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Abstract 

 

The thesis is focused on hydroxylamine-mediated direct arene C-H amination and C-C 

amination from benzyl alcohols, alkylarenes, styrenes and benzyl ethers/esters, which 

are used for the anilines synthesis. Additionally, this thesis consists of three parts. 

 

In the first part (Chapter 2), a direct metal-free arene C-H amination mediated by 

hydroxylamines (TsONHBoc or TsONHR) was discovered, accidentally. Besides one 

literature reported with only three examples, this is the only report for an aniline 

synthesis via hydroxylamine derivatives under metal-free conditions. Primary anilines 

and secondary anilines are afforded under open flask conditions with this protocol, by 

using TsONHBoc or TsONHR, respectively. In contrast to metal-catalyzed processes, 

the reaction is triggered by an oxygen-accelerated SET (single electron transfer) from 

the aromatic systems to the electron-deficient hydroxylamine derivatives. The 

recombination of an arene radical cation and an aminyl radical, which are in close 

proximity, then affords the aminated products. The methodology can be applied for the 

amination of a variety of complex molecules, natural bioactive products and best-

selling drugs. The operationally easy, broad functional group tolerance and scalability 

of this reaction in the absence of any metal make it appealing for both academy and 

industry. 

 

 

The second part (Chapter 3) describes an aza-Hock rearrangement of benzyl alcohols 

by using hydroxylamines (ArSO2ONHR) as reagents under mild conditions, which 

makes primary anilines accessible from O-(2,4,6-

trimethylbenzenesulfonyl)hydroxylamine (MSH) and secondary anilines available 

from other aminating reagents like TsONHR. Mechanistically we could prove that an 

aza-Hock rearrangement operates. Other benzyl cation precursors (eg. benzyl 
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ethers/esters/halides and alkylarenes) are also potent substrates for this strategy, 

expanding the synthetic utility. In addition, chemoselective C-C brominations and 

oxygenations are possible under similar conditions. Interestingly, despite some early 

evidence for such a reactivity pattern, until now the synthetic utility of this process is 

limited and our report might pave the way for further protocols based on such pattern 

in the future. 

 

 

A modified aza-Hock rearrangement of benzyl cation precursors ï alkylarenes, styrenes 

and benzyl ethers/esters ï mediated by hydroxylamines, was investigated in the third 

part (Chapter 4). Notably, i-alkylarenes are differentiated by the aminating reagent 

MSH over n-alkylarenes, and n-alkylarenes are smoothly converted into anilines with 

TsONHMe. This rare phenomenon points out a way to distinguish different kinds of 

alkylarenes with such a pattern. Moreover, aminodealkenylation (C-C amination of 

styrenes) opens a gateway for employing styrenes in a plethora of known benzyl cation 

transformations, which should serve as a valuable tool for anilines synthesis, adding to 

the growing catalogue of C-C functionalization. 
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Zusammenfassung 

 

In der vorliegenden Arbeit wurde sich der Hydroxylamin-vermittelte direkte Aren-C-

H-Aminierung und C-C-Aminierung aus Benzylalkoholen, Alkylarenen, Styrolen und 

Benzylethern/Estern, die f¿r die Anilinsynthese Verwendung finden gewidmet. Die 

Arbeit gliedert sich in die folgenden drei Teile: 

 

Im ersten Teil (Kapitel 2) wurde unverhoffter Weise eine durch Hydroxylamine 

(TsONHBoc oder TsONHR) vermittelte direkte metallfreie C-H-Aminierung von 

Arenen entdeckt. In der Literatur lªsst sich hierzu lediglich eine Verºffentlichung mit 

drei Beispielen zur Anilinsynthese ¿ber Hydroxylaminderivate unter metallfreien 

Bedingungen finden. Primªre und sekundªre Aniline werden mit diesem Protokoll unter 

Ăopen flask conditionsñ, also ohne Anwendung von Schutzgastechniken, unter 

Verwendung von TsONHBoc bzw. TsONHR dargestellt. Im Gegensatz zu 

metallkatalysierten Prozessen wird die Reaktion durch einen sauerstoffbeschleunigten 

SET (Ăsingle electron transferñ) von gegebenen aromatischen Systemen hin zu den 

elektronenarmen Hydroxylamin-Derivaten ausgelºst. Die Rekombination eines 

Arenradikalkations und eines Aminylradikals, die sich in unmittelbarer Nªhe befinden, 

liefert daraufhin die aminierten Produkte. Die hier prªsentierte Methodik kann f¿r die 

Aminierung einer Vielzahl komplexer Molek¿le, nat¿rlicher bioaktiver Produkte und 

meistverkaufter Medikamente angewendet werden. Zudem steigern die einfache 

Handhabung, die hohe Toleranz gegen¿ber funktionellen Gruppen, die mºgliche 

Skalierbarkeit sowie die Abwesenheit von Metallen die Attraktivitªt der vorgestellten 

Synthese sowohl f¿r die akademische Forschung als auch f¿r die Industrie. 

 

 

Der zweite Teil (Kapitel 3) beschreibt eine Aza-Hock-Umlagerung von 

Benzylalkoholen unter Verwendung von Hydroxylaminen (ArSO2ONHR) als 

Reagenzien unter milden Bedingungen. Dies ermºglicht den einfachen Zugang 
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primªrer Aniline aus O-(2,4,6-Trimethylbenzolsulfonyl)hydroxylamin (MSH) und den 

sekundªrer Aniline, aus Aminierungsreagenzien wie TsONHR. Mechanistisch wurde 

das Ablaufen einer Aza-Hock-Umlagerung bewiesen. Weitere Benzylkationen-

Vorstufen, wie z. B. Benzylether/Ester/Halogenide und Alkylarene, stellen ebenfalls 

geeignete Substrate f¿r diese Strategie dar und erweitern somit den synthetischen 

Nutzen dieser. Dar¿ber hinaus sind unter ªhnlichen Bedingungen chemoselektive C-C-

Bromierungen und Oxygenierungen mºglich. Interessanterweise ist der synthetische 

Nutzen dieses Prozesses trotz einiger fr¿her Beweise f¿r ein solches Reaktivitªtsmuster 

begrenzt, sodass unser Bericht den Weg f¿r weitere Protokolle ebnen kºnnte, die auf 

einem derartigen Muster basieren. 

 

 

Im dritten Teil (Kapitel 4) wurde eine durch Hydroxylamine vermittelte modifizierte 

Aza-Hock-Umlagerung von Benzylkation-Vorstufen ï Alkylarene-, Styrol- und 

Benzylether/Ester ï untersucht. Bemerkenswerterweise unterscheiden sich i-Alkyl-

arene durch das Aminierungsreagenz MSH gegen¿ber n-Alkylarenen, welche mittels 

TsONHMe effizient in Aniline ¿berf¿hrt. Dieses seltene Phªnomen bietet die 

Mºglichkeit, diverse Arten von Alkylarenen anhand eins solchen Musters zu 

unterscheiden. Dar¿ber hinaus erºffnen sich anhand der Aminodealkenylierung (C-C-

Aminierung von Styrolen) neue Wege f¿r den Einsatz von Styrol-Derivaten in einer 

Vielzahl bekannter Benzylkationen-Transformationen, welche zugleich als wertvolles 

Werkzeug f¿r Anilinsynthesen dienen kºnnten und damit den wachsenden Katalog der 

C-C-Funktionalisierung ergªnzen. 
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Chapter 1 General Introduction 

Anilines are of paramount importance to all aspects of chemical science 

(pharmaceuticals, agrochemicals, organic chemicals and natural bioactive products).[1] 

The past decades have witnessed a significant improvement of amination reactions of 

arenes. Such motifs are typically accessed by a nitration-reduction sequence or by 

transition metal-catalyzed cross-coupling reactions (Buchwald-Hartwig,[2] Ullmann[3] 

and Chan-Lam reaction[4]). In the case of the former conventional nitration-reduction, 

harsh conditions are needed and often poor site-selectivity is accompanied; in the case 

of the latter cross-couplings, pre-functionalized aryl (pseudo) halides are required and 

needed several steps to synthesize them. As such, methods for the direct amination of 

unfunctionalized arenes are highly desirable while far from being developed.[5] To 

address this drawback, modern methods for direct arene C-H amination via 

organometallic chemistry,[5-6] photochemistry[7] and electrochemistry[8] and arene C-C 

amination mediated by azides with/without iron catalysis[9] and hydroxylamine 

derivatives[10] are invented, which both represent rapid and reliable ways to construct 

C-N bonds from easily affordable chemical feedstocks. This chapter is focused on 

methodologies of C-H/C-C amination, and in addition, hydroxylamines-involved 

relevant reactions are therefore discussed here (regarding the power of hydroxylamines 

in amination reactions). So a brief overview of aminating protocols is summarized 

below: arene C-H amination, arene C-C amination and other reactions with 

hydroxylamines. 

1.1 Arene C-H Amination 

1.1.1 Photocatalytic Arene C-H Amination 

Photochemistry can serve as an alternative for the direct C-H amination of simple 

arenes,[7] but special apparatuses and expensive catalysts are necessary. For example, 

in 2014, Sanford[11] reported a new photocatalytic, Ir(ppy)3-catalyzed method with N-

acyloxyphthalimides for the C-H amination of arenes and heteroarenes (Scheme 1). In 
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the reaction, phthalimide nitrogen radical was generated from N-acyloxyphthalimide 

induced by iridium catalyst, followed by the addition of nitrogen radical to arene to 

afford aryl radical, then oxidized by IrIV to form the Wheland intermediate, which was 

irreversibly deprotonated to acquire the aminated product. However, the site-selectivity 

is a big challenge: ortho- vs meta- vs para-aminated product for all substrates. 

 

Scheme 1. Arene/heteroarene C-H amination with N-acyloxyphthalimide  

 

Later, an intramolecular arene C-H amination via iminyl radical from O-acyl 

hydroxylamine promoted by visible light was reported by Zhang and Yu,[12] which 

developed a new approach to access to heteroarenes systemsïpyridines, quinolines and 

phenanthridines (Scheme 2).  

 

Scheme 2. 6-endo-trig Amination of iminyl radicals from oximes 
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In 2015, Nicewicz[13] developed an elegant C-H amination of simple arenes by an 

organic acridinium photoredox catalyst (Mes-Acr+F4B-) with TEMPO as cocatalyst 

(Scheme 3). The reaction showed good selectivity; however, the substrate scope was 

limited to electron-rich arenes and aminating partners relied on pyrazoles or similarities 

(although not with restrictions on the use of amides and imides), and only 8 primary 

anilines were documented with ammonium carbamate (NH4
+H2NCOO-) as an 

aminating reagent. 

 

Scheme 3. Acridinium-catalyzed arene C-H amination 

 

Subsequently, the method was improved by Lei and coworkers[14] by using heterocyclic 

azoles as nitrogen sources under oxidant-free conditions with good selectivity (Scheme 

4). Not like Nicewiczôs work,[13] cobalt was used instead of oxidants (TEMPO, O2) in 

combination with H2 evolution.  



п 
 

 

Scheme 4. Photochemical cobalt-catalyzed C-H amination between arenes and azoles  

 

In 2017, the hydroxylamine derivatives ArONRRô as aminating reagents were 

developed by Leonori[15] in a Ru(bpy3)Cl2-catalyzed arene C-H amination (Scheme 5). 

With this strategy, amine partners were expanded to alkylamine (not limited to amides, 

imides and azoles), and late-stage functionalizations with such protocol were also 

successfully applied. 
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Scheme 5. Ru(bpy)3Cl2-catalyzed arene C-H amination via aminium radicals 

 

Recently, the method was highlighted again by Leonoriôs group[16] with direct simple 

amines as the nitrogen source, in combination with HClO4 as strong acid (used for 

inhibiting side-products chloroarenes) (Scheme 6). And this is a big step for arene C-H 

amination with simple alkylamines as nitrogen partners, which makes it appealing from 

a synthetic utility aspect. 

 

Scheme 6. Ru(bpy)2Cl2-catalyzed regioselective arene C-H amination with alkyl 

amines 

 

Togni and Carreira,[17] as well as Ritter[18] reported that N-OTf pyridine as pyridine 

radical cation could be used for the construction of C-N bonds in 2019 (Scheme 7). In 

this case, meta-aminated electron-poor arenes were also accessible as the early 

transition state of the addition of pyridine radical to arene was supposed to dominate 

the reaction, therefore it is an unsolved problem to afford one isomer of the desired 

anilines. 

 

Scheme 7. Ru(bpy)3(PF6)2-catalyzed arene C-H amination using pyridine radical cation 
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1.1.2 Electrochemical Arene C-H Amination 

Another approach to achieve C-H amination, developed by Yoshidaôs group,[19] is based 

on electrochemical oxidation[7] ï under the formation of aryl radical cations, 

nucleophilic addition of nitrogen partners, aryl aminium generation after loss 1 e- and 

1 H+, aryl amine production after hydrolysis (Scheme 8). In addition, strategies based 

on electrochemistry need special apparatuses and harsh conditions. In this way, a high 

potential is needed to oxidize the arenes and only imidazole or similarities were used 

as nitrogen partners. 

 

Scheme 8. Electrochemical oxidation arene C-H amination with heteroarenes 

 

In 2019, Hu and coworkers[20] developed a photoelectrocatalytic arene amination 

showing an unusual ortho-selectivity, but the scope was limited to electron-rich arenes 

(Scheme 9). The unusual ortho-selectivity was attributed to the formation of hydrogen 

bonding between the anisole radical intermediate and the solvent HFIP. 

 

Scheme 9. Photoelectrocatalytic ortho-selective arene C-H amination  

 

1.1.3 Transition Metal-Catalyzed Arene C-H Amination 

Furthermore, a powerful route to arylamines is the transition metal-catalyzed direct 

arene C-H amination without a directing group.[6, 21] For example, Baran[22] developed 



т 
 

a ferrocene-catalyzed arene C-H amination with NSP (N-succinimidyl perester) as a 

reagent in 2014 (Scheme 10). Instead of light irradiation in combination with iridium 

catalyst (Sanfordôs work[11]), Cp2Fe alone could also generate aminyl radical from NSP, 

which added to arene to form aryl radical, then loss of one electron and proton to yield 

the aminated product. In analogy to Sanfordôs work,[11] selectivity is also a challenge. 

 

Scheme 10. Cp2Fe-catalyzed arene C-H amination with N-succinimidyl perester 

 

In 2016, Ritter and coworkers[23] proposed a charge-transfer transition state between 

the arene substrates and an aminium radical (derived from Selectfluor) in a double 

transition metal-catalyzed process as the key step to afford para-selective aminated 

products with high selectivity (Scheme 11). The perfect selectivity was attributed to the 

high electron affinity of the TEDA2+Å radical, which can be explained by Fukui indices. 

 

Scheme 11. para-Selective C-H amination enabled by charge-transfer-directed radical 

substitution  

 

In 2016, Falck[24] invented a rhodium-catalyzed directed arene C-H amination with 

hydroxylamine under mild conditions, delivering arylamines and tetrahydroquinolines 

in good yields (Scheme 12). This is the first time hydroxylamines were used for metal-
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catalyzed arene C-H amination, and rhodium imine was responsible for the conversion 

according to DFT calculations. However, only electron-rich substrates were tolerated, 

and primary aniline was shown for one example.  

 

Scheme 12. Rh2(esp)2-catalyzed arene C-H amination with hydroxylamine  

 

Later, a direct arene C-H amination was successful by using hydroxylamine derivatives 

(MsONH2ÅHOTf, ArCO2NH2ÅHOTf) in combination with iron by Morandi,[25] Ning[26] 

and Ritter.[27] (Scheme 13). An amino radical initiated by an iron catalyst was proved 

in the reaction. Electron-deficient arenes could be aminated with MsONH2ÅHOTf in 

HFIP. Additionally, Ritter first testified that MsONH2ÅHOTf could achieve an arene C-

H amination under metal-free conditions, but with the restriction that only electron-

deficient arenes (three examples) could be applied.  

 

Scheme 13. Iron-catalyzed arene C-H amination with hydroxylamine triflate salt 

 

Recently, in an iron-catalyzed process, meta-C-H aminated products were achieved 

with HOSA and picolinates as directing group by Falck[28]; in which picolinate-directed, 

iron-nitrenoid electrophilic aromatic substitution (SEAr) was proved by relevant 

experiments (Scheme 14). 
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Scheme 14. FeCl3-catalyzed arene meta-C-H amination with HOSA 

 

And a titanium-catalyzed arene C-H amination with NH2OHÅHCl was disclosed by 

Sanford,[29] which underwent an aminyl radical pathway (Scheme 15). But 

stoichiometric titanium (2 eq.) and a large amount of sulfuric acid (10 eq.) were needed 

to finish the transformation. 

 

Scheme 15. TiCl3-catalyzed arene C-H amination with NH2OHÅHCl 

 

During our manuscript of the first project transferred to different journals, Morandi[30] 

published an iron-promoted aromatic CīH amination with NsONHMeÅHOTf (Scheme 

16). In this case, strong electron-deficient arenes (benzoate, nitrobenzene, etc.) were 

not included. 

 

Scheme 16. FeSO4-catalyzed arene C-H amination with hydroxylamine derivatives 

 

1.1.4 Metal-free Arene C-H Amination 

For these above protocols, metals are needed, which leads to economic pressure in the 

purification step (removal of the metal contamination), especially in the pharmaceutical 

industry. Thus, metal-free arene C-H amination is a practical, economical alternative 

for this conversion. For example, intramolecular arene C-H aminations of oximes or 

derivatives with normal reagents (TFAA or NaH) were reported by Narasaka (Scheme 

17). For the upper equation in Scheme 17, an SN2-type amination mechanism was 

proposed,[31] and for the down equation in Scheme 17, radical cyclization of oximes 

was hypothesized.[32] 
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Scheme 17. Intramolecular SN2-type/radical amination of oximes  

 

For the above two cases, only intramolecular aryl ketoximes C-H aminations were 

feasible. But in 2003, Narasaka[33] successfully reported nucleophilic addition of arenes 

with N, N-dimethyl-2-imidazolidinone O-methoxyacetyloxime, followed by hydrolysis 

with CsOH or reduction with LiAlH4, delivering arylamines as the products, but only 

five examples of anisoles were documented (Scheme 18). 

 

Scheme 18. Arene C-H amination with N, N-dimethyl-2-imidazolidinone O-

methoxyacetyloxime 

 

Later, Shubin[34] presented a metal-free electrophilic amination of arenes with nitrenium 

ion (from triflic acid and NaN3), but only 6 examples of alkylarenes were demonstrated 

(Scheme 19). 
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Scheme 19. Electrophilic amination of alkylarene with NaN3 

 

Besides, the groups of Chang[35] and Deboef[36] employed PhI(OAc)2 as the oxidant in 

combination with amides as the nitrogen source to afford aryl amides, but harsh 

conditions were needed, the substrate scope was limited and the selectivity was 

moderate (Scheme 20). Interestingly, both groups proposed an ñN-Iò intermediate; in 

addition, Chang believed that iodine nitrene was also involved in the reaction, but aryl 

radical cation (one-electron transfer from arene to PhI(OAc)2), thought by Deboef, was 

responsible for such conversion. 

 

Scheme 20. PhI(OAc)2-mediated arene C-H amination with phthalimide 

 

Besides, regardless of the arylamine synthesis, simple hydroxylamine or its derivatives 

are also used for the construction of aliphatic C-N bonds. For example, commercially 

available HOSA (hydroxylamine-O-sulfonic acid) and DPH (O-(2,4-

dinitrophenyl)hydroxylamine) were used for aziridinations of olefins with rhodium as 

the catalyst, which was reported by K¿rti and Falck (Scheme 21).[37] A rhodium nitrene 

was proved for this transformation by DFT calculation. 

Scheme 21. Rh2(esp)2-catalyzed aziridination between olefin and hydroxylamine  

 

Besides, several publications on intramolecular arene C-H amination under metal-free 
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conditions with aryl or indolyl hydroxylamine derivatives were achieved by Bower,[38] 

affording the products of the dearomatization of arenes and indoles (Scheme 22). For 

aryl hydroxylamines substrates, an SEAr-like mechanism was proposed; for alkenyl 

hydroxylamines, a concerted aza-Prilezhaev-type mechanism was calculated by DFT.[39]  

 

Scheme 22. Intramolecular dearomatization via arene C-H amination with aryl/indolyl 

hydroxylamine 

 

1.2 Arene C-C Amination 

However, specific site-selectivity is a significant challenge for C-H amination protocols 

ð ortho- versus para-selectivity for electron-rich substrates; ortho- versus meta- 

versus para-selectivity for electron-deficient substrates. Alternatively, direct C-C 

amination is a method to address the site-selectivity problem. Many examples for 

transition metal-catalyzed functionalizations via decarboxylative aminations[40] as well 

as metal-free reactions (Lossen,[41] Hoffmann,[42] Curtius,[43] Schmidt[44] and Neber 

rearrangements,[45] Scheme 23) of carboxylic acids and their derivatives exist, but 

several synthetic steps are needed. Only a few publications report on direct access to 

anilines under metal-free conditions in a one-step approach.  

 

Scheme 23. the Mechanism of Curtius, Schmidt, Hoffmann, Lossen and Neber 

rearrangements 
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The Beckmann rearrangement[46] is a classical way to synthesize anilines from 

ketoximes or surrogates. A pioneering work reported by Walter[47] relied on a similar 

strategy, starting from 2-benzoylpyridine ketoxime or its O-p-toluenesulfonate, 

followed by a Beckmann rearrangement and hydrolysis to provide 2-amino pyridine or 

anilines, but only two examples were presented: aniline could be accessible as the 

byproduct when acid as a solvent was used (Scheme 24).  

 

Scheme 24. Beckmann rearrangement of the oximes of 2-benzoylpridines 

 

A recent patent[10a] described the preparation of anilines using the Beckmann 

rearrangement of aryl ketoximes, which still needed strong acid (PPA, H2SO4, MeSO3H, 

or HCl) and high temperature (>100oC) to facilitate the transformation (Scheme 25).  

 

Scheme 25. Direct deacylative amination of ketones with NH2OHÅHCl 

 

Later this method was improved by Uchida, [10b] who realized the direct deacylative 

amination of acyl arenes with ketoxime benzenesulfonate, affording anilines through a 

cascade reaction under mild conditions (Scheme 26). However, via this Beckmann 

methodology only primary anilines are accessible.  
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Scheme 26. Direct deacylative amination of acyl arenes with ketoxime 

benzenesulfonate 

 

Still, metal-free direct dealkylative aminations remain an underexplored area, 

especially for the difficult C(sp2)ïC(sp3) bond cleavage (bond dissociation energy: 

C(sp2)ïC(sp3) 98ï100 kcal/mol).[48] One other way to address this problem is the 

Schmidt rearrangement of Ŭ-azido ethylbenzene intermediates. An initial 

intramolecular C-C amination was possible when starting from benzylic azides in the 

presence of Lewis acids (CF3SO3H or EtAlCl2) as the catalyst, secondary amines were 

observed as side-products (Scheme 27).[49]  

 

Scheme 27. Lewis acid-mediated Schmidt rearrangement of benzylic azides 

 

Later the Ning group[9, 50] demonstrated that alkylarenes or secondary benzyl alcohols 

were feasible to undergo C-C aminations with DDQ as oxidant and NaN3 or alkyl azides 

as the aminating reagents (Scheme 28). At first, the transformation was achieved in 

combination with FeCl2, and moderate yields were afforded without an iron catalyst; 
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later the technique was developed with NaN3 and DDQ in the absence of iron. Further 

later, this technique was developed further by the same group,[51] replacing common 

oxidants by electrochemistry. However, highly toxic and explosive sodium azides or 

alkyl azides are essentially needed for this Schmidt-like transformation, thus safety 

precautions should be taken when undertaking such reactions. Besides, different kinds 

of alkylarenes (such as n-alkylarenes, i-alkylarenes) can not be distinguished with this 

protocol. 

 

Scheme 28. Arene dealkylative amination with azides 

 

Moreover, intramolecular arene C-C amination with hydroxylamines mediated by 

Lewis acid can be tracked. Swain,[52] Tokuyama[53] and Naito[54] described DIBAL -H-

mediated intramolecular rearrangement of hydroxylamine respectively, delivering the 

ring-enlargement products; however, all examples were limited to intramolecular 

reactions (Scheme 29). 

 

Scheme 29. DIBAL-H-mediated intramolecular rearrangement of arylhydroxylamine 
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Subsequently, the above strategy was improved by Naito[55] and Miyata,[56] who 

reported domino elimination/rearrangement/addition reaction of N-

alkoxy(arylmethyl)amines with alkyl metal reagents, giving Ŭ-alkyl-substituted 

tetrahydroquinoline similarities (Scheme 30). 

 

Scheme 30. Domino reaction of hydroxylamine with organic metal reagents 

 

1.3 Other Reactions with Hydroxylamines 

In addition to the power of hydroxylamine in amination reactions, several classical 

examples with hydroxylamine substructures in different types of reactions in recent 

years are presented below. In 2018, efficient access to primary anilines by an iron-

catalyzed aminochlorination of alkenes was reported by Morandi[57] (Scheme 31). This 

is the first time to directly access 2-chloroalkyamines via a radical pathway, and in 

combination with anti-Markovnikov regioselectivity with respect to the amino group. 

 

Scheme 31. Fe(acac)2-catalyzed aminochlorination of alkenes 

 

A hydroxylamine sequence can also be used as directing group in palladium-catalyzed 

C-H functionalization. Yu[58] noted that a distal ɔ-Csp3ïH activation rather than a 

proximate ɓ-Csp3ïH activation takes place with pyruvic acid oxime ether as directing 

group directed by a less strained six-membered cyclopalladation intermediate, which 

reversed the conventional site-selectivity in Csp3ïH activation (Scheme 32). 
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Scheme 32. Pd(OAc)2-catalyzed ɔ-Csp3ïH functionalization 

 

Hydroxylamine derivatives can also be used in photo-mediated [2+2] reactions. In 2020, 

Schindler[59] reported an unprecedented visible-light-mediated intermediated 

intermolecular aza-Patern¸ïB¿chi reaction for the synthesis of azetidines (Scheme 33). 

The key intermediate was the long-lived diradical of the isoxazoline in the triplet state.  

 

Scheme 33. Photo-mediated intermolecular aza-Patern¸ïB¿chi reaction 

 

In 2021, an oxyimination of unactivated alkenes with bifunctional oxime carbonate was 

reported by Glorius,[60] which showed different regioselectivity (2-amino-1-alcohol 

versus 1-amino-2-alcohol) and mechanism (oxygen radical initiated, then iminyl radical 

terminated) (Scheme 34). 

 

Scheme 34. Photo-mediated oxyimination of alkenes 

 

Dioxazolone, a hydroxylamine derivative, was frequently used as a nitrene precursor 

by Chang. In 2018, Chang published the first Csp3-H amidation with an iridium-

nitrenoid, and Curtius-type side products were inhibited with the special iridium 

catalyst (Scheme 35, up).[61] Later, hydrazides were acquired by the intermolecular N-N 

coupling with the aid of iridium or iron via the same strategy (Scheme 35, down).[62] 
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Scheme 35. Metal-nitrene mediated Csp3-H amidation and N-N coupling reaction 

 

Very recently, a skeletal editing through direct nitrogen deletion of secondary amines 

enabled by N-pivaloyloxy-N-alkoxyamides was reported by Levin.[63] He proved that 

molecular nitrogen was formed, then short-lived diradicals rapidly generated the new 

carbon-carbon bond (Scheme 36). 

 

Scheme 36. Direct nitrogen deletion of secondary amines 

 

Besides, hydroxylamine could also be used in biology. Toste and Chang[64] disclosed 

the chemoselective reaction of the native methionine side chains in proteins with 

oxaziridines to form sulfimidates which was an excellent example of hydroxylamines 

applied in biology (Scheme 37, up). Later, Arnold[65] reported benzylic and allylic Csp3-

H amination with PivONH2ÅHOTf catalyzed by enzyme P411 variants (Scheme 37, 

down). 
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Scheme 37. Hydroxylamines used in biological sulfimidation and amination 

 

1.4 Objectives 

Despite the significant advances, a direct C-N bond formation, particularly a method 

that enables a direct C-H amination of arenes under benign conditions, is still of high 

importance. In principle, metal-free processes are preferred, especially in the 

pharmaceutical industry. As a consequence, safe and easy-to-handle protocols are still 

needed for direct C-H and C-C aminations under metal-free conditions. 

Hydroxylamines are often used for photocatalytic/transition metal-catalyzed arene C-

H amination or olefin aziridination, and intramolecular aminations were also achieved. 

The special utility of hydroxylamines in aminations suggests that hydroxylamine 

derivatives might be powerful aminating reagents for intermolecular reactions. Thus, 

hydroxylamines were investigated by us to facilitate intermolecular arene C-H/C-C 

amination under metal-free conditions in an appropriate solvent. In addition, we 

attempted to afford the site-selective aminated product from different kinds of 

substrates. 
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Chapter 2 A Metal-free Arene C-H amination 

2.1 Introduction 

Anilines, key units in chemistry, are widely applied in pharmaceuticals, agrochemicals, 

organic materials, and natural bioactive products.[1] Until now, a variety of methods are 

developed for anilines synthesis: traditional nitration-reduction, transition metal-

catalyzed coupling reactions and metal/photo/electro-mediated direct arene C-H 

aminations. Among these, arene C-H aminations are superior to access to anilines, as 

harsh reaction conditions and aryl pseudo halides are not required. However, special 

apparatus and expensive transition metals/photosensitizers hamper the utility of those 

C-H aminations. Accordingly, methods for direct amination under mild conditions 

without any expensive catalysts are highly desirable while far from being developed. 

In all published literature, simple hydroxylamine or its derivatives are often used for 

the construction of C-N bonds. The representative examples were illustrated below 

(Scheme 1a): in 2016, Falck[2] invented a rhodium-catalyzed directed arene C-H 

amination with TsONHMe under mild conditions; Later, a direct arene C-H amination 

was successful by using hydroxylamine derivatives (MsONH2ÅHOTf, RCO2NH2ÅHOTf, 

NsONHMeÅHOTf, NH2OHÅHCl) in combination with iron or titanium as the catalyst 

by Morandi,[3] Ning,[4] Ritter[5] and Sanford;[6] Recently, in an iron-catalyzed process, 

meta-C-H aminated products were achieved with hydroxylamine-O-sulfonic acid 

(HOSA) by Falck;[7] Additionally, Ritter[5] first testified that MsONH2ÅHOTf could 

achieve an arene C-H amination under metal-free conditions, providing three examples, 

which suggests the possibility of hydroxylamine in a metal-free arene C-H amination. 

 

Scheme 1. Methods for the synthesis of arylamines 
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Based on the above-mentioned protocols, we envisioned that the hydroxylamine 

derivative in an appropriate solvent would enable a metal-free direct arene C-H 

amination. Especially, fluorinated solvents (HFIP and TFE), showing strong power in 

arene C-H amination, might be a good choice in this metal-free amination. Herein, we 

report that charge transfer in the transition state and radical recombination can lead to 

para-selective amination products without metal and under mild conditions in good 

yields (especially for electron-rich substrates, Scheme 1b). 

 

2.2 Results and Discussion 

2.2.1 Optimization of the Reaction Condition towards Primary Anilines 

Initially, we conducted arene C-H amination in combination with TsONHBoc 1, 

inspired by the work of Falck,[2] He[8] and Ritter[9] (Falck: rhodium-catalyzed arene C-

H amination with hydroxylamine derivatives; He: gold nitrene initiated arene C-H 

amination; Ritter: direct arene C-H oxygenation with peroxide MsOOMs). TsONHBoc, 

bearing a weak N-O bond as MsOOMs does, was deemed to be a potential aminating 

reagent for the anilines synthesis. Initial investigation of mesitylene, 1 and AuCl3 as a 

catalyst in TFE at room temperature, provided 2,4,6-trimethylaniline 2 in 41% yield 

(entry 2). The optimization of aniline synthesis was illustrated in Table 1. The choice 

of solvent is crucial: no fluorinated DCM failed in the transformation; fluorinated 

alcohols TFE afforded anilines in moderate yields and more polar, non-nucleophilic 

HFIP exhibited better performance than TFE, giving 67% yield (entries 1 ï 3). 

Surprisingly, AuCl3 is not essential for the reaction, an even better yield was acquired 

without gold catalyst (entries 2, 3). Moreover, the concentration of reaction affected the 

yield: high yield was afforded with a high concentration (entries 4 ï 6); 2 equivalents 

of 1 gave better yield (entries 6, 8). Room temperature performed better than an 

elevated temperature (entries 6, 7). The relevant aminating reagent, MsONHBoc, 

generated a comparable yield (entries 8, 9). 0.2 mol/L of mesitylene in combination 

with TsONHMe (1, 0.4 mmol) in 1mL HFIP at room temperature turned out the 
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optimized condition, delivering isolated 81% yield. A control experiment of 1 alone in 

HFIP indicated that the Boc group was removed in the acidic HFIP within 3 h (see 

Experimental Section). 

 

Table 1. Optimization of the C-H amination between mesitylene with TsONHBoc  

 

Entry Solvent Additive Yielda 

1 DCM (0.1M, r.t.) AuCl3 0 

2 TFE (0.1M, r.t.) AuCl3 41% 

3 TFE (0.1M, r.t.) None 45% 

4 HFIP (0.1M, r.t.) None 67% 

5 HFIP (0.2M, r.t.) None 70% 

6 HFIP (0.4M, r.t.) None 76% 

7 HFIP (0.4M, 50ÁC) None 70% 

8b HFIP (0.4M, r.t.) None 81% (81%c) 

9d HFIP (0.4M, r.t.) None 74% 

Reaction conditions: mesitylene (0.2 mmol), 1 (0.3 mmol), AuCl3 (0.01 mmol), HFIP (0.5 mL), 36 

h. aNMR yield (1,3,5-trimethoxybenzene as internal standard). b 1 (0.4 mmol) instead of 1 (0.3 

mmol). cisolated yield. d MsONHBoc (0.4 mmol) instead of 1. 

 

2.2.2 Scope and Limitation with Respect to Primary Anilines 

With optimized conditions in hand, we explored the arene scope with 1 as the aminating 

reagent (Table 2). Trisubstituted benzenes were feasible in the reaction, providing 

anilines in moderate to good yields (2, 4, 5), but polysubstituted benzenes showed less 

efficiency in the reaction as the relevant anilines (6, 7) are sensitive towards oxidants. 

Unsymmetric benzenes, anisoles and electron-deficient arenes C-H amination were not 

implemented with 1; however, MsONH2ÅHOTf (3), a more powerful aminating reagent, 

could successfully convert electron-deficient arenes into anilines in good yields at high 

temperatures (8 ï 10), but also showed poor performance on an electron-neutral 

substrate and no anilines detected from electron-rich anisoles. Thatôs is consistent with 

Ritterôs report.[5] Later this problem was solved by Falckôs methodology[2] (Rh(esp)2-

catalyzed arene C-H amination with in situ generated MSH in TFE). With this strategy, 
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anisole 12 could be aminated in 75% yield with 1 instead of Boc-MSH in HFIP (the in 

situ generated MSH could not completely convert anisole into aniline), but benzene 11 

gave poor yield in such protocol. Heteroarenes with S or N atoms (13 ï 16) could not 

proceed with C-H amination, as aminating reagents could aminate on heteroatoms first 

instead of carbons on arenes cores. 

 

Table 2. Substrate scope with respect to the arenes for the synthesis of primary aryl 

amines  

Reaction conditions: aarene (0.2 mmol), 1 (0.4 mmol), HFIP (0.5 mL), r.t., 36 h ï 10 d, isolated 

yield, Isomeric ratio (A: B: C) determined by isolated isomers; barene (0.2 mmol), 3 (0.4 mmol), 

60ÁC or 80ÁC, 12 h ï 36 h, isolated yield; cisomeric ratio (A: B) determined by NMR; darene (0.2 

mmol), Rh2(esp)2 (0.004 mmol), 1 (0.4 mmol), HFIP (0.5 mL), r.t. 12 h, isomeric ratio (A: B: C) 

determined by isolated isomers. 

