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Abstract 

We developed a one-pot, two-stage synthetic route to access 9-aminoacridines involving a Buchwald-Hartwig 

coupling reaction followed by acid-mediated cycloaromatization. This one-pot reaction affords 

pharmaceutically valuable 9-aminoacridines from readily available 2-bromobenzonitriles and arylamines. The 

reaction was easily scaled-up to gram quantities. This methodology was extended to the preparation of 

various useful 9-aminoacridines, and further exemplified by the synthesis of 9-amino-6-chloro-2-methoxy 

acridine, an important scaffold of marketed drugs such as mepacrine and quinpramine. 
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Introduction 

 

Acridines represent an important class of nitrogen-containing heteroaromatic molecules have attracted 

considerable interest because of their broad range of pharmaceutical properties and industrial applications.1-2 

Among them, 9-aminoacridine is a featured structural motif in medicinally relevant compounds and synthetic 

drugs (Figure 1).3-7 It has been well-known that 9-aminoacridine derivatives possess versatile biological 

properties such as anti-Alzheimer, antibacterial, anti-BVDV, anticancer, anti-inflammatory, antiproliferative, 

antimalarial and antituberculous activities,8-15  and has also been studied for DNA and RNA intercalating 

properties.16-18 9-Aminoacridine derivatives and related compounds have been used as dyes, pigments, 

corrosion inhibitors, and electrode materials for rechargeable lithium-ion batteries.19-23 Additionally, 9-

aminoacridine derivatives with extended conjugated systems were reported to exhibit unusual electronic and 

photophysical properties, i.e., high fluorescence quantum yields, and high molar absorption coefficients. 24-27   

 

 
 

Figure 1. Representative drug molecules containing the 9-aminoacridine moiety. 

 

9-Aminoacridines have been constructed using multi-step reactions, the final stage of the synthesis being 

nucleophilic substitution of chlorine or another nucleofuge in position 9 of the acridine molecule (SNAr 

reaction).28-30 Bauer synthesized the 9-aminoacridine through Chichibabin reaction of acridine with sodium 

amide in dimethylaniline at 150 oC.31 However, in an attempt to reproduce this experiment, the authors32 

obtained a different result which led the isolation of three compounds – the starting material acridine (14%), 9-

aminoacridine (31%), and 9,9′-diacridanyl. Pang and co-workers reported efficient tandem reaction to construct 

N-aryl acridines with easily accessible o-cyanoanilines and diaryliodonium salts.33 Chen et al. demonstrated the 

synthesis of oxadisilole-fused 9-aminoacridines via nucleophilic addition and 1,5-hydrogen shift reaction of 

arynes with 2-aminobenzonitriles.34 Recently, Garcia and co-workers reported the synthesis of 5,12-

diazapentacenes through coupling of 4-substituted aniline derivatives with 2,5-dibromoterephthalonitrile.35  
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Despite these impressive advances, finding practical and straightforward synthetic methods to reproduce 

the 9-aminoacridine basic core molecules would be highly desirable. Encouraged by the numerous bioactivities 

of 9-aminoacridines and in continuation of our ongoing research on the synthesis of N-heterocycles,36-42 we 

report an efficient method for the synthesis of 9-aminoacridines from the readily available 2-bromobenzonitriles 

and arylamines via Buchwald-Hartwig coupling reaction followed by acid-mediated cycloaromatization in one-

pot process. This reaction provides convenient access to various substituted 9-aminoacridines in good to 

excellent yields with a high tolerance to many functional groups.  

 

 

Results and Discussion 
 

Our initial efforts were focused on the optimization of reaction conditions by taking 2-bromobenzonitrile (1a) 

and p-anisidine (2a) as model substrates. Delightfully, the intermediate 2-(4-methoxyanilino)benzonitrile (3a) 

was obtained in 38% yield using 10 mol % Pd(OAc)2, 20 mol % DPEPhos, 2 equiv Cs2CO3 at 100 oC in toluene for 

