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Abstract 

Usual 1-methyl-2-quinolone (MeQone) derivatives are not reactive because of aromatic 

property in the heterocyclic ring. On the other hand, 8-substituted MeQones have been 

proved to be highly reactive, which is caused by steric repulsion between the 1-methyl and 

the 8-substituted groups. When 1-methyl-3,6,8-trinitro-2-quinolone was treated with 

potassium (or trimethylsilyl) cyanide, cyanation proceeded at the 4-position 

regioselectively as a result of cine-substitution. This reaction is initiated with addition of 

cyanide species, and the cyanoquinolone is formed by the protonation of the resultant 

anionic intermediate followed by elimination of nitrous acid. The high reactivity was 

maintained even when one of the nitro groups on the benzene moiety was replaced by a 

methyl group, which afforded corresponding cine-substituted products upon treatment with 

potassium cyanide. 
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Introduction 

A Rutaceae family, commonly known as Citrus, reveals high commercial value because 

of wide consumption in the world. The family is quite large, including approximately 160 

genera and 1900 species with great diversity in morphological characters. The Rutaceae 

family plays an important role to supply extraordinary array of phytochemicals such as 

limonoids, flavonoids, coumarins, alkaloids, volatile oils, and so on.1 Furthermore, 

quinolone alkaloids have been extensively studied by using various synthetic techniques, 

and various medicinal properties have been reported, such as antitumor activity,2 

antianemia activity,3 antikinetoplastid activity,4 antimicrobial activity,5 antibacterial 

activity,6 dipeptidyl peptidase IV inhibition,7 chymase inhibition,8 and so on.  

The 1-methyl-2-quinolone (MeQone) framework is a fundamental partial structure of 

these biologically active compounds. Naturally occurring MeQone derivatives have 

attracted many researchers’ interest, and their isolations, structural determinations, total 

syntheses, and modifications have been important subjects over the past decades. In 

addition, unnatural MeQone derivatives have also attracted much attention recently 

because of their latent pharmacological and physiological activities. However, the 

functionalization of the MeQone skeleton is not easily performed due to the aromatic 
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property of the pyridone moiety; the development of facile methods for the 

functionalization of the MeQone framework is still challenging.9 

On the other hand, we have found that 1-methyl-3,6,8-trinitro-2-quinolone (1) exhibited 

extraordinary high reactivity compared with other MeQone derivatives. Indeed, the 

functionalization of the MeQone framework was easily performed by cine-substitution or 

cycloaddition.10 Among three nitro groups, the 8-nitro group was found to be essential for 

the activation of the quinolone 1. The cine-substitution proceeded efficiently to afford 

4-functionalized 6,8-dinitro-2-quinolone (3) upon treatment of the quinolone 1 with 

2,4-pentanedione (2) in the presence of triethylamine at room temperature.11 To the 

contrary, 1-methyl-3,6-dinitro-2-quinolone (4) caused no change even at an elevated 

temperature (Scheme 1).12 The quite different reactivity between the quinolones 1 and 4 

cannot be rationalized by only electron-withdrawing effect of the 8-nitro group, because it 

is far from the reaction site (the 4-position). Hence, we suppose the high reactivity of the 

quinolone 1 is caused by steric repulsion between the 1-methyl and the 8-nitro groups, by 

which the coplanarity of the pyridone moiety and the benzene ring is disturbed. Indeed, 

X-ray analysis indicated that the dihedral angle between the N1-Me and C8-R
8 bonds was 

25o (Figure 1) while the corresponding angle of 4 was 0.9o.12 As a result of disturbing the 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 
 

coplanarity, the pyridone moiety serves as an activated nitroalkene rather than an aromatic 

species.13 This hypothesis prompted us to study the sterical activation of the MeQone 

framework sterically by a substituent at the 8-position. 