 

2.2.3 Optimization of the Reaction Condition towards Secondary Anilines 

The success of arene C-H amination towards primary anilines promoted us to 

investigate the synthesis of secondary anilines with such protocol. As depicted in Table 

3, the first try of mesitylene, in situ-generated TsONHMe 18 in the presence of TFA in 

HFIP afforded N,2,4,6-tetramethylaniline 17 in 50% yield (entry 1). But prepared 

aminating reagent 18 gave a better yield (entry 2). The additive also had an effect on 

the reaction: TsOHÅH2O slightly decreased the yield, while K2CO3 almost totally 

inhibited the reaction (entries 3, 4). Other reaction parameters were also investigated: a 

comparable yield was obtained when the reaction was conducted in the dark or under 

an oxygen atmosphere (entries 5, 7); but the yield decreased significantly (by 9%) when 
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the reaction was performed under nitrogen atmosphere (entry 6), which means oxygen 

indeed plays an important role in the reaction. MsONHMe as an alternative aminating 

reagent could also facilitate the reaction, albeit in a lower yield (76%). 0.2 mmol/L 

mesitylene with TsONHMe (18, 0.4 mmol) in 0.5 mL HFIP at room temperature turned 

out to be optimal for the synthesis of aniline 17. All reactions were conducted in new 

vials, and trace metals are not involved in the arene C-H amination from the ICP 

experiments (TsONHMe: < 1ppm for Fe, Cu, and Pd, Rh, Ru below the detection limit; 

HFIP: Fe, Cu, Pd, Rh, Ru below the detection limit). Despite mesityleneôs weak 

benzylic C-H bonds, which are prone to benzylic C-H aminations, only an aromatic 

Csp2-H amination was observed in excellent chemoselectivity. No double aminations 

were observed in our system. 

 

Table 3. Optimization of the C-H amination between mesitylene and TsONHMe  

 

Entry R Additive Yielda 

1 Boc 2 eqs TFA 50% 

2 H None 83% (83%)b 

3 H 1 eq TsOHÅH2O 76% 

4 H 1 eq K2CO3 Trace 

5c H None 80% 

6d H None 74% 

7e H None 81% 

8f H None 76% 

Reaction conditions: mesitylene (0.2 mmol), aminating reagent (0.4 mmol), HFIP (0.5 mL), 36 h; 
aNMR yield (1,3,5-trimethoxybenzene as internal standard); bisolated yield; cin the dark; dunder 

argon atmosphere; eunder oxygen atmosphere; fMsONHMe (0.4 mmol) instead of 18. 
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Figure 1. Overlay of 1H NMR samples (d2-HFIP) taken during the reaction 

Aniline 17 signals for aromatic-H highlighted in red, signals for MeNH group in blue. 

 

2.2.4 Scope and Limitation with Respect to Secondary Anilines 

Next, we explored the scope with respect to the arenes in combination with 18. As 

illustrated in Table 4, para-substituted anilines were the only isomer from mono-

alkylsubstitued benzenes (19 ï 21), albeit in low to moderate yields and long reaction 

time. Dialkyl-substituted benzenes (23 ï 28) went smoothly with 18, delivering anilines 

in good to excellent yields as well as good selectivity (except for o-xylene, ortho-C-H 

amination took as side reaction; other arenes gave only one isomer of anilines). Indan 

(29) and tetralin (30) worked as well, but poor selectivity in line with o-xylene. 

Heterocycles (31 ï 33) were viable in the amination process, and noteworthy, only one 

aniline was isolated from 1-tosylindoline 32. Trialkylsubstituted and 

polyalkylsubstituted benzenes (17, 34 ï 38) were good examples in the transformation, 

providing anilines in high yields. Besides, anisoles were also testified in our reaction. 

The successful synthesis of para-isomer of anilines from (4-bromobutoxy)benzene (40) 

was needed to point out, as it turned out to be unstable above 35oC. Exclusively the 
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para-isomer aniline was isolated from 1-bromo-4-phenoxybenzene (41), albeit in 

moderate yield, in contrast to diphenylether (42). Unexpectedly, 2-methylanisole 

afforded only 4-methoxy-N,3-dimethylaniline (43), compared to 3-methylanisole (44). 

The yields were increased with the steric hindrance of 4-substituted anisoles (45 ï 48) 

growing as self-coupling of the amination products was inhibited (see discussion 

below). 1-Allyl-4-methoxybenzene (49), with an olefin which possibly is sensitive to 

aziridination with 18, was converted smoothly in moderate yield (no other products 

were isolated).  

Aryl halides would successfully facilitate this conversion with 4 equivalents of 18, and 

the desired anilines are precursors for further manipulation as halogens are kept intact 

(50 ï 55). Poly-substituted anisoles (56 ï 59) were exposed to 18, giving anilines in 

good yields and, except for 56, in good selectivity. Different from o-xylene, 1,2-

dimethoxybenzene (60) only produced one isomer in excellent yield; while 1,3-

dimethoxybenzene (61) and 1,4-dimethoxybenzene (62) delivered similar results 

compared to p-xylene and m-xylene, respectively. Electron-rich 1,3,5-

trimethoxybenzene (63) was also aminated in good yield. Fortunately, high to excellent 

yields, except for 64, were obtained even if strong electron-withdrawing groups (-

COOMe, -NHAc, -NO2, -OTs, -OMs and -OTf) were introduced on 1,3-

dimethoxybenzene derivatives (64 ï 70), as two methoxyl group are essential to 

regulate the electronic properties. Naphthalenes (71 ï 74), fluorenes (75, 76) and 

heteroarenes (77, 78) were also amenable to install a methylamine group on arene cores. 

Biphenyl substrates (79 ï 82) were also implemented in the amination, delivering good 

to excellent yields, especially for 4-methyl-1,1'-biphenyl (79), which afforded the sole 

isomer. Electronically neutral and electron-deficient arenes (83 ï 88) were also tested 

but could not provide the desired anilines; electron-rich/electron-deficient heteroarenes 

(89 ï 93) failed in the amination; aldehyde, alcohol, ketone, boronic ester, silane, aniline, 

imine, phosphine and alkyne (94 ï 102) were not tolerated in the reaction.  
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Table 4. Scope of arenes for the synthesis of secondary aryl amines 

 

Reaction conditions: arene (0.2 mmol), 18 (0.4 mmol), HFIP (0.5 mL), r.t., 36 h, isolated yields; 

isomeric ratio (A: B) determined by isolated isomers; a18 (0.8 mmol) was used, 10 d; b18 (0.8 mmol) 

was used, 3 d, cisomeric ratio (A: B) determined by NMR. 

 

Compared to Falckôs work[2] (Rhodium-catalyzed arene C-H amination with 

TsONHMe), our protocol shows a broader substrate scope, albeit needing prolonged 
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reaction time, especially mono-substituted arenes (19 ï 21), heteroarenes (31 ï 33, 77, 

78) and biphenyls are exclusively mentioned in this study (Table 5).  

 

Table 5. Comparison to another aminating method 

 

 

To demonstrate the variety of the amination reagents, over 10 hydroxylamines were 

prepared and converted under the conditions of our protocol (Table 6). The yields were 

increased with electron-rich aminating reagents (103 ï 107), but sensitive 103 and 

branched reagent 105 gave low yields. Remarkably, propargyl amine 108 was still 

installed in 35% yield, and sterically hindered reagent 109 was successfully converted, 

too. Tertiary aniline or cyclopropyl amine was isolated in low yield from reagents 110, 

111, respectively. Aminating reagents (112 ï 115) with benzyl, isopropyl, cyclohexyl or 

carbamate groups, failed in the reaction. 

Table 6. Evaluation of the amine partners 

 

Reaction conditions: arene (0.2 mmol), aminating reagents (0.8 mmol), HFIP (0.5 mL), r.t., 3 d, 

isolated yields. aaminating reagent (0.4 mmol), 36 h; bCyNHOSO2OH (0.4 mmol) was used. 
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Table 7. Application in late-stage functionalization and related reactions 

 

Reaction conditions: arene (0.2 mmol), 18 (0.4 mmol), HFIP (0.5 mL), r.t., 36 h ï 5 d, isolated yields, 

isomeric distribution (A : B) determined by isolated isomers; a18 (0.8 mmol) were used. 

 

To evaluate the robustness of our protocol, respective drugs and natural bioactive 

molecules were subjected to late-stage functionalization (Table 7). Coumarin (116) and 

drug precursors (117 for delamanid, 118 for bifenazate) delivered anilines in moderate 

to excellent yields. In addition, natural products (L-tyrosine 119 and estrone 120) were 

also amenable to the arene C-H amination. A variety of pharmaceuticals (naproxen, 

etofenprox, gemfibrozil, guaifenesin, indomethacin and metaxalone, 121 ï 126) 

delivered the desired anilines in low to good yields. Metoprolol (127, a top 150 best 

seller in 2019) and empaglifiozin (128, a top 50 best seller in 2018) underwent this 

functionalization smoothly. However, other drugs (electron-neutral or electron-poor or 

with heteroatoms, 129 ï 132) failed in the reaction. Besides, a large-scale reaction was 

successfully carried out almost without any loss compared to the small-scale when 2,6-

dimethoxyphenyl 4-methylbenzenesulfonate was used as the substrate (Scheme 2).  
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Scheme 2. Large-scale reaction 

 

2.2.5 Mechanistic Studies 

Based on the obtained anilines distribution, an SEAr seems impossible as only one 

isomer of anilines from monosubstituted arenes (19 ï 22) are not indicative of SEAr 

regioselectivity. In general, electron-rich arenes afford better yields than electron-

deficient arenes, in line with a nitrogen-centered pathway. Moreover, para-selectivity 

is shown by most arenes in the reaction, strongly differing from Sanfordôs work[10] who 

reported a poor selectivity of neutral nitrogen radical adding to related or equal arenes. 

All this suggests not a neutral nitrogen radical but rather an electrophilic nitrogen 

radical (aminyl or aminium radical) or arene radical cation might be the key 

intermediate in the reaction. More support for a radical pathway can also be obtained 

from the self-coupling aniline 62a (can not be explained by simple aromatic substitution, 

scheme 3). Plausibly, 62a was generated via radical cation Int2 dimerization, which 

can be derived from the electron-rich aniline 62 to the electron-deficient aminating 

reagent 18 via an SET process. Besides, a charge transfer between 1,4-dimethoxy 

benzene and reagent 18 could be involved from the fact that the reaction became yellow 

from colorless (18 was decomposed, aniline was formed gradually after the addition of 

18 in the d2-HFIP solution of mesitylene, see experiment part). 

 

Scheme 3. Self-coupling of aniline 
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In order to get more proof, a series of mechanistic experiments was conducted. The 

observed bathochromic shifts (absorption band around 400 ï 700 nm) in UV/Vis spectra 

(Figure 2a) upon addition of 18 to 4-tert-butylanisole and 1,4-dimethoxybenzene, are 

in line with Okaôs report[11] on the 4-tert-butylanisole radical cation (Int4) and the 1,4-

dimethoxybenzene radical cation (Int1). Time-dependent UV/Vis spectra of 1,4-

dimethoxybenzene and 18 in HFIP showed Int1 was detected at an early stage, then 

Int2 dominated the spectra after a short period and overlapped the signal of Int1 (Figure 

2b). It was verified by the fact that the same bathochromic shifts (450 ï 500 nm) were 

visible between UV1 (1,4-dimethoxybenzene, 18 in HFIP under air) after 50 min and 

UV2 (62, 18 in HFIP under air) after 2 min. The detection of these intermediate species 

Int1, Int2 and Int4 strongly support the formation of arene radical cations in our system. 

 

 

Figure 2. UV/Vis bands of TsONHMe with different arenes 

Figure 2a. UV/Vis bands of Int1 (spectrum measured in UV1 at 10 min under air) and Int4 

(spectrum measured in UV3 (4-tert-butylanisole and 18 in HFIP under air) at 3 min under air), 

Figure 2b. time-dependent UV/Vis bands of UV1 (18 with 1,4-dimethoxybenzene in HFIP under 

air) and Int2 (spectrum measured in UV2 after 2 min under air). 

 

EPR spectra of various samples (Figure 3) were recorded to get more information on 

the reaction mechanism, specifically the radicals involved (see Scheme 3). Interestingly, 

the reaction of both 1,4-dimethoxybenzene and 62 with aminating reagent 18 yielded 

the same product (Figures 3a and 3b), i.e. Int1 decayed rapidly and cannot be trapped 

and observed under our experimental conditions. The low stability of Int1 is in line 
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with the results from UV/Vis spectra. Our attempts to trap an aminyl radical under argon 

in presence of DMPO as a radical trapping reagent[12] failed. However, the instability 

of Int1 in the reaction mixture is further supported by the spectrum of Int1 as produced 

according to Sieiroôs report[13] and the corresponding spectrum was shown in Figure 3c. 

That is, the high decay rate of Int1 under the reaction conditions is due to the radical 

recombination involving the aminyl radical. With optimized conditions, fine-structure 

on each of the eleven transitions was resolved, indicating that there is a very small 

coupling to the six OMe hydrogen atoms just as in Int1 (Figure 3c). The observed 

eleven transitions in the spectra (Figures 3a ï 3c) assigned to Int2, therefore must be 

due to the aniline N and H atoms, the three aromatic H atoms and the NHCH3 group. 

The splitting pattern and intensity distribution suggested that the hyperfine coupling to 

all H atoms is approx. identical with an approx. double as large coupling to N. The 

coupling that was well resolved on some of the lines in Figure 3d indicated that the 

radical couples to the four phenyl H atoms, and the much smaller additional splitting is 

due to the H atoms of the two OMe groups. The general pattern with an 11 line spectrum 

and the observed intensity distribution was interpreted as being the result of two isomers 

of the para-dimethoxy radical.[15] The only radical in our proposed mechanism in 

Scheme 3, following the decay of Int1 is Int2.  

Radical trapping experiments were also done to gain more support (Scheme 4): the 

reaction was almost totally inhibited when a radical scavenger (TEMPO or BHT) was 

used, confirming that radical species are involved in the reaction. The postulated aminyl 

radical, formed after the SET process via mesolysis, was efficiently trapped by BHT 

(aniline 133, which might be also formed by Bowerôs concerted mechanism[15]). This 

provides evidence for the generation of an aminyl radical in our reaction system. The 

same yield was isolated as BHT was aminated by 18 even without mesitylene, 

suggesting BHT is a better donor than mesitylene. 
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Figure 3. EPR spectra of different radicals  

Figure 3a. EPR spectrum: 18 with 1,4-dimethoxybenzene in HFIP; Figure 3b. EPR spectrum: 18 

with 2,5-dimethoxy-N-methylaniline 62 in HFIP; Figure 3c. EPR spectrum: 18 with 1,4-

dimethoxybenzene and DMPO in HFIP; Figure 3d. EPR spectrum: 1,4-dimethoxybenzene in 96% 

conc.H2SO4. 

 

 

Scheme 4. Radical trapping experiment 

 

Consequently, we hypothesize that a single electron transfer (SET) is initiating the 

direct metal-free arene C-H amination reaction. To evaluate the possibility of an SET 

process, the cyclic voltammetry study of aminating reagent 18 was done (see 
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experimental part; for potentials of arene substrates, see Nicewiczôs work[16]): 18 

showed a reduction wave at -1.06 V (CH3CN, vs. Ag), confirming that it can serve as 

an SET oxidant for electron-rich arenes. Hence, the formation of an initial radical anion 

(1e- was transferred from arenes to 18) is a reasonable process, which then in a fast 

reaction delivers the aminyl radical via mesolysis, a process reported for these types of 

nitrogen radicals by Macmillan[17] and Gaunt.[18] 

 

Theoretical Calculations 

As already mentioned, oxygen plays an important role in our reaction. This is 

manifested by the observation that, in contrast to the experiments under open flask 

conditions discussed above, under an argon atmosphere almost no bathochromic shifts 

were detected if 4-tert-butylanisole or 1,4-dimethoxybenzene were added to 18 (see 

experiments). This verifies, that oxygen accelerates the SET process (formation of 

radical cations) in our reaction system, a yet unreported phenomenon in the field of 

amination chemistry with or without metals.  

To further shed light on this observation, geometry optimizations for a hypothetical 

ñsandwich-likeò complex, consisting of TsONHMe, 1,4-dimethoxybenze and 

molecular oxygen, were conducted. The two energetically lowest configurations found 

(Figure 4), which differ in less than 0.5 kcal/mol, were used for the further analysis of 

the electron-transfer step (see experiments). 

 

 

Figure 4. TsONHMe-oxygen-1,4-dimethoxybenzene ñsandwich-likeò complex 

 

For both structures respectively, a configuration interaction (CI) hamiltonian (in an 

orthogonal basis) was constructed based on states generated through constrained 



оф 
 

density-functional theory (CDFT). By using a two-state model (i->f) for the electron 

transfer between 1,4-dimethoxybenzene, 18 and the resulting off-diagonal element Hif, 

the magnitude coupling element is paramount for the rate of electron transfer process[19] 

(Figure 5). Within Marcusô theory, the rate of an electron transfer process is 

quadratically dependent on the aforementioned coupling element. By taking into 

account a third state for the upper analyzed ñSandwich-likeò complexes by, explicitly 

involving oxygen via an oxygen mediated bridging state v, a more than threefold 

increase in the magnitude of the coupling element Hif (for both of the considered 

conformers) resulted and, directly correlated to this, the efficiency of the electron 

transfer process increased. In line with the experimental observations, this theoretically 

verifies that the bridging state, available through the presence of oxygen, has an 

accelerating effect on the electron transfer step between arene substrates and the 

aminating reagent 18. A related involvement of an oxygen-mediated bridging state for 

a triplet excitation energy transfer process was reported by Valkunas group.[20] This 

theory is also in line with GC kinetic results: at the early stage, under dioxygen the 

reaction is faster than under dinitrogen atmosphere, and under air (open flask) faster 

than under dinitrogen; the final yields according to GC are essentially the same (Figure 

6). 

 

Figure 5. CDFI-CI Hamiltonian matrices 

Resulting CDFT-CI Hamiltonian matrices (PBE50/pcseg-1) and the resulting electron transfer 

coupling element Hif resulting from the two-state (left) and three-state model (right). 
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Figure 6. Time/conversion profiles of the reaction under either dioxygen, air or nitrogen. 

Reaction conditions: mesitylene (0.2 mmol), 18 (0.4 mmol) and nitrobenzene (0.2 mmol; as internal 

standard) in 0.5 mL HFIP under O2 or air or N2 at r.t. 

 

In conclusion, an outer-sphere SET pathway is proposed: a charge-transfer complex 

(CT complex, arene-TsONHMe) is formed first, and then an oxygen-accelerated SET 

(electron transfer from arene to 18) generates an arene radical cation (stabilized by 

HFIP) and hydroxylamine radical anion. The following mesolysis of the radical anion 

bearing weak N-O bond then affords aminyl radical (or ammonium radical, protonated 

by HFIP or tosylic acid generated in situ, not shown in Scheme 4). The recombination 

of arene radical cation and aminyl (or aminium) radical (both species are in close 

proximity due to the charge transfer event) provides a Wheland complex ((ů-complex), 

a common intermediate for SEAr reactions in polar solvents. Finally, this is irreversibly 

deprotonated to form the protonated aniline.  

 

Scheme 4. Proposed reaction mechanism of C-N bond formation 
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To gain additional mechanistic insight a KIE experiment with one equimolar mixture 

of toluene and d8-toluene was conducted (Scheme 5). The ratio of KH/KD is 1:1, 

indicating that C-H cleavage is not the rate-determining step. Besides, for 1,3,5-tri-tert-

butylbenzene, instead of substitution of a proton, one tert-butyl group was eliminated 

either 1 or 18 used in the reaction; especially for 18, C-C amination rather than C-H 

amination occurred (Scheme 5). 

 

Scheme 5. Kinetic isotope effect and control experiments 

 

The good yield and selectivity of the arene C-H amination are attributed to the unique 

properties of HFIP[21]: high polarity, weak nucleophilicity, stabilizing arene radical 

cations, strong hydrogen-donor/acceptor and thus lowering the LUMO of 

hydroxylamines via hydrogen-bond interactions. Besides, self-coupling side products 

of anilines are inhibited by the steric hindrance on substrates. Multiple methylamine 

groups are avoided to introduce on the arene core, as overamination is suppressed 

(except for 62) by the formation of protonated anilines in the reaction. Moreover, para-

selectivity is more favored, especially para-isomers are the only products when mono-

substituted alkylbenzenes were used, which can be explained by Fukui Indices or the 

stability of the intermediate arene radical cation. The aminyl (aminium) radical 

reactivity is distinct from HofmannïLºfflerïFreytag reaction that easily abstracts H 

atom from Csp3. Instead, arenes with Csp2-H functionalization are favored; and no side 

products are formed based on carbon radicals. 
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2.3 Conclusion 

A direct metal-free arene C-H amination under mild conditions in moderate to excellent 

yields was developed. In contrast to metal-catalyzed processes, the reaction is triggered 

by an oxygen-accelerated SET from arene substrates to electron-deficient 

hydroxylamine derivatives. The recombination of an arene radical cation and an aminyl 

radical, which are in close proximity, then after proton elimination affords the aniline 

products. The methodology can be applied for the amination of a variety of complex 

molecules, natural bioactive products and best-selling drugs. The operationally easy, 

broad functional group tolerance and scalability of this reaction make it appealing for 

the academy and industry. Especially noteworthy is the absence of any metal, which 

makes this process especially attractive for the use in late-stage processes of medicinal 

chemistry and drug synthesis. 

 

2.4 Experimental Section 

2.4.1 General Materials and Methods 

Chemicals were purchased from commercial suppliers (Sigma-Aldrich, Alfa Aesar and 

TCI) and used as delivered. Dry solvents were dispensed from solvent purification 

system MB SPS-800. HFIP was used directly without further purification. Deuterated 

solvents were bought from Euriso-Top. Unless otherwise stated, all reactions and 

manipulations were carried out under ambient atmosphere in new reaction vials or 

flasks. 

NMR Spectra were recorded on a Bruker Avance-III-300, Bruker Avance-III-400, 

Bruker Avance-III-500, Bruker Avance-III-600. Chemical shifts are reported in ppm 

with the solvent resonance as the internal standard. For 1H NMR: CDCl3, 7.26; 

(CD3)2SO, 2.50; CD3OD, 3.31; D2-HFIP, 4.41. For 13C NMR: CDCl3, 77.16; (CD3)2SO, 

39.52; CD3OD, 49.00. Data is reported as follows: s = singlet, d = doublet, t = triplet, q 

=quartet, m = multiplet, brs = broad singlet, dd =doublet of doublets, td =triplet of 



по 
 

doublets; coupling constants in Hz; integration. 

Mass spectra (MS and HRMS) were determined in the chemistry department of the 

University Heidelberg under the direction of Dr. J. Gross. EI+ -spectra were measured 

on a JOEL JMS-700 spectrometer. For ESI+ -spectra a Bruker ApexQu FT-ICR-MS 

spectrometer was applied. 

Gas Chromatography / Mass Spectrometry (GC/MS) spectra were measured on 

two different hardware systems: 1. HP 5972 Mass Selective Detector, coupled with a 

HP 5890 SERIES II plus gas chromatography. 2. Agilent 5975C Mass Selective 

Detector, coupled with an Agilent 7890A gas chromatography. In both cases, as a 

capillary column, an OPTIMA 5 cross-linked Methyl Silicone column (30 m x 0.32 mm, 

0.25 ɛm) was employed and helium was used as the carrier gas. 

UV/Vis spectra were recorded at room temperature on Jasco UV/VIS V-670 

spectrophotometer and 1 x 3 cm quartz cuvette. The measurements were done in HFIP. 

EPR spectra were carried out at room temperature using a Bruker ELEXSYS E580 CW 

EPR spectrometer. The measurements were done in HFIP or conc. H2SO4. 

Infrared Spectroscopy (IR) was processed on an FT-IR Bruker (IF528), IR Perkin 

Elmer (283) or FT-IR Bruker Vector 22. The solvent or matrix is denoted in brackets. 

For the most significant bands the wave number ɜ (cm-1) is given. 

Melting points were measured in open glass capillaries in a B¿chi melting point 

apparatus (according to Dr. Tottoli) and were not corrected. 

X-ray crystal structure analyses were measured at the chemistry department of the 

University of Heidelberg under the direction of Dr. F. Rominger on a Bruker Smart 

CCD or Bruker APEX-II CCD instrument using Mo-KŬ-radiation. Diffraction 

intensities were corrected for Lorentz and polarization effects. An empirical absorption 

correction was applied using SADABS based on the Laue symmetry of reciprocal space. 

Hydrogen atoms were either isotropically refined or calculated. The structures were 

solved and refined by Dr. F. Rominger using the SHELXTL software package. 

ICP-OES measurements were carried out using a Agilent 720 ICP-OES with charge 

coupled devices (CCD) simultaneous detection systems. Plasma torch alignment was 

performed by using a Mn solution (5 ug/g) at emission line 257.61 nm. 
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Cyclic voltammetry was performed on a VersaSTAT3-200 potentiostat (Princeton 

Applied Research). And it was carried out using a glassy carbon working electrode, a 

platinum/titanium wire auxiliary electrode, a silver wire pseudo-reference electrode, a 

0.1 M NBu4PF6 solution in N2 degassed dry acetonitrile. 

Gas Chromatography (GC) was processed on HP 58090 SERIES II with a HP 1 

column. Nitrogen was used as the carrier gas. 

Flash Column Chromatography was accomplished using Silica gel 60 (0.04 ï 0.063 

mm / 230 ï 400 mesh ASTM) purchased from Macherey-Nagel. 

Analytical / Preparative thin-layer chromatography (TLC) was carried out on pre-

coated aluminum sheets provided by Macherey-Nagel ALUGRAMÈ Xtra SIL 

G/UV254. Components were visualized by treatment with aqueous KMnO4 solution or 

by irradiation under UV light (254 nm). 

2.4.2 Preparation of Aminating Reagents and Substrates 

5-Methoxy-1,2,3-trimethylbenzene was prepared according to a published procedure; 

spectral data were in agreement with literature values[22] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.60 (s, 2H), 3.78 (s, 3H), 2.28 (s, 6H), 2.12 (s, 3H). 13C 

NMR (75 MHz, CDCl3) ŭ 156.96, 137.49, 127.05, 113.00, 55.13, 20.81, 14.52. 

 

2-Methoxy-1,3,4-trimethylbenzene was prepared according to a published procedure; 

spectral data were in agreement with literature values[23] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.93 (d, J = 7.6 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 3.71 

(s, 3H), 2.28 (s, 3H), 2.25 (s, 3H), 2.21 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 156.75, 

135.82, 129.42, 127.99, 127.80, 125.14, 59.79, 19.83, 15.98, 12.18. 
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1-Tosylindoline was prepared according to a published procedure; spectral data were 

in agreement with literature values[24] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.69 ï 7.61 (m, 3H), 7.25 ï 7.14 (m, 3H), 7.07 (d, J = 

7.3 Hz, 1H), 6.97 (td, J = 7.4, 0.8 Hz, 1H), 3.91 (t, J = 8.4 Hz, 2H), 2.88 (t, J = 8.4 Hz, 

2H), 2.37 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 143.99, 141.98, 134.02, 131.72, 129.61, 

127.67, 127.29, 125.06, 123.67, 114.99, 49.90, 27.85, 21.50. 

 

9-Tosyl-9H-carbazole was prepared according to a published procedure; spectral data 

were in agreement with literature values[25] 

 
1H NMR (300 MHz, CDCl3) ŭ 8.34 (d, J = 8.4 Hz, 2H), 7.90 (dd, J = 7.7, 0.9 Hz, 2H), 

7.70 (d, J = 8.4 Hz, 2H), 7.49 (td, J = 7.7, 0.9 Hz, 2H), 7.36 (td, J = 7.7, 0.9 Hz, 2H), 

7.09 (d, J = 7.7 Hz, 2H), 2.25 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 144.82, 138.38, 

134.99, 129.61, 127.35, 126.45, 126.36, 123.85, 119.96, 115.14, 21.45. 

 

N-(2,6-Dimethoxyphenyl)acetamide was prepared according to a published procedure; 

spectral data were in agreement with literature values[26] 

 

1H NMR (500 MHz, DMSO-d6) ŭ 8.83 (s, 1H), 7.19 (t, J = 8.4 Hz, 1H), 6.66 (d, J = 8.4 

Hz, 2H), 3.72 (s, 6H), 1.95 (s, 3H). 13C NMR (125 MHz, DMSO-d6) ŭ 167.96, 155.97, 

127.45, 114.89, 104.33, 55.66, 22.76. 

 

2,6-Dimethoxyphenyl 4-methylbenzenesulfonate was prepared according to a 
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published procedure; spectral data were in agreement with literature values[27] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.87 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 7.13 

(t, J = 8.5 Hz, 1H), 6.55 (d, J = 8.5 Hz, 2H), 3.67 (s, 6H), 2.45 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 153.51, 144.38, 134.98, 129.09, 128.35, 128.26, 127.31, 104.91, 55.90, 

21.60. 

 

2,6-Dimethoxyphenyl methanesulfonate was prepared according to a published 

procedure; spectral data were in agreement with literature values[27] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.16 (t, J = 8.5 Hz, 1H), 6.62 (d, J = 8.5 Hz, 2H), 3.88 

(s, 6H), 3.29 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 153.31, 128.24, 127.41, 105.00, 

56.22, 39.79. 

 

2,6-Dimethoxyphenyl trifluoromethanesulfonate was prepared according to a 

published procedure; spectral data were in agreement with literature values[28] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.22 (t, J = 8.5 Hz, 1H), 6.63 (d, J = 8.5 Hz, 2H), 3.88 

(s, 6H). 13C NMR (75 MHz, CDCl3) ŭ 152.57, 128.50, 128.07, 118.67 (q, J = 320.5 Hz), 

104.89, 56.24. 19F NMR (283 MHz, CDCl3) ŭ -73.73. 

 

Methyl acetyl-L-tyrosinate spectral data were in agreement with literature values[29] 
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To a suspension of L-tyrosine methyl ester hydrochloride (695 mg, 3 mmol) in 15 mL 

DCM was added Et3N (319 mg, 3.15 mmol) at 0oC. After 5 min, acetic anhydride (322 

mg, 3.15 mmol) was added to the followed mixture at 0oC, then the reaction was 

warmed up to room temperature and stirred overnight. The reaction was washed with 

15 mL sat. brine, dried over Na2SO4, filtered and concentrated in vacuo. The residual 

mixture was purified by silica gel chromatography with PE/EA (1:1) as eluting solvent 

to afford the methyl acetyl-L-tyrosinate as a colorless solid (571 mg, 80%). 

1H NMR (300 MHz, CDCl3) ŭ 6.93 (d, J = 8.5 Hz, 2H), 6.73 (d, J = 8.5 Hz, 2H), 6.18 

(d, J = 8.0 Hz, 1H), 4.85 (dt, J = 8.0, 5.6 Hz, 1H), 3.73 (s, 3H), 3.07 (dd, J = 14.1, 5.6 

Hz, 1H), 2.95 (dd, J = 14.1, 5.6 Hz, 1H), 1.97 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 

172.31, 170.51, 155.59, 130.19, 126.82, 115.57, 53.39, 52.42, 37.12, 22.94. 

 

Methyl (S)-2-acetamido-3-(4-methoxyphenyl)propanoate spectral data were in 

agreement with literature values[29] 

 

To a suspension of methyl acetyl-L-tyrosinate (356 mg, 1.5mmol) and K2CO3 (415 mg, 

3 mmol) in 4 mL DMF was added CH3I (426 mg, 3 mmol) at room temperature and the 

reaction was stirred overnight. Then the reaction was diluted with 10 mL EA and 

washed with sat. brine (10 mL Ĭ 3). The organic layer was dried over anhydrous Na2SO4, 

filtered and concentrated in vacuo. The residual mixture was purified by silica gel 

chromatography with PE/EA (1:1) as eluting solvent to afford the methyl (S)-2-

acetamido-3-(4-methoxyphenyl)propanoate as a colorless solid (341 mg, 91%). 

1H NMR (300 MHz, CDCl3) ŭ 6.99 (d, J = 8.6 Hz, 2H), 6.81 (d, J = 8.6 Hz, 2H), 5.95 

(d, J = 6.9 Hz, 1H), 4.83 (dt, J = 7.8, 5.7 Hz, 1H), 3.77 (s, 3H), 3.72 (s, 3H), 3.14 ï 2.96 

(m, 2H), 1.97 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 172.15, 169.55, 158.68, 130.18, 

127.70, 113.96, 55.16, 53.21, 52.25, 36.94, 23.08. 

 

(8R,9S,13S,14S)-3-Methoxy-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H 
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cyclopenta[a] phenanthren-17-one spectral data were in agreement with literature 

values[30] 

 

To a solution of KOH (224 mg, 4 mmol) in DMSO (2 mL) was added estrone (270 mg, 

1 mmol) and MeI (230 mg, 2 mmol) at room temperature. The reaction was stirred at 

room temperature overnight and a colorless solid was formed. Then the solid was 

filtered and washed with water to afford (8R,9S,13S,14S)-3-Methoxy-13-methyl-

6,7,8,9,11,12,13,14,15,16-decahydro-17H cyclopenta[a]phenanthren-17-one as a 

colorless solid (245 mg, 88%). 

1H NMR (300 MHz, CDCl3) ŭ 7.21 (d, J = 8.6 Hz, 1H), 6.73 (dd, J = 8.6, 2.8 Hz, 1H), 

6.65 (d, J = 2.7 Hz, 1H), 3.78 (s, 3H), 2.91 (dd, J = 9.5, 4.8 Hz, 2H), 2.51 (dd, J = 18.3, 

8.3 Hz, 1H), 2.44 ï 1.90 (m, 6H), 1.71 ï 1.35 (m, 6H), 0.91 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 220.87, 157.57, 137.71, 132.00, 126.30, 113.86, 111.54, 55.17, 50.39, 47.98, 

43.95, 38.35, 35.84, 31.56, 29.64, 26.52, 25.90, 21.56, 13.82. 

 

Methyl (S)-2-(6-methoxynaphthalen-2-yl)propanoate spectral data were in 

agreement with literature values[31] 

 

To 10 mL MeOH in a round bottom flask was added (s)-(+)-Naproxen chloride (496 

mg, 0.2 mmol) at room temperature, then it was stirred at room temperature for 2 h. 

The reaction was concentrated in vacuo, and the residual mixture was purified by silica 

gel chromatography with PE/EA (10:1) as eluting solvent to afford methyl(S)-2-(6-

methoxynaphthalen-2-yl)propanoate as a colorless solid (463 mg, 95%). 

1H NMR (300 MHz, CDCl3) ŭ 7.71 (d, J = 8.5 Hz, 2H), 7.69 (s, 1H), 7.67 (d, J = 1.5 

Hz, 1H), 7.41 (dd, J = 8.4, 1.5 Hz, 1H), 7.17 ï 7.10 (m, 2H), 3.91 (s, 3H), 3.87 (q, J = 

7.2 Hz, 1H), 3.67 (s, 3H), 1.59 (d, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3) ŭ 175.11, 
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157.62, 135.65, 133.67, 129.24, 128.90, 127.15, 126.15, 125.90, 118.96, 105.57, 55.27, 

52.00, 45.31, 18.56. 