15 h under nitrogen atmosphere (Table 1, entry 1). Compound 3a was crystallized in ethyl acetate/hexane 

solution and performed the single crystal X-ray analysis to confirm the structure of 2-(4-

methoxyanilino)benzonitrile. To further improve the yield of 3a, various reaction parameters such as ligands, 

palladium salts, bases, solvents, and temperature were evaluated systematically. The results of these studies 

are summarized in Table 1. A range of ligands such as XantPhos, Dppf, DavePhos, RuPhos, and rac-BINAP were 

first screened (Table 1, entries 2-6), and rac-BINAP showed the highest efficiency (Table 1, entry 6). Then, several 

palladium salts were evaluated (Table 1, entries 7-11), and the results indicated that the use of Pd(OAc)2 as a 

catalyst provided the optimum yield. This transformation was also performed with various other bases (Table 

1, entries 12-15), and cesium carbonate proved to be the most effective (compare entries 6 and 12-15). Among 

the several solvents we screened, toluene and xylene were the most compatible, affording 3a in the highest 

yield of 92% (Table 1, entries 16-19). The yield of 3a was decreased to 69% when the temperature was 80 oC 

(Table 1, entry 20). No significant enhancement of yield was observed by elevating the reaction temperature to 

120 oC (Table 1, entry 21). The Pd/L loading for this transformation was also investigated. The yield remains the 

same when Pd and ligand loading was 5 mol % and 10 mol %, respectively (Table 1, entry 22). However, a further 

decrease of catalyst loading resulted in low yield of 3a (Table 1, entry 23). Besides, testing the pre-catalyst 

BrettPhos Pd G1, methyl t-butyl ether adduct in the presence of cesium carbonate in t-butanol, furnished the 

Buchwald-Hartwig coupling product 3a in 86% yield (Table 1, entry 24). Subsequently, we screened various acids 

for the cycloaromatization to obtain the 9-aminoacridine 4a. The reaction proceeded well with boron trifluoride 

etherate (Table 1, entry 25), and the use of trifluoroacetic acid, trifluoromethanesulfonic acid, polyphosphoric 

acid (PPA), and titanium tetrachloride led to lower yields (Table 1, entries 26-29). We concluded that the best 

reaction conditions are Pd(OAc)2 (5 mol %), rac-BINAP (10 mol %), Cs2CO3 (2 equiv), BF3.OEt2 (3 equiv) in toluene 

at 100 oC for 24 h, allowing the above one-pot reaction to occur smoothly providing the 9-aminoacridine 4a in 

89 % isolated yield (Table 1, entry 25). 

 



Arkivoc 2022, vi, 24-37   Gopalaiah, K. et al. 

 

 Page 27  ©AUTHOR(S) 

 



Arkivoc 2022, vi, 24-37   Gopalaiah, K. et al. 

 

 Page 28  ©AUTHOR(S) 

With this established reaction conditions in hand, we investigated the substrate scope with respect to 

arylamines (Table 2). As shown, the arylamines containing electron-donating substituents such as isopropyl, n-

butyl, or phenyl at the para or ortho positions of the aryl ring were efficiently coupled with 2-bromobenzonitrile, 

producing the desired products with good yields (4b-d). Electron-rich disubstituted arylamine also furnished 

high yield of the product (4e). Arylamines bearing electron-withdrawing substituents such as chloro, fluoro 

groups at the para or ortho positions smoothly underwent the reaction to furnish the corresponding products 

in good yields (4f-i). The arylamine containing trifluoromethyl group also gave the acridine product 4j in 74 % 

yield, but nitro substrate namely 4-nitroaniline failed to afford the desired product. The ring-fused arylamines 

viz., 5-indanamine, 1,3-benzodioxol-5-amine also served as suitable coupling partners to offer good to high 

yields, as exemplified by 4k and 4l. The naphthyl-substituted amine was tolerated in this one-pot 

transformation, producing benzo[c]acridin-7-amine (4m) in 72 % yield. 
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Subsequently, we evaluated the substrate scope of this one-pot reaction with regard to the 2-

bromobenzonitriles (Table 3). Gratifyingly, both electron-neutral (4-H) and electron-donating (4-Me, 4-OMe, 4-

tBu) groups on the phenyl rings of 2-bromobenzonitriles were compatible and provided the corresponding 

products in 80-84% yields (5a-d). Presence of methyl group at 3, 5 and 6 positions of phenyl ring of 2-

bromobenzonitrile also worked well (5e, 5f and 5g). Halogen-substituted 2-bromobenzonitriles (4-F, 4-Cl) 

afforded the desired products in good yields (5h and 5i), therefore providing the possibility for further 

derivatization. Besides, the method was equally effective for strong electron-withdrawing trifluoromethyl group 

containing substrate, namely, 2-bromo-4-(trifluoromethyl)benzonitrile to give the corresponding product 5j in 

