8 (16), 251.9 (100), 125.0 (25), 109.0 

(92), 108.0 (27), 78.9 (15); HRMS (EI-TOF) calcd. for C8H10O3PS
35

Cl: 251.9777; found: 

251.9773; HRMS (EI-TOF) calcd. for C8H10O3PS
37

Cl: 253.9747; found: 253.9762.  



EXPERIMENTELLER TEIL 

211 

 

Synthesis of O,O-Dimethyl S-(4-bromophenyl) phosphorothioate (18) 

S
P

O

OMe
OMe

Br  

[CAS: 1616795-45-9] 

Compound 18 was prepared following the standard procedure, starting from 4-

bromobenzenediazonium tetrafluoroborate (270.8 mg, 1.00 mmol). After purification, 18 was 

isolated as pale yellow oil (240.7 mg, 0.81 mmol, 81%). 
1
H NMR (400 MHz, CDCl3):  = 

7.51-7.48 (m, 2H), 7.45-7.41 (m, 2H), 3.84 (s, 3H), 3.81 ppm (s, 3H); 
31

P NMR (162 MHz, 

CDCl3):  = 25.3 ppm; 
13

C NMR (101 MHz, CDCl3):  = 136.0 (d, 
3
J = 4.5 Hz, 2C), 132.6 

(d, 
3
J = 1.8 Hz, 2C), 125.2 (d, 

3
J = 7.3 Hz), 123.9 (d, 

3
J = 3.6 Hz), 54.4 ppm (d, 

3
J = 6.4 Hz, 

2C); IR (neat): = 2953, 2850, 1565, 1474, 1387, 1256, 1179, 1003, 815, 790, 761 cm
-1

; MS 

(Ion trap, EI, 70 eV): m/z (%): 298.0 [M
+
] (78), 296.0 (72), 169.0 (12), 109.0 (100), 108.0 

(26), 78.9 (23), 47.0 (15); HRMS (EI-TOF) calcd. for C8H10O3PS
79

Br: 295.9272; found: 

295.9280; HRMS (EI-TOF) calcd. for C8H10O3PS
81

Br: 297.9251; found: 297.9258. 

Synthesis of O,O-Dimethyl S-(2-bromophenyl) phosphorothioate (19) 

S
P

O

OMe
OMe

Br

 

[CAS: 1519014-90-4] 

Compound 19 was prepared following the standard procedure, starting from 2-

bromobenzenediazonium tetrafluoroborate (271 mg, 1.00 mmol). After purification, 19 was 

isolated as pale yellow oil (225.8 mg, 0.76 mmol, 76%). 
1
H NMR (400 MHz, CDCl3):  = 

7.77 (dt, 
3
J = 7.8, 2.0 Hz, 1H), 7.66 (dt, 

3
J = 8.0, 1.0 Hz, 1H), 7.35-7.30 (m, 1H), 7.25-7.20 

(m, 1H), 3.89 (s, 3H), 3.86 ppm (s, 3H);
 31

P NMR (162 MHz, CDCl3):  = 24.7 ppm; 

13
C NMR (101 MHz, CDCl3):  = 136.7 (d, 

3
J = 3.7 Hz), 136.7 (d, 

3
J = 3.7 Hz), 133.7 (d, 

3
J = 

2.2 Hz), 130.5 (d, 
3
J = 2.9 Hz), 128.7 (d, 

3
J = 7.3 Hz), 128.2 (d, 

3
J = 2.9 Hz), 128.0 (d, 

3
J = 

6.6 Hz), 54.5 ppm (d, 
3
J = 5.9 Hz, 2C) ; IR (neat): = 2954, 2850, 1738, 1561, 1449, 1250, 

1181, 1005, 830, 792, 751 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 218.0 [M
+
-Br] (9), 217.1 

(100), 202.2 (11), 109.1 (20), 79.1 (11); HRMS (EI-TOF) calcd. for C8H10O3PS
79

Br: 

295.9272; found: 295.9266; HRMS (EI-TOF) calcd. for C8H10O3PS
81

Br: 297.9251; found: 

297.9231.  
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Synthesis of O,O-Dimethyl S-(4-iodophenyl) phosphorothioate (20) 