 

Methyl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate spectral data were in 

agreement with literature values[32] 

 

To a suspension of methyl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate 

(gemfibrozil, 300 mg, 1.2 mmol) and K2CO3 (216 mg, 1.56 mmol) in 3 mL DMF was 

added CH3I (276 mg, 2.4 mmol) at room temperature and the reaction was stirred 

overnight. Then the reaction was diluted with 10 mL EA and washed with sat. brine (10 

mL Ĭ 3). The organic layer was dried over anhydrous Na2SO4, filtered and concentrated 

in vacuo. The residual mixture was purified by silica gel chromatography with PE/EA 

(30:1) as eluting solvent to afford the methyl 5-(2,5-dimethyl phenoxy)-2,2-dimethyl 

pentanoate as a colorless liquid (298 mg, 94%). 

1H NMR (300 MHz, CDCl3) ŭ 7.01 (d, J = 7.4 Hz, 1H), 6.66 (d, J = 7.4 Hz, 1H), 6.61 

(s, 1H), 3.94 ï 3.91(m, 2H), 3.67 (s, 3H), 2.31 (s, 3H), 2.18 (s, 3H), 1.74 ï 1.71 (m, 

4H), 1.23 (s, 6H). 13C NMR (75 MHz, CDCl3) ŭ 178.30, 156.92, 136.41, 130.26, 123.56, 

120.65, 111.92, 67.86, 51.69, 42.08, 37.09, 25.17, 25.16, 21.37, 15.71. 

 

Methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate spectral 

data were in agreement with literature values[33] 

 

To a suspension of 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetic 

acid (indomethacin, 1.00 g, 2.8 mmol) thionylchloride (1.16 g, 9.8 mmol) was added 
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dropwise over 2 min at room temperature, leading to a clear solution. After 10 min, a 

colorless solid started to form, and the stirrer was turned off. The mixture was allowed 

to stand at room temperature for 30 min, then the colorless solid was collected by 

filtration. The solid was washed with 20 mL MeOH, and dried in vacuo to afford methyl 

2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate as a colorless solid 

(601 mg, 58%). 

1H NMR (300 MHz, CDCl3) ŭ 7.67 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 6.96 

(d, J = 2.5 Hz, 1H), 6.86 (d, J = 9.0 Hz, 1H), 6.67 (dd, J = 9.0, 2.5 Hz, 1H), 3.84 (s, 

3H), 3.71 (s, 3H), 3.67 (s, 2H), 2.39 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 171.29, 

168.26, 156.06, 139.24, 135.94, 133.91, 131.15, 130.81, 130.63, 129.09, 114.92, 112.49, 

111.59, 101.34, 55.70, 52.11, 30.11, 13.28. 

 

3-Isopropyl-5-((4-(2-methoxyethyl)phenoxy)methyl)oxazolidin-2-one  

 

To a suspension of metoprolol tartrate (685 mg, 2 mmol) and CDI (486 mg, 3 mmol) in 

anhydrous THF (10 mL) was added Et3N (404 mg, 4 mmol) at room temperature. Then 

the reaction was heated up to 50oC and stirred at the same temperature for 24 h. The 

reaction mixture was diluted with EA (10 mL) and filtered through celite. The filtrate 

was concentrated in vacuo, and the residual mixture was purified by silica gel 

chromatography with PE/EA (1:1) to afford the 3-isopropyl-5-((4-(2-methoxyethyl) 

phenoxy)methyl)oxazolidin-2-one as a colorless solid (414 mg, 71%). 

Mp: 83oC 

1H NMR (300 MHz, CDCl3) ŭ 7.14 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 4.79 

(td, J = 8.6, 5.6 Hz, 1H), 4.27 ï 3.96 (m, 3H), 3.64 (t, J = 8.6 Hz, 1H), 3.56 (t, J = 7.0 

Hz, 2H), 3.47 (dd, J = 8.6, 5.6 Hz, 1H), 3.34 (s, 3H), 2.82 (t, J = 7.0 Hz, 2H), 1.19 (d, 

J = 6.8 Hz, 6H). 13C NMR (75 MHz, CDCl3) ŭ 156.71, 156.61, 132.05, 129.86, 114.43, 

73.68, 70.76, 68.24, 58.60, 44.76, 41.86, 35.23, 19.73, 19.66. 
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IR (ATR):  = 2977, 2935, 2898, 2870, 2820, 1735, 1612, 1514, 1480, 1444, 1393, 

1372, 1311, 1249, 1206, 1181, 1119, 1057, 941, 879, 838, 761, 710, 620 cm-1 

HRMS (EI+) m/z: [M]+ calcd 293.16216, found 293.16387. 

 

(2R,3R,4R,5S,6S)-2-(Acetoxymethyl)-6-(4-chloro-3-(4-(((S)-tetrahydrofuran-2-

yl)oxy)benzyl) phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate  

 

To a suspension of (2S,3R,4R,5S,6R)-2-(4-chloro-3-(4-(((S)-tetrahydrofuran-3-

yl)oxy)benzyl) phenyl)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol 

(empagliflozin, 316 mg, 0.7 mmol), K2CO3 (193 mg, 1.4 mmol) in 10 mL 1,4-dioxane 

was added acetic anhydride (714 mg, 7 mmol) under ambient atmosphere. Then the 

reaction was stirred at 60oC for 24 h. The reaction mixture was diluted with 20 mL EA, 

washed with 20 mL sat. brine, and the organic layer was concentrated in vacuo. The 

residual mixture was purified by silica gel chromatography with PE/EA (1:1) as eluting 

solvent to afford (2R,3R,4R,5S,6S)-2-(acetoxymethyl)-6-(4-chloro-3-(4-(((S)-

tetrahydrofuran-2-yl)oxy)benzyl) phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate as 

a colorless solid (266 mg, 61%). 

Mp: 155oC 

1H NMR (300 MHz, CDCl3) ŭ 7.35 (d, J = 8.2 Hz, 1H), 7.18 (dd, J = 8.2, 2.1 Hz, 1H), 

7.08 (d, J = 2.1 Hz, 1H), 7.06 (d, J = 8.7 Hz, 2H), 6.78 (d, J = 8.7 Hz, 2H), 5.28 (t, J = 

9.6 Hz, 1H), 5.19 (t, J = 9.6 Hz, 1H), 5.04 (t, J = 9.6 Hz, 1H), 4.88 (ddd, J = 7.8, 5.7, 

2.4 Hz, 1H), 4.31 (d, J = 9.6 Hz, 1H), 4.26 (dd, J = 12.4, 4.8 Hz, 1H), 4.19 ï 4.10 (m, 

1H), 4.08 ï 3.84 (m, 6H), 3.79 (ddd, J = 9.6, 4.8, 2.4 Hz, 1H), 2.23 ï 2.10 (m, 2H), 2.07 

(s, 3H), 2.04 (s, 3H), 1.98 (s, 3H), 1.71 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 170.67, 

170.31, 169.46, 168.71, 155.94, 138.89, 135.14, 134.60, 131.56, 129.89, 129.81, 
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129.77, 126.09, 115.38, 79.47, 77.26, 76.13, 74.09, 73.10, 72.52, 68.48, 67.17, 62.27, 

38.24, 32.99, 20.73, 20.60, 20.27. 

IR (ATR):  = 2872, 1741, 1614, 1580, 1509, 1478, 1438, 1369, 1217, 1174, 1144, 1146, 

1094, 1034, 973, 909, 815, 788, 703, 639, 614 cm-1 

HRMS (ESI+) m/z: [M+1]+ calcd 619.1941, found 619.1943; [M+Na]+ calcd 641.1760, 

found 641.1759. 

 

General Procedure for the Mitsunobu Reaction ï GP1 

To a solution of PPh3 (1.0 eq) in dry THF was added DIAD (1.0 eq) at 0oC under 

nitrogen atmosphere. A colorless solid was formed after 10min. After 30 min, a solution 

of alcohol (1.0 eq) in THF and TsONHBoc (1.0 eq) in THF were added to the mixture 

successively. Then the reaction was stirred at 0oC for another 1h, and then at room 

temperature overnight. The reaction was concentrated in vacuo and purified by silica 

gel chromatography with PE/EA to afford the desired product. 

 

General Procedure for the removal of the Boc Group ï GP2 

To a solution of N-Boc-N-alkyl-O-tosyl hydroxylamine (1.0 eq) in DCM was added 

TFA (20.0 eq) at 0oC, then it was stirred at 0oC for 3h. The reaction was basified with 

sat. NaHCO3 solution at 0oC and then extracted with DCM. The combined organic 

phases were washed with sat. brine and concentrated in vacuo. The residual mixture 

was purified by silica gel chromatography with PE/EA to afford the desired product or 

directly used for the next step without further purification (for unstable aminating 

reagents). 

 

tert-Butyl (tosyloxy)carbamate (1) was prepared according to a published procedure; 

spectral data were in agreement with literature values[4] 

 
1H NMR (300 MHz, CDCl3) ŭ 7.88 (d, J = 8.4 Hz, 2H), 7.67 (s, 1H), 7.36 (d, J = 8.4 
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Hz, 2H), 2.45 (s, 3H), 1.30 (s, 9H). 13C NMR (75 MHz, CDCl3) ŭ 154.08, 145.90, 

130.58, 129.65, 129.60, 83.84, 27.69, 21.71. 

 

MsONH2ÅHOTf (3) was prepared according to a published procedure; spectral data 

were in agreement with literature values[3a] 

 
1H NMR (300 MHz, DMSO) ŭ 2.46 (s, 3H), 4.36 (br, 3H). 13C NMR (75 MHz, DMSO) 

ŭ 120.79 (q, J = 322.2 Hz), 39.60. 19F NMR (283 MHz, DMSO) ŭ -77.74. 

 

tert-Butyl methyl(tosyloxy)carbamate (S17) was prepared according to a published 

procedure; spectral data were in agreement with literature values[34]. 

 
1H NMR (300 MHz, CDCl3) ŭ 7.86 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 3.24 

(s, 3H), 2.45 (s, 3H), 1.22 (s, 9H). 13C NMR (75 MHz, CDCl3) ŭ 156.07, 145.67, 131.22, 

129.71, 129.52, 83.29, 40.15, 27.57, 21.68. 

 

N-Methyl-O-tosylhydroxylamine (16) was prepared according to a published 

procedure; spectral data were in agreement with literature values[34] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.84 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 5.85 

(s, 1H), 2.74 (s, 3H), 2.45 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 144.93, 132.26, 129.50, 

128.94, 40.10, 21.65. 

 

tert-Butyl ((methylsulfonyl)oxy)carbamate was prepared according to a published 

procedure; spectral data were in agreement with literature values[5]. 
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1H NMR (300 MHz, CDCl3) ŭ 7.88 (s, 1H), 3.17 (s, 3H), 1.52 (s, 9H). 13C NMR (75 

MHz, CDCl3) ŭ 154.55, 84.75, 36.34, 27.97. 

 

tert-Butyl methyl((methylsulfonyl)oxy)carbamate  

 

To a solution of N-methyl hydroxylamine hydrochloride (2.51 g, 30 mmol) in THF/ 

H2O (1:1, 20 mL) was added K2CO3 (2.07 g, 15 mmol) at 0oC. Then a solution of di-

tert-butyl dicarbonate (6.55 g, 30 mmol) in 10 mL THF was added dropwise to the 

followed mixture and stirring for 2 h at 0ÁC and then 3 h at room temperature. The 

reaction was reduced in vacuo and the residue dissolved in 20 mL DCM, washed with 

water (3 x 10 mL), 20 mL sat. brine and dried over anhydrous Na2SO4, filtered and 

concentrated in vacuo to afford N-Boc-N-methyl hydroxylamine (3.82 g) as a pale 

orange oil which was directly used for the next step without further purification. 

To a solution of N-Boc-N-methyl hydroxylamine (1.47 g, 10 mmol) in 20 mL 

dichloromethane was added triethylamine (1.53 mL, 11 mmol) and methanesulfonyl 

chloride (1.26 g, 11 mmol) at 0oC. The reaction mixture was allowed to warm to room 

temperature and stirring for 18 h. The reaction was washed with 20 mL 1.0 M HCl, 20 

mL sat. brine and dried over anhydrous Na2SO4, filtered and concentrated in vacuo. The 

residue was purified by silica gel chromatography with PE/EA 10:1 as eluting solvent 

to afford tert-butyl methyl((methylsulfonyl)oxy)carbamate as a colorless oil (1.58 g, 

40% for two steps). 

1H NMR (300 MHz, CDCl3) ŭ 3.32 (s, 3H), 3.14 (s, 3H), 1.52 (s, 9H). 13C NMR (75 

MHz, CDCl3) ŭ 156.08, 84.30, 40.57, 36.63, 28.00. 

IR (EXTRACT):  = 2981.87, 2942.15, 2295.41, 1729.09, 1459.80, 1412.77, 

1368.75, 1324.41, 1258.24, 1182.59, 1148.05, 1107.38, 967.83, 846.25, 811.90, 

773.80, 714.71, 650.52 cm-1 
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HRMS (EI+) m/z: [M+H]+ calcd 226.0744, found 226.0757. 

 

N-methyl-O-(methylsulfonyl)hydroxylamine 

 

To an solution of tert-butyl methyl((methylsulfonyl)oxy)carbamate (450 mg, 2 mmol) 

in 3 mL DCM was added trifluoroacetic acid (3.0 ml, 40 mmol) at 0oC. The reaction 

was stirring for 3 h at 0 ÁC and then itôs poured into 10 mL ice water and extracted with 

DCM (3 x 10 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered and concentrated in vacuo. The residue was purified by silica gel 

chromatograph to afford N-methyl-O-(methylsulfonyl)hydroxylamine as a pale yellow 

oil (152 mg, 61%). 

1H NMR (300 MHz, CDCl3) ŭ 6.31 (s, 1H), 3.09 (s, 3H), 2.98 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 40.43, 34.98. 

IR (EXTRACT):  = 3290.89, 3024.58, 2976.02, 2942.26, 1630.82, 1473.67, 

1437.47, 1343.12, 1214.22, 1168.40, 1040.91, 1006.95, 964.06, 799.96, 724.95 cm-1 

HRMS (ES+) m/z: [M]+ calcd 125.0141, found 125.0133. 

 

tert-butyl ethyl(tosyloxy)carbamate  

 

Following GP1, TsONHBoc (862 mg, 3 mmol), ethanol (138mg, 3 mmol), PPh3 (787 

mg, 3 mmol), and DIAD (607 mg, 3 mmol) in 25 mL dry THF solution were stirred at 

room temperature overnight. Purification by silica gel chromatography with PE/EA 

(10:1) as eluting solvent afforded tert-butyl ethyl(tosyloxy)carbamate as a colorless 

solid (744 mg, 79%). 

MP: 78oC 

1H NMR (500 MHz, CDCl3) ŭ 7.86 (d, J = 7.6 Hz, 2H), 7.34 (d, J = 7.6 Hz, 2H), 3.66 

(br, 2H), 2.45 (s, 3H), 1.22 (s, 9H), 1.16 (t, J = 7.1 Hz, 3H). 13C NMR (125 MHz, CDCl3) 
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ŭ 155.49, 145.59, 131.24, 129.69, 129.47, 83.18, 48.16, 27.58, 21.68, 10.66. 

IR (EXTRACT):  = 2985.48, 2974.09, 2934.12, 1933.83, 1715.98, 1596.76, 

1455.23, 1370.66, 1341.05, 1284.53, 1257.84, 1192.63, 1173.44, 1153.55, 1121.83, 

1082.73, 1041.28, 1002.80, 949.57, 840.46, 820.44, 749.54, 704.69, 668.95, 636.55 

cm-1 

HRMS (DART+) m/z: [M+18]+ calcd 333.1479, found 333.1475. 

 

tert-Butyl butyl(tosyloxy)carbamate (S22) spectral data were in agreement with 

literature values[2] 

 

Following GP1, TsONHBoc (1.44 g, 5 mmol), n-butanol (370 mg, 5 mmol), PPh3 (1,31 

g, 5 mmol), and DIAD (1.01 g, 5 mmol) in 25 mL dry THF solution were stirred at 

room temperature overnight. Purification by silica gel chromatography with PE/EA 

(20:1) as eluting solvent afforded tert-butyl butyl(tosyloxy)carbamate S22 as a 

colorless solid (1.60 g, 93%). 

MP: 59oC 

1H NMR (300 MHz, CDCl3) ŭ 7.85 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 3.60 

(br, 2H), 2.45 (s, 3H), 1.66 ï 1.52 (m, 2H), 1.32 ï 1.22 m, 2H), 1.22 (s, 9H), 0.90 (t, J 

= 7.3 Hz, 3H). 13C NMR (75 MHz, CDCl3) ŭ 155.52, 145.59, 131.32, 129.68, 129.48, 

83.03, 52.67, 27.82, 27.58, 21.67, 19.73, 13.68. 

 

tert-Butyl isobutyl(tosyloxy)carbamate  

 

Following GP1, TsONHBoc (862 mg, 3 mmol), 2-methylpropan-1-ol (168 mg, 3 

mmol), PPh3 (787 mg, 3 mmol), and DIAD (607 mg, 3 mmol) in 25 mL dry THF 
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solution were stirred at room temperature overnight. Purification by silica gel 

chromatography with PE/EA (10:1) as eluting solvent afforded tert-butyl tert-butyl 

isobutyl(tosyloxy)carbamate as a colorless solid (868 mg, 84%). 

MP: 48oC 

1H NMR (300 MHz, CDCl3) ŭ 7.86 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 3.50 

(d, J = 7.2 Hz, 2H), 2.45 (s, 3H), 2.17 (dt, J = 13.8, 6.8 Hz, 1H), 1.22 (s, 9H), 0.88 (d, 

J = 6.8 Hz, 6H). 13C NMR (75 MHz, CDCl3) ŭ 155.42, 145.64, 131.35, 129.68, 129.51, 

82.84, 59.22, 27.57, 25.99, 21.67, 19.92. 

IR (EXTRACT):  = 2961.14, 2928.04, 2873.95, 1715.77, 1595.51, 1473.02, 

1450.28, 1377.26, 1359.90, 1330.86, 1256.15, 1192.76, 1181.30, 1157.35, 1091.40, 

1018.06, 847.92, 815.04, 747.36, 667.02, 655.78 cm-1 

HRMS (DART+) m/z: [M+18]+ calcd 361.1792, found 361.1794. 

 

tert-Butyl (2-methoxyethyl)(tosyloxy)carbamate 

 

Following GP1, TsONHBoc (862 mg, 3 mmol), 2-methoxyethan-1-ol (228 mg, 3 

mmol), PPh3 (787 mg, 3 mmol), and DIAD (607 mg, 3 mmol) in 15 mL dry THF 

solution were stirred at room temperature overnight. Purification by silica gel 

chromatography with PE/EA (10:1) as eluting solvent afforded tert-butyl(2-

methoxyethyl) (tosyloxy)carbamate as a colorless solid (920 mg, 89%). 

MP: 64oC 

1H NMR (500 MHz, CDCl3) ŭ 7.86 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 3.63 

(br, 4H), 3.29 (s, 3H), 2.44 (s, 3H), 1.20 (s, 9H).13C NMR (125 MHz, CDCl3) ŭ 155.74, 

145.66, 131.00, 129.71, 129.46, 83.02, 67.18, 58.71, 51.73, 27.43, 21.66. 

IR (ATR):  = 2982, 2936, 2900, 1719, 1598, 1451, 1373, 1310, 1294, 1256, 1183, 1159, 

1118, 1018, 959, 862, 847, 819, 752, 670 cm-1 

HRMS (ESI+) m/z: [M+Na]+ calcd 368.1138, found 368.1142. 
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tert-Butyl (2-chloroethyl)(tosyloxy)carbamate  

 

Following GP1, TsONHBoc (862 mg, 3 mmol), 2-chloroethan-1-ol (241 mg, 3 mmol), 

PPh3 (787 mg, 3 mmol), and DIAD (607 mg, 3 mmol) in 15 mL dry THF solution were 

stirred at room temperature overnight. Purification by silica gel chromatography with 

PE/EA (10:1) as eluting solvent afforded tert-butyl(2-chloroethyl)(tosyloxy) carbamate 

as a colorless solid (855 mg, 82%). 

Mp: 104oC 

1H NMR (300 MHz, CDCl3) ŭ 7.86 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 3.99 

(t, J = 6.5 Hz, 2H), 3.73 (t, J = 6.5 Hz, 2H), 2.46 (s, 3H), 1.21 (s, 9H). 13C NMR (75 

MHz, CDCl3) ŭ 154.81, 146.01, 130.80, 129.78, 129.62, 83.78, 53.46, 39.01, 27.50, 

21.70. 

IR (ATR):  = 2983, 2946, 1720, 1599, 1450, 1439, 1370, 1292, 1259, 1180, 1162, 1093, 

1070, 1063, 985, 901, 845, 820, 773,743, 704, 669 cm-1 

HRMS (ESI+) m/z: [M+Na]+ calcd 372.0643, found 372.0645. 

 

N-(2-chloroethyl)-O-tosylhydroxylamine 

 

Following GP2, tert-butyl(2-chloroethyl)(tosyloxy) carbamate (500 mg, 1.4 mmol), 

TFA (2.1 mL, 28 mmol) in 2 mL DCM solution were stirred at 0oC for 3h. Purification 

by silica gel chromatography with PE/EA (8:1) as eluting solvent afforded N-(2-

chloroethyl)-O-tosylhydroxylamine as a colorless solid (317 mg, 89%). 

Mp: 71oC 

1H NMR (500 MHz, CDCl3) ŭ 7.85 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 5.72 

(s, 1H), 3.65 (t, J = 5.4 Hz, 2H), 3.26 (t, J = 5.4 Hz, 2H), 2.46 (s, 3H). 13C NMR (125 
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MHz, CDCl3) ŭ 145.26, 131.82, 129.60, 129.06, 53.83, 40.92, 21.69. 

IR (ATR):  = 3263, 1595, 1493, 1468, 1426, 1380, 1348, 1307, 1188, 1170, 1123, 1094, 

1078, 998, 927, 860, 817, 785, 706, 656 cm-1 

HRMS (ESI+) m/z: [M]+calcd 249.02346, found 249.02209. 

 

tert-Butyl prop-2-yn-1-yl(tosyloxy)carbamate  

 

Following GP1, TsONHBoc (862 mg, 3 mmol), prop-2-yn-1-ol (168 mg, 3 mmol), 

PPh3 (787 mg, 3 mmol), and DIAD (607 mg, 3 mmol) in 25 mL dry THF solution were 

stirred at room temperature overnight. Purification by silica gel chromatography with 

PE/EA (10:1) as eluting solvent afforded tert-butyl prop-2-yn-1-yl(tosyloxy)carbamate 

as a colorless solid (826 mg, 85%). 

MP: 70oC 

1H NMR (400 MHz, CDCl3) ŭ 7.86 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 4.30 

(br, 2H), 2.45 (s, 3H), 2.25 (t, J = 2.4 Hz, 1H), 1.26 (s, 9H).13C NMR (100 MHz, CDCl3) 

ŭ 154.92, 145.85, 131.02, 129.72, 129.56, 84.33, 76.30, 73.16, 42.88, 27.55, 21.68. 

IR (EXTRACT):  = 3274.81, 3003.97, 2985.44, 2924.90, 2121.66, 1727.15, 

1596.60, 1459.05, 1422.39, 1380.06, 1341.38, 1322.49, 1258.97, 1192.66, 1179.03, 

1149.61, 1092.99, 1048.76, 1017.40, 922.90, 838.51, 816.64, 753.62, 664.36, 648.13, 

629.51 cm-1 

HRMS (DART+) m/z: [M+18]+ calcd 343.1316, found 343.1322. 

 

tert-Butyl (2-(adamantan-1-yl)ethyl)(tosyloxy)carbamate (S26) 
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Following GP1, TsONHBoc (574 mg, 2 mmol), 2-(adamantan-1-yl)ethan-1-ol (360 mg, 

2 mmol), PPh3 (524 mg, 2 mmol), and DIAD (404 mg, 2 mmol) in 25 mL dry THF 

solution were stirred at room temperature overnight. Purification by silica gel 

chromatography with PE/EA (10:1) as eluting solvent afforded tert-butyl (2-

(adamantan-1-yl)ethyl)(tosyloxy)carbamate S26 as a colorless oil (866 mg, 96%). 

1H NMR (300 MHz, CDCl3) ŭ 7.85 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 3.60 

(br, 2H), 2.44 (s, 3H), 1.95 ï 1.89 (m, 2H), 1.72 ï 1.54 (m, 6H), 1.45 (d, J = 2.8 Hz, 

6H), 1.23 (s, 9H). 13C NMR (75 MHz, CDCl3) ŭ 155.49, 145.54, 131.35, 129.67, 129.44, 

83.03, 48.53, 42.07, 39.02, 36.98, 31.41, 28.49, 27.62, 21.65. 

IR (EXTRACT):  = 2901.61, 2846.37, 1716.54, 1596.16, 1452.71, 1372.90, 

1352.91, 1315.94, 1291.56, 1276.08, 1255.18, 1189.83, 1174.54, 1158.19, 1118.21, 

1093.54, 1071.68, 1032.59, 992.03, 845.89, 813.92, 766.09, 743.11, 703.74, 665.28, 

648.29cm-1 

HRMS (DART+) m/z: [M+18]+ calcd 467.2574, found 467.2571. 

 

N-Benzyl-O-tosylhydroxylamine 

 

To a mixture of 60% NaH (120 mg, 3 mmol) in 5 mL DCM was added N-

Benzylhydroxylamine hydrochloride (239 mg, 1.5 mmol) in small portions at 0oC, and 

it was stirred at 0oC for 10min. Then TsCl (286 mg, 1.5 mmol) was added to the mixture 

after it was cooled down to -20oC, and the reaction was stirred for 1h at -20oC. The 

reaction was quenched with 2 mL H2O, extracted with DCM (5 mL Ĭ 3). The combined 

organic phases were washed with 10 mL sat. brine, and concentrated in vacuo. The 

residual mixture was purified by silica gel chromatography with PE/EA (8:1) to afford 

N-benzyl-O-tosylhydroxylamine as a colorless solid (66 mg, 16%). 

Mp: 151oC 

1H NMR (400 MHz, CDCl3) ŭ 7.85 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 7.36 

ï 7.27 (m, 5H), 5.91 (s, 1H), 4.06 (s, 2H), 2.49 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 
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145.09, 134.61, 129.75, 129.73, 129.68, 129.19, 128.51, 128.07, 56.71, 21.70. 

IR (ATR):  = 3395, 3065, 3039, 2920, 2854, 1738, 1595, 1493, 1455, 1365, 1335, 

1325, 1306, 1294, 1254, 1213, 1183, 1165, 1088, 1050, 1017, 887, 832, 813, 769, 723, 

697, 654 cm-1 

HRMS (EI+) m/z: [M]+ calcd 277.07672, found 277.07728. 

 

N, N-dimethyl-O-tosylhydroxylamine  

 

To a solution of N,N-dimethylhydroxylamine hydrochloride (292 mg, 3 mmol) and 

Et3N (0.9 mL, 6.6 mmol) in 25 mL DCM was added TsCl (600 mg, 1.05 mmol) in 3 

mL DCM solution dropwise at 0oC. A colorless solid was formed after 20 min, and the 

reaction was stirred at 0oC for 1h. The reaction mixture was filtered to remove the solid, 

concentrated in vacuo. The residual mixture was purified by silica gel chromatography 

with PE/EA (10:1) to afford N,N-dimethyl-O-tosylhydroxylamine as a colorless solid 

(177 mg, 27%). 

Mp: 79oC 

1H NMR (500 MHz, CDCl3) ŭ 7.85 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 2.63 

(s, 6H), 2.45 (s, 3H). 13C NMR (125 MHz, CDCl3) ŭ 144.79, 132.51, 129.41, 128.93, 

48.91, 21.65. 

IR (ATR):  = 3098, 3063, 3007, 2970, 2909, 2874, 2819, 1942, 1738, 1668, 1597, 

1495, 1466, 1443, 1399, 1354, 1298, 1213, 1182, 1161, 1122, 1096, 1042, 1018, 993, 

918, 829, 815, 794, 774, 705, 660 cm-1 

HRMS (EI+) m/z: [M]+ calcd 215.06107, found 215.06092. 

 

2.4.3 Substrate Scope 

General Procedure for the Amination Reaction (for Primary Amine Products and 

Secondary Amine Products) ï GP 3 
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To a stirred solution of the aminating reagent (0.4 mmol) in 0.5 mL HFIP solution was 

added the arene (0.2 mmol) under ambient atmosphere at room temperature, unless 

otherwise stated. The reaction was stirred at room temperature for 36 h to 10 days 

(monitored by GCMS or TLC). Then the reaction was diluted with 1mL DCM and 

basified with 1mL saturated NaHCO3 aqueous solution. The aqueous layer was 

extracted with DCM (3 mL Ĭ 3), and the combined organic layers were washed with 

sat. brine (5 mL), dried over anhydrous Na2SO4, filtered and concentrated in vacuo. The 

crude residue was purified by preparative thin-layer chromatography or silica gel 

chromatography with PE/EA or DCM/MeOH to afford the desired product. 

 

General Procedure for the Amination Reaction (for Secondary Amine Products) ï 

GP 4 

To a stirring solution of TsONHMe or other aminating reagents (0.8 mmol) in 0.5 mL 

HFIP solution was added the arene (0.2 mmol) under ambient atmosphere at room 

temperature, unless otherwise stated. The reaction was stirred at room temperature for 

36 h to 10 days (monitored by GCMS or TLC). Then the reaction was diluted with 1mL 

DCM and basified with 1 mL saturated NaHCO3 aqueous solution. The aqueous layer 

was extracted with DCM (3 mL Ĭ 3), and the combined organic layers were washed 

with sat. brine (5 mL), dried over anhydrous Na2SO4, filtered and concentrated in vacuo. 

The crude residue was purified by preparative thin-layer chromatography or silica gel 

chromatography with PE/EA or DCM/MeOH to afford the desired product. 

 

2,4,6-Trimethylaniline (2) spectral data were in agreement with literature values[2] 

 

Following GP 3, mesitylene (24 mg, 0.2 mmol), TsONHBoc (86 mg, 0.4 mmol) in 0.5 

mL HFIP solution were stirred for 36 h at room temperature. Purification by silica gel 

chromatography with PE/EA (10:1) as eluting solvent afforded methyl 2,4,6-

trimethylaniline 2 as a yellow oil (24 mg, 89%). 
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1H NMR (300 MHz, CDCl3) ŭ 6.78 (s, 2H), 3.45 (br, 2H), 2.21 (s, 3H), 2.16 (s, 6H). 

13C NMR (75 MHz, CDCl3) ŭ 140.10, 128.81, 127.14, 121.84, 20.33, 17.55. 

 

2,4,6-Triethylaniline (4) spectral data were in agreement with literature values[35] 

 

Following GP 3, 1,3,5-triethylbenzene (32 mg, 0.2 mmol), TsONHBoc (86 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded methyl 

2,4,6-triethylaniline 4 as a yellow oil (22 mg, 63%). 

1H NMR (300 MHz, CDCl3) ŭ 6.83 (s, 2H), 3.53 (br, 2H), 2.61 ï 2.48 (m, 6H), 1.33 ï 

1.15 (m, 9H). 13C NMR (75 MHz, CDCl3) ŭ 139.20, 134.09, 127.87, 125.50, 28.21, 

24.41, 16.06, 13.17. 

 

2,4,6-Triisopropylaniline (5) spectral data were in agreement with literature values[36] 

 

Following GP 3, 1,3,5-triisopropylbenzene (41 mg, 0.2 mmol), TsONHBoc (86 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded methyl 

2,4,6-triisopropylaniline 5 as a yellow oil (24 mg, 55%). 

1H NMR (300 MHz, CDCl3) ŭ 6.92 (s, 2H), 3.60 (br, 2H), 3.03 ï 2.87 (m, 2H), 2.85 ï 

2.75 (m, 1H), 1.29 (d, J = 6.8 Hz, 12H), 1.25 (d, J = 6.8 Hz, 6H). 13C NMR (75 MHz, 

CDCl3) ŭ 138.71, 138.03, 132.41, 120.69, 33.81, 28.07, 24.36, 22.51. 

 

2,3,5,6-Tetramethylaniline (6)  
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Following GP 3, 1,2,4,5-tetramethylbenzene (27 mg, 0.2 mmol), TsONHBoc (86 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 10 days at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

methyl 2,3,5,6-tetramethylaniline 6 as a yellow solid (11 mg, 35%). 

Mp: 66oC 

1H NMR (400 MHz, CDCl3) ŭ 6.55 (s, 1H), 3.66 (br, 2H), 2.27 (s, 6H), 2.12 (s, 6H). 

13C NMR (100 MHz, CDCl3) ŭ 142.54, 133.56, 122.00, 117.90, 20.17, 12.91.  

 

2,3,4,5,6-Pentamethylaniline (7) 

 

Following GP 3, 1,2,3,4,5-pentamethylbenzene (30 mg, 0.2 mmol), TsONHBoc (86 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 10 days at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

methyl 2,3,4,5,6-pentamethyl aniline 7 as a yellow solid (8 mg, 23%). 

Mp: 149oC 

1H NMR (400 MHz, CDCl3) ŭ 3.52 (br, 2H), 2.26 (s, 6H), 2.23 (s, 3H), 2.17 (s, 6H). 

13C NMR (100 MHz, CDCl3) ŭ 140.24, 132.24, 125.01, 118.13, 16.62, 16.38, 13.74. 

 

2,5-Dibromoaniline (8) spectral data were in agreement with literature values[5] 

 

Following GP 3, 1,4-dibromobenzene (47 mg, 0.2 mmol), MsONH2ÅHOTf (104 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred overnight at 60oC. Purification by silica 

gel chromatography with PE/EA (10:1) as eluting solvent afforded 2,5-dibromoaniline 
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8 as a yellow solid (36 mg, 72%). 

1H NMR (300 MHz, CDCl3) ŭ 7.24 (d, J = 8.4 Hz, 1H), 6.90 (d, J = 2.2 Hz, 1H), 6.73 

(dd, J = 8.4, 2.2 Hz, 1H), 4.13 (br, 2H). 13C NMR (75 MHz, CDCl3) ŭ 145.26, 133.59, 

122.13, 121.72, 118.09, 107.72. 

 

Methyl 2-aminobenzoate (9a), methyl 3-aminobenzoate (9b) and methyl 4-

aminobenzoate (9c) 

 

Following GP 3, methyl benzoate (27 mg, 0.2 mmol), MsONH2ÅHOTf (104 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred overnight at 60oC. Purification by silica 

gel chromatography with PE/EA (5:1) as eluting solvent afforded methyl 2-

aminobenzoate 9a as a yellow oil (4 mg, 13%), methyl 3-aminobenzoate 9b as a yellow 

solid (10 mg, 33%) and methyl 4-aminobenzoate 9c as a yellow solid (3 mg, 10%). 

Methyl 2-aminobenzoate (9a) spectral data were in agreement with literature values[37] 

 
1H NMR (300 MHz, CDCl3) ŭ 7.85 (dd, J = 8.2, 1.6 Hz, 1H), 7.26 (ddd, J = 8.5, 7.1, 

1.6 Hz, 1H), 6.75 ï 6.57 (m, 2H), 5.71 (br, 2H), 3.87 (s, 3H). 13C NMR (75 MHz, CDCl3) 

ŭ 168.56, 150.41, 134.05, 131.20, 116.64, 116.25, 110.76, 51.47. 

Methyl 3-aminobenzoate (9b) spectral data were in agreement with literature values[38] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.42 (dt, J = 7.9, 1.2 Hz, 1H), 7.35 (t, J = 2.2 Hz, 1H), 

7.21 (t, J = 7.9 Hz, 1H), 6.85 (ddd, J = 7.9, 2.2, 1.2 Hz, 1H), 3.89 (s, 3H), 3.70 (br, 2H). 

13C NMR (75 MHz, CDCl3) ŭ 167.25, 146.45, 131.11, 129.23, 119.68, 119.35, 115.73, 

52.00. 