87% yield under the standard reaction conditions. Furthermore, the electron-rich disubstituted and 

trisubstituted 2-bromobenzonitriles also smoothly underwent the reaction to provide the desired products in 

good yields (5k and 5l).  

 

Table 3. Substrate Scope of 2-Bromobenzonitrilesa,b 

 
aReaction conditions: 1 (1.0 mmol), 2b (1.1 mmol), Pd(OAc)2 (5 mol %), rac-BINAP (10 mol %), Cs2CO3 (2 

equiv), toluene (1 mL), BF3.OEt2 (3 equiv), 100 oC, 24 h, N2. bIsolated yields. 
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       The efficiency of this reaction protocol was further demonstrated by conducting the transformation on a 

laboratory preparative scale. For example, the one-pot reaction of 2-bromobenzonitrile with p-anisidine was 

performed on a gram scale (5 mmol), and 4a was obtained in 82% isolated yield. Furthermore, the utility of this 

methodology was applied to the synthesis of 9-amino-6-chloro-2-methoxy acridine (ACMA, Scheme 1), which is 

an important scaffold in drug compounds such as mepacrine (antimalarial) and quinpramine (antiprion).43-44 

Besides, many of the synthesized 9-aminoacridine compounds, viz., 2-methoxy-9-acridinamine (4a), 3-methyl-

9-acridinamine (5b) and 4-methyl-9-acridinamine (5e) are used as precursors for the synthesis of bioactive 

molecules.45-47 To test the feasibility of the Buchwald-Hartwig amination for different halogen partners, we 

performed the reactions with 2-chlorobenzonitrile, 2-iodobenzonitrile, and 2-iodo-4-methylbenzonitrile under 

the optimized catalytic conditions (Scheme 2). Iodo-substituted benzonitriles underwent the coupling reactions 

smoothly with aniline to give the corresponding products in 93-96 % yields, whereas the chloro compound 

produced only trace amount of product.  

 

 
 

Scheme 1. Synthesis of 9-Amino-6-chloro-2-methoxy acridine (ACMA). 

 

 
 

Scheme 2. Buchwald-Hartwig coupling for chloro- or iodo-substituted benzonitriles. 

 

On the basis of our results and previous studies,34 a preliminary mechanism of this one-pot reaction was 

proposed as shown in Scheme 3. The first step was the Pd-catalyzed Buchwald-Hartwig amination reaction to 

form the diphenylamine intermediate 3, which was isolated for the reaction of 2-bromobenzonitrile and p-

anisidine. Subsequently, the cyano group of intermediate 3 was activated by the boron trifluoride etherate. 

Then, the cyclization occurred for the formation of intermediate 9 through intramolecular nucleophilic attack 

from intermediate 8. After releasing the boron trifluoride etherate, the aromatization reaction occurred to 

generate the final product 9-aminoacridine.   



Arkivoc 2022, vi, 24-37   Gopalaiah, K. et al. 

 

 Page 31  ©AUTHOR(S) 

 
 

Scheme 3. Proposed Mechanism for the One-Pot Buchwald-Hartwig Amination/Cycloaromatization Reaction. 

 

 

Conclusions 
 

In summary, we have developed a novel and practical approach for the synthesis of 9-aminoacridine moiety 

through Pd-catalyzed Buchwald-Hartwig amination followed by acid-mediated cycloaromatization in one-pot 

process. A library of functionalized novel 9-aminoacridine molecules were synthesized from 2-

bromobenzonitriles and arylamines in good to excellent yields under relatively mild conditions. This one-pot 

transformation proceeds with C-N bond formation via Pd-catalyzed Buchwald-Hartwig coupling, followed by 

intramolecular cyclization and aromatization, delivering the 9-aminoacridine compounds. The developed 

reaction protocol has been found to be applicable for the construction of important building blocks for drug 

molecules and pharmaceutically active compounds. Further efforts to extend this reaction protocol to the 

preparation of other biologically important heterocycles are currently underway in our laboratories. 