 

Scheme 1. cine-Substitution of Nitrated 1-Methyl-2-quinolones with 2,4-Pentanedione 
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Figure 1. ORTEP (30% probability ellipsoids) view of the quinolone 1.12 

 

Results and Discussion 

1. Prediction of Steric Distortion by DFT Calculation 

In order to predict the reactivity of MeQone derivatives, the dihedral angles between the 

N1-Me and C8-R
8 bonds were estimated by DFT calculations (Table 1). When the R8 group 

at the 8-position is hydrogen (Compound 4), the benzene and pyridone moieties are almost 

coplanar. On the other hand, when the 8-position is substituted by a methyl or nitro group 

(5 and 6), the 2-quinolone ring is torsionally strained by the steric compression of the 

1-methyl and 8-methyl/nitro groups. As a result, 1,6-dimethyl-3,8-dinitro-2-quinolone (5) 
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and 1,8-dimethyl-3,6-dinitro-2-quinolone (6) are considered to surely reveal high reactivity 

as well as the trinitroquinolone 1. 

 

Table 1. Dihedral Angles between the N1-Me and C8-R
8 Bonds 

N

R6

Me

O

R8

NO2

θ
N

R6

Me

O

R8

NO2

 
 

Compound R6 R8 Dihedral angles θa 

1 NO2 NO2 29.0o 

4 NO2 H 1.5o 

5 Me NO2 29.2o 

6 NO2 Me 30.9o 
a Estimated by DFT calculations using B3LYP/6-31+G (d,p) 

 

2. Preparation of Nitroquinolones 

Firstly, synthetic methods for the nitrated dimethyl-2-quinolones 5 and 6 were studied 

(Scheme 2). The starting dimethyl-2-quinolones, 1,6-dimethyl-2-quinolone (8)14 and 

1,8-dimethyl-2-quinolone (13),14 were prepared from the commercially available 

methylquinolines 7 and 12 according to the synthetic method reported for 

1-methyl-2-quinolone.15a In fact, when 1,6-dimethyl-2-quinolone (8) was nitrated, the nitro 
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groups were mainly introduced at the 5 and 7-positions as well as at the 3-position, in 

which the electro-donating 6-methyl group serves as an ortho-directing group.  

Thus, 1,6-dimethyl-3,5,7-trinitro-2-quinolone (9), 1,6-dimethyl-5,7-dinitro-2-quinolone 

(10), and 1,6-dimethyl-3,5-dinitro-2-quinolone (11) were obtained without any detection of 

the desired 3,8-dinitroquinolone 5. 

In the case of the nitration of 1,8-dimethyl-2-quinolone (13), 8-methyl group served as a 

stronger ortho, para-directing group than the acylamino group (the ring nitrogen) to afford 

1,8-dimethyl-3,5,7-trinitro-2-quinolone (14), 1,8-dimethyl-3,5-dinitro-2-quinolone (15) as 

the products. In the present reaction, the acylamino group also served as a para-directing 

group to give the desired 1,8-dimethyl-3,6-dinitro-2-quinolone (6) in 28% yield. 
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Scheme 2. Preparation of Dimethyl-dinitro-2-quinolones 
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3. cine-Substitution Using 2,4-Pentanedione (2) 

The obtained nitroquinolones 9, 14, 15, and 6 were subjected to the reactions with 

2,4-pentanedione (2) in the presence of triethylamine. While the 3,6,8-trinitroquinolone 1 

efficiently underwent the cine-substitution, neither trinitroquinolones 9 nor 14 caused no 
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reaction (Table 2, entries 1-3) under the same conditions. In the case of the dinitroquinolone 

15, the corresponding product 18 was not detected (entry 4).  

 

Table 2. cine-Substitution of Nitro-1,8-dimethyl-2-quinolones with 2,4-Pentanedione 

N

Me
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+
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MeCN, rt, 1 d
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N

Me

OR7

R8

R5

R6

OOH

H

 

 

Entry R5 R6 R7 R8 Nitroquinolone Product Yield/% 

1 H NO2 H NO2 1 3 88 

2 NO2 Me NO2 H 9 16 0 

3 NO2 H NO2 Me 14 17 0 

4 NO2 H H Me 15 18 0 

5 H NO2 H Me 6 19 92 

 

It is noteworthy that cine-substitution efficiently proceeded to afford 19 in 92% yield 

when the substrate 6 was employed, which has only two nitro groups (entry 5). This 

experimental fact strongly supports our hypothesis; the steric repulsion between two methyl 

groups activates the MeQone framework. However, the quinolones 14 and 15 did not 

undergo the cine-substitution despite the presence of a methyl group at the 8-position, in 
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which the peri-substituent (R5) might prevent the approach of the bulky enolate of 2 to the 

4-position. 