Methyl 4-aminobenzoate (9c) spectral data were in agreement with literature values[39] 
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1H NMR (300 MHz, CDCl3) ŭ 7.85 (d, J = 8.7 Hz, 2H), 6.63 (d, J = 8.7 Hz, 2H), 4.05 

(br, 2H), 3.85 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 167.14, 150.78, 131.58, 119.75, 

113.78, 51.58. 

 

2-Fluoro-5-nitroaniline (10a) and 5-fluoro-2-nitroaniline (10b) 

 

Following GP 3, 1-fluoro-4-nitrobenzene (28 mg, 0.2 mmol), MsONH2ÅHOTf (104 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 40 h at 80oC. Purification by silica 

gel chromatography with PE/EA (10:1) as eluting solvent afforded 2-fluoro-5-

nitroaniline 10a and 5-fluoro-2-nitroaniline 10b as the yellow solid (28 mg combined, 

88%, the ratio of 2-fluoro-5-nitroaniline 10a : 5-fluoro-2-nitroaniline 10b = 4 : 1 from 

NMR). 

2-Fluoro-5-nitroaniline (10a) spectral data were in agreement with literature values[40] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.65 (dd, J = 7.8, 2.8 Hz, 1H), 7.58 (ddd, J = 8.8, 4.2, 

2.8 Hz, 1H), 7.07 (dd, J = 10.2, 8.8 Hz, 1H), 4.08 (br, 2H). 13C NMR (75 MHz, CDCl3) 

ŭ 154.64 (d, J = 250.1 Hz), 144.66, 135.52 (d, J = 14.5 Hz), 115.46 (d, J = 21.5 Hz), 

114.01 (d, J = 8.3 Hz), 111.40 (d, J = 6.0 Hz). 19F NMR (283 MHz, CDCl3) ŭ -125.31. 

5-Fluoro-2-nitroaniline (10b) spectral data were in agreement with literature values[41] 

 
1H NMR (300 MHz, CDCl3) ŭ 8.15 (dd, J = 9.6, 5.9 Hz, 1H), 6.48 (dd, J = 10.3, 2.5 

Hz, 1H), 6.43 (ddd, J = 9.6, 7.5, 2.5 Hz, 1H), 6.23 (br, 2H). 13C NMR (75 MHz, CDCl3) 

ŭ 166.87 (d, J = 256.3 Hz), 147.28, 146.73 (d, J = 13.5 Hz), 129.31 (d, J = 12.1 Hz), 
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105.69 (d, J = 24.6 Hz), 103.65 (d, J = 26.0 Hz). 19F NMR (283 MHz, CDCl3) ŭ -101.50. 

 

Aniline (11) spectral data were in agreement with literature values[42] 

  

To a stirred solution of the TsONHBoc (115 mg, 0.4 mmol) and Rh2(esp)2 (3.0 mg, 

0.004 mmol) in 0.5 mL HFIP was added benzene (16mg, 0.2 mmol) under ambient 

atmosphere at room temperature,. The reaction was stirred for 12 h at room temperature. 

Then the reaction was diluted with 1mL DCM and basified with 1mL saturated 

NaHCO3 aqueous solution. The aqueous layer was extracted with DCM (3 mL Ĭ 3), 

and the combined organic layers were washed with sat. brine (5 mL), dried over 

anhydrous Na2SO4, filtered and concentrated in vacuo. The crude residue was purified 

by preparative thin-layer chromatography or silica gel chromatography with PE/EA 

(5:1) to afford aniline 11 as a yellow oil (4 mg, 22%). 

1H NMR (300 MHz, CDCl3) ŭ 7.21 ï 7.14 (m, 2H), 6.81 ï 6.74 (m, 1H), 6.75 ï 6.66 

(m, 2H), 3.57 (br, 2H). 13C NMR (75 MHz, CDCl3) ŭ 146.29, 129.26, 118.55, 115.09. 

 

4-methoxyaniline (12a) and 2-methoxyaniline (12b) 

 

To a stirred solution of the TsONHBoc (115 mg, 0.4 mmol) and Rh2(esp)2 (3.0 mg, 

0.004 mmol) in 0.5 mL HFIP was added anisole (22mg, 0.2 mmol) under ambient 

atmosphere at room temperature. The reaction was stirred for 12 h at room temperature. 

Then the reaction was diluted with 1mL DCM and basified with 1mL saturated 

NaHCO3 aqueous solution. The aqueous layer was extracted with DCM (3 mL Ĭ 3), 

and the combined organic layers were washed with sat. brine (5 mL), dried over 

anhydrous Na2SO4, filtered and concentrated in vacuo. The crude residue was purified 

by preparative thin-layer chromatography or silica gel chromatography with PE/EA 

(4:1) to afford 4-methoxyaniline 12a as a brown oil (9 mg, 37%) and 2-methoxyaniline 
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12b as a brown oil (9 mg, 37%). 

4-methoxyaniline (12a) spectral data were in agreement with literature values[43] 

 
1H NMR (300 MHz, CDCl3) ŭ 6.75 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 8.8 Hz, 2H), 3.75 

(s, 3H), 3.42 (br, 2H). 13C NMR (75 MHz, CDCl3) ŭ 152.78, 139.88, 116.39, 114.77, 

55.70 

2-methoxyaniline (12b) spectral data were in agreement with literature values[44] 

 
1H NMR (500 MHz, CDCl3) ŭ 6.82 ï 6.77 (m, 2H), 6.76 ï 6.71 (m, 2H), 3.85 (s, 3H), 

3.80 (br, 2H). 13C NMR (125 MHz, CDCl3) ŭ 147.29, 136.09, 121.03, 118.46, 114.99, 

110.37, 55.39. 

 

N,4-Dimethylaniline (19) spectral data were in agreement with literature values[45] 

 

Following GP 4, toluene (18 mg, 0.2 mmol), TsONHMe (162 mg, 0.4 mmol) in 0.5 mL 

HFIP solution were stirred for 10 days at room temperature. Purification by silica gel 

chromatography with PE/EA (20:1) as eluting solvent afforded N,4-dimethylaniline 19 

as a yellow oil (6 mg, 25%). 

1H NMR (300 MHz, CDCl3) ŭ 7.01 (d, J = 8.2 Hz, 2H), 6.57 (d, J = 8.2 Hz, 2H), 3.34 

(br, 1H), 2.83 (s, 3H), 2.25 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 146.94, 129.67, 

126.65, 112.74, 31.19, 20.35. 

 

4-Ethyl-N-methylaniline (20) spectral data were in agreement with literature values[46] 

 

Following GP 4, ethylbenzene (21 mg, 0.2 mmol), TsONHMe (162 mg, 0.4 mmol) in 

0.5 mL HFIP solution were stirred for 10 days at room temperature. Purification by 
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silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 4-ethyl-N-

methylaniline 20 as a yellow oil (11 mg, 41%). 

1H NMR (300 MHz, CDCl3) ŭ 7.05 (d, J = 8.5 Hz, 2H), 6.60 (d, J = 8.5 Hz, 2H), 3.57 

(br, 1H), 2.84 (s, 3H), 2.57 (q, J = 7.6 Hz, 2H), 1.21 (t, J = 7.6 Hz, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 147.10, 133.37, 128.50, 112.75, 31.16, 27.91, 15.96. 

 

4-Isopropyl-N-methylaniline (21) spectral data were in agreement with literature 

values[47] 

 

Following GP 4, cumene (24 mg, 0.2 mmol), TsONHMe (162 mg, 0.4 mmol) in 0.5 mL 

HFIP solution were stirred for 10 days at room temperature. Purification by silica gel 

chromatography with PE/EA (20:1) as eluting solvent afforded 4-isopropyl-N-

methylaniline 21 as a yellow oil (13 mg, 41%). 

1H NMR (300 MHz, CDCl3) ŭ 7.10 (d, J = 8.4 Hz, 2H), 6.61 (d, J = 8.4 Hz, 2H), 3.36 

(br, 1H), 2.90 ï 2.79 (m, 1H), 2.84 (s, 3H), 1.25 (d, J = 6.9 Hz, 6H). 13C NMR (75 MHz, 

CDCl3) ŭ 147.38, 137.80, 127.02, 112.49, 33.14, 30.99, 24.23. 

 

4-(Tert-butyl)-N-methylaniline (22) spectral data were in agreement with literature 

values[46] 

 

Following GP 4, tert-butylbenzene (27 mg, 0.2 mmol), TsONHMe (162 mg, 0.4 mmol) 

in 0.5 mL HFIP solution were stirred for 10 days at room temperature. Purification by 

silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 4-(tert-butyl)-

N-methylaniline 22 as a yellow oil (15 mg, 46%). 

1H NMR (300 MHz, CDCl3) ŭ 7.25 (d, J = 8.7 Hz, 2H), 6.60 (d, J = 8.7 Hz, 2H), 2.84 

(s, 3H), 1.31 (s, 9H). 13C NMR (100 MHz, CDCl3) ŭ 147.00, 140.06, 125.94, 112.21, 

33.81, 31.54, 30.95. 
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5-Isopropyl-N,2-dimethylaniline (23) 

 

Following GP 4, p-cymene (27 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 mmol) in 0.5 

mL HFIP solution were stirred for 3 days at room temperature. Purification by silica gel 

chromatography with PE/EA (20:1) as eluting solvent afforded 5-isopropyl-N,2-

dimethylaniline 23 as a yellow oil (21 mg, 66%). 

1H NMR (300 MHz, CDCl3) ŭ 6.99 (d, J = 7.6 Hz, 1H), 6.57 (dd, J = 7.6, 1.4 Hz, 1H), 

6.50 (d, J = 1.4 Hz, 1H), 2.92 (s, 3H), 2.91 ï 2.80 (m, 1H), 2.11 (s, 3H), 1.27 (d, J = 6.9 

Hz, 6H). 13C NMR (75 MHz, CDCl3) ŭ 148.11, 147.06, 129.81, 119.40, 114.58, 107.58, 

34.27, 30.80, 24.16, 16.96. 

 

N,3,4-Trimethylaniline (24a) and N,2,3-trimethylaniline (24b) 

 

Following GP 4, o-xylene (21 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 mmol) in 0.5 

mL HFIP solution were stirred for 3 days at room temperature. Purification by 

preparative thin-layer chromatography with PE/EA (20:1) as eluting solvent afforded 

N,3,4-trimethylaniline 24a as a yellow oil (12 mg) and N,2,3-trimethylaniline 24b as a 

yellow oil (6 mg) (18 mg total, 67% combined yield). 

N,3,4-Trimethylaniline (24a) spectral data were in agreement with literature values[48] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.97 (d, J = 8.0 Hz, 1H), 6.43 (d, J = 2.4 Hz, 1H), 6.40 

(dd, J = 8.0, 2.4 Hz, 1H), 3.36 (br, 1H), 2.83 (s, 3H), 2.23 (s, 3H), 2.18 (s, 3H). 13C 

NMR (75 MHz, CDCl3) ŭ 147.55, 137.19, 130.20, 125.27, 114.32, 109.93, 31.09, 19.99, 

18.63. 

N,2,3-Trimethylaniline (24b) spectral data were in agreement with literature values[49] 



тм 
 

 

1H NMR (300 MHz, CDCl3) ŭ 7.06 (t, J = 7.8 Hz, 1H), 6.61 (d, J = 7.8 Hz, 1H), 6.53 

(d, J = 7.8 Hz, 1H), 2.89 (s, 3H), 2.29 (s, 3H), 2.05 (s, 3H). 13C NMR (75 MHz, CDCl3) 

ŭ 147.21, 136.33, 126.21, 120.21, 119.25, 107.37, 31.10, 20.60, 12.37. 

 

N,2,5-Trimethylaniline (25) spectral data were in agreement with literature values[50] 

 

Following GP 4, p-xylene (21 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 mmol) in 0.5 

mL HFIP solution were stirred for 3 days at room temperature. Purification by silica gel 

chromatography with PE/EA (20:1) as eluting solvent afforded N,2,5-trimethylaniline 

25 as a yellow oil (15 mg, 55%). 

1H NMR (300 MHz, CDCl3) ŭ 6.94 (d, J = 7.4 Hz, 1H), 6.50 (d, J = 7.4 Hz, 1H), 6.45 

(s, 1H), 2.90 (s, 3H), 2.33 (s, 3H), 2.10 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 147.06, 

136.77, 129.73, 118.91, 117.43, 110.10, 30.78, 21.52, 16.90. 

 

N,2,4-Trimethylaniline (26) spectral data were in agreement with literature values[51] 

 

Following GP 4, m-xylene (21 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 mmol) in 0.5 

mL HFIP solution were stirred for 3 days at room temperature. Purification by silica gel 

chromatography with PE/EA (20:1) as eluting solvent afforded N,2,4-trimethylaniline 

26 as a yellow oil (25 mg, 92%). 

1H NMR (300 MHz, CDCl3) ŭ 6.98 (d, J = 7.8 Hz, 1H), 6.91 (s, 1H), 6.55 (d, J = 7.8 

Hz, 1H), 2.89 (s, 3H), 2.26 (s, 3H), 2.13 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 144.98, 

130.79, 127.34, 126.01, 122.08, 109.37, 31.05, 20.30, 17.31. 

 

2,4-Diethyl-N-methylaniline (27) 
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Following GP 4, 1,3-diethylbenzene (27 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 mmol) 

in 0.5 mL HFIP solution were stirred for 3 days at room temperature. Purification by 

silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 2,4-diethyl-N-

methylaniline 27 as a yellow oil (26 mg, 80%). 

1H NMR (300 MHz, CDCl3) ŭ 7.03 (dd, J = 8.1, 2.0 Hz, 1H), 6.95 (d, J = 2.0 Hz, 1H), 

6.61 (d, J = 8.1 Hz, 1H), 3.47 (br, 1H), 2.90 (s, 3H), 2.59 (q, J = 7.5 Hz, 2H), 2.50 (q, 

J = 7.5 Hz, 2H), 1.28 (t, J = 7.5 Hz, 3H), 1.24 (t, J = 7.5 Hz, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 144.62, 132.81, 127.72, 127.47, 125.99, 109.68, 31.09, 28.04, 23.82, 16.06, 

12.96. 

IR (Reflexion):  = 3436, 2964, 2930, 2874, 2810, 1851, 1814, 1769, 1727, 1615, 1584, 

1521, 1454, 1416, 1373, 1307, 1267, 1217, 1171, 1156, 1125, 1061, 961, 887, 812, 723, 

623 cm-1 

HRMS (EI+) m/z: [M]+ calcd 163.13555, found 163.13511. 

 

2,4-Diisopropyl-N-methylaniline (28) 

 

Following GP 4, 1,3-diisopropylbenzene (32 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 

mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. Purification 

by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 2,4-diethyl-

N-methylaniline 28 as a yellow oil (25 mg, 66%). 

1H NMR (300 MHz, CDCl3) ŭ 7.08 ï 7.03(m, 2H), 6.69 ï 6.59 (m, 1H), 3.56 (br, 1H), 

2.90 (s, 3H), 2.96 ï 2.80 (m, 2H), 1.30 ï 1.24 (m, 12H). 13C NMR (75 MHz, CDCl3) ŭ 

143.98, 137.57, 132.21, 124.09, 123.16, 109.94, 33.44, 31.22, 27.20, 24.33, 22.39. 

IR (Reflexion):  = 3412, 2958, 2926, 2869, 2812, 1737, 1613, 1510, 1458, 1418, 1380, 

1360, 1309, 1262, 1217, 1186, 1172, 1146, 1087, 1043, 927, 889, 811, 750, 634 cm-1 

HRMS (EI+) m/z: [M]+ calcd 191.16685, found 191.16767. 
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N-Methyl-2,3-dihydro-1H-inden-5-amine (29a) and N-methyl-2,3-dihydro-1H-

inden-4-amine (29b) 

 

Following GP 4, 2,3-dihydro-1H-indene (24 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 

mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. Purification 

by preparative thin-layer chromatography with PE/EA (20:1) as eluting solvent 

afforded N-methyl-2,3-dihydro-1H-inden-5-amine 29a as a yellow liquid (10 mg) and 

N-methyl-2,3-dihydro-1H-inden-4-amine 29b as a yellow oil (5 mg) (15 mg total, 52% 

combined yield). 

N-Methyl-2,3-dihydro-1H-inden-5-amine (29a) 

 

1H NMR (300 MHz, CDCl3) ŭ 7.05 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 2.2 Hz, 1H), 6.45 

(dd, J = 8.0, 2.2 Hz, 1H), 2.91 ï 2.74 (m, 4H), 2.83 (s, 3H), 2.13 ï 1.99 (m, 2H). 13C 

NMR (75 MHz, CDCl3) ŭ 148.21, 145.38, 133.03, 124.68, 110.94, 108.62, 33.13, 31.90, 

31.28, 25.71. 

IR (Relexion):  = 3406, 3012, 2945, 2888, 2843, 2808, 1853, 1618, 1585, 1507, 1443, 

1413, 1335, 1295, 1258, 1213, 1157, 1124, 1091, 1052, 841, 806, 747, 699, 627 cm-1 

HRMS (EI+) m/z: [M]+ calcd 147.10425, found 147.10379. 

N-Methyl-2,3-dihydro-1H-inden-4-amine (29b) 

 

1H NMR (300 MHz, CDCl3) ŭ 7.11 (t, J = 7.7 Hz, 1H), 6.67 (d, J = 7.7 Hz, 1H), 6.45 

(d, J = 7.7 Hz, 1H), 2.96 ï 2.87 (m, 2H), 2.89 (s, 3H), 2.68 (m, 2H), 2.18 ï 2.02 (m, 

2H). 13C NMR (75 MHz, CDCl3) ŭ 145.47, 144.70, 128.19, 127.68, 113.57, 106.94, 

33.34, 30.77, 29.31, 24.59. 

IR (Reflexion):  = 3419, 3040, 2948, 2841, 2811, 1892, 1593, 1503, 1475, 1440, 1338, 
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1311, 1161, 1125, 1085, 1058, 1000, 945, 762, 709, 637cm-1 

HRMS (EI+) m/z: [M]+ calcd 147.10425, found 147.10365. 

 

N-Methyl-5,6,7,8-tetrahydronaphthalen-1-amine (30a) and N-methyl-5,6,7,8-

tetrahydronaphthalen-2-amine (30b) 

 

Following GP 4, 1,2,3,4-tetrahydronaphthalene (26 mg, 0.2 mmol), TsONHMe (162 

mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. 

Purification by preparative thin-layer chromatography with PE/EA (20:1) as eluting 

solvent afforded N-methyl-5,6,7,8-tetrahydronaphthalen-2-amine 30a as a yellow oil 

(10 mg) and N-methyl-5,6,7,8-tetrahydronaphthalen-1-amine 30b as a yellow liquid (10 

mg) (20 mg total, 62% combined yield).  

N-Methyl-5,6,7,8-tetrahydronaphthalen-2-amine (30a) 

 

1H NMR (400 MHz, CDCl3) ŭ 6.91 (d, J = 8.2 Hz, 1H), 6.44 (dd, J = 8.2, 2.4 Hz, 1H), 

6.36 (d, J = 2.4 Hz, 1H), 3.34 (br, 1H), 2.82 (s, 3H), 2.75 ï 2.62(m, 4H), 1.85 ï 1.68 

(m, 4H). 13C NMR (100 MHz, CDCl3) ŭ 147.20, 137.75, 129.72, 126.12, 112.50, 110.92, 

31.10, 29.71, 28.50, 23.65, 23.40. 

IR (Reflexion):  = 3405, 2926, 2855, 2836, 2660, 1877, 1839, 1617, 1581, 1514, 1470, 

1447, 1407, 11352, 1332, 1321, 1306, 1262, 1234, 1204, 1171, 1156, 1117, 1069, 1057, 

988, 941, 903, 847, 822, 799, 699 cm-1 

HRMS (EI+) m/z: [M]+ calcd 161.11990, found 161.12049. 

N-Methyl-5,6,7,8-tetrahydronaphthalen-1-amine (30b) 

 

1H NMR (400 MHz, CDCl3) ŭ 7.08 (t, J = 7.8 Hz, 1H), 6.53 (d, J = 7.8 Hz, 1H), 6.47 
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(d, J = 7.8 Hz, 1H), 3.57 (br, 1H), 2.90 (s, 3H), 2.76 (t, J = 6.2 Hz, 2H), 2.40 (t, J = 6.2 

Hz, 2H), 1.92 ï 1.83 (m, 2H), 1.81 ï 1.73 (m, 2H). 13C NMR (100 MHz, CDCl3) ŭ 

146.89, 137.41, 126.09, 121.04, 118.17, 106.40, 30.87, 30.04, 23.70, 23.12, 22.70. 

IR (Reflexion):  = 3433, 3071, 3035, 2926, 2857, 2834, 2813, 1800, 1590, 1509, 1472, 

1439, 1338, 1313, 1285, 1249, 1167, 1151, 1106, 1081, 1060, 1005, 966, 882, 859, 830, 

763, 711 cm-1 

HRMS (EI+) m/z: [M]+ calcd 161.11990, found 161.12102. 

 

N-Methyl-2,3-dihydrobenzofuran-5-amine (31a) and N-methyl-2,3-

dihydrobenzofuran-7-amine (31b) 

 

Following GP 3, 2,3-dihydrobenzofuran (24 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by preparative thin-layer chromatography with PE/EA (10:1) as eluting solvent 

afforded N-methyl-2,3-dihydrobenzofuran-5-amine 31a as a yellow oil (12 mg) and N-

methyl-2,3-dihydrobenzofuran-7-amine 31b as a brown oil (3 mg) (15 mg total, 50% 

combined yield). 

N-Methyl-2,3-dihydrobenzofuran-5-amine (31a) spectral data were in agreement 

with literature values[52] 

 

1H NMR (400 MHz, CDCl3) ŭ 6.66 (d, J = 8.4 Hz, 1H), 6.56 (d, J = 1.9 Hz, 1H), 6.41 

(dd, J = 8.4, 1.9 Hz, 1H), 4.49 (t, J = 8.6 Hz, 2H), 3.15 (t, J = 8.6 Hz, 2H), 2.80 (s, 3H). 

13C NMR (100 MHz, CDCl3) ŭ 152.57, 143.83, 127.77, 112.09, 110.07, 109.37, 70.89, 

32.00, 30.41. 

N-Methyl-2,3-dihydrobenzofuran-7-amine (31b) 
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1H NMR (400 MHz, CDCl3) ŭ 6.79 (t, J = 7.6 Hz, 1H), 6.61 (d, J = 7.6, 1H), 6.48 (d, J 

= 7.6 Hz, 1H), 4.56 (t, J = 8.7 Hz, 2H), 3.21 (t, J = 8.7 Hz, 2H), 2.87 (s, 3H). 13C NMR 

(100 MHz, CDCl3) ŭ 147.10, 134.56, 125.28, 121.31, 113.21, 109.15, 71.16, 30.62, 

30.54. 

IR (Reflexion):  = 3397, 3026, 2955, 2918, 2889, 2854, 2803, 1823, 1604, 1492, 1444, 

1358, 1336, 1310, 1219, 1152, 1099, 1052, 984, 944, 847, 802, 706 cm-1 

HRMS (EI+) m/z: [M]+ calcd 149.08352, found 149.08312. 

 

N-Methyl-1-tosylindolin-5-amine (32) 

 

Following GP 3, 1-tosylindoline (55 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 

0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification by 

preparative thin-layer chromatography with PE/EA (4:1) as eluting solvent afforded N-

methyl-1-tosylindolin-5-amine 32 as a yellow oil (40 mg, 67%). 

1H NMR (300 MHz, CDCl3) ŭ 7.57 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.3 Hz, 1H), 7.18 

(d, J = 8.2 Hz, 2H), 6.50 (d, J = 8.3 Hz, 1H), 6.38 (s, 1H), 3.86 (t, J = 8.1 Hz, 2H), 2.79 

(s, 3H), 2.65 (t, J = 8.1 Hz, 2H), 2.35 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 146.10, 

143.64, 133.96, 129.46, 127.36, 117.23, 112.18, 109.31, 50.26, 31.45, 28.39, 21.48. 

IR (Reflexion):  = 3416, 3029, 2954, 2923, 2809, 2255, 1615, 1597, 1491, 1448, 1347, 

1305, 1286, 1240, 1184, 1163, 1090, 1053, 972, 912, 813, 731, 708, 691, 662, 612 cm-

1 

HRMS (EI+) m/z: [M]+ calcd 302.10835, found 302.10730. 

 

N-Methylbenzo[d][1,3]dioxol-5-amine (33a) and N-methylbenzo[d][1,3]dioxol-4-

amine (33b) 
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Following GP 3, benzo[d][1,3]dioxole (25 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by preparative thin-layer chromatography with PE/EA (5:1) as eluting solvent afforded 

N-methylbenzo[d][1,3]dioxol-5-amine 33a as a yellow oil (21 mg) and N-

methylbenzo[d][1,3]dioxol-4-amine 33b as a yellow oil (3 mg) (24 mg total, 80% 

combined yield). 

N-Methylbenzo[d][1,3]dioxol-5-amine (33a) spectral data were in agreement with 

literature values[45] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.68 (d, J = 8.3 Hz, 1H), 6.25 (d, J = 2.3 Hz, 1H), 6.04 

(dd, J = 8.3, 2.3 Hz, 1H), 5.85 (s, 2H), 3.38 (br, 1H), 2.79 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 148.36, 145.24, 139.55, 108.60, 103.80, 100.55, 95.59, 31.64. 

N-Methylbenzo[d][1,3]dioxol-4-amine (33b) spectral data were in agreement with 

literature values[53] 

 

1H NMR (400 MHz, CDCl3) ŭ 6.76 (t, J = 8.2 Hz, 1H), 6.33 (dd, J = 8.2, 1.0 Hz, 1H), 

6.29 (dd, J = 8.2, 1.0 Hz, 1H), 5.90 (s, 2H), 2.89 (s, 3H). 13C NMR (100 MHz, CDCl3) 

ŭ 147.06, 134.10, 133.75, 122.39, 105.77, 100.51, 99.00, 30.69. 

 

N,2,4,6-Tetramethylaniline (17) spectral data were in agreement with literature 

values[2] 
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Following GP 3, mesitylene (27 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 

mL HFIP solution were stirred for 36 h at room temperature. Purification by silica gel 

chromatography with PE/EA (10:1) as eluting solvent afforded N,2,4,6-

tetramethylaniline 17 as a yellow oil (25 mg, 83%). 

1H NMR (300 MHz, CDCl3) ŭ 6.83 (s, 2H), 2.74 (s, 3H), 2.27 (s, 6H), 2.23 (s, 3H). 13C 

NMR (75 MHz, CDCl3) ŭ 144.84, 131.32, 129.52, 129.43, 35.58, 20.52, 18.12. 

 

2,4,6-Triethyl-N-methylaniline (34)  

 

Following GP 3, 1,3,5-triethylbenzene (32mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 2,4,6-

triethyl-N-methylaniline 34 as a yellow oil (26 mg, 68%). 

1H NMR (300 MHz, CDCl3) ŭ 6.89 (s, 2H), 2.75 (s, 3H), 2.66 (q, J = 7.6 Hz, 4H), 2.58 

(q, J = 7.6 Hz, 2H), 1.30 ï 1.20 (m, 9H). 13C NMR (75 MHz, CDCl3) ŭ 143.96, 138.38, 

136.31, 126.17, 37.19, 28.32, 24.34, 15.62, 15.02. 

IR (Reflexion):  = 3390, 2964, 2932, 2872, 2798, 1758, 1681, 1588, 1475, 1417, 1374, 

1319, 1280, 1221, 1139, 1071, 1028, 873, 740, 696 cm-1 

HRMS (EI+) m/z: [M]+ calcd 191.16685, found 191.16769. 

 

2,4,6-Triisopropyl-N-methylaniline (35) 

 

Following GP 3, 1,3,5-triisopropylbenzene (41 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 2,4,6-

triisopropyl-N-methylaniline 35 as a yellow oil (23 mg, 50%). 
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1H NMR (300 MHz, CDCl3) ŭ 6.96 (s, 2H), 3.29 (hept, J = 7.0 Hz, 2H), 2.87 (hept, J = 

7.0 Hz, 1H), 2.73 (s, 3H), 1.27 (d, J = 7.0 Hz, 12H), 1.26 (d, J = 7.0 Hz, 6H). 13C NMR 

(75 MHz, CDCl3) ŭ 143.71, 142.28, 142.03, 121.48, 38.57, 33.93, 27.74, 24.31, 24.12. 

IR (Reflexion):  = 3390, 2961, 2869, 2796, 1763, 1728, 1682, 1606, 1584, 1471, 1417, 

1382, 1362, 1310, 1280, 1246, 1217, 1180, 1123, 1069, 1024, 941, 876, 820, 751, 703, 

648, 609 cm-1 

HRMS (EI+) m/z: [M]+ calcd 233.21380, found 233.21425. 

 

N,2,3,5,6-Pentamethylaniline (36) 

 

Following GP 3, 1,2,4,5-tetramethylbenzene (27mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

N,2,3,5,6-pentamethylaniline 36 as a yellow solid (23 mg, 72%). 

Mp: 49oC 

1H NMR (300 MHz, CDCl3) ŭ 6.73 (s, 1H), 3.00 (br, 1H), 2.72 (s, 3H), 2.25 (s, 6H), 

2.22 (s, 6H). 13C NMR (75 MHz, CDCl3) ŭ 147.26, 134.25, 126.32, 126.18, 35.96, 

20.30, 13.85. 

IR (ATR):  = 3347, 3012, 2948, 2919, 2863, 2798, 1724, 1679, 1611, 1564, 1495, 

1464, 1446, 1422, 1395, 1301, 1261, 1225, 1179, 1153, 1126, 1107, 1006, 894, 860, 

775, 744, 680, 640, 614 cm-1 

HRMS (EI+) m/z: [M]+ calcd 163.13555, found 163.13537. 

 

N,2,3,4,5,6-Hexamethylaniline (37) 
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Following GP 3, 1,2,3,4,5-pentamethylbenzene (30 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

N,2,3,4,5,6-hexamethylaniline 37 as a yellow solid (34 mg, 97%). 

Mp: 51oC 

1H NMR (300 MHz, CDCl3) ŭ 3.05 (br, 1H), 2.70 (s, 3H), 2.29 (s, 6H), 2.25 (s, 6H), 

2.24 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 144.72, 133.01, 129.78, 126.80, 36.32, 

16.79, 16.51, 14.63. 

IR (ATR):  = 3378, 3304, 2923, 2791, 1656, 1572, 1460, 1406, 1376, 1308, 1255, 

1127, 1109, 1065, 1014, 963, 902, 838, 756, 718, 668, 636, 621, 610 cm-1 

HRMS (EI+) m/z: [M]+ calcd 177.15120, found 177.15147. 

 

3-Bromo-N,2,4,6-tetramethylaniline (38) 

Following GP 4, 2-bromo-1,3,5-trimethylbenzene (40 mg, 0.2 mmol), TsONHMe (162 

mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 10 days at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

3-bromo-N,2,4,6ïtetramethyl aniline 38 as a yellow oil (30 mg, 67%). 

 

1H NMR (400 MHz, CDCl3) ŭ 6.91 (s, 1H), 2.71 (s, 3H), 2.42 (s, 3H), 2.33 (s, 3H), 

2.23 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 146.29, 131.96, 130.52, 129.97, 128.60, 

125.97, 35.79, 23.47, 18.89, 17.78. 

IR (Reflexion):  = 3385, 2950, 2922, 2857, 2795, 1795, 1679, 1594, 1469, 1406, 1377, 

1306, 1260, 1188, 1143, 1025, 972, 863 cm-1 

HRMS (EI+) m/z: [M]+ calcd 227.03041, found 227.03070. 

 

4-Methoxy-N-methylaniline (39a) and 2-methoxy-N-methylaniline (39b) 
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Following GP 3, anisole (22 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL 

HFIP solution were stirred for 36 h at room temperature. Purification by preparative 

thin-layer chromatography with PE/EA (20:1) as eluting solvent afforded 4-methoxy-

N-methylaniline 39a as a yellow liquid (12 mg) and 2-methoxy-N-methylaniline 39b 

as a yellow oil (2 mg) (14 mg total, 52% combined yield). 

4-methoxy-N-methylaniline (39a) spectral data were in agreement with literature 

values[2] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.81 (d, J = 8.9 Hz, 2H), 6.60 (d, J = 8.9 Hz, 2H), 3.75 

(s, 3H), 2.81 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 152.09, 143.62, 114.89, 113.66, 

55.83, 31.62. 

2-Methoxy-N-methylaniline (39b) spectral data were in agreement with literature 

values[2] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.92 (td, J = 7.6, 1.5 Hz, 1H), 6.79 (dd, J = 7.6, 1.5 Hz, 

1H), 6.69 (td, J = 7.6, 1.5 Hz, 1H), 6.63 (dd, J = 7.6, 1.5 Hz, 1H), 4.24 (br, 1H), 3.86 (s, 

3H), 2.88 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 146.88, 139.30, 121.31, 116.30, 109.34, 

109.22, 55.36, 30.35. 

 

4-(4-Bromobutoxy)-N-methylaniline (40a) and 2-(4-bromobutoxy)-N-methyl 

aniline (40b) 

 

Following GP 3, (4-bromobutoxy)benzene (46 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 
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mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by preparative thin-layer chromatography with PE/EA (20:1) as eluting solvent 

afforded 4-(4-bromobutoxy)-N-methyl aniline 40a as a brown oil (27 mg, not stable 

above 35oC, the solvent was evaporated at 0oC in vacuo) and 2-(4-bromobutoxy)-N- 

methylaniline 40b as a brown oil (7 mg) (34 mg total, 67% combined yield). 

4-(4-Bromobutoxy)-N-methylaniline (40a) 

 

1H NMR (500 MHz, CDCl3) ŭ 6.79 (d, J = 7.6 Hz, 2H), 6.59 (d, J = 7.6 Hz, 2H), 3.93 

(br, 2H), 3.48 (t, J = 6.4 Hz, 2H), 2.81 (s, 3H), 2.09 ï 2.02(m, 2H), 2.00 ï 1.83 (m,2H). 

13C NMR (125 MHz, CDCl3) ŭ 151.52, 143.15, 115.68, 113.99, 67.54, 33.59, 31.82, 

29.47, 27.99. 

IR (Reflexion):  = 3431, 2954, 2875, 2634, 2574, 2471, 1602, 1510, 1471, 1395, 

1307, 1254, 1180, 1117, 1033, 969, 941, 836, 733, 640 cm-1 

HRMS (EI+) m/z: [M]+ calcd 257.04098, found 257.04118. 

 

2-(4-Bromobutoxy)-N-methylaniline (40b) 

 

1H NMR (300 MHz, CDCl3) ŭ 6.90 (td, J = 7.6, 1.4 Hz, 1H), 6.75 (dd, J = 7.6, 1.4 Hz, 

1H), 6.67 ï 6.57 (m, 2H), 4.03 (t, J = 5.9 Hz, 2H), 3.50 (t, J = 6.4 Hz, 2H), 2.87 (s, 3H), 

2.19 ï 1.85 (m, 4H). 13C NMR (75 MHz, CDCl3) ŭ 145.97, 139.39, 121.44, 116.24, 

110.09, 109.42, 67.05, 33.49, 30.36, 29.58, 27.91. 

IR (ATR):  = 3394, 2925, 2594, 1736, 1609, 1503, 1466, 1401, 1292, 1261, 1216, 

1164, 1105, 1043, 1009, 965, 866, 761, 627, 612 cm-1 

HRMS (EI+) m/z: [M]+ calcd 257.04098, found 257.04132. 

 

4-(4-Bromophenoxy)-N-methylaniline (41) 
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Following GP 3, 1-bromo-4-phenoxybenzene (50 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

4-(4-bromophenoxy)-N-methylaniline 41 as a yellow oil (30 mg, 54%). 