 

 

Experimental Section 
 

General. All reagents and starting materials were purchased from commercial sources and used without further 

purification unless mentioned specifically. The palladium catalyst was purchased from Sigma-Aldrich. Toluene 

was dried with sodium metal using benzophenone as an indicator. Melting points of dried samples were 

recorded on a Büchi melting point apparatus and were uncorrected. 1H and 13C NMR spectra were recorded on 

400 MHz and 100 MHz spectrometers, respectively. Chemical shifts (in ppm) were recorded with respect to 
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tetramethylsilane (TMS, δ=0 ppm) internal reference standard. Proton coupling patterns were labeled as singlet 

(s), doublet (d), doublet of doublet (dd), triplet (t), multiplet (m), septet (sept). Mass of the samples were 

recorded with high-resolution mass spectra (HRMS) equipped with ESI source and a TOF detector. The X-ray 

data for compound 3a was collected at 298 K with an Oxford XCalibur CCD diffractometer equipped with 

graphite monochromatic Mo-Kα radiation (λ = 0.71073 Å). Column chromatography was performed on silica gel 

(100–200 mesh) using CHCl3/CH3OH as eluents. 

 

General procedure for the synthesis of 9-aminoacridines. To a flame dried Schlenk tube equipped with nitrogen 

balloon, 2-bromobenzonitrile 1 (1.0 mmol), arylamine 2 (1.1 mmol), palladium(II) acetate (5 mol %), rac-BINAP 

(10 mol %), cesium carbonate (2.0 equiv) and toluene (1 mL) were added. The Schlenk tube was immersed in 

silicon oil bath placed over magnetic stirrer and heated at 100 °C with constant stirring for 15h. Then the reaction 

mixture was cooled to 0 oC, BF3.OEt2 (3.0 equiv) added dropwise under N2 atmosphere.  After the addition is 

over, the reaction mixture was stirred at 100 °C until the complete consumption of intermediate observed on 

TLC. The solvent was evaporated under reduced pressure. The residue was purified by flash column 

chromatography using chloroform and methanol (95 : 5) as eluents to afford the titled compounds 4, 5 and 6. 

Compounds 4b-f, 4h-m, 5b-d, 5g-h, 5j-l and 7a-b are new and all these characterized by spectroscopic data. 

Compounds 4a, 4g, 5a, 5e-f, 5i and 6 are already known and their spectroscopic data match well with literature 

(see Supplementary Material). 

2-(Propan-2-yl)-9-acridinamine (4b). Yield: 86%, dark green semi-solid; 1H NMR (400 MHz, DMSO-d6) δ 9.86 

(brs, 2H), 8.60 (d,  J 8.4 Hz, 1H), 8.45 (s, 1H), 8.01-7.95 (m, 2H), 7.84-7.79 (m, 2H), 7.58 (t,  J 8.0 Hz, 1H), 3.09 

(sept,  J 6.8 Hz, 1H), 1.32 (d,  J 6.8 Hz, 6H); 13C NMR (100 MHz, DMSO-d6) δ 157.6, 146.5, 144.7, 139.3, 138.2, 

135.6, 126.7, 124.7, 124.0, 120.8, 119.1, 119.0, 114.1, 33.8, 23.9; HRMS (ESI, m/z): calcd for C16H16N2 [M + H]+ 

237.1386, found 237.1397. 

2-n-Butyl-9-acridinamine (4c). Yield: 85%, yellow brown solid, mp 252-254 °C; 1H NMR (400 MHz, DMSO-d6) δ 

9.94 (brs, 2H), 8.68 (d,  J 8.4 Hz, 1H), 8.51 (s, 1H), 7.99-7.87 (m, 4H), 7.55 (t,  J 7.2 Hz, 1H), 2.77 (t,  J 7.6 Hz, 2H), 

1.71-1.64 (m, 2H), 1.39-1.29 (m, 2H), 0.93 (t,  J 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO-d6) δ 171.7, 157.3, 139.3, 

138.4, 138.0, 136.9, 135.3, 124.8, 123.8, 122.9, 118.9, 111.6, 111.5, 34.7, 32.8, 22.6, 21.8, 13.9; HRMS (ESI, m/z): 

calcd for C17H18N2 [M + H]+ 251.1543, found 251.1535. 