 

4. Cyanation of the Trinitroquinolone 1 

In order to estimate the activating effect of the steric repulsion between the substituents 

at the 1- and 8-positions, it is necessary to employ a small nucleophile instead of a bulky 

enolate of 2 to avoid the steric hindrance of a substituent at the 5-position. From this 

viewpoint, cyanide was employed as a nucleophile. When a solution of potassium cyanide 

in methanol was added to a solution of the quinolone 1 in acetonitrile, and heated at 60 °C 

for 2 hours, a complex mixture was obtained, from which two products, the 

4-cyano-2-quinolone derivative 21 and the dimeric product 22 were isolated.  
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Scheme 3. A Plausible Reaction Mechanism for the Formation of 21 and 22 

N
O

O2N

O2N

NO2

Me

N O

O2N

O2N

NO2

Me

Nu

1

N O

O2N

O2N

NO2

Me

Nu H

N O

O2N

O2N Me

NC H

NO2

N NO2

NO2

O

O2N

H

N O
O2N Me

O2N
CN N

O
Me

NO2

NO2

22

20

Me

N O
Me

H
NO2

O2N

O2N

NO2

route
a

route 
b

4FDNQ

( Nu = CN, 21)

Nu

H OMe

N O
Me

Nu HH
NO2

MeO

N O
Me

O2N

O2N

Nu

O2N

O2N
route 

a'

H

NO2

NO22

 

 

A plausible mechanism for the formation of these products is illustrated in Scheme 3. 

The reaction is initiated with the nucleophilic attack of cyanide (Nu = CN) at the 4-position 

of the quinolone 1. The cyanoquinolone 21 is afforded when the resultant anion 20 is 

protonated, followed by the elimination of a nitrous acid molecule (Scheme 3, route a). 

Another route is also acceptable, which involves a proton migration followed by 
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elimination of nitrite anion (route a’). On the other hand, the dimeric product 22 is formed 

when the intermediate anion 20 attacks another molecule of the quinolone 1, and the 

pyridone moieties aromatize accompanied by the elimination of nitrous acid molecules 

(route b). Although this kind of dimerization was observed in the reaction of the quinolone 

1 with tertiary amines,16 this is the first example to isolate a dimer in the reaction with 

C-nucleophiles. The strongly electron-withdrawing ability of the carbonyl and nitro groups 

is considered to stabilize the anionic intermediate 20. 

The reaction conditions were optimized as shown in Table 3. The reaction temperature 

was found to be a crucial factor for the present reaction. When the temperature was lowered 

to 0 °C, the total yield of 21 and 22 increased up to 94% (the yield of 21 was increased up 

to 80%), accompanied with the simplification of the reaction mixture (entries 2-4). On the 

other hand, a longer reaction time did not affect the yields of 21 and 22 (entry 5). Next, the 

control of the reaction routes (routes a and b) was attempted by changing the volume of the 

solvent. When the reaction was conducted under concentrated conditions, many signals 

other than those of 21 and 22 were observed in the reaction mixture without considerable 

change in the ratio of 21/22 (entry 6). Moreover, dilution was not so effective for avoiding 

the dimerization (entry 7). The solvent effect for the reaction was also investigated; when 
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H2O was employed as the solvent for dissolving potassium cyanide, many by-products 

were observed (entry 8). Hence, methanol was found to be a more suitable solvent 

dissoluble of potassium cyanide, which was somewhat influential for inhibiting the side 

reactions during the whole reaction process. 