S
P

O

OMe
OMe

I  

Compound 20 was prepared following the standard procedure, starting from 4-

iodobenzenediazonium tetrafluoroborate (318 mg, 1.00 mmol). After purification, 20 was 

isolated as colorless liquid (230.6 mg, 0.67 mmol, 67%). 
1
H NMR (400 MHz, CDCl3):  = 

7.47 (d, 
3
J = 8.3 Hz, 2H), 7.08 (dd, 

3
J = 8.5, 2.0 Hz, 2H), 3.63 (s, 3H), 3.60 ppm (s, 3H);

 31
P 

NMR (162 MHz, CDCl3):  = 25.2 ppm; 
13

C NMR (101 MHz, CDCl3):  = 138.5, 138.5, 

130.1, 130.0, 126.0 (d, 
3
J = 7.3 Hz), 95.5 (d, 

3
J = 4.5 Hz), 54.3 ppm (d, 

3
J = 6.4 Hz, 2C); IR 

(neat): = 2952, 2849, 1737, 1567, 1471, 1382, 1252, 1179, 1000, 810, 788, 755, 716 cm
-1

; 

MS (Ion trap, EI, 70 eV): m/z (%): 344.9 [M
+
] (10), 344.0 (100), 217.2 (11), 109.0 (38), 108.1 

(10), 79.1 (10); HRMS (EI-TOF) calcd. for C8H10O3PSI: 243.9133; found: 243.9145. 

Synthesis of O,O-Dimethyl S-(quinolin-3-yl) phosphorothioate (21) 

S
P

O

OMe
OMe

N  

Compound 21 was prepared following the standard procedure, starting from quinoline-3-

diazonium tetrafluoroborate (243 mg, 1.00 mmol). After purification, 21 was isolated as 

colorless oil (166.9 mg, 0.62 mmol, 62%). 
1
H NMR (400 MHz, CDCl3):  = 8.94 (s, 1H), 

8.42 (t, 
3
J = 2.5 Hz, 1H), 8.10 (d, 

3
J = 8.3 Hz, 1H), 7.81 (d, 

3
J = 8.6, 1H), 7.77 (t, 

3
J = 7.8 Hz, 

1H), 7.59 (t, 
3
J = 8.0 Hz, 1H), 3.88 (s, 3H), 3.85 ppm (s, 3H); 

31
P NMR (162 MHz, CDCl3): 

 = 25.0 ppm; 
13

C NMR (101 MHz, CDCl3):  = 153.6, (d, 
3
J = 3.6 Hz), 147.4 (d, 

3
J = 2.7 

Hz), 142.2 (d, 
3
J = 6.4 Hz), 130.8, 129.3, 128.0, 127.7, 127.5, 120.3 (d, 

3
J = 7.3 Hz), 54.5, 

54.5; IR (neat): = 2953, 2850, 1618, 1567, 1490, 1455, 1357, 1254, 1181, 1008, 954, 909, 

830, 749 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 269.8 [M
+
] (15), 268.7 (100), 174.8 (25), 

159.9 (8), 108.8 (34), 88.9 (19), 78.8 (12); HRMS (EI-TOF) calcd. for C11H12NO3PS: 

269.0276; found: 269.0291. 

Synthesis of Methyl 3-((dimethoxyphosphoryl)thio)thiophene-2-carboxylate (22) 

S
P

O

OMe
OMe

S CO
2
Me

 

Compound 22 was prepared following the standard procedure, starting from 2-

(methoxycarbonyl)-thiophene-3-diazonium tetrafluoroborate (256 mg, 1.00 mmol). After 
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purification, 22 was isolated as pale yellow oil (132.7 mg, 0.47 mmol, 47%). 
1
H NMR 

(400 MHz, CDCl3):  = 7.52 (d, 
3
J = 5.3 Hz, 1H), 7.44 (dd, 

3
J = 5.3, 1.0 Hz, 1H), 3.90 (s, 3H), 

3.87 (s, 3H), 3.84 ppm (s, 3H);
 31

P NMR (162 MHz, CDCl3):  = 24.2 ppm; 
13

C NMR 

(101 MHz, CDCl3):  = 161.6, 131.8 (d, 
3
J = 4.5 Hz), 130.9 (d, 

3
J = 1.8 Hz), 130.0 (d, 

3
J = 5.5 Hz), 129.7 (d, 

3
J = 7.3 Hz), 54.5 (d, 

3
J = 5.5 Hz, 2C), 52.3 ppm; IR (neat): = 2954, 

1705, 1499, 1437, 1404, 1354, 1240, 1182, 1075, 1008, 891, 832, 762, 662 cm
-1

; MS (Ion 

trap, EI, 70 eV): m/z (%): 283.0 [M
+
] (17), 281.9 (100), 251.1 (26), 156.0 (30), 143.0 (16), 

142.0 (19), 109.1 (39); HRMS (EI-TOF) calcd. for C8H11O5PS2: 281.9786; found: 281.9799. 