4-Phenyl-9-acridinamine (4d). Yield: 76%, yellow solid, mp 236-239 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.1 (brs, 

2H), 8.67-8.63 (m, 2H), 8.14 (d,  J 8.8 Hz, 1H), 7.98-7.94 (m, 1H), 7.87 (dd,  J 7.2, 0.8 Hz 1H), 7.70-7.66 (m, 1H), 

7.63-7.58 (m, 5H), 7.45-7.38 (m, 1H); 13C NMR (100 MHz, DMSO-d6) δ 158.5, 139.8, 137.1, 136.3, 135.6, 132.1, 

129.9, 129.5, 124.4, 124.3, 124.2, 123.9, 120.1, 116.9, 115.4, 112.5, 111.7; HRMS (ESI, m/z): calcd for C19H14N2 

[M + H]+ 271.1229, found 271.1242. 

2,4-Dimethyl-9-acridinamine (4e). Yield: 90%, yellow green solid, mp 340-342 °C; 1H NMR (400 MHz, DMSO-d6) 

δ 9.92 (brs, 2H), 8.65 (d,  J 8.8 Hz, 1H), 8.34-8.29 (m, 2H), 8.01-7.97 (m, 1H), 7.73 (s, 1H), 7.59-7.56 (m, 1H), 2.69 

(s, 3H), 2.47 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 157.7, 139.5, 138.2, 136.8, 135.2, 133.3, 127.3, 124.5, 124.1, 

121.3, 119.7, 111.8, 111.6, 20.9, 18.2; HRMS (ESI, m/z): calcd for C15H14N2 [M + H]+ 223.1230, found 223.1234. 

2-Chloro-9-acridinamine (4f). Yield: 82%, yellow brown semi-solid; 1H NMR (400 MHz, DMSO-d6) δ 9.98 (brs, 

2H), 8.78 (s, 1H), 8.61 (d,  J 8.4 Hz, 1H), 8.05-8.02 (m, 2H), 7.86 (t,  J 9.2 Hz, 2H), 7.62 (t,  J 7.6 Hz, 1H); 13C NMR 

(100 MHz, DMSO-d6) δ 157.3, 139.5, 138.2, 136.1, 135.9, 128.3, 124.7, 124.5, 123.8, 121.4, 119.2, 112.6, 111.8; 

HRMS (ESI, m/z): calcd for C13H9ClN2 [M + H]+ 229.0527, found 229.0520. 

4-Chloro-9-acridinamine (4h).  Yield: 79%, fluorescent green solid, mp 304-306 °C; 1H NMR (400 MHz, CD3OD) 

δ 8.48 (t,  J 8.0 Hz, 2H), 8.19 (d,  J 8.4 Hz, 1H), 8.14-8.12 (m, 1H), 8.06-8.02 (m, 1H), 7.66-7.62 (m, 1H), 7.58-7.54 
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(m, 1H); 13C NMR (100 MHz, CD3OD) δ 160.4, 141.1, 137.7, 137.4, 136.9, 126.4, 125.3, 125.2, 124.6, 124.0, 120.4, 

114.3, 113.2; HRMS (ESI, m/z): calcd for C13H9ClN2 [M + H]+ 229.0527, found 229.0535. 

4-Fluoro-9-acridinamine (4i). Yield: 77%, light green solid, mp 232-234 °C; 1H NMR (400 MHz, DMSO-d6) δ 10.1 

(brs, 2H), 8.61 (s, 1H) 8.44 (s, 1H), 8.11-7.95 (m, 3H), 7.64-7.56 (m, 2H); 13C NMR (100 MHz, DMSO-d6) δ 158.0, 

151.3 (d, 1JCF = 250.1 Hz), 139.4, 136.1, 129.6 (d, 2JCF = 16.3 Hz), 124.7, 124.5, 123.3, 123.2, 120.6, 119.4, 113.5, 

111.9; HRMS (ESI, m/z): calcd for C13H9FN2 [M + H]+ 213.0822, found 213.0821. 