 

Table 3. Optimization of Reaction Conditions 

N O

O2N

O2N

NO2

Me

KCN+
MeCN/ 

MeOH (2 mL)
N O

O2N Me

O2N

CN

+

N O
O2N Me

O2N
CN N

O
Me

NO2

NO2

1 (0.5 mmol)
21 22

0.5 mmol

δ 9.27

δ 7.89

δ 7.31

H

H

H

 

Yield/% 
Entry 

Temp. 

/°C 

Solv.

/mL 

Time 

/h 21 22 

Total 

yield/% 

Recovery 

of 1/% 

1 60 20 2 63 9 72 7 

2 rt 20 2 73 7 80 7 

3 0 20 2 80 14 94 6 

4 -20 20 2 78 10 88 11 

5 0 20 4 69 9 78 6 

6 0 10 2 71 7 78 9 

7 0 50 2 62 7 69 8 

8b 0 20 2 73 14 87 9 
aDetermined by 1H NMR based on 1. bH2O was used as the solvent in order to completely 

dissolve KCN. 
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Finally, in order to investigate the cation effect of cyanide compounds, trimethylsilyl 

cyanide/cesium fluoride was employed instead of potassium cyanide. To our expectation, 

the formation of the dimer 22 was not observed, and the yield of 21 dramatically increased 

up to 90%, when the reaction was conducted at room temperature for 1 d (Scheme 4). We 

suppose that the anionic intermediate 20 is trapped by a trimethylsilyl group to afford a 

stable enolate intermediate, which prevents the nucleophilic attack of the intermediate 20 to 

another molecule of the quinolone 1. 

 

Scheme 4. cine-Substitution of Quinolone 1 with Trimethylsilyl Cyanide 
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While known cyanation methods require multi-step reactions,17 the present method 

enables the cyanation through a shorter synthetic route, which will be a useful synthetic 

tool for constructing a library of versatile MeQone derivatives by the chemical conversion 

of the cyano and nitro functions. 
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5. Estimation of the Steric Activation Using the Cyanation 

The cyanation reactions of nitrated 1,8-dimethyl-2-quinolones using potassium cyanide 

were investigated because of smaller size than that of trimethylsilyl cyanide (Table 4). 

Although the 3,5,7-trinitroquinolone 14 caused no change upon treatment with 

2,4-pentanedione (2), the reaction with potassium cyanide efficiently proceeded to afford 

the cine-substituted product, 4-cyanoquinolone 23, in 83% yield (entry 2). The cyanation 

also took place even when the 3,5-dinitroquinolone 15 was employed (entry 3). 

Furthermore, the 3,6-dinitroquinolone 6 revealed high reactivity to undergo the 

cine-substitution quantitatively (entry 4). These results strongly support our consideration 

that the steric repulsion between 1-methyl and 8-methyl groups activated the MeQone by 

disturbing the coplanarity (entries 3 and 4). 
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Table 4. cine-Substitution of Nitro-1,8-dimethyl-2-quinolones with Potassium Cyanide 

N

Me

O

NO2

R7

R8

R5

R6

N

Me

OR7

R8

R5

R6
CN

+
rt, 1 d

KCN

0.5 mmol

0.5 mmol

MeCN/ 
MeOH (2 mL) H

 
Entry R5 R6 R7 R8 Nitroquinolone Product Yield/% 

1 H NO2 H NO2 1 3 73 

2 NO2 H NO2 Me 14 23 83 

3 NO2 H H Me 15 24 47 

4 H NO2 H Me 6 25 quant. 

 

Conclusion 

We have developed a simple method for the cyanation of the 3-nitro-8-substituted 

MeQones. When the 8-position was substituted with a nitro group, cine-substitution and 

dimerization easily proceeded under mild reaction conditions to afford the cyanoquinolones 

21 and 22. The reaction could be used for estimating the activation degree of the MeQone 

framework. As a result, the presence of an 8-substituent was found to be crucial for causing 

the cine-substitution, which activated the MeQone framework by steric repulsion with the 

1-methyl group. These results should be valuable information for the functionalization of 

the MeQone framework by activating sterically, and are helpful for finding new 

biologically active compounds.  
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Experimental 