1H NMR (300 MHz, CDCl3) ŭ 7.36 (d, J = 9.0 Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H), 6.80 

(d, J = 8.8 Hz, 2H), 6.61 (d, J = 8.8 Hz, 2H), 2.84 (s, 3H). 13C NMR (75 MHz, CDCl3) 

ŭ 158.39, 147.14, 146.16, 132.33, 121.23, 118.68, 114.10, 113.44, 31.21. 

IR (ATR):  = 3416, 2981, 2919, 2882, 2811, 1611, 1582, 1510, 1480, 1399, 1316, 1281, 

1234, 1164, 1098, 1068, 1006, 871, 822, 753, 684, 653, 617 cm-1 

HRMS (EI+) m/z: [M]+ calcd 277.00968, found 277.00901. 

 

N-Methyl-4-phenoxyaniline (42a) and N-methyl-2-phenoxyaniline (42b) 

 

Following GP 3, oxydibenzene (34 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 

0.5 mL HFIP solution were stirred for 2 days at room temperature. Purification by 

preparative thin-layer chromatography with PE/EA (20:1) as eluting solvent afforded 

N-methyl-4-phenoxyaniline 42a as a yellow oil (24 mg) and N-methyl-2-

phenoxyaniline 42b as a brown oil (4 mg) (28 mg total, 70% combined yield). 

N-Methyl-4-phenoxyaniline (42a) spectral data were in agreement with literature 

values[54] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.22 (t, J = 8.9 Hz, 2H), 6.97 (t, J = 8.9 Hz, 1H), 6.88 

(d, J = 8.9 Hz, 4H), 6.57 (d, J = 8.9 Hz, 2H), 3.21 (br, 1H), 2.80 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 159.14, 147.55, 145.95, 129.45, 121.85, 121.22, 117.01, 113.35, 31.22. 
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N-Methyl-2-phenoxyaniline (42b) spectral data were in agreement with literature 

values[55] 

 

1H NMR (500 MHz, CDCl3) ŭ 7.30 (t, J = 8.0 Hz, 2H), 7.08 (t, J = 8.0 Hz, 1H), 7.06 (t, 

J = 7.8 Hz, 1H), 6.96 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 7.8 Hz, 1H), 6.74 (d, J = 7.8 Hz, 

1H), 6.66 (t, J = 7.8 Hz, 1H), 2.86 (s, 3H). 13C NMR (125 MHz, CDCl3) ŭ 157.52, 

142.79, 141.56, 129.66, 125.04, 122.60, 119.21, 117.15, 116.57, 110.91, 30.32. 

 

4-Methoxy-N,3-dimethylaniline (43) spectral data were in agreement with literature 

values[52] 

 

Following GP 3, 1-methoxy-2-methylbenzene (24 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

4-methoxy-N,3-dimethylaniline 43 as a yellow oil (16 mg, 53%). 

1H NMR (300 MHz, CDCl3) ŭ 6.73 (d, J = 8.5 Hz, 1H), 6.49 (d, J = 2.8 Hz, 1H), 6.44 

(dd, J = 8.5, 2.8 Hz, 1H), 3.77 (s, 3H), 2.80 (s, 3H), 2.20 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 150.43, 143.42, 127.64, 116.10, 111.81, 110.01, 56.15, 31.62, 16.34. 

 

4-Methoxy-N,2-dimethylaniline (44a) and 2-methoxy-N,4-dimethylaniline (44b) 

 

Following GP 3, 1-methoxy-3-methylbenzene (24 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by preparative thin-layer chromatography with PE/EA (20:1) as eluting 

solvent afforded 4-methoxy-N,2-dimethylaniline 44a as a yellow oil (7 mg) and 2-
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methoxy-N,4-dimethylaniline 44b as a brown oil (7 mg) (14 mg total, 47% combined 

yield). 

4-Methoxy-N,2-dimethylaniline (44a) spectral data were in agreement with literature 

values[56] 

 

1H NMR (400 MHz, CDCl3) ŭ 6.76 ï 6.69 (m, 2H), 6.56 (d, J = 8.4 Hz, 1H), 3.75 (s, 

3H), 2.86 (s, 3H), 2.14 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 151.70, 141.59, 123.82, 

117.00, 111.58, 110.23, 55.84, 31.50, 17.62. 

2-Methoxy-N,4-dimethylaniline (44b)  

 

1H NMR (300 MHz, CDCl3) ŭ 6.70 (dd, J = 7.9, 0.9 Hz, 1H), 6.60 (d, J = 0.9 Hz, 1H), 

6.51 (d, J = 7.9 Hz, 1H), 3.83 (s, 3H), 2.84 (s, 3H), 2.28 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 146.94, 137.05, 125.89, 121.24, 110.53, 109.50, 55.37, 30.70, 20.89. 

IR (Reflexion):  = 3422, 2932, 2831, 1606, 1512, 1468, 1415, 1378, 1287, 1229, 1167, 

1151, 1107, 1063, 1041, 996, 924, 863, 798, 715 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 151.09917, found 151.09847. 

 

2-Methoxy-N,5-dimethylaniline (45) spectral data were in agreement with literature 

values[57] 

 

Following GP 3, 1-methoxy-4-methylbenzene (24 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

2-methoxy-N,5-dimethylaniline 45 as a yellow oil (12 mg, 40%). 

1H NMR (300 MHz, CDCl3) ŭ 6.66 (d, J = 7.9 Hz, 1H), 6.47 (dd, J = 7.9, 1.9, 1H), 6.43 

(d, J = 1.9 Hz, 1H), 4.17 (br, 1H), 3.82 (s, 3H), 2.86 (s, 3H), 2.29 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 144.94, 139.15, 130.71, 116.30, 110.44, 109.27, 55.59, 30.37, 21.14. 
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5-Ethyl-2-methoxy-N-methylaniline (46) 

 

Following GP 3, 1-ethyl-4-methoxybenzene (27 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

5-ethyl-2-methoxy-N-methylaniline 46 as a yellow oil (16 mg, 48%). 

1H NMR (300 MHz, CDCl3) ŭ 6.70 (d, J = 8.0 Hz, 1H), 6.51 (dd, J = 8.0, 2.0 Hz, 1H), 

6.47 (d, J = 2.0 Hz, 1H), 4.21 (br, 1H), 3.83 (s, 3H), 2.88 (s, 3H), 2.60 (q, J = 7.6 Hz, 

2H), 1.25 (t, J = 7.6 Hz, 3H). 13C NMR (75 MHz, CDCl3) ŭ 145.07, 139.18, 137.31, 

114.99, 109.29, 109.20, 55.52, 30.38, 28.65, 15.95. 

IR (Reflexion):  = 3433, 2962, 2932, 2832, 2805, 1600, 1524, 1479, 1451, 1431, 1415, 

1351, 1318, 1294, 1265, 1224, 1167, 1128, 1058, 1031, 909, 845, 799, 765, 700, 633 

cm-1. 

HRMS (EI+) m/z: [M]+ calcd 165.11482, found 165.11449. 

 

5-Isopropyl-2-methoxy-N-methylaniline (47) 

 

Following GP 3, 1-isopropyl-4-methoxybenzene (30 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

5-isopropyl-2-methoxy-N-methylaniline 47 as a yellow oil (31 mg, 81%). 

1H NMR (300 MHz, CDCl3) ŭ 6.71 (d, J = 8.1 Hz, 1H), 6.55 (dd, J = 8.1, 2.0 Hz, 1H), 

6.50 (d, J = 2.0 Hz, 1H), 4.21 (br, 1H), 3.83 (s, 3H), 2.89 (s, 3H), 2.88 ï 2.78 (m, 1H), 

1.26 (d, J = 6.9 Hz, 6H). 13C NMR (75 MHz, CDCl3) ŭ 145.10, 141.97, 139.11, 113.42, 

109.08, 107.92, 55.47, 33.88, 30.39, 24.26. 

IR (Reflexion):  = 3437, 2958, 2832, 2806, 1600, 1524, 1479, 1458, 1431, 1414, 1381, 

1361, 1311, 1296, 1280, 1257, 1224, 1196, 1175, 1164, 1123, 1059, 1031, 936, 847, 
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797, 769, 690, 645 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 179.13047, found 179.13045. 

 

5-(tert-Butyl)-2-methoxy-N-methylaniline (48) 

 

Following GP 3, 1-(tert-butyl)-4-methoxybenzene (33 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

5-(tert-butyl)-2-methoxy-N-methylaniline 48 as a yellow oil (39 mg, 98%). 

1H NMR (300 MHz, CDCl3) ŭ 6.73 ï 6.86 (m, 2H), 6.66 (s, 1H), 4.21 (br, 1H), 3.83 (s, 

3H), 2.89 (s, 3H), 1.33 (s, 9H). 13C NMR (75 MHz, CDCl3) ŭ 144.86, 144.16, 138.72, 

112.63, 108.67, 107.10, 55.43, 34.31, 31.59, 30.44. 

IR (Reflexion):  = 3438, 3072, 2958, 2902, 2868, 2833, 2802, 1598, 1527, 1479, 1461, 

1408, 1361, 1335, 1302, 1263, 1224, 1204, 1167, 1133, 1106, 1032, 918, 848, 795, 772, 

649 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 193.14612, found 193.14703. 

 

5-Allyl-2-methoxy-N-methylaniline (49) 

 

Following GP 3, 1-allyl-4-methoxybenzene (30 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 5-allyl-2-

methoxy-N-methylaniline 49 as a yellow oil (20 mg, 57%). 

1H NMR (300 MHz, CDCl3) ŭ 6.69 (d, J = 8.0 Hz, 1H), 6.49 (dd, J = 8.0, 2.0 Hz, 1H), 

6.43 (d, J = 2.0 Hz, 1H), 5.99 (ddt, J = 16.8, 10.0, 6.7 Hz, 1H), 5.20 ï 4.94 (m, 2H), 

4.21 (br, 1H), 3.83 (s, 3H), 3.33 (d, J = 6.7 Hz, 2H), 2.86 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 145.38, 139.28, 138.22, 132.99, 115.84, 115.06, 109.78, 109.20, 55.52, 40.09, 

30.34. 
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IR (Reflexion):  = 3434, 3075, 2999, 2975, 2936, 2899, 2832, 2805, 1638, 1601, 1524, 

1479, 1450, 1431, 1415, 1350, 1261, 1225, 1166, 1126, 1032, 995, 959, 911, 845, 797, 

766, 645 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 177.11482, found 177.11459. 

 

5-Fluoro-2-methoxy-N-methylaniline (50) 

 

Following GP 4, 1-fluoro-4-methoxybenzene (25 mg, 0.2 mmol), TsONHMe (162 mg, 

0.8 mmol) in 0.5 mL HFIP solution were stirred for 5 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

5-fluoro-2-methoxy-N-methylaniline 50 as a yellow oil (23 mg, 74%). 

1H NMR (300 MHz, CDCl3) ŭ 6.63 (dd, J = 9.3, 5.0 Hz, 1H), 6.37 ï 6.20 (m, 2H), 4.36 

(br, 1H), 3.81 (s, 3H), 2.84 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 158.54 (d, J = 235.4 

Hz), 142.90 (d, J = 1.9 Hz), 140.61 (d, J = 11.1 Hz), 109.34 (d, J = 10.2 Hz), 100.46 (d, 

J = 23.1 Hz), 97.00 (d, J = 28.2 Hz), 55.89, 30.10. 19F NMR (283 MHz, CDCl3) ŭ -

122.09. 

IR (Reflexion):  = 3439, 2938, 2906, 2854, 2835, 2807, 1621, 1523, 1480, 1453, 1430, 

1416, 1355, 1283, 1256, 1216, 1182, 1167, 1109, 1030, 958, 823, 782, 709 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 155.07295, found 155.07336. 

 

5-Chloro-2-methoxy-N-methylaniline (51) 

 

Following GP 4, 1-chloro-4-methoxybenzene (28 mg, 0.2 mmol), TsONHMe (162 mg, 

0.8 mmol) in 0.5 mL HFIP solution were stirred for 2 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

5-chloro-2-methoxy-N-methylaniline 51 as a yellow oil (27 mg, 79%). 

1H NMR (300 MHz, CDCl3) ŭ 6.67 ï 6.56 (m, 2H), 6.52 (d, J = 2.1 Hz, 1H), 4.31 (br, 

1H), 3.82 (s, 3H), 2.84 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 145.40, 140.33, 126.53, 
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115.17, 109.75, 109.12, 55.62, 30.09.  

IR (Reflexion):  = 3434, 3079, 2937, 2837, 1601, 1519, 1463, 1429, 1405, 1340, 1278, 

1257, 1220, 1179, 1159, 1120, 1091, 1028, 884, 830, 787, 642 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 171.04454, found 171.04461. 

 

5-Bromo-2-methoxy-N-methylaniline (52) 

 

Following GP 4, 1-bromo-4-methoxybenzene (37 mg, 0.2 mmol), TsONHMe (162 mg, 

0.8 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

5-bromo-2-methoxy-N-methylaniline 52 as a yellow oil (34 mg, 79%). 

1H NMR (300 MHz, CDCl3) ŭ 6.74 (dd, J = 8.4, 2.3 Hz, 1H), 6.65 (d, J = 2.3 Hz, 1H), 

6.58 (d, J = 8.4 Hz, 1H), 4.28 (br, 1H), 3.81 (s, 3H), 2.84 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 145.91, 140.63, 118.26, 114.07, 111.88, 110.32, 55.60, 30.10. 

IR (ATR):  = 3422, 3078, 3002, 2989, 2958, 2933, 2887, 2837, 1808, 1736, 1598, 

1512, 1477, 1459, 1449, 1429, 1402, 1341, 1277, 1256, 1220, 1177, 1159, 1121, 1026, 

862, 822, 789, 767, 623 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 214.99403, found 214.99307. 

 

5-Iodo-2-methoxy-N-methylaniline (53) 

 

Following GP 4, 1-iodo-4-methoxybenzene (47 mg, 0.2 mmol), TsONHMe (162 mg, 

0.8 mmol) in 0.5 mL HFIP solution were stirred for 7 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

5-iodo-2-methoxy-N-methylaniline 53 as a yellow oil (24 mg, 46%). 

1H NMR (300 MHz, CDCl3) ŭ 6.94 (dd, J = 8.3, 2.1 Hz, 1H), 6.81 (d, J = 2.1 Hz, 1H), 

6.47 (d, J = 8.3 Hz, 1H), 4.26 (br, 1H), 3.80 (s, 3H), 2.83 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 146.71, 140.79, 124.72, 117.53, 110.97, 84.25, 55.46, 30.10. 
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IR (Reflexion):  = 3427, 3073, 2998, 2954, 2933, 2834, 2812, 2591, 1986, 1799, 1594, 

1518, 1476, 1458, 1428, 1398, 1335, 1282, 1256, 1223, 1178, 1162, 1121, 1069, 1027, 

901, 879, 832, 786, 687, 668, 613 cm-1. 

HRMS (EI+) m/z: [M]+ calcd 262.98016, found 262.97959. 

 

3-Bromo-4-methoxy-N-methylaniline (54) spectral data were in agreement with 

literature values[2] 

 

Following GP 4, 1-bromo-2-methoxybenzene (37 mg, 0.2 mmol), TsONHMe (162 mg, 

0.8 mmol) in 0.5 mL HFIP solution were stirred for 4 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

3-bromo-4-methoxy-N-methylaniline 54 as a yellow oil (34 mg, 79%). 

1H NMR (300 MHz, CDCl3) ŭ 6.84 (d, J = 2.8 Hz, 1H), 6.80 (d, J = 8.8 Hz, 1H), 6.53 

(dd, J = 8.8, 2.8 Hz, 1H), 3.81 (s, 3H), 2.79 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 

148.20, 144.57, 117.29, 114.07, 112.73, 112.34, 57.15, 31.29. 

 

2-Bromo-4-methoxy-N-methylaniline (55a) and 4-bromo-2-methoxy-N-methyl 

aniline (55b) 

 

Following GP 4, 1-bromo-3-methoxybenzene (37 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. The two 

isomers can not be separated preparative thin-layer chromatography or silica gel 

chromatography (the ratio of 2-bromo-4-methoxy-N-methylaniline 55a : 4-bromo-2-

methoxy-N-methyl aniline 55b = 4:1 as the yellow oil from NMR, 37 mg total, 86% 

combined yield, the two isomers are separated by further derivation). 

2-Bromo-4-methoxy-N-methylaniline (55a) spectral data were in agreement with 
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literature values[58] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.07 (d, J = 2.8 Hz, 1H), 6.83 (dd, J = 8.9, 2.8 Hz, 1H), 

6.59 (d, J = 8.9 Hz, 1H), 4.01 (br, 1H), 3.74 (s, 3H), 2.86 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 151.54, 140.65, 118.37, 114.51, 112.56, 111.41, 56.06, 30.24. 

4-Bromo-2-methoxy-N-methylaniline (55b) 

 

1H NMR (300 MHz, CDCl3) ŭ 6.99 (dd, J = 8.4, 2.1 Hz, 1H), 6.83 (d, J = 2.1 Hz, 1H), 

6.43 (d, J = 8.4 Hz, 1H), 4.01 (br, 1H), 3.82 (s, 3H), 2.83 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 147.40, 138.48, 123.83, 110.06, 109.74, 107.56, 56.06, 30.24. 

IR (Reflexion):  = 3417, 2924, 2853, 1737, 1688, 1673, 1650, 1641, 1588, 1573, 1512, 

1493, 1461, 1396, 1345, 1280, 1260, 1239, 1154, 1121, 1088, 1061, 1027, 965, 889, 

834, 814, 713, 698, 661, 614cm-1 (for two isomers). 

HRMS (EI+) m/z: [M]+ calcd 214.99403, found 214.99324 (for two isomers). 

 

N-(2-bromo-4-methoxyphenyl)-N,4-dimethylbenzenesulfonamide (55aa) and N-

(4-bromo-2-methoxyphenyl)-N,4-dimethylbenzenesulfonamide (55ba) 

 

To a solution of 2-bromo-4-methoxy-N-methylaniline and 4-bromo-2-methoxy-N-

methylaniline (71 mg, 0.33 mmol) in 3 mL DCM was added Et3N (40 mg, 0.4 mmol) 

at room temperature. Then TsCl was added to the followed mixture, and the reaction 

was stirred at room temperature overnight. Then the reaction was diluted with 5 mL 

DCM, washed with sat. brine (5 mL). The organic layer was dried over anhydrous 

Na2SO4, filtered and concentrated in vacuo. The residual mixture was purified by 

preparative thin-layer chromatography with PE/EA (8:1) as eluting solvent to afford N-
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(2-bromo-4-methoxyphenyl)-N,4-dimethylbenzenesulfonamide 55aa as a colorless 

solid (22 mg) and N-(4-bromo-2-methoxyphenyl)-N,4-dimethylbenzene sulfonamide 

55ba as a yellow oil (19 mg) (41 mg total, 34% combined yield). 

N-(2-Bromo-4-methoxyphenyl)-N,4-dimethylbenzenesulfonamide (55aa) 

 

Mp: 93oC 

1H NMR (300 MHz, CDCl3) ŭ 7.67 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.3 Hz, 2H), 7.13 

(d, J = 2.9 Hz, 1H), 7.00 (d, J = 8.8 Hz, 1H), 6.77 (dd, J = 8.8, 2.9 Hz, 1H), 3.79 (s, 

3H), 3.15 (s, 3H), 2.44 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 159.62, 143.49, 136.06, 

132.79, 130.70, 129.48, 127.89, 125.38, 118.73, 113.96, 55.70, 38.49, 21.55. 

IR (ATR):  = 3062, 2970, 2928, 2842, 1920, 1883, 1738, 1597, 1562, 1491, 1457, 

1439, 1419, 1404, 1382, 1340, 1284, 1263, 1219, 1195, 1158, 1084, 1028, 891, 872, 

836, 812, 721, 708, 681, 638, 607cm-1 

HRMS (EI+) m/z: [M]+ calcd 369.00288, found 369.00200. 

N-(4-Bromo-2-methoxyphenyl)-N,4-dimethylbenzenesulfonamide (55ba) 

 

1H NMR (300 MHz, CDCl3) ŭ 7.56 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 7.14 

(d, J = 8.3 Hz, 1H), 7.05 (dd, J = 8.3, 2.1 Hz, 1H), 6.92 (d, J = 2.1 Hz, 1H), 3.41 (s, 

3H), 3.15 (s, 3H), 2.42 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 156.94, 143.00, 136.30, 

132.75, 129.09, 128.41, 127.59, 123.83, 122.72, 115.43, 55.26, 37.68, 21.47. 

IR (ATR):  = 3012, 2970, 2939, 1926, 1738, 1590, 1491, 1458, 1441, 1395, 1343, 

1303, 1288, 1258, 1240, 1158, 1125, 1085, 1061, 1030, 953, 888, 828, 732, 713, 699, 

658, 613cm-1 

HRMS (EI+) m/z: [M]+ calcd 369.00288, found 369.00193. 

 

4-Methoxy-N,2,6-trimethylaniline (56a) and 2-methoxy-N,4,6-trimethylaniline 
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(56b)  

 

Following GP 3, 1-methoxy-3,5-dimethylbenzene (27 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by preparative thin-layer chromatography with PE/EA (10:1) as eluting 

solvent afforded 4-methoxy-N,2,6-trimethylaniline 56a as a brown oil (12 mg) and 2-

methoxy-N,4,6-trimethylaniline 56b as a yellow oil (12 mg) (24 mg total, 73% 

combined yield). 

4-Methoxy-N,2,6-trimethylaniline (56a) spectral data were in agreement with 

literature values[59] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.59 (s, 2H), 3.75 (s, 3H), 2.92 (br, 1H), 2.70 (s, 3H), 

2.29 (s, 6H). 13C NMR (100 MHz, CDCl3) ŭ 154.84, 140.47, 131.73, 113.90, 55.30, 

35.83, 18.25. 

2-Methoxy-N,4,6-trimethylaniline (56b) 

 

1H NMR (300 MHz, CDCl3) ŭ 6.59 (s, 1H), 6.54 (s, 1H), 3.82 (s, 3H), 3.57 (br, 1H), 

2.76 (s, 3H), 2.28 (s, 3H), 2.27 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 151.12, 135.86, 

130.84, 129.51, 123.93, 109.37, 55.68, 35.58, 21.06, 18.17. 

IR (Reflexion):  = 3378, 2951, 2864, 2800, 1684, 1593, 1496, 1462, 1411, 1323, 1276, 

1232, 1188, 1148, 1091, 1032, 999, 920, 830, 750 cm-1 

HRMS (EI+) m/z: [M]+ calcd 165.11482, found 165.11472. 

 

4-Methoxy-N,3,5-trimethylaniline (57) 
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Following GP 3, 1-methoxy-3,5-dimethylbenzene (27 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

4-methoxy-N,3,5-trimethyl aniline 57 as a yellow oil (27 mg, 82%). 

1H NMR (300 MHz, CDCl3) ŭ 6.29 (s, 2H), 3.66 (s, 3H), 2.79 (s, 3H), 2.24 (s, 6H). 13C 

NMR (75 MHz, CDCl3) ŭ 148.85, 145.38, 131.31, 112.52, 59.99, 31.24, 16.23. 

IR (Reflexion):  = 3398, 2977, 2932, 2821, 1609, 1489, 1420, 1374, 1343, 1224, 1188, 

1164, 1084, 1011, 835, 754 cm-1 

HRMS (EI+) m/z: [M]+ calcd 165.11482, found 165.11370. 

 

6-Methoxy-N,2,3,4-tetramethylaniline (58) 

 

Following GP 3, 5-methoxy-1,2,3-trimethylbenzene (30 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

6-methoxy-N,2,3,4-tetramethyl aniline 58 as a yellow oil (34 mg, 94%). 

1H NMR (300 MHz, CDCl3) ŭ 6.56 (s, 1H), 3.80 (s, 3H), 3.06 (br, 1H), 2.70 (s, 3H), 

2.25 (s, 6H), 2.13 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 149.38, 136.33, 129.92, 129.71, 

127.94, 110.14, 55.83, 36.35, 20.67, 15.43, 14.87. 

IR (Reflexion):  = 3372, 2940, 2864, 2795, 2729, 1682, 1600, 1491, 1463, 1417, 1403, 

1324, 1272, 1238, 1190, 1155, 1114, 1081, 1034, 1010, 974, 926, 835, 769, 749, 682, 

620 cm-1 

HRMS (EI+) m/z: [M]+ calcd 179.13407, found 179.12953. 

 

4-Methoxy-N,2,3,5-tetramethylaniline (59) 



фр 
 

 

Following GP 3, 2-methoxy-1,3,4-trimethylbenzene (30 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

4-methoxy-N,2,3,5-tetramethyl aniline 59 as a yellow oil (23 mg, 64%). 

1H NMR (300 MHz, CDCl3) ŭ 6.34 (s, 1H), 3.65 (s, 3H), 2.87 (s, 3H), 2.29 (s, 3H), 

2.23 (s, 3H), 2.03 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 148.70, 143.32, 129.40, 128.01, 

119.30, 109.63, 60.25, 31.35, 16.29, 12.79, 12.73. 

IR (ATR):  = 3428, 2979, 2933, 2823, 1680, 1631, 1604, 1590, 1505, 1473, 1404, 

1337, 1238, 1222, 1161, 1089, 1033, 1002, 920, 834, 684 cm-1 

HRMS (EI+) m/z: [M]+ calcd 179.13407, found 179.13100. 

 

3,4-Dimethoxy-N-methylaniline (60) spectral data were in agreement with literature 

values[2] 

 

Following GP 3, 1,2-dimethoxybenzene (27 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 3,4-

dimethoxy-N-methylaniline 60 as a brown oil (31 mg, 94%). 

1H NMR (300 MHz, CDCl3) ŭ 6.76 (d, J = 8.5 Hz, 1H), 6.24 (d, J = 2.6 Hz, 1H), 6.15 

(dd, J = 8.5, 2.6 Hz, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 2.81 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 150.01, 144.34, 141.48, 113.33, 102.99, 98.53, 56.73, 55.67, 31.44. 

 

2,4-Dimethoxy-N-methylaniline (61) spectral data were in agreement with literature 

values[2] 
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Following GP 3, 1,3-dimethoxybenzene (27 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 2,4-

dimethoxy-N-methylaniline 61 as a brown oil (22 mg, 67%). 

1H NMR (400 MHz, CDCl3) ŭ 6.52 (d, J = 8.3 Hz, 1H), 6.46 (d, J = 2.3 Hz, 1H), 6.45 

(dd, J = 8.3, 2.3 Hz, 1H), 3.82 (s, 3H), 3.76 (s, 3H), 2.84 (s, 3H). 13C NMR (100 MHz, 

CDCl3) ŭ 151.82, 147.95, 133.83, 109.50, 103.78, 99.10, 55.80, 55.39, 31.03. 

 

2,5-Dimethoxy-N-methylaniline (62) and 2,2',5,5'-tetramethoxy-N4,N4'-dimethyl- 

[1,1'-biphenyl]-4,4'-diamine (62a) 

 

Following GP 3, 1,4-dimethoxybenzene (27 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 2,5-

dimethoxy-N-methylaniline 62 as a brown oil (13 mg, 39%) and 2,2',5,5'-tetramethoxy-

N4,N4'-dimethyl-[1,1'-biphenyl]-4,4'-diamine 62a as a yellow solid (16 mg, 48%). 

2,5-Dimethoxy-N-methylaniline (62) spectral data were in agreement with literature 

values[60] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.66 (d, J = 8.5 Hz, 1H), 6.21 (d, J = 2.9 Hz, 1H), 6.15 

(dd, J = 8.5, 2.9 Hz, 1H), 4.26 (br, 1H), 3.80 (s, 3H), 3.77 (s, 3H), 2.85 (s, 3H). 13C 

NMR (75 MHz, CDCl3) ŭ 154.94, 141.58, 140.47, 109.74, 98.39, 97.59, 55.99, 55.49, 

30.19. 

2,2',5,5'-Tetramethoxy-N4,N4'-dimethyl-[1,1'-biphenyl]-4,4'-diamine (62a) spectral 

data were in agreement with literature values[61] 
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1H NMR (500 MHz, CDCl3) ŭ 6.73 (s, 2H), 6.32 (s, 2H), 4.30 (s, 2H), 3.80 (s, 6H), 

3.75 (s, 6H), 2.91 (s, 6H). 13C NMR (125 MHz, CDCl3) ŭ 151.97, 140.80, 139.09, 

114.84, 113.50, 95.99, 56.84, 56.04, 30.48. 

 

2,4,6-Trimethoxy-N-methylaniline (63) 

 

Following GP 3, 1,3,5-trimethoxybenzene (34 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (5:1) as eluting solvent afforded 2,4,6-

trimethoxy-N-methylaniline 63 as a brown oil (26 mg, 67%). 

1H NMR (300 MHz, CDCl3) ŭ 6.15 (s, 2H), 3.89 (br, 1H), 3.81 (s, 6H), 3.76 (s, 3H), 

2.76 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 154.81, 152.20, 122.26, 91.41, 55.81, 55.50, 

35.24. 

IR (Reflexion):  = 3381, 2996, 2954, 2837, 2799, 1679, 1603, 1505, 1457, 1415, 1338, 

1301, 1223, 1203, 1186, 1154, 1108, 1062, 1038, 947, 921, 810, 726, 660, 624 cm-1 

HRMS (EI+) m/z: [M]+ calcd 197.10464, found 197.10450. 

 

N-(2,6-Dimethoxy-3-(methylamino)phenyl)acetamide (64) 

 

Following GP 4, N-(2,6-dimethoxyphenyl)acetamide (39 mg, 0.2 mmol), TsONHMe 

(162 mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (2:1) as eluting solvent afforded 
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methyl N-(2,6-dimethoxy-3-(methylamino)phenyl)acetamide 64 as a yellow oil (20 mg, 

45%). 

1H NMR (500 MHz, MeOD) ŭ 6.70 (d, J = 8.8 Hz, 1H), 6.59 (d, J = 8.8 Hz, 1H), 3.73 

(s, 3H), 3.69 (s, 3H), 2.77 (s, 3H), 2.14 (s, 3H). 13C NMR (125 MHz, MeOD) ŭ 172.82, 

149.01, 145.87, 138.94, 120.54, 110.82, 108.82, 60.36, 56.77, 31.35, 22.60. 

IR (Reflexion):  = 3380, 3268, 2991, 2937, 2903, 2833, 2815, 2400, 1664, 1503, 1444, 

1333, 1273, 1232, 1202, 1160, 1092, 1010, 908, 793 cm-1 

HRMS (EI+) m/z: [M]+ calcd 224.1155, found 224.1162. 

 

Methyl 2,6-dimethoxy-3-(methylamino)benzoate (65) spectral data were in 

agreement with literature values[2] 

 

Following GP 4, methyl 2,6-dimethoxybenzoate (39 mg, 0.2 mmol), TsONHMe (162 

mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (5:1) as eluting solvent afforded 

methyl 2,6-dimethoxy-3-(methylamino)benzoate 65 as a yellow solid (39 mg, 87%). 

1H NMR (300 MHz, CDCl3) ŭ 6.65 ï 6.58 (m, 2H), 3.92 (s, 3H), 3.77 (s, 3H), 3.75 (s, 

3H), 2.81 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 167.00, 148.11, 144.56, 137.11, 118.21, 

111.85, 107.83, 60.90, 56.62, 52.39, 30.95. 

 

2,6-Dimethoxy-3-(methylamino)benzonitrile (66) 

 

Following GP 4, 2,6-dimethoxybenzonitrile (33 mg, 0.2 mmol), TsONHMe (162 mg, 

0.8 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (5:1) as eluting solvent afforded 

2,6-dimethoxy-3-(methylamino)benzonitrile 66 as a yellow oil (39 mg, 97%). 
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1H NMR (300 MHz, CDCl3) ŭ 6.74 (d, J = 8.9 Hz, 1H), 6.60 (d, J = 8.9 Hz, 1H), 3.98 

(s, 3H), 3.83 (s, 3H), 2.81 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 152.91, 149.90, 136.72, 

115.03, 114.35, 106.69, 95.66, 60.98, 56.38, 30.70. 

IR (Reflexion):  = 3407, 2939, 2840, 2818, 2228, 1585, 1507, 1458, 1404, 1337, 1278, 

1228, 1191, 1155, 1090, 1005, 942, 890, 803 cm-1 

HRMS (EI+) m/z: [M]+ calcd 192.08933, found 192.08806. 

 

2,4-Dimethoxy-N-methyl-3-nitroaniline (67) 

 

Following GP 4, 1,3-dimethoxy-2-nitrobenzene (37 mg, 0.2 mmol), TsONHMe (162 

mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 5 days at room temperature. 

Purification by silica gel chromatography with PE/EA (5:1) as eluting solvent afforded 

2,4-dimethoxy-N-methyl-3-nitroaniline 67 as a yellow oil (41 mg, 97%). 

1H NMR (300 MHz, CDCl3) ŭ 6.71 (d, J = 9.0 Hz, 1H), 6.64 (d, J = 9.0 Hz, 1H), 3.82 

(s, 3H), 3.81 (s, 3H), 2.84 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 142.43, 139.00, 137.46, 

111.73, 108.89, 61.35, 57.10, 30.82. 

IR (Reflexion):  = 3420, 2942, 2903, 2841, 2821, 1817, 1612, 1584, 1509, 1455, 1374, 

1336, 1271, 1216, 1172, 1136, 1091, 999, 938, 899, 799, 644 cm-1 

HRMS (EI+) m/z: [M]+ calcd 212.07916, found 212.07984. 

 

2,6-Dimethoxy-3-(methylamino)phenyl 4-methylbenzenesulfonate (68) 

 

Following GP 4, 2,6-dimethoxyphenyl 4-methylbenzenesulfonate (62 mg, 0.2 mmol), 

TsONHMe (162 mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room 

temperature. Purification by silica gel chromatography with PE/EA (5:1) as eluting 

solvent afforded 2,6-dimethoxy-3-(methylamino)phenyl 4-methylbenzenesulfonate 68 
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as a colorless solid (64 mg, 94%). 

Mp: 114oC 

1H NMR (300 MHz, CDCl3) ŭ 7.88 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 6.58 

(d, J = 8.9 Hz, 1H), 6.44 (d, J = 8.9 Hz, 1H), 3.67 (s, 3H), 3.55 (s, 3H), 2.80 (s, 3H), 

2.45 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 144.55, 144.45, 141.23, 137.94, 134.73, 

132.99, 129.18, 128.35, 108.17, 107.97, 60.13, 56.35, 30.82, 21.64. 

IR (ATR):  = 3404, 2990, 2932, 2901, 2873, 2836, 2811, 1914, 1737, 1597, 1518, 1486, 

1463, 1417, 1361, 1307, 1281, 1219, 1196, 1175, 1152, 1092, 1013, 968, 908, 808, 786, 

723, 684, 665 cm-1 

HRMS (EI+) m/z: [M]+ calcd 337.09784, found 337.09701. 

 

2,6-Dimethoxy-3-(methylamino)phenyl methanesulfonate (69) 

 

Following GP 4, 2,6-dimethoxyphenyl methanesulfonate (46 mg, 0.2 mmol), 

TsONHMe (162 mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room 

temperature. Purification by silica gel chromatography with PE/EA (2:1) as eluting 

solvent afforded 2,6-dimethoxy-3-(methylamino) phenyl methanesulfonate 69 as a 

colorless solid (45 mg, 87%). 

Mp: 118oC 

1H NMR (300 MHz, CDCl3) ŭ 6.68 (d, J = 9.0 Hz, 1H), 6.47 (d, J = 9.0 Hz, 1H), 3.86 

(s, 3H), 3.81 (s, 3H), 3.30 (s, 3H), 2.81 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 144.14, 

141.02, 138.10, 133.04, 108.53, 108.12, 60.37, 56.71, 39.54, 30.79. 