Synthesis of O,O-Dimethyl S-(9-ethyl-9H-carbazol-3-yl) phosphorothioate (23) 

S
P

O

OMe
OMe

N

Et  

Compound 23 was prepared following the standard procedure, starting from 9-ethyl-9H-

carbazole-3-diazonium tetrafluoroborate (309 mg, 1.00 mmol). After purification, 23 was 

isolated as colorless crystals (174.4 mg, 0.52 mmol, 52%); m. p. 105.3°C. 
1
H NMR 

(400 MHz, CDCl3):  = 8.28 (t, 
3
J = 2.0 Hz, 1H), 8.10 (dt, 

3
J = 7.8, 1.0 Hz, 1H), 7.63 (dt, 

3
J = 8.5, 1.0 Hz, 1H), 7.53-749 (m, 1H), 7.43-7.37 (m, 2H), 7.29-7.25 (m, 1H), 4.35 (q, 

3
J = 7.2 Hz, 2H), 3.87 (s, 3H), 3.84 (s, 3H), 1.43 ppm (t, 

3
J = 7.3, 3H);

 31
P NMR (162 MHz, 

CDCl3):  = 27.4 ppm; 
13

C NMR (101 MHz, CDCl3):  = 140.2, 140.1 (d, 
3
J = 2.1 Hz), 132.1 

(d, 
3
J = 3.7 Hz), 127.5 (d, 

3
J = 5.1 Hz), 126.3, 123.9 (d, 

3
J = 2.9 Hz), 122.1, 120.5, 119.4, 

113.6 (d, 
3
J = 7.3 Hz), 109.4 (d, 

3
J = 2.1 Hz), 108.7, 54.2 (d, 

3
J = 6.6 Hz, 2C), 37.6, 13.7 ppm; 

IR (neat): = 2954, 2339, 1737, 1623, 1590, 1471, 1449, 1381, 1348, 1316, 1253, 1178, 

1147, 1009, 881, 798, 749 cm
-1

; MS (Ion trap, EI, 70 eV): m/z (%): 242.1 (12), 241.0 (94), 

226.0 (100), 211.1 (24), 197.1 (11), 167.0 (20); HRMS (EI-TOF) calcd. for C16H18NO3PS: 

335.0745; found: 335.0737. 

Synthesis of O,O-Dimethyl S-((2,3-dihydrobenzofuran-3-yl)methyl) phosphorothioate 

(25) 

O

S
P

O

OMeMeO

 

Compound 25 was prepared following the standard procedure, starting from 2-(allyloxy)-

benzenediazonium tetrafluoroborate 25 (248 mg, 1.00 mmol). After purification, 23 was 
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isolated as pale yellow oil (230.4 mg, 0.84 mmol, 84%). 
1
H NMR (400 MHz, CDCl3):  = 

7.27 (d, 
3
J = 7.3 Hz, 1H), 7.16 (t, 

3
J = 7.5 Hz, 1H), 6.87 (dt, 

3
J = 7.5, 1.0 Hz, 1H), 6.79 (d, 

3
J = 8.0 Hz, 1H), 4.66-4.61 (m, 1H), 4.41 (ddd, 

3
J = 9.4, 5.1, 1.3 Hz, 1H), 3.81-3.73 (m, 7H), 

3.18 (tdd, 
3
J =  13.1, 5.5, 0.9 Hz, 1H), 3.05-2.95 ppm (m, 1H);

 31
P NMR (162 MHz, CDCl3): 

 = 30.5 ppm; 
13

C NMR (101 MHz, CDCl3):  = 159.9, 129.1, 128.1, 124.6, 120.5, 109.8, 

75.4, 53.8 (d, 
3
J = 6.4 Hz, 2C), 42.7 (d, 

3
J = 5.4 Hz), 34.8 ppm (d, 

3
J = 3.6 Hz); IR (neat): = 

2953, 1739, 1597, 1482, 1231, 1181, 1012, 966, 827, 748 cm
-1

; MS (Ion trap, EI, 70 eV): m/z 

(%): 265.0 (13), 264.0 (69), 144.0 (14), 132.0 (100), 131.1 (81), 115.0 (18), 91.0 (67), 89.1 

(11), 77 (30); HRMS (EI-TOF) calcd. for C11H13O4PS [M
+ 

- 2H]: 272.0272; found: 272.0278. 