General  

The melting points were determined on a Yanaco micro-melting-points apparatus, and were 

uncorrected. All the reagents and solvents were commercially available and used as 

received. TLC was performed using Merck silica gel 60 F254, and column chromatography 

was performed using silica gel 60 (Nacalai Tesque, spherical neutral, 150 µm). The 1H 

NMR spectra were measured on a Bruker Ascend-400 at 400 MHz with TMS as an internal 

standard. The 13C NMR spectra were measured on a Bruker Ascend-400 at 100 MHz, and 

assignments of 13C NMR spectra were performed by DEPT experiments. The IR spectra 

were recorded on a JASCO FT/IR-4200 spectrometer. The mass spectra and the high 

resolution mass spectra were measured on a JEOL JMS-DX303HF or JEOL-JMS-700 

MStation.  

Nitration of 1,6-Dimethyl-2-quinolone 

To cold 18 M H2SO4 (11.1 mL, 200 mmol), the quinolone 8 (1.7 g, 10 mmol) was 

gradually added and then 15 M HNO3 (23.3 mL, 350 mmol) was added gradually. The 

resultant mixture was heated at 50 °C for 1 d. After cooling down to room temperature, 

H2O (30 mL) was poured into the reaction mixture. The generated yellow precipitate (2.6 g) 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 
 

was collected with filtration. Further purification was performed by recrystallization or 

column chromatography on silica gel. The nitration of the 1,8-dimethyl-2-quinolone 13 was 

conducted in a similar manner. 

1,6-Dimethyl-3,5,7-trinitroquinolin-2(1H)-one (9). Eluted with hexane/ethyl acetate = 

8/2; 493 mg, 16% yield; yellow solid; mp 189−191 °C; 1H NMR (400 MHz, DMSO-d6) δ 

2.42 (s, 3H), 3.40 (s, 3H), 8.53 (s, 1H), 8.68 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ 

14.9 (CH3), 34.2 (CH3), 111.2 (C), 124.2 (C), 127.1 (CH), 131.7 (C), 131.7 (CH), 138.5 (C), 

141.4 (C), 148.8 (C), 152.7 (CO); MS (EI, 70 eV) m/z = 308 (M+, 3), 220 (25), 191 (36), 

115 (100), 105 (55); HRMS (EI, magnetic field) Calcd for C11H8N4O7 308.0393, found 

308.0393. 

1,6-Dimethyl-5,7-dinitroquinolin-2(1H)-one (10). Eluted with hexane/ethyl acetate = 7/3; 

553 mg, 21% yield; yellow solid; mp 112−115 °C; 1H NMR (400 MHz, DMSO-d6) δ 2.37 

(s, 3H), 3.33 (s, 3H), 6.92 (d, J = 10.0 Hz, 1H), 7.74 (d, J = 10.0 Hz, 1H), 8.32 (s, 1H); 13C 

NMR (100 MHz, DMSO-d6) δ 15.6 (CH3), 34.0 (CH3), 114.6 (C), 123.2 (C), 125.3 (CH), 

129.7 (CH), 131.8 (CH), 132.3 (C), 139.3 (C), 149.2 (C), 160.8 (CO); MS (EI, 70 eV) m/z 

= 263 (M+, 100), 233 (30), 173 (45); HRMS (EI, magnetic field) Calcd for C11H9N3O5 

263.0542, found 263.0542. 
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1,6-Dimethyl-3,5-dinitroquinolin-2(1H)-one (11). 1.18 g, 45% yield; yellow needles; 

recrystallized from MeCN; mp 259−261 °C; 1H NMR (400 MHz, CD3CN) δ 2.44 (s, 3H), 

3.78 (s, 3H), 7.72 (d, J = 9.2 Hz, 1H), 7.81 (d, J = 9.2 Hz, 1H), 8.31 (s, 1H); 13C NMR (100 

MHz, DMSO-d6) δ 16.4 (CH3), 30.9 (CH3), 108.7 (C), 118.7 (CH), 124.8 (C), 128.3 (CH), 

136.5 (CH), 139.2 (C), 142.1 (C), 148.2 (C), 152.9 (CO); MS (EI, 70 eV) m/z = 263 (M+, 

38), 142 (41), 115 (57), 69 (100); HRMS (EI, magnetic field) Calcd for C11H9N3O5 

263.0542, found 263.0537. 