IR (ATR):  = 3380, 3039, 3009, 2980, 2941, 2896, 2878, 2842, 2814, 1824, 1620, 

1515, 1459, 1415, 1358, 1277, 1220, 1172, 1148, 1089, 1007, 967, 902, 801, 769, 723, 

675, 647 cm-1 

HRMS (EI+) m/z: [M]+ calcd 261.06654, found 261.06720. 

 

2,6-Dimethoxy-3-(methylamino)phenyl trifluoromethanesulfonate (70) 



млм 
 

 

Following GP 4, 2,6-dimethoxyphenyl trifluoromethanesulfonate (57 mg, 0.2 mmol), 

TsONHMe (162 mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room 

temperature. Purification by silica gel chromatography with PE/EA (10:1) as eluting 

solvent afforded 2,6-dimethoxy-3-(methylamino) phenyl trifluoromethanesulfonate 70 

as a yellow oil (61 mg, 97%). 

1H NMR (300 MHz, CDCl3) ŭ 6.64 (d, J = 9.0 Hz, 1H), 6.46 (d, J = 9.0 Hz, 1H), 3.75 

(s, 6H), 2.75 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 143.30, 140.02, 137.98, 132.94, 

118.65 (q, J = 318.47 Hz), 109.10, 108.75, 60.49, 56.75, 30.75.19F NMR (283 MHz, 

CDCl3) ŭ -73.83. 

IR (ATR):  = 3424, 3015, 2973, 2944, 2910, 2842, 1515, 1477, 1453, 1417, 1278, 

1246, 1215, 1198, 1135, 1087, 1002, 961, 906, 827, 803, 765, 731, 690, 612 cm-1 

HRMS (EI+) m/z: [M]+ calcd 315.03714, found 315.03751. 

 

N-Methylnaphthalen-1-amine (71a) and N-methylnaphthalen-2-amine (71b) 

 

Following GP 3, naphthalene (26 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 

mL HFIP solution were stirred for 36 h at room temperature. Purification by preparative 

thin-layer chromatography with PE/EA (10:1) as eluting solvent afforded N-

methylnaphthalen-1-amine 71a as a brown oil (15 mg) and N-methylnaphthalen-2-

amine 71b as a brown oil (2 mg) (17 mg total, 55% combined yield). 

N-Methylnaphthalen-1-amine (71a) spectral data were in agreement with literature 

values[2] 

 



млн 
 

1H NMR (400 MHz, CDCl3) ŭ 7.82 ï 7.76 (m, 2H), 7.48 ï 7.40 (m, 2H), 7.38(t, J = 8.0 

Hz, 1H), 7.25 (d, J = 8.0 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 3.01 (s, 3H). 13C NMR (100 

MHz, CDCl3) ŭ 144.47, 134.21, 128.63, 126.64, 125.67, 124.66, 123.44, 119.76, 117.32, 

103.81, 31.01. 

N-Methylnaphthalen-2-amine (71b) spectral data were in agreement with literature 

values[62] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.69 ï 7.62 (m, 3H), 7.46 ï 7.33 (m, 1H), 7.25 ï 7.18 

(m, 1H), 6.89 (dd, J = 8.8, 2.3 Hz, 1H), 6.82 (d, J = 2.3 Hz, 1H), 3.74 (br, 1H), 2.95 (s, 

3H). 13C NMR (75 MHz, CDCl3) ŭ 146.94, 135.26, 128.77, 127.61, 127.46, 126.27, 

125.90, 121.86, 117.85, 103.75, 30.73. 

 

N,1,4-Trimethylnaphthalen-2-amine (72) spectral data were in agreement with 

literature values[2] 

 

Following GP 3, 1,4-dimethylnaphthalene (31 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded N,1,4-

trimethylnaphthalen-2-amine 72 as a yellow solid (30 mg, 81%). 

1H NMR (400 MHz, CDCl3) ŭ 7.91 (d, J = 8.6 Hz, 2H), 7.46 (ddd, J = 8.6, 6.7, 1.1 Hz, 

1H), 7.28 (ddd, J = 8.6, 6.7, 1.1 Hz, 1H), 7.00 (s, 1H), 3.04 (s, 3H), 2.71 (s, 3H), 2.39 

(s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 143.82, 133.48, 133.17, 126.61, 125.72, 124.60, 

122.75, 121.16, 114.33, 110.34, 31.46, 19.80, 11.11. 

 

2-Methoxy-N-methylnaphthalen-1-amine (73) spectral data were in agreement with 

literature values[2] 



мло 
 

 

Following GP 3, 2-methoxynaphthalene (32 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 2-methoxy-

N-methylnaphthalen-1-amine 73 as a brown oil (20 mg, 54%). 

1H NMR (400 MHz, CDCl3) ŭ 8.12 ï 8.06 (m, 1H), 7.80 ï 7.75 (m, 1H), 7.50 (d, J = 

8.9 Hz, 1H), 7.45 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.34 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 

7.26 (d, J = 8.9 Hz, 1H), 3.96 (s, 3H), 2.99 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 

147.45, 134.01, 129.97, 128.28, 128.20, 125.23, 123.54, 122.82, 122.45, 113.57, 56.88, 

37.10. 

 

6-Bromo-2-methoxy-N-methylnaphthalen-1-amine (74) spectral data were in 

agreement with literature values[2] 

 

Following GP 3, 2-bromo-6-methoxynaphthalene (47 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 5 days at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

6-bromo-2-methoxy-N-methylnaphthalen-1-amine 74 as a brown oil (30 mg, 57%). 

1H NMR (300 MHz, CDCl3) ŭ 7.96 (d, J = 9.1 Hz, 1H), 7.91 (d, J = 2.0 Hz, 1H), 7.48 

(dd, J = 9.1, 2.0 Hz, 1H), 7.39 (d, J = 9.0 Hz, 1H), 7.24 (d, J = 9.0 Hz, 1H), 3.94 (s, 

3H), 2.95 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 147.66, 134.17, 130.96, 130.08, 128.40, 

126.54, 124.83, 121.50, 117.36, 114.27, 56.73, 37.18. 

 

N-Methyl-9H-fluoren-3-amine (75) 



млп 
 

 

Following GP 3, 9H-fluorene (33 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 

mL HFIP solution were stirred for 2 days at room temperature. Purification by silica gel 

chromatography with PE/EA (10:1) as eluting solvent afforded N-methyl-9H-fluoren-

3-amine 75 as a yellow oil (31 mg, 79%). 

1H NMR (300 MHz, CDCl3) ŭ 7.65 (d, J = 7.4 Hz, 1H), 7.61 (d, J = 8.2 Hz, 1H), 7.48 

(d, J = 7.4 Hz, 1H), 7.33 (t, J = 7.4 Hz, 1H), 7.19 (t, J = 7.4, 1H), 6.82 (d, J = 1.7 Hz, 

1H), 6.66 (dd, J = 8.2, 1.7 Hz, 1H), 3.84 (s, 2H), 2.91 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 148.77, 145.14, 142.35, 142.13, 131.82, 126.56, 124.72, 124.64, 120.55, 

118.36, 111.66, 108.76, 36.90, 31.04. 

IR (ATR):  = 3413, 3362, 3039, 3012, 2972, 2892, 2810, 1617, 1585, 1514, 1459, 

1398, 1350, 1318, 1286, 1274, 1261, 1224, 1198, 1180, 1156, 1118, 1094, 1064, 1020, 

949, 842, 813, 764, 731cm-1 

HRMS (EI+) m/z: [M]+ calcd 195.10425, found 195.10311. 

 

N,9,9-Trimethyl-9H-fluoren-3-amine (76) 

 

Following GP 3, 9,9-dimethyl-9H-fluorene (39 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded N,9,9-

trimethyl-9H-fluoren-3-amine 76 as a yellow oil (35 mg, 80%). 

1H NMR (400 MHz, CDCl3) ŭ 7.58 (d, J = 7.4 Hz, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.37 

(d, J = 7.4 Hz, 1H), 7.28 (td, J = 7.4, 1.0 Hz, 1H), 7.19 (td, J = 7.4, 1.0 Hz, 1H), 6.68 

(d, J = 2.2 Hz, 1H), 6.60 (dd, J = 8.2, 2.2 Hz, 1H), 2.92 (s, 3H), 1.46 (s, 6H). 13C NMR 

(100 MHz, CDCl3) ŭ 155.46, 152.70, 149.20, 139.87, 129.13, 126.79, 125.21, 122.24, 

120.83, 118.49, 111.42, 106.53, 46.60, 31.05, 27.41. 



млр 
 

IR (Reflexion):  = 3417, 3059, 3039, 3010, 2958, 2922, 2861, 2812, 1941, 1902, 

1868, 1615, 1581, 1505, 1463, 1412, 1380, 1353, 1320, 1298, 1274, 1217, 1157, 

1131, 1078, 1021, 937, 849, 815, 776, 758, 735, 682 cm-1 

HRMS (EI+) m/z: [M]+ calcd 223.13555, found 223.13664. 

 

N-Methyldibenzo[b,d]furan-2-amine (77) 

 

Following GP 4, dibenzo[b,d]furan (34 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 mmol) 

in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification by silica 

gel chromatography with PE/EA (10:1) as eluting solvent afforded N-

methyldibenzo[b,d]furan-2-amine 77 as a yellow oil (27 mg, 69%). 

1H NMR (300 MHz, CDCl3) ŭ 7.89 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.41 

(td, J = 7.8, 1.2Hz, 1H), 7.39 (d, J = 8.8, 1H), 7.30 (td, J = 7.8, 1.2 Hz, 1H), 7.16 (d, J 

= 2.4 Hz, 1H), 6.80 (dd, J = 8.8, 2.4 Hz, 1H), 3.47 (br, 1H), 2.94 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 156.70, 149.95, 145.19, 126.76, 124.81, 124.53, 122.14, 120.49, 114.39, 

111.94, 111.58, 102.52, 31.95. 

IR (ATR):  = 3407, 3057, 2915, 2810, 2362, 1737, 1633, 1604, 1510, 1485, 1450, 

1318, 1279, 1238, 1184, 1116, 1056, 1018, 936, 840, 800, 749, 683, 617 cm-1 

HRMS (EI+) m/z: [M]+ calcd 197.08352, found 197.08359. 

 

N-Methyl-9-tosyl-9H-carbazol-3-amine (78) 

 

Following GP 4, 9-tosyl-9H-carbazole (64 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 

mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. Purification 

by silica gel chromatography with PE/EA (5:1) as eluting solvent afforded N-methyl-



млс 
 

9-tosyl-9H-carbazol-3-amine 78 as a yellow oil (69 mg, 98%). 

1H NMR (500 MHz, CDCl3) ŭ 8.27 (d, J = 7.8 Hz, 1H), 8.12 (d, J = 8.9 Hz, 1H), 7.80 

(d, J = 7.8 Hz, 1H), 7.61 (d, J = 8.2 Hz, 2H), 7.44 (t, J = 7.8 Hz, 1H), 7.30 (t, J = 7.8 

Hz, 1H), 7.06 (d, J = 2.2 Hz, 1H), 7.04 (d, J = 8.2 Hz, 2H), 6.83 (dd, J = 8.9, 2.2 Hz, 

1H), 2.91 (s, 3H), 2.22 (s, 3H). 13C NMR (125 MHz, CDCl3) ŭ 145.81, 144.50, 138.97, 

134.64, 131.31, 129.45, 127.74, 127.10, 126.84, 126.41, 123.68, 119.85, 116.25, 115.46, 

114.70, 101.93, 31.62, 21.43. 

IR (ATR):  = 3428, 2924, 2808, 1738, 1621, 1599, 1494, 1447, 1365, 1306, 1229, 

1202, 1187, 1171, 1152, 111, 1090, 1031, 1018, 974, 909, 810, 767, 748, 732, 705, 

687, 659, 632 cm-1 

HRMS (EI+) m/z: [M]+ calcd 350.10835, found 350.10738. 

 

N,4'-Dimethyl-[1,1'-biphenyl]-4-amine (79) spectral data were in agreement with 

literature values[63] 

 

Following GP 4, 4-methyl-1,1'-biphenyl (34 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 

mmol) in 0.5 mL HFIP solution were stirred for 5 days at room temperature. Purification 

by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded N,4'-

dimethyl-[1,1'-biphenyl]-4-amine 79 as a yellow solid (25 mg, 64%). 

1H NMR (300 MHz, CDCl3) ŭ 7.45 (d, J = 8.4 Hz, 4H), 7.22 (d, J = 8.4 Hz, 2H), 6.70 

(d, J = 8.4 Hz, 2H), 2.89 (s, 3H), 2.39 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 148.38, 

138.43, 135.64, 130.32, 129.33, 127.70, 126.15, 112.76, 30.86, 20.99. 

 

6-Methoxy-N-methyl-[1,1'-biphenyl]-3-amine (80) 

 

Following GP 4, 2-methoxy-1,1'-biphenyl (37 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 



млт 
 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 6-methoxy-

N-methyl-[1,1'-biphenyl]-3-amine 80 as a yellow oil (42 mg, 98%). 

1H NMR (300 MHz, CDCl3) ŭ 7.55 (d, J = 7.3 Hz, 2H), 7.42 (t, J = 7.3 Hz, 2H), 7.33 

(t, J = 7.3 Hz, 1H), 6.91 (d, J = 8.5 Hz, 1H), 6.65 (d, J = 2.9 Hz, 1H), 6.61 (dd, J = 8.5, 

2.9 Hz, 1H), 3.73 (s, 3H), 2.85 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 149.06, 143.78, 

138.90, 131.77, 129.41, 127.90, 126.82, 115.68, 113.54, 112.12, 56.60, 31.54. 

IR (ATR):  = 3407, 3054, 3024, 2932, 2899, 2832, 2809, 1952, 1884, 1812, 1665, 

1615, 1601, 1573, 1509, 1463, 1443, 1397, 1327, 1297, 1262, 1236, 1179, 1158, 

1131, 1066, 1045, 1028, 915, 865, 804, 771, 742, 699, 623, 611 cm-1 

HRMS (EI+) m/z: [M]+ calcd 213.11482, found 213.11398. 

 

2',6-Dimethoxy-N-methyl-[1,1'-biphenyl]-3-amine (81) 

 

Following GP 3, 2,2'-dimethoxy-1,1'-biphenyl (43 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

2',6-dimethoxy-N-methyl-[1,1'-biphenyl]-3-amine 81 as a yellow oil (32 mg, 66%). 

1H NMR (400 MHz, CDCl3) ŭ 7.33 (ddd, J = 8.2, 7.5, 1.8 Hz, 1H), 7.26 (dd, J = 7.5, 

1.8 Hz, 1H), 7.03 ï 6.97 (m, 2H), 6.89 (d, J = 8.6 Hz, 1H), 6.62 (dd, J = 8.6, 2.9 Hz, 

1H), 6.58 (d, J = 2.9 Hz, 1H), 3.79 (s, 3H), 3.70 (s, 3H), 2.83 (s, 3H). 13C NMR (100 

MHz, CDCl3) ŭ 157.01, 149.80, 143.35, 131.33, 128.96, 128.47, 128.24, 120.30, 116.39, 

113.29, 112.25, 111.06, 56.79, 55.68, 31.55. 

IR (ATR):  = 3405, 2933, 2833, 2244, 1739, 1615, 1599, 1580, 1491, 1462, 1434, 

1397, 1326, 1232, 1179, 1160, 1115, 1053, 1028, 910, 865, 803, 754, 732, 629 cm-1 

HRMS (EI+) m/z: [M]+ calcd 243.12538, found 243.12593. 

 

4,4'-Dimethoxy-N-methyl-[1,1'-biphenyl]-3-amine (82) 



млу 
 

 

Following GP 3, 4,4'-dimethoxy-1,1'-biphenyl (43 mg, 0.2 mmol), TsONHMe (81 mg, 

0.4 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. 

Purification by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 

4,4'-dimethoxy-N-methyl-[1,1'-biphenyl]-3-amine 82 as a colorless solid (35 mg, 73%). 

Mp: 89oC 

1H NMR (300 MHz, CDCl3) ŭ 7.53 (d, J = 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.83 

ï 6.78 (m, 3H), 4.31 (s, 1H), 3.89 (s, 3H), 3.86 (s, 3H), 2.94 (s, 3H). 13C NMR (75 MHz, 

CDCl3) ŭ 158.56, 146.19, 139.38, 134.60, 134.29, 127.88, 114.60, 113.97, 109.40, 

108.07, 55.55, 55.30, 30.40. 

IR (ATR):  = 3424, 3073, 3002, 2963, 2939, 2836, 2034, 1894, 1823, 1600, 1537, 

1505, 1449, 1400, 1339, 1301, 1278, 1240, 1216, 1180, 1162, 1134, 1116, 1044, 1018, 

886, 831, 793, 772, 720, 640 cm-1 

HRMS (EI+) m/z: [M]+ calcd 243.12538, found 243.12627. 

 

N-ethyl-2,4,6-trimethylaniline (103) 

 

Following GP 2, tert-butyl ethyl(tosyloxy)carbamate (252 mg, 0.8 mmol), TFA (1.82g, 

16 mmol) in 1 mL DCM solution to give crude N-ethyl-O-tosylhydroxylamine, which 

was directly used for the next step without further purification. 

Following GP 4, mesitylene (24 mg, 0.2 mmol), crude N-ethyl-O-tosylhydroxylamine 

(0.8 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

N-ethyl-2,4,6-trimethylaniline 103 as a yellow oil (10 mg, 31%). 

1H NMR (300 MHz, CDCl3) ŭ 6.82 (s, 2H), 2.98 (q, J = 7.2 Hz, 2H), 2.39 (br, 1H), 2.26 

(s, 6H), 2.23 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3) ŭ 143.64, 



млф 
 

131.10, 129.58, 129.34, 43.28, 20.52, 18.31, 16.22. 

IR (EXTRACT):  = 3371.99, 2967.20, 2923.43, 2859.15, 2729.43, 2672.83, 1734.45, 

1658.15, 1486.02, 1449.40, 1375.56, 1344.76, 1303.88, 1232.52, 1140.03, 1030.99, 

853.42, 733.47, 695.99 cm-1 

HRMS (EI+) m/z: [M-15]+ calcd 148.1126, found 148.1317 

 

N-Butyl-2,4,6-trimethylaniline (104) spectral data were in agreement with literature 

values[2] 

 

Following GP 2, tert-butyl butyl(tosyloxy)carbamate (252 mg, 0.8 mmol), TFA (1.82g, 

16 mmol) in 1 mL DCM solution to give crude N-butyl-O-tosylhydroxylamine, which 

was directly used for the next step without further purification. 

Following GP 4, mesitylene (24 mg, 0.2 mmol), crude N-butyl-O-tosylhydroxylamine 

(0.8 mmol) in 0.5 mL HFIP solution were stirred for 4 days at room temperature. 

Purification by silica gel chromatography with PE/EA (10:1) as eluting solvent afforded 

N-butyl-2,4,6-trimethylaniline 104 as a yellow oil (28 mg, 74%). 

1H NMR (300 MHz, CDCl3) ŭ 6.82 (s, 2H), 2.93 (t, J = 7.2 Hz, 2H), 2.80 (br, 1H), 2.26 

(s, 6H), 2.23 (s, 3H), 1.65 ï 1.50 (m, 2H), 1.49 ï 1.34 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 143.79, 131.02, 129.46, 129.38, 48.69, 33.24, 20.48, 

20.35, 18.28, 13.95. 

 

N-isobutyl-2,4,6-trimethylaniline (105) 

 

Following GP 2, tert-butyl isobutyl(tosyloxy)carbamate (274 mg, 0.8 mmol), TFA 

(1.82g, 16 mmol) in 1 mL DCM solution to give crude N-isobutyl-O-

tosylhydroxylamine, which was directly used for the next step without further 

purification. 



ммл 
 

Following GP 4, mesitylene (24 mg, 0.2 mmol), crude N-isobutyl-O-

tosylhydroxylamine (0.8 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room 

temperature. Purification by silica gel chromatography with PE/EA (10:1) as eluting 

solvent afforded N-isobutyl-2,4,6-trimethylaniline 105 as a yellow oil (9 mg, 24%). 

1H NMR (300 MHz, CDCl3) ŭ 6.81 (s, 2H), 2.73 (d, J = 6.6 Hz, 2H), 2.26 (s, 6H), 2.22 

(s, 3H), 1.83 (sept, J = 6.6 Hz, 1H), 1.01 (d, J = 6.6 Hz, 6H). 13C NMR (75 MHz, CDCl3) 

ŭ 143.84, 130.96, 129.44, 129.41, 56.73, 29.51, 20.55, 20.52, 18.28. 

IR (EXTRACT):  = 2956.03, 2923.13, 2869.73, 2819.42, 1735.14, 1485.65, 1384.80, 

1371.95, 1303.42, 1229.74, 1148.28, 1058.44, 1029.04, 853.14, 733.50 cm-1 

HRMS (EI+) m/z: [M+ calcd 191.1669, found 191.1855 

 

N-(2-Methoxyethyl)-2,4,6-trimethylaniline (106) 

 

Following GP 2, tert-butyl (2-methoxyethyl)(tosyloxy)carbamate (274 mg, 0.8 mmol), 

TFA (1.82g, 16 mmol) in 1 mL DCM solution to give crude N-(2-methoxyethyl)-O-

tosylhydroxylamine, which was directly used for the next step without further 

purification. 

Following GP 4, mesitylene (24 mg, 0.2 mmol), crude N-(2-methoxyethyl)-O-

tosylhydroxylamine (0.8 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room 

temperature. Purification by silica gel chromatography with PE/EA (20:1) as eluting 

solvent afforded N-(2-methoxyethyl)-2,4,6- trimethylaniline 106 as a yellow oil (31 mg, 

80%). 

1H NMR (500 MHz, CDCl3) ŭ 6.83 (s, 2H), 3.49 (t, J = 5.0 Hz, 2H), 3.40 (s, 3H), 3.12 

(t, J = 5.0 Hz, 2H), 2.27 (s, 6H), 2.23 (s, 3H). 13C NMR (125 MHz, CDCl3) ŭ 142.94, 

131.28, 129.79, 129.35, 71.86, 58.67, 48.11, 20.52, 18.15. 

IR (Reflexion):  = 3379, 2922, 2891, 2730, 1733, 1682, 1596, 1487, 1455, 1376, 

1349, 1305, 1234, 1190, 1156, 1122, 1095, 1033, 1012, 959, 937, 853, 741, 695 cm-1 

HRMS (EI+) m/z: [M]+ calcd 193.14612, found 193.14520. 



ммм 
 

 

N-(2-Chloroethyl)-2,4,6-trimethylaniline (107) 

 

Following GP 4, mesitylene (24 mg, 0.2 mmol), N-(2-chloroethyl)-O-

tosylhydroxylamine (200 mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 4 

days at room temperature. Purification by silica gel chromatography with PE/EA (10:1) 

as eluting solvent afforded N-(2-chloroethyl)-2,4,6-trimethylaniline 107 as a yellow oil 

(18 mg, 46 %). 

1H NMR (400 MHz, CDCl3) ŭ 6.84 (s, 2H), 3.68 (t, J = 5.6 Hz, 2H), 3.30 (t, J = 5.6 Hz, 

2H), 2.29 (s, 6H), 2.24 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 141.73, 131.97, 130.05, 

129.55, 49.87, 45.04, 20.52, 18.28. 

IR (ATR):  = 3380, 2998, 2946, 2920, 2856, 2731, 2688, 1730, 1684, 1656, 1610, 

1485, 1445, 1376, 1291, 1233, 1205, 1180, 1154, 1111, 1099, 1071, 1031, 978, 957, 

928, 901, 879, 854, 789, 735, 688, 667 cm-1 

HRMS (EI+) m/z: [M]+ calcd 197.09658, found 197.09710. 

 

2,4,6-trimethyl-N-(prop-2-yn-1-yl)aniline (108) 

 

Following GP 2, tert-butyl prop-2-yn-1-yl(tosyloxy)carbamate (260 mg, 0.8 mmol), 

TFA (1.82g, 16 mmol) in 1 mL DCM solution to give crude N-(prop-2-yn-1-yl)-O-

tosylhydroxylamine, which was directly used for the next step without further 

purification. 

Following GP 4, mesitylene (24 mg, 0.2 mmol), crude N-(prop-2-yn-1-yl)-O-

tosylhydroxylamine (0.8 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room 

temperature. Purification by silica gel chromatography with PE/EA (10:1) as eluting 

solvent afforded 2,4,6-trimethyl-N-(prop-2-yn-1-yl)aniline 108 as a yellow solid (13 

mg, 38%). 



ммн 
 

MP: 49oC 

1H NMR (300 MHz, CDCl3) ŭ 6.84 (s, 2H), 3.74 (d, J = 2.4 Hz, 2H), 3.25 (br, 1H), 2.30 

(s, 6H), 2.24 (s, 3H), 2.20 (t, J = 2.4 Hz, 1H). 13C NMR (75 MHz, CDCl3) ŭ 141.93, 

132.24, 130.32, 129.44, 82.24, 71.42, 37.58, 20.59, 18.25. 

IR (EXTRACT):  = 3372.80, 3261.96, 3244.87, 2944.30, 2934.54, 2105.85, 

1731.09, 1608.66, 1485.55, 1445.49, 1370.68, 1341.04, 1307.17, 1222.91, 1158.06, 

1072.05, 1032.11, 983.08, 928.17, 911.25, 858.25, 768.22, 747.20, 700.32, 676.93, 

658.69, 608.61 cm-1 

HRMS (EI+) m/z: [M]+ calcd 173.1199, found 173.1368 

 

N-(2-(adamantan-1-yl)ethyl)-2,4,6-trimethylaniline (109) 

 

Following GP 2, tert-butyl (2-(adamantan-1-yl)ethyl)(tosyloxy)carbamate (360 mg, 0.8 

mmol), TFA (1.82g, 16 mmol) in 1 mL DCM solution to give crude N-(2-(adamantan-

1-yl)ethyl)-O-tosylhydroxylamine, which was directly used for the next step without 

further purification. 

Following GP 4, mesitylene (24 mg, 0.2 mmol), N-(2-(adamantan-1-yl)ethyl)-O-

tosylhydroxylamine (0.8 mmol), in 0.5 mL HFIP solution were stirred for 3 days at 

room temperature. Purification by silica gel chromatography with PE/EA (10:1) as 

eluting solvent afforded N-ethyl-2,4,6-trimethylaniline 109 as a yellow oil (18 mg, 

30%). 

1H NMR (300 MHz, CDCl3) ŭ 6.81 (s, 2H), 2.97 ï 2.89 (m, 2H), 2.25 (s, 6H), 2.22 (s, 

3H), 1.96 ï 1.91 (m, 3H), 1.75 ï 1.56 (m, 6H), 1.51 (d, J = 2.8 Hz, 6H), 1.41 ï 1.32 (m, 

2H). 13C NMR (75 MHz, CDCl3) ŭ 144.07, 130.95, 129.37, 45.66, 43.59, 42.61, 37.13, 

31.95, 28.65, 20.52, 18.43. 

IR (EXTRACT):  = 2903.17, 2845.95, 2672.53, 2656.99, 1731.83, 1682.05, 

1484.69, 1448.89, 1373.19, 1279.82, 1228.69, 1192.21, 1155.06, 1098.99, 1028.03, 

891.82, 852.55, 686.58 cm-1 



ммо 
 

HRMS (EI+) m/z: [M]+ calcd 297.2452, found 297.3071 

 

N,N,2,4,6-Pentamethylaniline (110) spectral data were in agreement with literature 

values[64] 

 

Following GP 3, mesitylene (24 mg, 0.2 mmol), N,N-dimethyl-O-tosylhydroxylamine 

(86 mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by silica gel chromatography with PE/EA (40:1) as eluting solvent afforded 

N,N,2,4,6-pentamethylaniline 110 as a yellow oil (3 mg, 9 %). 

1H NMR (500 MHz, CDCl3) ŭ 6.84 (s, 2H), 2.82 (s, 6H), 2.29 (s, 6H), 2.27 (s, 3H). 13C 

NMR (125 MHz, CDCl3) ŭ 147.06, 136.94, 134.14, 129.42, 42.55, 20.65, 18.98. 

 

2.3 Late-Stage C-H Aminations 

7-Methoxy-8-(methylamino)-2H-chromen-2-one (116a) and 7-methoxy-6-

(methylamino)-2H- chromen-2-one (116b) 

 

Following GP 4, 7-methoxy-2H-chromen-2-one (7ïmethoxycoumarin, 35 mg, 0.2 

mmol), TsONHMe (162 mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 5 days 

at room temperature. Purification by preparative thin-layer chromatography with 

PE/EA (4:1) as eluting solvent afforded 7-methoxy-8-(methylamino)-2H-chromen-2-

one 116a as a yellow solid (16mg) and 7-methoxy-6-(methylamino)-2H-chromen-2-

one 116b as a colorless solid (5mg) (21 mg total, 51% combined yield). 

7-Methoxy-8-(methylamino)-2H-chromen-2-one (116a) 

 



ммп 
 

Mp: 76oC 

1H NMR (300 MHz, CDCl3) ŭ 7.60 (d, J = 9.5 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 6.79 

(d, J = 8.5 Hz, 1H), 6.22 (d, J = 9.5 Hz, 1H), 3.92 (s, 3H), 3.10 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 160.94, 151.98, 144.37, 144.25, 127.49, 118.01, 113.60, 112.96, 107.55, 

56.16, 34.17. 

IR (ATR):  = 3386, 3057, 3021, 2971, 2942, 2924, 2842, 2819, 1713, 1612, 1568, 

1507, 1483, 1464, 1445, 1424, 1409, 1280, 1214, 1162, 1134, 1095, 1073, 978, 845, 

825, 784, 763, 708, 675, 615 cm-1 

HRMS (EI+) m/z: [M]+ calcd 205.07334, found 205.07256. 

7-Methoxy-6-(methylamino)-2H-chromen-2-one (116b) 

 

Mp: 143oC 

1H NMR (300 MHz, CDCl3) ŭ 7.24 (d, J = 9.3 Hz, 1H), 6.85 ï 6.78 (m, 2H), 6.30 (s, 

1H), 4.69 (br, 1H), 3.83 (s, 3H), 2.87 (d, J = 5.3 Hz, 3H). 13C NMR (75 MHz, CDCl3) 

ŭ 159.85, 158.24, 149.01, 132.27, 125.65, 115.10, 112.44, 105.33, 100.73, 55.61, 29.90. 

IR (ATR):  = 3443, 2956, 2924, 2853, 2813, 1701, 1631, 1577, 1504, 1489, 1455, 

1424, 1359, 1349, 1270, 1248, 1186, 1163, 1117, 1025, 969, 936, 862, 841, 824, 801, 

770, 694, 617 cm-1 

HRMS (EI+) m/z: [M]+ calcd 205.07334, found 205.07271. 

 

2-Methoxy-N-methyl-5-(trifluoromethoxy)aniline (117) 

 

Following GP 4, 1-methoxy-4-(trifluoromethoxy)benzene (38 mg, 0.2 mmol), 

TsONHMe (162 mg, 0.8 mmol) in 0.5 mL HFIP solution were stirred for 3 days at room 

temperature. Purification by silica gel chromatography with PE/EA (20:1) as eluting 

solvent afforded 2-methoxy-N-methyl-5-(trifluoromethoxy)aniline 117 as a yellow oil 

(20 mg, 45%). 

1H NMR (300 MHz, CDCl3) ŭ 6.66 (d, J = 8.6 Hz, 1H), 6.48 (ddd, J = 8.6, 2.4, 1.0 Hz, 



ммр 
 

1H), 6.40 (d, J = 2.4 Hz, 1H), 4.31 (br, 1H), 3.84 (s, 3H), 2.85 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 145.14, 143.99, 140.29, 124.92 (q, J = 203.1 Hz), 108.82, 107.45, 

102.48, 55.69, 30.05. 19F NMR (283 MHz, CDCl3) ŭ -58.01.  

IR (Reflexion):  = 3447, 2941, 2911, 2856, 2839, 2811, 1615, 1529, 1482, 1454, 

1432, 1417, 1357, 1250, 1213, 1159, 1117, 1069, 1031, 979, 878, 837, 793, 762, 

687cm-1 

HRMS (EI+) m/z: [M]+ calcd 221.06467, found 221.06484. 

 

4-Methoxy-N-methyl-[1,1'-biphenyl]-3-amine (118) 

 

Following GP 4, 4-methoxy-1,1'-biphenyl (37 mg, 0.2 mmol), TsONHMe (162 mg, 0.8 

mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. Purification 

by silica gel chromatography with PE/EA (20:1) as eluting solvent afforded 4-methoxy-

N-methyl-[1,1'-biphenyl]-3-amine 118 as a yellow oil (41 mg, 96%). 

1H NMR (400 MHz, CDCl3) ŭ 7.54 (d, J = 7.4 Hz, 2H), 7.41 (t, J = 7.4 Hz, 2H), 7.33 

(t, J = 7.4, 1H), 6.90 (d, J = 8.6 Hz, 1H), 6.65 (d, J = 2.6 Hz, 1H), 6.61 (dd, J = 8.6 Hz, 

2.6Hz, 1H), 3.72 (s, 3H), 2.85 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 149.11, 143.78, 

138.92, 131.82, 129.42, 127.91, 126.83, 115.71, 113.60, 112.16, 56.63, 31.57. 

IR (ATR):  = 3585, 3405, 3052, 3023, 2933, 2898, 2831, 2809, 1739, 1615, 1573, 

1491, 1463, 1442, 1396, 1327, 1297, 1262, 1233, 1179, 1158, 1130, 1066, 1044, 

1027, 915, 864, 803, 771, 742, 699, 665, 624, 610 cm-1 

HRMS (EI+) m/z: [M]+ calcd 213.11482, found 213.11574. 

 

Methyl (S)-2-acetamido-3-(4-methoxy-3-(methylamino)phenyl)propanoate (119) 

 

Following GP 3, methyl (S)-2-acetamido-3-(4-methoxyphenyl)propanoate (50 mg, 0.2 



ммс 
 

mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 5 days 

at room temperature. Purification by silica gel chromatography with PE/EA (10:1) as 

eluting solvent afforded methyl (S)-2-acetamido-3- (4-methoxy-3-

(methylamino)phenyl)propanoate 119 as a yellow oil (55 mg, 98%). 

1H NMR (300 MHz, CDCl3) ŭ 6.64 (d, J = 8.0 Hz, 1H), 6.36 (dd, J = 8.0, 2.0 Hz, 1H), 

6.28 (d, J = 2.0 Hz, 1H), 5.94 (d, J = 7.6 Hz, 1H), 4.82 (dt, J = 7.6, 5.6 Hz, 1H), 3.80 

(s, 3H), 3.73 (s, 3H), 3.03 (d, J = 5.6 Hz, 2H), 2.82 (s, 3H), 1.97 (s, 3H). 13C NMR (75 

MHz, CDCl3) ŭ 172.31, 169.60, 146.08, 139.23, 128.41, 116.76, 110.10, 109.10, 55.40, 

53.23, 52.18, 37.48, 30.30, 23.12. 

IR (ATR):  = 3419, 3293, 2951, 2851, 2242, 1741, 1657, 1602, 1523, 1435, 1373, 

1262, 1227, 1168, 1130, 1028, 912, 852, 789, 732, 685, 666, 645, 610 cm-1 

HRMS (EI+) m/z: [M]+ calcd 280.14176, found 280.14158. 

 

(8R,9S,13S,14S)-3-Methoxy-13-methyl-2-(methylamino)-6,7,8,9,11,12,13,14,15,16-

decahydro-17H-cyclopenta[a]phenanthren-17-one (120a) and (8R,9S,13S,14S)-3-

methoxy-13-methyl-4- (methylamino)-6,7,8,9,11,12,13,14,15,16-decahydro-17H-

cyclopenta[a]phenanthren-17-one (120b) 

 

Following GP 3, (8R,9S,13S,14S)-3-methoxy-13-methyl-6,7,8,9,11,12,13,14,15,16-

decahydro-17H- cyclopenta[a]phenanthren-17-one (57 mg, 0.2 mmol), TsONHMe (81 

mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 36 h at room temperature. 