2-(Trifluoromethyl)-9-acridinamine (4j). Yield: 74%, fluorescent green solid, mp 238-240 °C; 1H NMR (400 MHz, 

CD3OD) δ 8.48 (d,  J 8.8 Hz, 1H), 8.38 (d,  J 8.4 Hz, 1H), 8.01-7.96 (m, 1H), 7.84-7.77 (m, 1H), 7.66-7.56 (m, 2H), 

7.45-7.37 (m, 1H); 13C NMR (100 MHz, CD3OD) δ 159.6, 149.3, 141.1 (d, 2JCF = 40.5 Hz), 138.9, 136.8, 136.7, 136.3, 

128.6, 127.7, 119.7, 118.7, 118.6 (d, 1JCF = 137.2 Hz), 117.9, 113.1, 111.2; HRMS (ESI, m/z): calcd for C14H9F3N2 

[M + H]+ 263.0790, found 263.0780. 

2,3-Dihydro-1H-cyclopenta[b]acridin-10-amine (4k). Yield: 87%, yellow brown solid, mp 270-272 °C; 1H NMR 

(400 MHz, DMSO-d6) δ 9.66 (brs, 2H), 8.63-8.58 (m, 1H), 8.37 (s, 1H), 7.96-7.92 (m, 1H), 7.85-7.83 (m, 1H), 7.61 

(s, 1H), 7.51 (t,  J 7.6 Hz, 1H), 3.05-2.96 (m, 4H), 2.13-2.05 (m, 2H); 13C NMR (100 MHz, DMSO-d6) δ 156.8, 154.3, 

141.3, 138.8, 138.7, 135.0, 132.3, 124.6, 123.6, 118.4, 113.0, 111.2, 110.4, 32.8, 31.7, 25.3; HRMS (ESI, m/z): 

calcd for C16H14N2 [M + H]+ 235.1229, found 235.1222.  

[1,3]Dioxolo[4,5-b]acridin-10-amine (4l). Yield: 94%, yellow brown semi-solid; 1H NMR (400 MHz, DMSO-d6) δ 

9.36 (brs, 2H), 8.52 (d,  J 8.4 Hz, 1H), 7.96-7.92 (m, 2H), 7.79 (s, 1H), 7.56 (t,  J 7.6 Hz, 1H), 7.20 (s, 1H), 6.32 (s, 

2H); 13C NMR (100 MHz, DMSO-d6) δ 155.5, 155.1, 146.5, 138.7, 138.2, 134.6, 124.1, 118.6, 115.1, 111.5, 106.9, 

103.6, 99.6, 95.9; HRMS (ESI, m/z): calcd for C14H10N2O2 [M + H]+ 239.0815, found 239.0812.  

Benzo[c]acridin-7-amine (4m). Yield: 72%, yellow solid, mp 296-298 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.68 

(brs, 2H), 9.18 (d,  J 6.8 Hz, 1H), 8.66 (d,  J 8.4 Hz, 1H), 8.42 (d,  J 8.4 Hz, 1H), 8.33 (d,  J 8.0 Hz, 1H), 8.16 (d,  J 6.8 

Hz, 1H), 8.08-8.04 (m, 1H), 7.98-7.93 (m, 3H), 7.68 (t,  J 7.6 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) δ 156.6, 138.9, 

138.7, 135.1, 134.8, 131.0, 128.9, 127.8, 125.0, 124.9, 124.1, 123.9, 122.7, 120.1, 119.8, 113.1, 108.5; HRMS 

(ESI, m/z): calcd for C17H12N2 [M + H]+ 245.1073, found 245.1072. 