1,8-Dimethyl-3,5,7-trinitroquinolin-2(1H)-one (14). Eluted with hexane/ethyl acetate = 

3/7; 862 mg, 27% yield; yellow solid; mp 188−190 °C; 1H NMR (400 MHz, DMSO-d6) δ 

2.85 (s, 3H), 3.82 (s, 3H), 8.53 (s, 1H), 8.60 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ 

23.2 (CH3), 37.7 (CH3), 111.0 (C), 127.9 (CH), 131.3 (C), 131.6 (CH), 133.2 (C), 140.7 (C), 

142.8 (C), 145.9 (C), 154.9 (CO); MS (EI, 70 eV) m/z = 308 (M+, 10), 130 (29), 101 (32), 

75 (46), 69 (100); HRMS (EI, magnetic field) Calcd for C11H8N4O7 308.0393, found 

308.0395. 

1,8-Dimethyl-3,5-dinitroquinolin-2(1H)-one (15). Eluted with hexane/ethyl acetate = 3/7; 

1.05 g, 40% yield; yellow solid; mp 216−219 °C; 1H NMR (400 MHz, DMSO-d6) δ 2.84 (s, 

3H), 3.78 (s, 3H), 6.92 (d, J = 9.6 Hz, 1H), 7.66 (d, J = 9.6 Hz, 1H), 8.39 (s, 1H); 13C NMR 
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(100 MHz, DMSO-d6) δ 23.4 (CH3), 36.4 (CH3), 113.2 (C), 125.6 (CH), 129.5 (CH), 129.9 

(C), 131.8 (C), 131.8 (CH), 140.0 (C), 146.0 (C), 162.1 (CO); MS (EI, 70 eV) m/z = 263 

(M+, 100), 159 (28), 130 (20), 75 (17); HRMS (EI, magnetic field) Calcd for C11H9N3O5 

263.0542, found 263.0541. 

1,8-Dimethyl-3,6-dinitroquinolin-2(1H)-one (6). Eluted with hexane/ethyl acetate = 7/3; 

737 mg, 28% yield; yellow solid; mp 236−238 °C; 1H NMR (400 MHz, DMSO-d6) δ 2.84 

(s, 3H), 3.85 (s, 3H), 8.42 (d, J = 2.8 Hz, 1H), 8.80 (d, J = 2.8 Hz, 1H), 9.09 (s, 1H); 13C 

NMR (100 MHz, DMSO-d6) δ 23.2 (CH3), 37.0 (CH3), 118.4 (C), 125.2 (CH), 128.4 (C), 

131.1 (CH), 136. 7 (CH), 140.3 (C), 142.0 (C), 146.0 (C), 155.4 (CO); MS (EI, 70 eV) m/z 

= 263 (M+, 95), 210 (58), 193 (53), 142 (80), 117 (100); HRMS (EI, magnetic field) Calcd 

for C11H9N3O5 263.0542, found 263.0541. 

cine-Substitution Using 2,4-Pentanedione (2) 

To a solution of 1,8-dimethyl-3,6-dinitro-2-quinolone (6, 132 mg, 0.5 mmol) and 

2,4-pentanedione (2, 61mg, 0.6 mmol) in acetonitrile (20 mL), 0.025 M solution of 

triethylamine (30 mL, 0.75 mmol) was added at room temperature over 30 min and the 

solution color turned to brown. The reaction mixture was stirred for a further 1 d. After 

concentration, the reaction mixture was dissolved into CHCl3 (20 mL) and washed with 
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H2O (20 mL) to remove Et3NHNO2. The organic layer was dried over (MgSO4), and 

concentrated to get residue. Then, the residue was purified by recrystallization with hexane 

to afford cine-substituted product 19 (145 mg, 0.46 mmol, 92% yield).  