Purification by preparative thin-layer chromatography with PE/EA (10:1) as eluting 

solvent afforded (8R,9S,13S,14S)-3-methoxy-13-methyl-2-(methylamino)- 

6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one 120a as a 

yellow solid (22 mg) and (8R,9S,13S,14S)-3-methoxy-13-methyl-4-(methylamino)-

6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one 120b as a 



ммт 
 

yellow solid (5 mg) (27 mg, 44% combined yield). 

(8R,9S,13S,14S)-3-Methoxy-13-methyl-2-(methylamino)-6,7,8,9,11,12,13,14,15,16-

decahydro-17H-cyclopenta[a]phenanthren-17-one (120a) spectral data were in 

agreement with literature values[2] 

 

1H NMR (300 MHz, CDCl3) ŭ 6.54 (s, 1H), 6.50 (s, 1H), 3.81 (s, 3H), 2.86 (s, 3H), 

2.93 ï 2.66 (m, 2H), 2.50 (dd, J = 18.3, 8.1 Hz, 1H), 2.45 ï 1.89 (m, 6H), 1.70 ï 1.35 

(m, 6H), 0.92 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 221.13, 145.42, 137.22, 131.76, 

124.05, 109.99, 106.74, 55.45, 50.44, 48.05, 44.38, 38.57, 35.89, 31.69, 30.69, 29.11, 

26.84, 26.14, 21.56, 13.87. 

(8R,9S,13S,14S)-3-Methoxy-13-methyl-4-(methylamino)-6,7,8,9,11,12,13,14,15,16-

decahydro-17H-cyclopenta[a]phenanthren-17-one (120b) spectral data were in 

agreement with literature values[2] 

 

1H NMR (400 MHz, CDCl3) ŭ 6.92 (d, J = 8.5 Hz, 1H), 6.73 (d, J = 8.5 Hz, 1H), 3.83 

(s, 3H), 2.92 (ddd, J = 16.7, 5.8, 1.9 Hz, 1H), 2.80 (s, 3H), 2.50 (dd, J = 18.6, 8.6 Hz, 

1H), 2.42 ï 2.33 (m, 1H), 2.27 (td, J = 10.7, 4.3 Hz, 1H), 2.20 ï 2.01 (m, 3H), 2.01 ï 

1.89 (m, 1H), 1.70 ï 1.37 (m, 7H), 0.91 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 220.91, 

149.48, 137.19, 133.14, 129.01, 118.88, 108.53, 55.79, 50.53, 47.98, 44.58, 37.92, 

35.90, 35.27, 31.69, 26.41, 26.17, 25.65, 21.58, 13.86. 

 

Methyl (S)-2-(6-methoxy-5-(methylamino)naphthalen-2-yl)propanoate (121) 

spectral data were in agreement with literature values[2] 



мму 
 

 

Following GP 3, methyl(S)-2-(6-methoxynaphthalen-2-yl) propanoate (49 mg, 0.2 

mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 5 days 

at room temperature. Purification by silica gel chromatography with PE/EA (10:1) as 

eluting solvent afforded methyl (S)-2-(6-methoxy-5- (methylamino)naphthalen-2-

yl)propanoate 121 as a yellow oil (43 mg, 73 %). 

1H NMR (300 MHz, CDCl3) ŭ 8.04 (d, J = 8.8 Hz, 1H), 7.65 (d, J = 1.9 Hz, 1H), 7.45 

(d, J = 8.9 Hz, 1H), 7.39 (dd, J = 8.8, 1.9 Hz, 1H), 7.24 (d, J = 8.9 Hz, 1H), 3.94 (s, 

3H), 3.86 (q, J = 7.2 Hz, 1H), 3.67 (s, 3H), 2.96 (s, 3H), 1.58 (d, J = 7.2 Hz, 3H). 13C 

NMR (75 MHz, CDCl3) ŭ 175.12, 147.41, 135.55, 134.03, 129.96, 127.28, 126.41, 

125.09, 123.40, 122.26, 113.85, 56.89, 52.01, 45.26, 37.12, 18.47. 

 

2-Ethoxy-N-methyl-5-(2-methyl-1-((3-phenoxybenzyl)oxy)propan-2-

yl)aniline(122) 

 

Following GP 3, 1-((2-(4-ethoxyphenyl)-2-methylpropoxy)methyl)-3-phenoxybenzen 

(etofenprox, 75 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution 

were stirred for 36 h at room temperature. Purification by preparative thin-layer 

chromatography with PE/EA (15:1) as eluting solvent afforded 2-ethoxy-N-methyl-5-

(2-methyl-1-((3-phenoxybenzyl)oxy)propan-2-yl)aniline 122 as a yellow oil (30 mg, 

37%). 

1H NMR (400 MHz, CDCl3) ŭ 7.38 ï 7.31 (m, 2H), 7.31 ï 7.24 (m, 1H), 7.11 (t, J = 7.4 

Hz, 1H), 7.06 ï 7.00 (m, 3H), 6.98 (s, 1H), 6.91 (dd, J = 8.0, 2.1 Hz, 1H), 6.72 ï 6.61 

(m, 3H), 4.47 (s, 2H), 4.03 (q, J = 7.0 Hz, 2H), 3.45 (s, 2H), 2.86 (s, 3H), 1.41 (t, J = 

7.0 Hz, 3H), 1.34 (s, 6H). 13C NMR (100 MHz, CDCl3) ŭ 157.28, 157.22, 144.48, 

141.17, 140.34, 138.83, 129.67, 129.46, 123.16, 122.03, 118.90, 117.63, 117.61, 113.61, 



ммф 
 

109.65, 107.69, 80.54, 72.77, 63.66, 38.81, 30.40, 26.15, 15.03. 

IR (Reflexion):  = 3436, 3066, 3039, 2975, 2917, 2875, 2849, 2803, 2241, 1792, 

1698, 1584, 1525, 1487, 1444, 1410, 1391, 1360, 1304, 1255, 1215, 1164, 1135, 

1104, 1046, 959, 931, 908, 848, 789, 731, 691, 649 cm-1 

HRMS (EI+) m/z: [M]+ calcd 405.22985, found 405.23112. 

 

Methyl 5-(2,5-dimethyl-4-(methylamino)phenoxy)-2,2-dimethylpentanoate (123) 

 

Following GP 3, methyl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate 

(gemfibrozil methyl ester, 53 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL 

HFIP solution were stirred for 36 h at room temperature. Purification by silica gel 

chromatography with PE/EA (10:1) as eluting solvent afforded methyl 5-(2,5-dimethyl-

4-(methylamino)phenoxy)-2,2-dimethylpentanoate 123 as a yellow oil (43 mg, 73%). 

1H NMR (300 MHz, CDCl3) ŭ 6.60 (s, 1H), 6.44 (s, 1H), 3.86 ï 3.81 (m, 2H), 3.66 (s, 

3H), 2.85 (s, 3H), 2.21 (s, 3H), 2.10 (s, 3H), 1.71 ï 1.69 (m, 4H), 1.21 (s, 6H). 13C NMR 

(75 MHz, CDCl3) ŭ 178.34, 148.98, 141.25, 125.32, 120.17, 115.76, 112.61, 69.62, 

51.66, 42.07, 37.13, 31.50, 25.40, 25.13, 17.26, 16.03. 

IR (ATR):  = 3427, 3029, 2950, 2928, 2871, 2812, 1730, 1620, 1519, 1471, 1404, 

1389, 1321, 1220, 1198, 1146, 1057, 990, 855, 774, 655 cm-1 

HRMS (EI+) m/z: [M]+ calcd 293.19855, found 293.19836. 

 

3-(2-Methoxy-4-(methylamino)phenoxy)propane-1,2-diol (124a) and 3-(2-

methoxy-5- (methylamino)phenoxy)propane-1,2-diol (124b)  

 

Following GP 3, 3-(2-methoxyphenoxy)propane-1,2-diol (guaifenesin, 40 mg, 0.2 

mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 3 days 



мнл 
 

at room temperature. Purification by preparative thin-layer chromatography with 

DCM/MeOH (1:1) as eluting solvent afforded 3-(2-methoxy-4- 

(methylamino)phenoxy)propane-1,2-diol 124a as a brown oil(14 mg) and 3-(2-

methoxy-5-(methylamino) phenoxy)propane-1,2-diol 124b as a brown oil (8 mg) (22 

mg, 53% combined yield) 

3-(2-Methoxy-4-(methylamino)phenoxy)propane-1,2-diol (124a) 

 

1H NMR (500 MHz, MeOD) ŭ 6.80 (d, J = 8.6 Hz, 1H), 6.37 (d, J = 2.6 Hz, 1H), 6.21 

(dd, J = 8.6, 2.6 Hz, 1H), 4.03 (dd, J = 8.9, 3.8 Hz, 1H), 3.99 ï 3.91 (m, 2H), 3.75 (s, 

3H), 3.72 ï 3.62 (m, 2H), 2.72 (s, 3H). 13C NMR (125 MHz, MeOD) ŭ 150.79, 146.66, 

142.97, 115.96, 105.74, 101.93, 71.78, 71.59, 64.24, 57.86, 31.67. 

IR (ATR):  = 3422, 3321, 2926, 2863, 2538, 2470, 1735, 1617, 1589, 1515, 1459, 

1446, 1301, 1243, 1178, 1162, 1133, 1107, 1033, 1017, 938, 862, 830, 819, 794, 777, 

683, 626 cm-1 

HRMS (ESI+) m/z: [2M+Na]+ calcd 477.2207, found 477.2231. 

3-(2-Methoxy-5-(methylamino)phenoxy)propane-1,2-diol (124b) 

 

1H NMR (500 MHz, MeOD) ŭ 6.82 (d, J = 8.6 Hz, 1H), 6.35 (d, J = 2.6 Hz, 1H), 6.17 

(dd, J = 8.6, 2.6 Hz, 1H), 4.00 ï 3.90 (m, 2H), 3.88 ï 3.83 (m, 1H), 3.80 (s, 3H), 3.71 

ï 3.59 (m, 2H), 2.73 (s, 3H). 13C NMR (125 MHz, MeOD) ŭ 152.18, 147.22, 141.73, 

118.30, 105.26, 100.31, 73.59, 71.94, 64.41, 56.27, 31.62. 

IR (ATR):  = 3345, 2979, 2957, 2943, 2925, 2874, 2799, 2539, 2479, 2363, 1736, 

1614, 1591, 1513, 1457, 1427, 1408, 1309, 1237, 1214, 1184, 1154, 1131, 1104, 1045, 

1028, 949, 919, 871, 857, 824, 796, 684, 631 cm-1 

HRMS (ESI+) m/z: [M+H]+ calcd 228.1230, found 228.1238; [2M+Na] + calcd 

477.2207, found 477.2237. 
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Methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-6-(methylamino)-1H-indol-3-

yl) acetate (125) 

 

Following GP 3, methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl) 

acetate(74 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution were 

stirred for 2 days at room temperature. Purification by thin-layer chromatography with 

PE/EA (4:1) as eluting solvent afforded methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-

methyl-6-(methylamino)-1H-indol-3-yl) acetate 125 as a yellow oil (23 mg, 29%). 

1H NMR (400 MHz, CDCl3) ŭ 7.66 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 6.82 

(s, 1H), 6.32 (s, 1H), 3.89 (s, 3H), 3.69 (s, 3H), 3.62 (s, 2H), 2.61 (s, 3H), 2.28 (s, 3H). 

13C NMR (100 MHz, CDCl3) ŭ 171.56, 168.65, 144.90, 138.72, 137.15, 134.49, 131.55, 

131.06, 130.86, 128.92, 119.36, 112.77, 98.58, 96.08, 55.82, 52.03, 30.42, 30.28, 13.36. 

IR (ATR):  = 3438, 2951, 2928, 1736, 1677, 1622, 1588, 1501, 1476, 1435, 1399, 

1383, 1363, 1317, 1225, 1166, 1088, 1073, 1035, 1015, 991, 967, 911, 841, 753, 732, 

688, 650, 627 cm-1 

HRMS (EI+) m/z: [M]+ calcd 400.11844, found 400.11788. 

 

5-((3,5-Dimethyl-4-(methylamino)phenoxy)methyl)oxazolidin-2-one (126a) and 5-

((3,5-dimethyl-2-(methylamino)phenoxy)methyl)oxazolidin-2-one (126b) 

 

Following GP 3, 5-((3,5-dimethylphenoxy)methyl)oxazolidin-2-one (metaxalone, 44 

mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution were stirred for 
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36h at room temperature. Purification by preparative thin-layer chromatography with 

DCM/MeOH (20:1) as eluting solvent afforded 5-((3,5-dimethyl-4-

(methylamino)phenoxy)methyl)oxazolidin-2-one 126a as a yellow liquid (14 mg) and 

5-((3,5-dimethyl-2-(methylamino) phenoxy)methyl)oxazolidin-2-one 126b as a yellow 

liquid (14 mg) (28 mg total, 56% combined yield). 

5-((3,5-Dimethyl-4-(methylamino)phenoxy)methyl)oxazolidin-2-one (126a) 

 
1H NMR (300 MHz, CDCl3) ŭ 6.59 (s, 2H), 5.76 (s, 1H), 4.98 ï 4.82 (m, 1H), 4.14 ï 

3.97 (m, 2H), 3.74 (t, J = 8.7 Hz, 1H), 3.67 ï 3.49 (m, 1H), 2.69 (s, 3H), 2.27 (s, 6H). 

13C NMR (75 MHz, CDCl3) ŭ 159.47, 153.28, 141.32, 131.73, 114.81, 74.25, 68.27, 

42.74, 35.74, 18.29. 

IR (ATR):  = 3243, 3153, 2912, 2875, 2796, 1738, 1601, 1487, 1446, 1314, 1231, 

1161, 1128, 1084, 1063, 1004, 962, 937, 879, 863, 769, 718 cm-1 

HRMS (EI+) m/z: [M]+ calcd 250.13119, found 250.13221. 

5-((3,5-Dimethyl-2-(methylamino)phenoxy)methyl)oxazolidin-2-one (126b) 

 
1H NMR (300 MHz, CDCl3) ŭ 6.62 (s, 1H), 6.52 (s, 1H), 5.95 (s, 1H), 5.02 ï 4.92 (m, 

1H), 4.19 ï 4.07 (m, 2H), 3.78 (t, J = 8.8 Hz, 1H), 3.67 ï 3.52 (m, 1H), 3.03 (br, 1H), 

2.76 (s, 3H), 2.26 (s, 3H), 2.24 (s, 3H). 13C NMR (75 MHz, CDCl3) ŭ 159.52, 149.44, 

136.09, 130.87, 129.83, 125.15, 111.08, 74.26, 69.20, 42.62, 35.58, 20.92, 18.20. 

IR (ATR):  = 3399, 3247, 3152, 2964, 2920, 2876, 2807, 1734, 1589, 1500, 1447, 

1419, 1317, 1293, 1237, 1166, 1086, 1008, 964, 880, 828, 765, 705, 621 cm-1 

HRMS (EI+) m/z: [M]+ calcd 250.13119, found 250.13188. 

 

3-Isopropyl-5-((4-(2-methoxyethyl)-2-(methylamino)phenoxy)methyl)oxazolidin-
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2-one (127) 

 

Following GP 3, 3-isopropyl-5-((4-(2-methoxyethyl)phenoxy)methyl)oxazolidin-2-

one (59 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution were 

stirred for 5 days at room temperature. Purification by silica gel chromatography with 

PE/EA (1:1) as eluting solvent afforded 3-isopropyl-5-((4-(2-methoxyethyl)-2-

(methylamino) phenoxy)methyl)oxazolidin-2-one 127 as a yellow oil (30 mg, 49%). 

1H NMR (300 MHz, CDCl3) ŭ 6.67 (d, J = 7.7 Hz, 1H), 6.51 ï 6.47 (m, 2H), 4.82 (qd, 

J = 8.8, 4.6 Hz, 1H), 4.18 ï 4.08 (m, 1H), 4.10 (d, J = 4.6 Hz, 2H), 3.64 (t, J = 8.8 Hz, 

1H), 3.58 (t, J = 7.2 Hz, 2H), 3.43 (dd, J = 8.6, 4.6 Hz, 1H), 3.35 (s, 3H), 2.84 (s, 3H), 

2.80 (t, J = 7.2 Hz, 2H), 1.20 (d, J = 4.2 Hz, 3H), 1.18 (d, J = 4.2 Hz, 3H). 13C NMR 

(75 MHz, CDCl3) ŭ 156.76, 143.82, 139.40, 133.16, 116.28, 111.12, 110.64, 73.95, 

70.95, 69.16, 58.60, 44.83, 41.76, 36.00, 30.34, 19.71, 19.68. 

IR (ATR):  = 3433, 2956, 2926, 2856, 2730, 1743, 1601, 1524, 1458, 1435, 1369, 

1261, 1220, 1173, 1113, 1045, 789, 762, 640 cm-1 

HRMS (EI+) m/z: [M]+ calcd 322.18871, found 322.18885. 

 

(2R,3R,4R,5S,6S)-2-(Acetoxymethyl)-6-(4-chloro-3-(3-(methylamino)-4-(((S)-

tetrahydrofuran-2-yl)oxy)benzyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl 

triacetate (128) 

 

Following GP 3, (2R,3R,4R,5S,6S)-2-(acetoxymethyl)-6-(4-chloro-3-(4-(((S)-

tetrahydrofuran-2-yl)oxy)benzyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate 
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(124 mg, 0.2 mmol), TsONHMe (81 mg, 0.4 mmol) in 0.5 mL HFIP solution were 

stirred for 5 days at room temperature. Purification by silica gel chromatography with 

PE/EA (1:1) as eluting solvent afforded (2R,3R,4R,5S,6S)-2-(acetoxymethyl)-6-(4-

chloro-3-(3-(methylamino)-4-(((S)-tetrahydrofuran-2-

yl)oxy)benzyl)phenyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate 128 as a yellow solid 

(70 mg, 54%). 

Mp: 127oC 

1H NMR (400 MHz, CDCl3) ŭ 7.35 (d, J = 8.3 Hz, 1H), 7.17 (dd, J = 8.3, 2.1 Hz, 1H), 

7.07 (d, J = 2.1 Hz, 1H), 6.59 (d, J = 8.1 Hz, 1H), 6.42 (d, J = 1.8 Hz, 1H), 6.36 (dd, J 

= 8.1, 1.8 Hz, 1H), 5.27 (t, J = 9.6 Hz, 1H), 5.19 (t, J = 9.6 Hz, 1H), 5.03 (t, J = 9.6 Hz, 

1H), 4.90 (ddd, J = 7.7, 5.6, 2.4 Hz, 1H), 4.30 (d, J = 9.6 Hz, 1H), 4.25 (dd, J = 12.4, 

4.8 Hz, 1H), 4.13 (dd, J = 12.4, 2.2 Hz, 1H), 4.05 ï 3.85 (m, 6H), 3.78 (ddd, J = 9.8, 

4.8, 2.3 Hz, 1H), 2.81 (s, 3H), 2.22 ï 2.10 (m, 2H), 2.06 (s, 3H), 2.04 (s, 3H), 1.98 (s, 

3H), 1.69 (s, 3H). 13C NMR (100 MHz, CDCl3) ŭ 170.67, 170.31, 169.46, 168.73, 

143.04, 140.00, 139.19, 135.05, 134.55, 132.58, 129.80, 129.68, 125.75, 116.25, 111.46, 

110.54, 79.49, 77.86, 76.11, 74.13, 73.22, 72.54, 68.52, 67.20, 62.32, 38.82, 33.03, 

30.26, 20.71, 20.59, 20.22. 

IR (ATR):  = 3429, 2948, 2874, 1745, 1601, 1523, 1478, 1434, 1417, 1368, 1216, 

1107, 1035, 972, 909, 824, 794, 731, 646 cm-1 

HRMS (EI+) m/z: [M+H]+ calcd 648.2206, found 648.2205; [M+Na] + calcd 670.2026, 

found 670.2028. 

2.4.4 Large-Scale Reaction 

 

Scheme S1. Large-scale reaction 

 

To a stirred solution of 18 (3.23g, 16 mmol) in 10 mL HFIP solution was added 2,6-
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dimethoxyphenyl 4-methylbenzenesulfonate (1.23 g, 4 mmol) under ambient 

atmosphere at room temperature. The reaction was stirred for 36 h at room temperature 

(monitored by TLC). Then the reaction was diluted with 10 mL DCM and basified with 

20mL saturated NaHCO3 aqueous solution. The aqueous layer was extracted with DCM 

(30 mL Ĭ 3), and the combined organic layers were washed with sat. brine (30 mL), 

dried over anhydrous Na2SO4, filtered and concentrated in vacuo. The crude residue 

was purified by silica gel chromatography with PE/EA (5:1) as eluting solvent to afford 

2,6-dimethoxy-3-(methylamino)phenyl 4-methylbenzenesulfonate 68 as a pale 

colorless solid (1.24 g, 92%). 

2.4.5 Time-Dependent NMR 

Decomposition of TsONHBoc in HFIP: TsONHBoc (15 mg, 0.05 mmol) in 0.5 mL 

CDCl3 or d2-HFIP under an ambient atmosphere at room temperature was monitored 

by 1H NMR 

TsONHBoc was quite stable in CDCl3, however, itôs gradually decomposed in 3 h in 

acidic d2-HFIP as the Boc group was removed in d2-HFIP (ñtracelessò, as CO2 and 

isobutene are formed). 
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Figure S2. 1H NMR spectra of TsONHBoc in CDCl3 or d2-HFIP  

 

To a solution of TsONHMe (81 mg, 0.4 mmol) in 0.5 mL d2-HFIP solution was added 

mesitylene (24 mg, 0.2 mmol) under ambient atmosphere at room temperature. And the 

reaction was monitored by 1H NMR. 

TsONHMe is stable in d2-HFIP for several hours, however, it decomposed after the 

addition of mesitylene (for mesitylene, the aromatic-H could be deuterated in d2-HFIP). 

This underlines that a -́complex and an electron charge transfer are involved, which in 

turn caused the decomposition of TsONHMe 

 

Figure S3. 1H NMR spectra of mesitylene, TsONHMe and N,2,4,6-tetramethylaniline 

in d2-HFIP 
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Figure S7. Overlay of 1H NMR samples (d2-HFIP) taken during the reaction 

Product signals for aromatic-H highlighted in red, signals for MeNH group in blue. 

 

2.4.6 ICP-OES Experiments 

Reagents and standards All solutions were prepared with high-purity water of 18.2 Mɋ 

cm resistivity obtained from a Milli-Q-system. Reagents used for the sample digestion 

were nitric acid (65%, P.A. quality). Polytetrafluoroethylene (PTFE) vessels (metal-

free) were used to hold aqueous samples. 

Preparation of samples: 

1> 2.5 mL 65% HNO3 was added to 200 mg TsONHBoc in a PTFE vessel, then itôs 

diluted up to 10 mL with Milli-Q water. 

2> 2.5 mL 65% HNO3 was added to 200 mg TsONHMe in a PTFE vessel, then itôs 

diluted up to 10 mL with Milli-Q water. 

3> 2.5 mL 65% HNO3 was added to 200 uL HFIP in a PTFE vessel, then itôs diluted 

up to 10 mL with Milli-Q water. 
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Table S1. Elemental concentrations in original compounds or solvent (ug/g or ug/mL) 

 Cu Fe Pd Rh Ru 

TsONHBoc 0.25 4.41 0.25 0.25 0.25 

TsONHMe 0.48 0.30 0.25 0.25 0.25 

HFIP 0.25 0.25 0.25 0.25 0.25 

Procedure detection limit: 0.25 ug/g, 0.25 ug/mL 

 

ICP measurements verified a metal-free amination with TsONHMe in HFIP. No metal 

traces (< 1ppm for Fe, Cu and Pd, Rh, Ru below the detection limit) in TsONHMe, no 

metal traces (4.41 ppm for Fe, and Cu, Pd, Rh, Ru below the detection limit) in 

TsONHBoc, and no metal traces (Fe, Cu, Pd, Rh, Ru below the detection limit) in HFIP 

were detected. 

 

2.4.7 UV/Vis Spectroscopy 

To a solution of TsONHMe (24 mg, 0.12 mmol, 2.0 equiv) in 1.5 mL HFIP solution in 

a 3 mL quartz cuvette was added the arene (0.06 mmol, 1.0 equiv) in 1.5 mL HFIP 

solution at room temperature under aerobic condition or in a glovebox, and then it was 

closed with a Teflon-lined cap and shaken for 10 seconds. The UV/Vis absorption 

spectra of the reaction mixture were measured on Jasco UV/VIS V-670 

spectrophotometer (for UV1, UV2 and UV3, the delay time between the preparation of 

samples and acquisition of UV spectrums is around 1 min; for UV4 and UV 5, 3 min 

of delay time). 
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Scheme S2. Different reactions for UV/Vis 

 

 

Figure S8. UV/Vis absorption spectrum of UV 1 (1,4-dimethoxybenzene and 

TsONHMe in HFIP solution under aerobic condition; spectrum picked up from UV 1 

at 5 min) 
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Figure S9. Time-dependent UV/Vis absorption spectra of UV 1 (1,4-dimethoxybenzene 

and TsONHMe in HFIP solution under air condition) 

 

 

Figure S10. UV/Vis absorption spectrum of UV 2 (2,5-dimethoxy-N-methylaniline and 

TsONHMe in HFIP solution under aerobic conditions; spectrum picked up from UV 2 

at 2min) 
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Figure S11. Time-dependent UV/Vis absorption spectra of UV 2 (2,5-dimethoxy-N-

methylaniline and TsONHMe in HFIP solution under air condition) 

 

 

Figure S12. UV/Vis absorption spectrum of UV 3 (4-tert-butylanisole and TsONHMe 

in HFIP under air condition; spectrum picked up from UV 3 at 3 min) 
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Figure S13. Time-dependent UV/Vis absorption spectra of UV 3 (4-tert-butylanisole 

and TsONHMe in HFIP solution under air condition) 

 

 

Figure S14. UV/Vis absorption spectrum of UV 4 (4-tert-butylanisole and TsONHMe 

in HFIP solution under argon atmosphere) 
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Figure S15. UV/Vis absorption spectrum of UV 5 (1,4-dimethoxybenzene and 

TsONHMe in HFIP solution under argon atmosphere) 

 

The spectra of UV 1 and UV 3 showed bathochromic shifts (absorption band among 

400ï700 nm), which confirm that the radical cations Int1 and Int4 are involved in our 

reaction. The same bathochromic shifts (450ï500 nm) in the UV 1 spectra after 50min 

are visible as shown in UV 2, which suggests that Int2 is involved in the reaction (1,4-

dimethoxybenzene and TsONHMe in HFIP solution). The comparison of the 

measurements under either inert or aerobic conditions (UV 1 vs UV 5; UV 3 vs UV 4) 

shows that only under aerobic atmosphere significant amounts of the radical cation can 

be detected in the UV spectra. Thus one can conclude, that oxygen can accelerate the 

formation of the radical cation in our reaction. 

2.4.8 EPR Studies 

All EPR samples were prepared and handled under argon atmosphere at room 

temperature. 

Sample1: TsONHMe (34 mg, 0.16 mmol) was added to 1,4-dimethoxybenzene (11 mg, 

0.08 mmol) in 0.2 mL HFIP solution under argon atmosphere, then it was stirred for 30 

min and the mixture gradually turned brown. 

Sample 2: TsONHMe (34 mg, 0.16 mmol) was added to 2,5-dimethoxy-N-
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methylaniline (13 mg, 0.08 mmol) in 0.2 mL HFIP solution under argon atmosphere, 

then it was stirred for 30min and the mixture gradually turned brown. 

Sample 3: TsONHMe (34 mg, 0.16 mmol) was added to 1,4-dimethoxybenzene (11 mg, 

0.08 mmol) and DMPO (18 mg, 0.16 mmol) in 0.2 mL HFIP solution under argon 

atmosphere, then it was stirred for 10 min and the mixture gradually turned yellow. 

Sample 4: 1,4-dimethoxybenzene (11 mg, 0.08 mmol) in 0.2 mL 97% conc. H2SO4 

solution was stirred for 30 min under argon atmosphere, and the mixture gradually 

turned yellow. 

All four samples were analyzed by EPR spectroscopy (Figure S16 - S19). Parameters 

for EPR-spectra acquisition: modulation frequency = 100.00 KHz, modulation 

amplitude = 2.0 G, temperature = 23oC, EPR tube: A glass capillary was filled with the 

sample and placed inside a 4 mm EPR-tube. 

 

 

 

Figure S16. EPR spectrum of sample 1: ɜ = 9.638679 GHz, MP = 6.308 mW, RG = 65 

dB 
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Figure S17. EPR spectrum of sample 2: ɜ = 9.637432 GHz, MP = 0.02512 mW, RG = 

60 dB 

 

 

 

Figure S18 EPR spectrum of sample 3: ɜ = 9.635575 GHz, MP = 6.301mW, RG = 64 

dB  
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Figure S19. EPR spectrum of sample 4: ɜ = 9.636954 GHz, MP = 6.301 mW, RG = 60 

dB 

2.4.9 Radical Trapping Experiments 

To a stirred solution of TsONHMe (115 mg, 0.4 mmol) in 0.5 mL HFIP solution 1,3,5-

trimethylbenzene (24 mg, 0.2 mmol) was added or not added under ambient atmosphere 

at room temperature, then TEMPO (63 mg, 0.4 mmol) or BHT (88 mg, 0.4 mmol) was 

added to the mixture. The reaction was stirred at room temperature for 36h (monitored 

by GCMS or TLC). 

For the TEMPO reaction, traces of N,2,4,6-tetramethylaniline were detected. 

For the BHT reaction, traces of N,2,4,6-tetramethylaniline were detected, but 2,6-di-

tert-butyl-4-methyl-4-(methylamino)cyclohexa-2,5-dien-1-one 133 was isolated as a 

yellow oil (70 mg, 70%); 133 was also acquired with the same yield as above even 

mesitylene was excluded. 

The results show that a radical pathway and a nitrogen-centered radical (NHMe radical) 

are involved in the reaction, and BHT is a good donor than mesitylene. 
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Scheme S3. Radical trapping experiments 

 

2,6-di-tert-Butyl-4-methyl-4-(methylamino)cyclohexa-2,5-dien-1-one (133) 

 

1H NMR (300 MHz, CDCl3) ŭ 6.37 (s, 2H), 2.18 (s, 3H), 2.03 (s, 1H), 1.29 (s, 3H), 

1.23 (s, 18H). 13C NMR (75 MHz, CDCl3) ŭ 186.32, 148.05, 144.57, 54.32, 34.79, 

30.38, 29.62, 27.58 

IR (ATR):  = 3335, 2961, 2951, 2867, 2792, 1657, 1627, 1485, 1460, 1387, 1363, 

1335, 1246, 1200, 1164, 1133, 1066, 1019, 930, 913, 881, 819, 801, 742, 646 cm-1 

HRMS (EI+) m/z: [M]+ calcd 249.20872, found 249.20844. 

2.4.10 Cyclic Voltammetry 

Cyclic voltammetry was conducted on an EmStat (PalmSens) potentiostat using a 3-

electrode cell configuration. Measurements were performed in dry acetonitrile with 

tetrabutylammonium hexafluorophosphate (0.1 M) as the electrolyte, and the cyclic 

voltammograms were collected using a glassy carbon working electrode, a platinum 

wire counter electrode, and an Ag reference at a scan rate of 0.1 V sï1. All the solutions 

were degassed by bubbling N2 prior to measurements. With these parameters, all 

compounds listed in Table S3 exhibited irreversible reduction waves. 
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Table S2. Electrochemical potentials for N-O compounds 

Substrate Ep (V vs. Ag) 

TsONHBoc -0.74 V 

TsONHMe -1.06 V 

 

 

Figure S20. Cyclic voltammetry of TsONHBoc 

 

 

Figure S21. Cyclic voltammetry of TsONHMe 
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2.4.11 KIE and Control Experiments 

 

Scheme S4. Kinetic isotope effect and control experiments 

To a stirred solution of TsONHMe (162 mg, 0.8 mmol) in 0.5 mL HFIP solution was 

added toluene (9 mg, 0.1 mmol) and d8-toluene (8 mg, 0.1 mmol) under ambient 

atmosphere at room temperature. The reaction was stirred at room temperature for 10 

days. Then the reaction was diluted with 1mL DCM and basified with 1mL saturated 

NaHCO3 aqueous solution. The aqueous layer was extracted with DCM (3 mL Ĭ 3), 

and the combined organic layers were washed with sat. brine (5 mL), dried over 

anhydrous Na2SO4, filtered and concentrated in vacuo. The crude residue was purified 

by preparative thin-layer chromatography to afford the isomer as a yellow oil (8 mg, 

32%). 
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To a stirring solution of TsONHBoc (115 mg, 0.4 mmol) or TsONHMe (81 mg, 0.4 

mmol) in 0.5 mL HFIP solution was added 1,3,5-tri-tert-butylbenzene (49 mg, 0.2 

mmol) under ambient atmosphere at room temperature. The reaction was stirred at room 

temperature for 1 month or 36 h, respectively. 

For the TsONHBoc reaction, only removal of tert-butyl group and formation of product 

2,4-di-tert-butylaniline 134 (6 mg, 15%) as a yellow oil was isolated. 

For TsONHMe reaction, only the C-C aminated product was observed and formation 

of product 3,5-di-tert-butyl-N-methylaniline 135 as a yellow oil (21 mg, 48%), no C-H 

aminated product was formed. 

Those two experiments show that tert-butyl group is more easier to be removed than 

the proton, especially for 1,3,5-tri-tert-butylbenzene as the substrate. 

2,4-Di-tert-butylaniline (134) spectral data were in agreement with literature values[65] 

 

1H NMR (300 MHz, CDCl3) ŭ 7.30 (d, J = 2.3 Hz, 1H), 7.08 (dd, J = 8.2, 2.3 Hz, 1H), 
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6.62 (d, J = 8.2 Hz, 1H), 3.65 (br, 2H), 1.45 (s, 9H), 1.31 (s, 9H). 13C NMR (75 MHz, 

CDCl3) ŭ 141.94, 141.13, 133.25, 123.60, 123.53, 117.54, 34.55, 34.13, 31.60, 29.69. 

IR (Reflexion):  = 3484, 3379, 2962, 2906, 2870, 1869, 1771, 1620, 1529, 1504, 1481, 

1465, 1407, 1363, 1292, 1278, 1245, 1200, 1163, 1129, 1103, 1019, 905, 888, 819, 639 

cm-1 

HRMS (EI+) m/z: [M]+ calcd 205.18250, found 205.18303. 

 

3,5-Di-tert-butyl-N-methylaniline (135) spectral data were in agreement with 

literature values[66] 

 

H NMR (300 MHz, CDCl3) ŭ 6.84 (s, 1H), 6.52 (d, J = 1.5 Hz, 2H), 2.88 (s, 3H), 1.34 

(s, 18H). 13C NMR (75 MHz, CDCl3) ŭ 151.66, 148.67, 112.14, 107.13, 34.82, 31.45, 

30.97. 

IR (Reflexion):  = 3410, 3079, 2965, 2903, 2867, 2806, 1675, 1602, 1514, 1477, 1453, 

1422, 1392, 1362, 1334, 1312, 1247, 1205, 1164, 1129, 1088, 1026, 996, 924, 899, 845, 

708 cm-1 

HRMS (EI+) m/z: [M]+ calcd 219.21815, found 219.21805. 