3-Methyl-9-acridinamine (5b). Yield: 83%, yellow-green solid, mp 254-256 °C; 1H NMR (400 MHz, CD3OD) δ 8.47 

(d,  J 8.0 Hz, 1H), 8.38 (d,  J 8.8 Hz, 1H), 8.01-7.97 (m, 1H), 7.80 (d,  J 8.4 Hz, 1H), 7.60-7.56 (m, 2H), 7.44 (dd,  J 

8.8, 1.2 Hz, 1H), 2.61 (s, 3H); 13C NMR (100 MHz, CD3OD) δ 158.9, 149.1, 140.8, 140.4, 136.7, 127.6, 125.3, 124.9, 

124.8, 119.5, 118.4, 112.6, 110.7, 22.2; HRMS (ESI, m/z): calcd for C14H12N2 [M + H]+ 209.1073, found 209.1072. 

3-Methoxy-9-acridinamine (5c). Yield: 80%, brown solid, mp 204-206 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.69 

(brs, 2H), 8.59-8.52 (m, 2H), 7.97 (t,  J 7.6 Hz, 1H), 7.79 (d,  J 8.8 Hz, 1H), 7.56 (t,  J 7.6 Hz, 1H), 7.22 (dd,  J 9.2, 

2.4 Hz, 1H), 7.12 (d,  J 2.4 Hz, 1H), 3.98 (s, 3H); 13C NMR (100 MHz, CD3OD) δ 167.1, 158.5, 143.5, 140.6, 137.8, 

136.5, 127.0, 125.2, 125.0, 119.4, 117.9, 107.3, 98.4, 56.7; HRMS (ESI, m/z): calcd for C14H12N2O [M + H]+ 

225.1022, found 225.1016. 

3-tert-Butyl-9-acridinamine (5d). Yield: 81%, pale yellow solid, mp 276-279 °C; 1H NMR (400 MHz, CD3OD) δ 

8.49 (d,  J 8.8 Hz, 1H), 8.44 (d,  J 9.2 Hz, 1H), 8.02-7.98 (m, 1H), 7.82-7.78 (m, 2H), 7.73 (dd,  J 8.8, 2.0 Hz, 1H), 

7.59 (t,  J 8.0 Hz, 1H), 1.47 (s, 9H); 13C NMR (100 MHz, CD3OD) δ 161.7, 159.4, 141.4, 141.0, 136.8, 125.4, 125.2, 

125.1, 124.5, 119.8, 115.2, 113.2, 111.1, 36.7, 30.9; HRMS (ESI, m/z): calcd for C17H18N2 [M + H]+ 251.1543, found 

251.1536. 

1-Methyl-9-acridinamine (5g). Yield: 82%, dark green semi-solid; 1H NMR (400 MHz, DMSO-d6) δ 10.02 (s, 1H), 

8.74 (s, 1H), 8.60 (d,  J 8.8 Hz, 1H), 7.99 (t,  J 8.0 Hz, 1H), 7.86-7.84 (m, 1H), 7.82-7.78 (m, 1H), 7.66 (d,  J 8.8 Hz, 

1H), 7.57 (t,  J 8.0 Hz, 1H), 7.35 (d,  J 7.2 Hz, 1H), 3.00 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 159.6, 141.2, 138.6, 

137.7, 135.5, 135.0, 127.0, 124.7, 123.9, 118.2, 116.7, 112.9, 111.6, 23.3; HRMS (ESI, m/z): calcd for C14H12N2 [M 

+ H]+ 209.1073, found 209.1085. 
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3-Fluoro-9-acridinamine (5h). Yield: 86%, dark green semi-solid; 1H NMR (400 MHz, DMSO-d6) δ 10.0 (brs, 2H), 

8.73-8.69 (m, 1H), 8.59 (d,  J 8.8 Hz, 1H), 8.01 (t,  J 7.2 Hz, 1H), 7.80 (d,  J 7.6 Hz, 1H), 7.61-7.47 (m, 3H); 13C NMR 

(100 MHz, DMSO-d6) δ 165.9 (d, 1JCF  = 253.9 Hz), 157.7, 141.2 (d, 3JCF  = 12.5 Hz), 139.6, 136.0, 129.7, 124.8, 

124.3, 118.7, 113.9 (d, 2JCF  = 24.9 Hz), 111.7, 108.9, 103.3 (d, 2JCF  = 24.9 Hz); HRMS (ESI, m/z): calcd for C13H9FN2 

[M + H]+ 213.0822, found 213.0818. 