(Z)-4-(2-Hydroxy-4-oxopent-2-en-3-yl)-1,8-dimethyl-6-nitroquinolin-2(1H)-one (19). 

orange solid; mp 192−194 °C; 1H NMR (400 MHz, CDCl3) δ 1.90 (s, 6H), 2.85 (s, 3H), 

3.89 (s, 3H), 6.75 (s, 1H), 8.24 (d, J = 2.4 Hz, 1H), 8.25 (d, J = 2.4 Hz, 1H), 16.86 (s, 1H); 

13C NMR (100 MHz, CDCl3) δ 23.9 (2CH3), 24.3 (CH3), 37.1 (CH3), 109.0 (C), 120.2 (CH), 

122.8 (C), 125.9 (CH), 127.2 (C), 129.6 (CH), 142.3 (C), 146.0 (C), 146.4 (C), 164.0 (CO), 

190.7 (CO); MS (EI, 70 eV) m/z = 316 (M+, 100), 263 (75); HRMS (EI, magnetic field) 

Calcd for C16H16N2O5 316.1059, found 316.1062. 

General Procedure for Synthesis of 21 and 22 

To a solution of 1-methyl-3,6,8-trinitro-2-quinolone (1)15 (147 mg, 0.5 mmol) in 

acetonitrile (20 mL) was added potassium cyanide (33 mg, 0.5 mmol) at 60 °C, and the 

mixture was stirred for 2 h. Then, the solvent was evaporated in vacuo. The residue was 

purified by column chromatography on silica gel to afford the cine-substituted product 21 

(eluted with hexane/ethyl acetate = 7/3, 87 mg, 0.315 mmol, 63%) and the dimeric product 
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22 (eluted with hexane/ethyl acetate = 1/1, 12 mg, 0.023 mmol, 9% based on 1), 

respectively. 

1-Methyl-6,8-dinitro-2-oxo-1,2-dihydroquinoline-4-carbonitrile (21). Yellow powder; 

mp 168−171 °C; IR (KBr) 2247 cm−1; 1H NMR (400 MHz, DMSO-d6) δ 3.37 (s, 3H), 7.89 

(s, 1H), 8.70 (d, J = 2.4 Hz, 1H), 9.07 (d, J = 2.4 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) 

δ 34.8 (CH3), 113.6 (CN), 119.4 (C), 121.7 (C), 123.6 (CH), 124.7 (CH), 132.3 (CH), 137.2 

(C), 138.7 (C), 140.5 (C), 160.1 (CO); MS (EI, 70 eV) m/z = 274 (M+, 68), 244 (100), 182 

(63), 127 (61); HRMS (EI, magnetic field) Calcd for C11H6N4O5 274.0338, found 

274.0337. 

1,1'-Dimethyl-6,6',8,8'-tetranitro-2,2'-dioxo-1,1',2,2'-tetrahydro-3,4'-biquinoline-4 

-carbonitrile (22). Reddish brown oil; IR (KBr) 2240 cm−1; 1H NMR (400 MHz, 

DMSO-d6) δ 3.45 (s, 3H), 3.46 (s, 3H), 7.31 (s, 1H), 8.79 (d, J = 2.4 Hz, 1H), 8.81 (d, J = 

2.4 Hz, 1H), 8.97 (d, J = 2.4 Hz, 1H), 9.18 (d, J = 2.4 Hz, 1H); 13C NMR (100 MHz, 

DMSO-d6) δ 34.9 (CH3), 35.5 (CH3), 112.8 (CN), 119.9 (C), 121.1 (C), 122.6 (C), 123.2 

(CH), 124.1 (CH), 125.3 (CH), 125.8 (CH), 125.9 (CH), 136.9 (C), 137.4 (C), 137.5 (C), 

138.7 (C), 138.9 (C), 140.7 (C), 140.8 (C), 142.7 (C), 159.6 (CO), 160.8 (CO); MS (EI, 70 
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eV) m/z = 521 (M+, 95), 491 (100); HRMS (EI, magnetic field) Calcd for C21H11N7O10 

521.0567, found 521.0560. 