Synthesis of O,O-Dimethyl S-phenyl phosphorothioate (28) 

S
P

O

OMe
OMe

 

[CAS: 4237-00-7] 

An oven-dried 20 mL crimp-cap vessel with stirrer bar was charged with Pd
I
-dimer 

catalyst 24 (13.1 mg, 0.015 mmol), 1 (161 mg, 0.75 mmol), iodobenzene 25 (57 µL, 

0.5 mmol) in Toluene/MeCN (2:1, 2 mL) and the reaction mixture was stirred for 15 h at 

80°C. The resulting mixture was diluted with diethyl ether (20 mL). The organic solution was 

washed with water (2 × 10 mL) and brine (10 mL). The organic layer was dried over MgSO4, 

filtered and concentrated (700 mbar, 40 °C) to afford the crude product 28. 
31

P NMR 

(162 MHz, CDCl3):  = 26.4 ppm, 30% NMR yield; MS (Ion trap, EI, 70 eV): m/z (%): 218.9 

[M
+
] (6), 217.9 (34), 186.0 (100), 185.0 (71), 184.2 (30), 108.9 (31), 77.0 (17), 65.0 (31), 51.0 

(43). 

Crystallographic data for 1 

Experimental  

X-ray diffraction data were collected by using a Rigaku Oxford Diffraction SuperNova, 

Single source at offset, Altlas as detector with SuperNova (Cu) X-ray Source and CuKα 

radiation (λ = 1.54178 Å). Single colourless prism crystal of C6H18NO3PS (1) was selected 

and was mounted on a 'multiwire proportional' diffractometer with perfluoropolyalkyl ether, 

viscosity 1800 cSt (ABCR) as cryoprotectant and then flashfrozen in a nitrogen-gas stream at 

112 K. The temperature of the crystal was maintained at the selected value (112 K) by means 

of an Oxford Instruments Cryjet XL cooling device to within an accuracy of ±1 K. Using 
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Olex2, the structure was solved with the Superflip structure solution program using Charge 

Flipping and refined with the ShelXL refinement package using Least Squares minimization. 

The crystal data collection and refinement parameters are given in Table S1. 

CCDC 1497456 contains the supplementary crystallographic data for this paper. These 

data can be obtained free of charge from the Cambridge Crystallographic Data Centre via 

https://summary.ccdc.cam.ac.uk/structure-summary-form. 
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Crystal structure determination of 1  

Table 1 Crystal data and structure refinement for 1.  

Identification code  Me4NSP(O)(OMe)2 

Empirical formula  C6H18NO3PS  

Formula weight  215.24  

Temperature/K  112(6)  

Crystal system  orthorhombic  

Space group  Pca21  

a/Å  14.1490(4)  

b/Å  11.2214(3)  

c/Å  13.8446(3)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å
3
  2198.13(10)  

Z  8  

ρcalcg/cm
3
  1.301  

μ/mm
-1

  3.816  

F(000)  928.0  

Crystal size/mm
3
  0.11 × 0.1 × 0.07  

Radiation  CuKα (λ = 1.54178)  

2Θ range for data 

collection/°  
7.878 to 152.504  

Index ranges  
-16 ≤ h ≤ 17, -13 ≤ k ≤ 13, -17 ≤ l 

≤ 17  

Reflections collected  11823  

Independent reflections  
4166 [Rint = 0.0201, Rsigma = 

0.0218]  

Data/restraints/parameter 4166/1/229  
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s  

Goodness-of-fit on F
2
  1.065  

Final R indexes [I>=2σ 

(I)]  
R1 = 0.0245, wR2 = 0.0657  

Final R indexes [all data]  R1 = 0.0250, wR2 = 0.0661  

Largest diff. peak/hole / e 

Å
-3

  
0.42/-0.27  

Flack parameter 0.018(8) 
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