2.4.12 GC Analysis 

Standard curve plot and RF 

The N,2,4,6-tetramethylaniline (analyte) and internal standard (IS) nitrobenzene (20.6 

uL, 0.2 mmol) were dissolved in 2.0 mL MeOH in various stoichiometric ratios 

(nitrobenzene / N,2,4,6-tetramethylaniline: 1 : 1.25, 1 : 1, 1 : 0.75, 1 : 0.5, 1 : 0.25, 1 : 

0). The solutions were analyzed by gas chromatography. 
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Figure S22. Standard curve plot 

 

To a stirred solution of the TsONHMe (80.5 mg, 0.4 mmol) in 0.5 mL HFIP solution 

was added the mesitylene (24.0 mg, 0.2 mmol) and internal standard (IS) nitrobenzene 

(24.6 mg, 0.2 mmol) under ambient atmosphere or N2 atmosphere or O2 atmosphere at 

room temperature. The samples of the reaction mixture were taken in time intervals 

adjust to the reaction rate, and they were analyzed by gas chromatography. 

 

Figure S23. Reaction under air, N2 and O2 condition 
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2.4.13 Computational Details 

Geometry optimization of the complexes were conducted on the PBE0-D3/aug-pc-1 

level of theory using the TeraChem[67] software package. Configuration interaction 

constrained density functional theory calculations were performed within the Q-Chem 

software package[68] on the PBE50/pcseg-1 level of theory. In all calculations a 

conductor-like polarizable continuum model (dielectric constant of 16.7) was used in 

order to implicitly simulate the influence of the solvent (HFIP). 

 

CI-CDFT Hamiltonians (in atomic units) 

 

Structure a) 
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i -1599.86642 0.03622 -0.00786 

v 0.03622   -1599.76989 0.00369 

f -0.00786 0.00369 -1599.71983 

 

Structure b) 
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i 
         -

1,599.87438 
-0.00183 

f -0.00183 
-

1,599.71701 

 

 
                    

i 

                        

v 

                     

f 

i -1,599.86341 -0.03796 -0.00730 

v -0.03796   -1,599.76913 -0.00501 

f -0.00730 -0.00501 -1,599.71731 

 

Optimized structures 

Structure a) 

 

     C     1.5435998505    2.3891791719   -2.1006212400 

     C     2.5171695418    2.5517402180   -1.1325944200 

     C     2.3833143155    1.9690206241    0.1337697210 

     C     1.2425095766    1.2173501663    0.4091510414 

     C     0.2575857636    1.0324427285   -0.5512849868 

     C     0.4213685914    1.6244561479   -1.7934302061 

     H     1.6535781315    2.8453228606   -3.0802593526 

     H     3.4012108579    3.1427359650   -1.3599814152 

     C     3.4545017156    2.1588465377    1.1674417467 

     H     1.1236720154    0.7593213769    1.3878180212 

     H    -0.6236717980    0.4353340041   -0.3414206075 

     S    -0.8130952846    1.3652822480   -3.0249155270 

     O     0.0855480504    0.3898969898   -4.0011360219 

     H     3.5899704278    3.2228764882    1.3926990999 

     H     4.4152283140    1.7793642487    0.8010190021 



мпр 
 

     H     3.2076668042    1.6368709019    2.0958069138 

     O    -1.1145645040    2.5985554672   -3.7609785016 

     O    -1.9332810522    0.6027373298   -2.4668282639 

     N    -0.7138034324   -0.0238691616   -5.1303484732 

     H    -0.7358723384   -1.0348396278   -4.9953364210 

     C     0.0399495162    0.3116946118   -6.3274382228 

     H     0.0580243538    1.3966376035   -6.4574846427 

     H    -0.4949899318   -0.1389842789   -7.1694433295 

     H     1.0667612147   -0.0767916702   -6.3017388101 

     C     1.7002891898   -2.8616258451   -3.9479423041 

     C     2.9284681225   -3.3636842093   -3.5966929580 

     C     3.0515897199   -4.0647266103   -2.3875918648 

     C     1.8990261281   -4.3883288001   -1.6401239005 

     C     0.6593522804   -3.9500750826   -2.0327075672 

     C     0.5621695460   -3.1129694138   -3.1531738655 

     H     1.5805294458   -2.2567454447   -4.8417758141 

     H     3.7936972214   -3.1474845205   -4.2120469486 

     O     4.2078793968   -4.5502475602   -1.9034610433 

     H     2.0211214186   -4.9868967540   -0.7422972420 

     H    -0.2129849384   -4.1967603668   -1.4392340317 

     O    -0.5913616604   -2.5908046131   -3.6077033753 

     C    -1.7779605420   -2.7651516496   -2.8315083294 

     H    -2.0523613487   -3.8236960151   -2.7826570903 

     H    -2.5536239477   -2.2010071525   -3.3485174684 

     H    -1.6372294092   -2.3603736950   -1.8247293181 

     C     5.4138839261   -4.2772717889   -2.6159343272 

     H     6.2125158696   -4.7375131994   -2.0338003135 

     H     5.5816524651   -3.1973455094   -2.6901305162 

     H     5.3809658041   -4.7216576833   -3.6163979712 

     O     2.6653505549   -1.9581482863   -1.2724768643 
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     O     1.6766516519   -1.4227225001   -1.8104807115 

 

Structure b) 

 

     C     0.4951491626    2.8800247500   -0.0736043067 

     C     1.6503425315    3.3552475859    0.5235600101 

     C     2.5150535339    2.4956294222    1.2090013911 

     C     2.1968250386    1.1381571677    1.2799141456 

     C     1.0465337346    0.6404316264    0.6876174743 

     C     0.2099996907    1.5220113426    0.0175838450 

     H    -0.1774466653    3.5503637020   -0.5998471564 

     H     1.8866739031    4.4145881655    0.4585643950 

     C     3.7473911224    3.0314098911    1.8764743976 

     H     2.8623391219    0.4575708698    1.8047492923 

     H     0.8028202790   -0.4150629100    0.7366404208 

     S    -1.2451659325    0.8977574043   -0.7548936444 

     O    -0.6125945938    0.6940592162   -2.2639414120 

     H     3.4943612233    3.4585254311    2.8549331792 

     H     4.2039383932    3.8272854001    1.2797115278 

     H     4.4863511952    2.2411844894    2.0373581137 

     O    -2.2866272318    1.9285348175   -0.8246516493 

     O    -1.6012501830   -0.4150668675   -0.2082912478 

     N    -1.6267629058    0.1692844471   -3.1472630270 

     H    -1.2350342237   -0.7377794854   -3.4043634496 

     C    -1.6767480283    1.0500532338   -4.3024746711 

     H    -2.1180373273    2.0080211438   -4.0162510274 

     H    -2.3269399106    0.5638097472   -5.0369329995 

     H    -0.6875693924    1.2154749148   -4.7490363714 

     C     1.4424539508   -2.5950317714   -3.9176525774 

     C     2.7810793945   -2.8847005380   -3.8374637373 
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     C     3.2508953375   -3.5903194426   -2.7194211081 

     C     2.3350332562   -4.1453695522   -1.7978936624 

     C     0.9870129035   -3.9256860719   -1.9252168523 

     C     0.5397214395   -3.0700978778   -2.9416250778 

     H     1.0480345266   -1.9889122211   -4.7281042802 

     H     3.4624173107   -2.4983494772   -4.5859340464 

     O     4.5433042861   -3.8732816761   -2.4867840103 

     H     2.7292907260   -4.7437260568   -0.9819243377 

     H     0.2997287745   -4.3433920679   -1.1994803864 

     O    -0.7496755881   -2.7292049766   -3.1316811251 

     C    -1.7216101170   -3.1787288560   -2.1821898451 

     H    -1.7736038475   -4.2716390373   -2.1782640476 

     H    -2.6722078785   -2.7641378962   -2.5171435665 

     H    -1.4832822275   -2.7983527953   -1.1852001503 

     C     5.5243815202   -3.3739039369   -3.3955241407 

     H     6.4863108267   -3.7056128546   -3.0040999704 

     H     5.4939455319   -2.2795741033   -3.4321905109 

     H     5.3686134615   -3.7879733506   -4.3973572676 

     O     2.7251510767   -1.6473118062   -1.4155524644 

     O     1.5804790047   -1.2736648965   -1.7453132227 

2.4.14 X-Ray Crystallographic Analysis 

2,6-dimethoxy-3-(methylamino)phenyl 4-methylbenzenesulfonate (68) (CCDC 

1958321) 

colorless crystal (brick), dimensions 0.122 x 0.113 x 0.070 mm3, crystal system 

monoclinic, space group C2/c, Z=8, a=22.5901(7) ¡, b=9.5502(3) ¡, c=19.0900(9) ¡, 

alpha=90 deg, beta=126.1418(8) deg, gamma=90 deg, V=3325.9(2) ¡3, rho=1.348 

g/cm3, T=200(2) K, Thetamax= 31.452 deg, radiation MoK, lambda=0.71073 ¡, 0.5 

deg omega-scans with CCD area detector, covering the asymmetric unit in reciprocal 

space with a mean redundancy of 3.73 and a completeness of 93.1% to a resolution of 
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0.68 ¡, 20918 reflections measured, 5130 unique (R(int)=0.0430), 3431 observed (I > 

2(I)), intensities were corrected for Lorentz and polarization effects, an empirical 

scaling and absorption correction was applied using SADABS[69] based on the Laue 

symmetry of the reciprocal space, mu=0.22mm-1, Tmin=0.90, Tmax=0.96, structure 

solved with SHELXT-2014 (Sheldrick 2014)[70] and refined against F2 with a Full-

matrix least-squares algorithm using the SHELXL-2018/3 (Sheldrick, 2018) 

software[71], 216 parameters refined, hydrogen atoms were treated using appropriate 

riding models, except H19 at N19, which was refined isotropically, goodness of fit 0.77 

for observed reflections, final residual values R1(F)=0.047, wR(F2)=0.147 for observed 

reflections, residual electron density -0.36 to 0.39 e¡-3. 

 

Empirical formula C16H19NO5S 

Formula weight 337.38 

Temperature 200(2) K 

Wavelength 0.71073 Å 

Crystal system monoclinic 

Space group C2/c 

Z 8 

Unit cell dimensions a = 22.5901(7) Å  = 90 deg. 

b = 9.5502(3) Å = 126.1418(8) deg. 

c =  19.0900(9) Å  = 90 deg. 

Volume 3325.9(2) Å3 
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Density (calculated) 1.35 g/cm3 

Absorption coefficient 0.22 mm-1 

Crystal shape brick 

Crystal size 0.122 x 0.113 x 0.070 mm3 

Crystal colour colorless 

Theta range for data collection 2.2 to 31.5 deg. 

Index ranges -33 h 31, -13 k 13, -27 l 28 

Reflections collected 20918 

Independent reflections 5130 (R(int) = 0.0430) 

Observed reflections 3431 (I > 2 (I)) 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.96 and 0.90 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 5130 / 0 / 216 

Goodness-of-fit on F2 0.77 

Final R indices (I>2sigma(I)) R1 = 0.047, wR2 = 0.147 

Largest diff. peak and hole 0.39 and -0.36 eÅ-3 

 

2,6-dimethoxy-3-(methylamino)phenyl methanesulfonate (69) (CCDC 1958322) 

colorless crystal (plank), dimensions 0.065 x 0.060 x 0.047 mm3, crystal system 

monoclinic, space group P21, Z=4, a=7.9499(7) ¡, b=16.7242(13) ¡, c=9.2361(7) ¡, 

alpha=90 deg, beta=97.566(2) deg, gamma=90 deg, V=1217.30(17) ¡3, rho=1.426 

g/cm3, T=200(2) K, Thetamax= 26.137 deg, radiation MoK, lambda=0.71073 ¡, 0.5 

deg omega-scans with CCD area detector, covering the asymmetric unit in reciprocal 

space with a mean redundancy of 6.04and a completeness of 99.8% to a resolution of 

0.81 ¡, 15210 reflections measured, 4822 unique (R(int)=0.0782), 3679 observed (I > 

2(I)), intensities were corrected for Lorentz and polarization effects, an empirical 

scaling and absorption correction was applied using SADABS[69] based on the Laue 

symmetry of the reciprocal space, mu=0.28mm-1, Tmin=0.78, Tmax=0.96, structure 

solved with SHELXT-2014 (Sheldrick 2014)[70] and refined against F2 with a Full-
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matrix least-squares algorithm using the SHELXL-2018/3 (Sheldrick, 2018) 

software[71], 323 parameters refined, hydrogen atoms were treated using appropriate 

riding models, except H21 at N21, which were refined isotropically, Flack absolute 

structure parameter 0.12(8), goodness of fit 1.05 for observed reflections, final residual 

values R1(F)=0.069, wR(F2)=0.167 for observed reflections, residual electron density 

-0.44 to 1.57 e¡-3 

 

Empirical formula C10H15NO5S 

Formula weight 261.29 

Temperature 200(2) K 

Wavelength 0.71073 Å 

Crystal system monoclinic 

Space group P21 

Z 4 

Unit cell dimensions a = 7.9499(7) Å  = 90 deg. 

b =  16.7242(13) Å  = 97.566(2) deg. 

c = 9.2361(7) Å  = 90 deg. 

Volume 1217.30(17) Å3 

Density (calculated) 1.43 g/cm3 

Absorption coefficient 0.28 mm-1 

Crystal shape plank 

Crystal size 0.065 x 0.060 x 0.047 mm3 
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Crystal colour colorless 

Theta range for data collection 2.5 to 26.1 deg. 

Index ranges -9 h 9, -20 k 20, -11 l 11 

Reflections collected 15210 

Independent reflections 4822 (R(int) = 0.0782) 

Observed reflections 3679 (I > 2 (I)) 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.96 and 0.78 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 4822 / 1 / 323 

Goodness-of-fit on F2 1.05 

Final R indices (I>2sigma(I)) R1 = 0.069, wR2 = 0.167 

Absolute structure parameter 0.12(8) 

Largest diff. peak and hole 1.57 and -0.44 eÅ-3 

 

4,4'-dimethoxy-N-methyl-[1,1'-biphenyl]-3-amine (82) (CCDC 1958323) 

colorless crystal (brick), dimensions 0.153 x 0.044 x 0.042 mm3, crystal system 

orthorhombic, space group P212121, Z=4, a=6.9628(10) ¡, b=8.4066(12) ¡, c=21.812(3) 

¡, alpha=90 deg, beta=90 deg, gamma=90 deg, V=1276.7(3) ¡3, rho=1.266 g/cm3, 

T=200(2) K, Thetamax= 21.738 deg, radiation MoK, lambda=0.71073 ¡, 0.5 deg 

omega-scans with CCD area detector, covering the asymmetric unit in reciprocal space 

with a mean redundancy of 6.95and a completeness of 100.0% to a resolution of 0.96 

¡, 6422 reflections measured, 1512 unique (R(int)=0.0615), 982 observed (I > 2(I)), 

intensities were corrected for Lorentz and polarization effects, an empirical scaling and 

absorption correction was applied using SADABS[69] based on the Laue symmetry of 

the reciprocal space, mu=0.08mm-1, Tmin=0.90, Tmax=0.96, structure solved with 

SHELXT-2014 (Sheldrick 2014)[70] and refined against F2 with a Full-matrix least-

squares algorithm using the SHELXL-2018/3 (Sheldrick, 2018) software[71], 170 

parameters refined, hydrogen atoms were treated using appropriate riding models, 

except H17 at N17, which was refined isotropically, Flack absolute structure parameter 
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0.6(10), goodness of fit 1.01 for observed reflections, final residual values R1(F)=0.047, 

wR(F2)=0.092 for observed reflections, residual electron density -0.15 to 0.11 e¡-3. 

 

Empirical formula C15H17NO2 

Formula weight 243.29 

Temperature 200(2) K 

Wavelength 0.71073 Å 

Crystal system orthorhombic 

Space group P212121 

Z 4 

Unit cell dimensions a = 6.9628(10) Å  = 90 deg. 

b = 8.4066(12) Å  = 90 deg. 

c =  21.812(3) Å  = 90 deg. 

Volume 1276.7(3) Å3 

Density (calculated) 1.27 g/cm3 

Absorption coefficient 0.08 mm-1 

Crystal shape brick 

Crystal size 0.153 x 0.044 x 0.042 mm3 

Crystal colour colorless 

Theta range for data collection 1.9 to 21.7 deg. 

Index ranges -7 h 7, -8 k 8, -22 l 22 

Reflections collected 6422 

Independent reflections 1512 (R(int) = 0.0615) 

Observed reflections 982 (I > 2 (I)) 
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Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.96 and 0.90 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 1512 / 0 / 170 

Goodness-of-fit on F2 1.01 

Final R indices (I>2sigma(I)) R1 = 0.047, wR2 = 0.092 

Absolute structure parameter 0.6(10) 

Largest diff. peak and hole 0.11 and -0.15 eÅ-3 
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Chapter 3 Hydroxylamine-Mediated C-C amination via Aza-Hock 

Rearrangement 

3.1 Introduction 

Anilines are of paramount importance to all aspects of chemical science 

(pharmaceuticals, agrochemicals, organic chemicals and natural bioactive products). 

Such motifs are typically accessed by a nitration-reduction sequence or transition metal-

catalyzed cross-coupling reactions and direct arene C-H aminations via organometallic 

chemistry, photochemistry and electrochemistry. However, specific site-selectivity is a 

significant challenge for most of the mentioned protocols. 

Alternatively, direct C-C amination is a method to address the site-selectivity problem, 

such as transition metal-catalyzed decarboxylative aminations as well as metal-free 

reactions (Lossen, Hoffmann, Curtius, Schmidt and Neber rearrangements) from 

carboxylic acids and their derivatives, but several synthetic steps are needed. Only a 

few publications report on direct access to anilines under metal-free conditions in a one-

step approach: one is the Beckmann rearrangement of ketoximes or surrogates, 

representative examples see Walter[1] and Uchidaôs work;[2] one other way is the 

Schmidt rearrangement of Ŭ-azido ethylbenzene intermediates, typical works see the 

reports of Ning group,[3] who noted that alkylarenes or secondary benzyl alcohols were 

feasible to undergo C-C aminations with DDQ/electricity as oxidant and NaN3 or alkyl 

azides as the aminating reagents. This is especially remarkable as this paves the way 

for these types of aminations starting from alcohol or alkyl arene substrates. However, 

highly toxic and potentially explosive azides are essentially needed for this Schmidt-

like transformation, thus safety precautions should be taken when undertaking such 

reactions. 

As a consequence, safe and easy-to-handle protocols are still needed for direct C-C 

aminations. Our approach was influenced by the synthesis of phenols via the Hock 

rearrangement, which is the key step for the industrial phenol synthesis (named 
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Cumene-Phenol process or Hock process, Scheme 1a). In the Hock rearrangement, 

cumene hydroperoxide, as a key intermediate, is transformed into phenol in acidic 

solvent after rearrangement and hydrolysis. A related migration of an aryl group in this 

case onto a nitrogen atom was realized by Falck and K¿rti,[4] who used reactive 

ArB(OH)2NH2OX intermediates bearing a weak N-O single bond as a pathway to 

primary anilines (Scheme 1b). The key intermediates were generated by the 

nucleophilic attack of hydroxylamine derivatives onto arylboronic acids. Hoffmann[5] 

reported that N-alkyl-O-(arylsulfonyl)hydroxylamines undergo cationic carbon-to-

nitrogen rearrangements to form imines, which upon hydrolysis generate anilines (two 

examples, Scheme 1c).  

 

Scheme 1. Hock rearrangement and related carbon-to-nitrogen rearrangements 

 

Inspired by this technique, we hypothesized that cumene hydroxylamine derivatives, 

owning to the weak N-O bond (similar to the O-O bond in cumene hydroperoxide), are 

susceptible to a Hock-type rearrangement in an acidic solvent, yielding anilines as 

products (so-called aza-Hock rearrangement, Scheme 2). Here we present a mild, 

general and scalable, chemoselective method for C-C aminations. It has a broad scope, 

including secondary benzyl alcohols, simple alkylarenes in combination with 

arylsulfonyl hydroxylamines (ArSO2ONHR) as aminating reagents, delivering primary 

or secondary anilines in good to excellent yields (>70 examples, Scheme 1c).  
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Scheme 2. Reaction design for C-C amination 

 

3.2 Results and Discussion 

3.2.1 Optimization of the Reaction Condition towards Secondary Anilines 

The powerful aminating ability of hydroxylamines derivatives enforces them frequently 

used for arene X-H aminations (X = C, O, N, S, P),[6] providing alternative ways to 

introduce amino groups on a variety of chemical motifs. However, C-C amination, 

especially for arene C-C, is seldom connected to hydroxylamine. Very recently, we[7] 

reported a direct metal-free arene C-H amination with hydroxylamine derivatives 

(ArSO2ONHR) in HFIP. All this provoked the possibility of direct arene dealkylative 

amination in combination with hydroxylamines. 2-Phenylethanol, known as an 

electrophile in HFIP or TFE, could react with nucleophilic TsONHMe to generate the 

reactive Hock-type intermediate in situ bearing a weak N-O bond, which might undergo 

an aza-Hock rearrangement, following by hydrolysis of an intermediate iminium ion to 

afford aniline. As depicted in Table 1, the initial experiment with 1-(4-

methoxyphenyl)ethan-1-ol 1a and TsONHMe 2a afforded aniline 3a in a good yield 

(entry 6). The aminating reagent 2a (0.22 mmol) in combination with 0.2 mol/L 1a was 

proved as the optimal reaction condition with a 74% isolated yield. The reaction is 

highly dependent on solvent: nonfluorinated solvent (DCM, CH3CN and MeOH) could 

not give any product, but fluorinated alcohols worked well and HFIP was superior to 

TFE (entries 1 ï 5). More aminating reagents and higher concentrations might slightly 

decrease the yield (entries 5 ï 7, and entries 6, 8, 9). A nitrogen atmosphere or under 

dark conditions did not affect the yield (entries 10, 11) and the addition of acid (triflic 
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acid or tosylic acid) suppressed the reaction as water elimination from alcohol was 

competitive to the C-C amination (entries 12, 13). 

 

Table 1. Optimization of the C-C amination towards secondary anilines 

 

Entry Solvent Yielda 

1b DCM (0.4 M) trace 

2b CH3CN (0.4 M) trace 

3b MeOH (0.4 M) trace 

4b TFE (0.4 M) 60% 

5b HFIP (0.4 M) 72% 

6 HFIP (0.4 M) 75% 

7c HFIP (0.4 M) 77% 

8 HFIP (0.2 M) 78% (74%d) 

9 HFIP (0.1 M) 81% 

10e HFIP (0.2 M) 78% 

11f HFIP (0.2 M) 78% 

12g HFIP (0.2 M) 16% 

13h HFIP (0.2 M) 60% 

Reaction conditions: alcohol (0.2 mmol), 2a (0.22 mmol), solvent (1 mL), r.t. 12 h; aNMR yield 

(1,3,5-trimethoxybenzene as internal standard); b2a (0.20 mmol) was used; c2a (0.24 mmol) was 

used; disolated yield; eunder nitrogen atmosphere; funder dark condition; gTsOHÅH2O (0.22 mmol) 

as additive hTFA (0.22 mmol) as additive. 

3.2.2 Scope and Limitation with Respect to Secondary Anilines 

All secondary or tertiary benzyl alcohols in this C-C amination were transformed into 

anilines with excellent chemoselectivity and exemplified in Table 2. Higher yields were 

acquired with electron-donating groups on arene cores for commercially available 

secondary benzyl alcohols (1a ï 1e). Tertiary alcohols (1f ï 1g) proceeded smoothly 
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with the protocol, affording excellent yields. Noteworthy, the electron-rich 4-

(methylamino)phenol 3h, sensitive to oxidants, was successfully acquired with the 

related aminating regent MsONHMe 2b. Electron-withdrawing groups (Br, Cl, OTs) on 

alcohols (1i ï 1k) were also tolerated in our reaction. In the case of the strong electron-

withdrawing group (CN, 1l), an additional MeO group was crucial to regulate the 

electronic properties. Aniline 3m was the sole isomer when bifunctional alcohol 1m 

was implemented in the reaction, which was attributed to the intermediate iminium salt 

for aniline 3m before workup (see discussion). Di- or tri-substituted alcohols (1n ï 1p) 

were also compatible with our protocol and especially hindered alcohol 1p was also 

amenable in the conversion. Biphenyl and diphenyl ether skeletons were tolerated as 

well as naphthalene and fluorene substructures (3q ï 3s, 3u). It is worth pointing out 

aniline 3t with an aldehyde in 70% isolated yield (key byproduct for the mechanism, 

see discussion below) was acquired when diphenyl methanol 1t was implemented in 

the strategy. Moreover, heteroarenes and heterocycles (1v ï 1z) were viable for the C-

C amination, even the triple bond of 3x was kept intact. 

To evaluate the robustness of our protocol, natural bioactive molecules, drugs and 

chemical waste were subjected to late-stage functionalization. Fragrances (tonalide 1aa, 

coumarin 1ab) were exposed to reagent 2a, giving anilines in moderate to good yields; 

however, for coumarin, a higher concentration of 2a was essential to accomplish the C-

C amination and inhibit the formation of coumarin ether as a side-product (see 

experiment). Drugs (naproxen 1ac, gemfibrozil 1ad and fenofibric acid 1ae) were 

feasible with this strategy, providing anilines in good yields; and again, the aldehyde as 

a byproduct was also characterized in the case of the reaction of 1ae with 2a (see 

experiment). Bio-renewable lignin 1af was tested in the dealkylative amination, 

delivering aniline in good yield, which opens a window for the synthesis of valuable 

anilines from agricultural byproducts. Besides, the C-C bond of benzyl alcohols on the 

natural product (estrone, 1ag) was selectively cleaved by aminating regent 2a, leaving 

the aliphatic alcohol untouched. The robustness and practicality of this protocol were 

testified by the large-scale preparation of 3i in almost the same efficiency. Moreover, 

unsuccessful examples were also shown in Table 2: 1-(4-methoxyphenyl)propan-2-ol  
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Table 2. Alcohol scope for the synthesis of secondary anilines  

 

Reaction conditions: alcohol (0.2 mmol), 2a (0.22 mmol), HFIP (1.0 mL), 12 h, r.t.; aMsONHMe 

2b (0.22 mmol) instead of 2a; b1i (4 mmol), 2a (4.4 mmol), HFIP (20 mL); c2a (0.44 mmol), HFIP 

(0.5 mL); d2a (0.26 mmol) was used. 



мсп 
 

 

1ah gave the C-H amination rather than the C-C amination product, while (4-

methoxyphenyl)methanol 1ai did not react with 2a. Electron-rich/poor alcohols (1aj ï 

1ak) could not facilitate this conversion under the standard reaction condition as well 

as heteroarenes (1al ï 1an). The thiol 1ao and amine 1ap were not tolerated in this 

reaction. Other alcohols (with carbonyl, C=C or CſC bond, 1ar, 1as) failed this 

conversion. Interestingly, styrenes were tested for the C-C amination, delivering 

unexpected results (see experiment): Ŭ-alkyl-substituted styrenes (Ŭ-methyl styrene and 

1-(1-cyclopropylvinyl)-4-methoxybenzene) were converted to anilines in low to 

moderate yield rather than normal aziridination or polymerization.  

Next, twelve different aminating reagents (2b or ArSO2ONHR, the latter accessed via 

Mitsunobu reactions) were therefore prepared to evaluate the possibility of introducing 

different N-substitutes with this protocol. As shown in Table 3, a variety of N-alkyl 

substituted anilines (3a, 4c ï 4i) were afforded from hydroxylamine in excellent yields, 

even for sensitive (2c, 2d) and sterically hindered (2e, 2f) aminating reagents. An alkyl 

chloride of aniline 4i was left untouched, allowing further manipulation. A carbamate 

group was smoothly introduced on arene core (4j), and a propargyl amine unit was 

successfully installed on anisole (4k). Noteworthy, the intermolecular C-C aminations 

(4l, 4m) dominated the reaction, and no side products (intramolecular aziridination[8] 

or arene C-H amination[9]) were detected despite aminating reagent 2l and 2m could 

undergo aziridination or arene C-H amination respectively, in HFIP or TFE. Benzyl or 

cyclohexyl group could not be introduced with this strategy with very sensitive reagent 

2n or sterically crowded reagent 2q. The electron-deficient regent 2o could not be 

converted; a tertiary aniline was not accessible with 2p as aminating regent. Besides, a 

remote cyano-introducing reagent 2r was used under these conditions, but delivering 

no 4-methoxybenzonitrile. 
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Table 3. Hydroxylamine scope for the synthesis of secondary anilines 

 
Reaction conditions: alcohol (0.2 mmol), aminating reagents (0.3 mmol), HFIP (1 mL), r.t., 12 h; 
a2b (0.22 mmol) instead of 2a; b1-(3,4-dimethoxyphenyl)ethan-1-ol (1at, 0.2 mmol) instead of 1a; 
cTFE (1mL) instead of HFIP. 

3.2.3 Optimization of the Reaction Condition towards Primary Anilines 

 

Figure 1. Hydroxylamine derivatives used for the synthesis of primary anilines 
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Table 4. Optimization of the C-C amination towards primary anilines 

 

Entry Reagent Solvent Yielda 

1 5a HFIP 28% 

2 5b HFIP 39% 

3 5c HFIP 20% 

4 5d HFIP 48% 

5 5e HFIP 50% 

6 5f HFIP 44% 

7 5g HFIP 48% 

8 5h HFIP trace 

9 5i HFIP trace 

10 5j  HFIP 10% 

11 5k HFIP n.d. 

12 5l HFIP 16% 

13 5m HFIP 59% 

14 5n HFIP 41% 

15 5o HFIP 33% 

16 5p HFIP n.d. 

17 5q HFIP 17% 

18 5r  HFIP n.d. 

19 5s HFIP 44% 

20 5t HFIP 48% 

21 5u HFIP 36% 

22 5m TFE 63% 

23 5m (1.3 eq) TFE 72% 

24 5m (1.5 eq) TFE 84% (79%b) 
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25 5m (1.5 eq) TFE (0.4 M) 72% 

Reaction conditions: alcohol (0.2 mmol), aminating reagent (0.22 mmol), solvent (1 mL), r.t., 12 h; 
aNMR yield (1,3,5-trimethoxybenzene as internal standard); bisolated yield. 

 

Next, the more challenging primary anilines synthesis was addressed via the C-C 

amination protocol. The optimization of the direct conversion to primary aniline from 

benzyl alcohol with over 20 aminating regents is summarized in Table 4. N-Boc 

sulfonyl hydroxylamines (5a ï 5g, 5s) provided the aniline 6a in moderate yields 

(entries 1 ï 7, 19); and among all these reagents, the sterically hindered 5e preformed 

best, delivering a moderate yield (50%). However, O-benzoyl or pivaloyl 

hydroxylamines (5h ï 5j, 5r) only led to minor or trace products (entries 8 ï 10, 18 ). 

Besides, other commercial reagents with a free amino group (like (2,4-

dinitrophenyl)hydroxylamine DNPHA, 5k in entry 11 and O-

(diphenylphosphinyl)hydroxylamine, 5l in entry1 12) were less effective in this 

transformation. But O-arylsulfonyl hydroxylamines with free amino group afforded 

comparable yields to their corresponding N-Boc derivatives (entries 4 and 13, entries 5 

and 14, entries 6 and 15). It is noteworthy that O-mesitylenesulfonylhydroxylamine 

(MSH, 5m) turned out to be superior for the C-C amination in a 59% yield (entry 13, 

MSH could be stored at -20oC for one month with only a little decomposition, see 

experiment). The less acidic TFE appeared to be a better solvent than HFIP (5% higher 

yield), attributed to alcohol elimination as a side pathway to the C-C amination (entries 

13, 22). Overall, 0.3 mmol 5m in combination with 0.2 mol/L alcohol in TFE turned 

out to be the best condition for the primary aniline synthesis (79% isolated yield, entry 

24). Furthermore, the often used commercially available hydroxylamine-O-sulfonic 

acid (HOSA, 5q) delivered a low yield and TMSONH2 5p was ineffective (entries 16, 

17). Hydroxylamine triflate salts (5t, 5u) only achieved moderate yields, which was 

attributed to the formation of free triflic acid which can decompose the alcohols (entries 

20, 21). 
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3.2.4 Scope and Limitation with Respect to Primary Aniline 

With optimized conditions in hand, we then explored the alcohol scope of this strategy. 

In a series of benzyl alcohols, with electron density increasing on the arene cores, 

anilines were delivered from low to good yields (6a, 6d, 6au). The alcohol with a strong 

electron-withdrawing group (-COOMe) could be smoothly transformed into aniline 

with the aid of FeSO4
[10] and a related powerful aminating reagent 5u. Di- or tri-

substituted alcohols (1n ï 1p) were amenable for C-C amination under our conditions, 

including sterically hindered substrate 1p. Besides, biphenyl, naphthalene, diphenyl 

ether and fluorene substructures (6q ï 6s, 16u) were feasible in this dealkylative 

amination. And diphenyl methanol (1t) was cleaved by reagent 5m, affording aniline 

6t. Heteroarenes (6v ï 6z) were also effective transformation partners with our protocol. 

The further application of this strategy for late-stage functionalization of drugs and 

natural products was investigated next. The fragrances (veratraldehyde 1at, tonalide 

1aa), drug leads (naproxen 1ac, gemfibrozil 1ad and fenofibric acid 1ae) and a natural 

bioactive molecule (estrone 1ag) were viable in the C-C amination. The scalability of 

the reaction was made evident by the preparation of aniline 6a on a 4 mmol scale. Other 

unsuccessful examples were also summarized: electron-neutral 1b or bifunctional 

alcohol 1m was ineffective in this reaction; electron-rich alcohols (1h, 1al, 1am, 1x) 

could not be converted into anilines. 

Then further applications are demonstrated in Figure 2. 2-Phenyl anilines (7, 8), 

commodity Buchwald ligand precursors (G2 ï G4), were acquired in just one step with 

our direct C-C amination strategy. The formal total synthesis of Lidocaine[11] (from 9) 

and Chlorambucil[12] (from 10) could be obtained in short sequences. Ether and ester of 

benzyl alcohol (11, 12, alternative precursors for benzylic cations) were effective 

substrates for the synthesis of anilines. Tertiary aniline 13 was accessible by a sequence 

of C-C amination of 2a followed by a subsequent reduction with NaBH3CN in one pot. 

This strongly supports the intermediate imine generation in the reaction, but also further 

contributes to the synthetic potential of the protocol. Moreover, C-C oxygenations and 

brominations were also affordable with a similar strategy: a phenol 14 synthesis was  
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Table 5. Alcohol scope for the synthesis of primary anilines 

 

Reaction conditions: alcohol (0.2 mmol), 4m (0.3 mmol), TFE (1 mL), r.t., 12 h; a1a (4 mmol), 4m 

(6 mmol), TFE (20 mL); bTsONH2ÅHOTf 4u (0.22 mmol) instead of 4m, FeSO4Å7H2O (0.01 mmol) 

as additive. 
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viable when hydrogen peroxide was used and a bromobenzene 15 was feasible if NBS 

was applied with UV light. 

 

3.2.5 Further Application 

 

Figure 2. Further applications with our protocol  

Reaction conditions: aalcohol (0.2 mmol), 2a (0.22 mmol) or 4m (0.3 mmol), HFIP (1mL) or TFE 

(1mL), 12 h, r.t.; b1-(2,6-dimethylphenyl)ethan-1-ol (1 mmol), 4m (1.5 mmol), TFE (5 mL), 12 h, 

r.t. 

3.2.6 Mechanistic Studies 

Concerning the mechanism, a radical pathway was initially considered related to our 

previous work, however, all attempts to trap or detect radicals failed (see experiment). 

Thus, further mechanistic studies were conducted to get more proof. Aniline 3i was 

obtained from benzyl bromide 16 by our protocol, which gives strong evidence that a 

benzyl cation is the key intermediate of the reaction (the generation of such a cation 

from benzyl alcohol/halide in HFIP is a well-known process[13]). Furthermore, the ether 








































































































































































































































































