3-(Trifluoromethyl)-9-acridinamine (5j). Yield: 87%, yellow semi-solid; 1H NMR (400 MHz, DMSO-d6) δ 10.2 (brs, 

2H), 8.85 (d,  J 9.2 Hz, 1H), 8.65 (d,  J 8.4 Hz, 1H), 8.16 (s, 1H), 8.07 (t,  J 8.0 Hz, 1H), 7.89 (t,  J 8.8 Hz, 2H), 7.66 (t,  

J 7.6 Hz, 1H); 13C NMR (100 MHz, CD3OD) δ 153.3, 150.5, 148.5, 133.1 (d, 2JCF  = 31.6 Hz), 132.6, 128.5, 126.9, 

124.3, 124.2, 123.9, 117.7, 115.1 (d, 1JCF  = 48.9 Hz); HRMS (ESI, m/z): calcd for C14H9F3N2 [M + H]+ 263.0790, 

found 263.0786. 

2,3-Dimethoxy-9-acridinamine (5k). Yield: 79%, grey solid, mp 299-301 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.39 

(brs, 2H), 7.95-7.91 (m, 1H), 7.84 (s, 1H), 7.76 (d,  J 8.8 Hz, 1H), 7.56 (t,  J 8.0 Hz, 1H), 7.33 (t,  J 7.6 Hz, 1H), 7.12-

7.06 (m, 2H), 3.99 (s, 3H), 3.93 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 156.8, 155.0, 147.7, 138.1, 137.0, 134.3, 

129.5, 123.7, 118.5, 111.3, 105.7, 102.8, 98.2, 56.4, 56.3; HRMS (ESI, m/z): calcd for C15H14N2O2 [M + H]+ 

255.1128, found 255.1121. 

2,3,4-Trimethoxy-9-acridinamine (5l). Yield: 75%, yellow solid, mp 242-245 °C; 1H NMR (400 MHz, CD3OD) δ 

8.34 (d,  J 8.4 Hz, 1H), 8.01 (d,  J 8.4 Hz, 1H), 7.89 (t,  J 8.0 Hz, 1H), 7.54-7.50 (m, 2H), 4.14 (s, 3H) 4.09 (s, 3H), 

4.02 (s, 3H); 13C NMR (100 MHz, CD3OD) δ 157.6, 153.0, 149.1, 141.9, 139.9, 135.8, 132.5, 125.4, 124.6, 120.1, 

112.8, 108.9, 98.7, 62.4, 62.0, 57.0; HRMS (ESI, m/z): calcd for C16H16N2O3 [M + H]+ 285.1233, found 285.1225. 

2-(phenylamino)benzonitrile (7a). Yield: 96%, Colorless semi-solid; 1H NMR (400 MHz, CDCl3) δ 7.50 (dd,  J 8.0, 

1.2 Hz, 1H), 7.39-7.35 (m, 3H), 7.22-7.19 (m, 3H), 7.16-7.12 (m, 1H), 6.86-6.82 (m, 1H), 6.44 (brs, 1H); 13C NMR 

(100 MHz, CDCl3) δ 147.2, 139.8, 133.7, 132.9, 129.5, 124.0, 121.5, 119.1, 117.5, 114.0, 98.3; HRMS (ESI, m/z): 

calcd for C13H10N2 [M + H]+ 195.0916, found 195.0917. 

4-Methyl-2-(phenylamino)benzonitrile (7b). Yield: 93%, Yellow semi-solid; 1H NMR (400 MHz, CDCl3) δ 7.48 (dd,  

J 8.0, 1.2 Hz, 1H), 7.38-7.33 (m, 1H), 7.26-7.24 (m, 1H), 7.19 (d,  J 8.4 Hz, 1H), 7.00-6.99 (m, 2H), 6.94 (d,  J 8.0 

Hz, 1H), 6.84-6.79 (m, 1H), 6.30 (brs, 1H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 147.4, 139.7, 139.6, 133.8, 

132.9, 129.3, 125.0, 122.4, 119.0, 118.7, 117.6, 114.1, 98.2, 21.4; HRMS (ESI, m/z): calcd for C14H12N2 [M + H]+ 

209.1073, found 209.1069. 
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