Cyanation of Trinitroquinolone 1 using Trimethylsilyl Cyanide 

To a solution of 1-methyl-3,6,8-trinitro-2-quinolone (1)17 (147 mg, 0.5 mmol) and 

trimethylsilyl cyanide (50 mg, 05 mmol) in acetonitrile (20 mL), caesium fluoride (76 mg, 

0.5 mmol) in 1 mL H2O was added at room temperature, and the mixture was stirred for 1 d 

and concentrated. Then, the residue was detected by 1H NMR, and the yield of 

cine-substituted product 21 was calculated with internal standard (Cl2CHCHCl2).  

Cyanation of Nitroquinolones using Potassium Cyanide 

1,8-Dimethyl-5,7-dinitro-2-oxo-1,2-dihydroquinoline-4-carbonitrile (23).  

To a solution of 1,8-dimethyl-3,5,7-trinitro-2-quinolone (14, 154 mg, 0.5 mmol) in 

acetonitrile (15 mL) was added potassium cyanide (33 mg, 0.5 mmol in 2 mL MeOH) at 

room temperature, and the mixture was stirred for 1 d. Then, the reaction mixture was 

filtrated, and the filtrate was concentrated under reduced pressure. The residue was 

recrystallized with MeOH to afford cine-substituted product 23 (119 mg, 0.41 mmol, 83% 

yield). Red solid; mp 221−223 °C; 1H NMR (400 MHz, DMSO-d6) δ 2.78 (s, 3H), 3.69 (s, 

3H), 7.86 (s, 1H), 8.50 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ 23.2 (CH3), 38.1 (CH3), 
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108.3 (CN), 112.0 (C), 115.6 (C), 130.7 (CH), 131.0 (C), 133.6 (C), 136.4 (CH), 138.3 (C), 

146.8 (C), 160.1 (CO); MS (EI, 70 eV) m/z = 288 (M+, 40), 184 (100); HRMS (EI, 

magnetic field) Calcd for C12H8N4O5 288.0495, found 288.0494. 

1,8-Dimethyl-5-nitro-2-oxo-1,2-dihydroquinoline-4-carbonitrile (24).  

To a solution of 1,8-dimethyl-3,5-dinitro-2-quinolone (15, 132 mg, 0.5 mmol) in 

acetonitrile (15 mL) was added KCN (33 mg, 0.5 mmol in 2 mL MeOH) at room 

temperature, and the mixture was stirred for 1 d. Then, the solution was concentrated under 

reduced pressure, and purified with column chromatography to afford cine-substituted 

product 24 (eluted with hexane/ethyl acetate = 3/7, 57 mg, 0.24 mmol, 47% yield). Yellow 

solid; mp 215−217 °C; 1H NMR (400 MHz, DMSO-d6) δ 2.86 (s, 3H), 3.77 (s, 3H), 7.02 (d, 

J = 9.6 Hz, 1H), 8.17 (d, J = 9.6 Hz, 1H), 8.42 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ 

23.7 (CH3), 36.4 (CH3), 113.4 (CN), 119.2 (C), 123.0 (C), 125.4 (CH), 129.2 (C), 129.7 

(CH), 132.3 (C), 135.6 (CH), 145.1 (C), 162.3 (CO); MS (EI, 70 eV) m/z = 243 (M+, 53), 

197 (62), 169 (100), 142 (67); HRMS (EI, magnetic field) Calcd for C12H9N3O3 243.0644, 

found 243.0639. 

1,8-Dimethyl-6-nitro-2-oxo-1,2-dihydroquinoline-4-carbonitrile (25).  
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To a solution of 1,8-dimethyl-3,6-dinitro-2-quinolone (6, 132 mg, 0.5 mmol) in 

acetonitrile (15 mL) was added KCN (33 mg, 0.5 mmol in 2 mL MeOH) at room 

temperature, and the mixture was stirred for 1 d. Then, the solution was concentrated under 

reduced pressure. Pure cine-substituted product 25 (166 mg, 0.5 mmol, quant.) was 

obtained without further purification without any detectable of by-products. Brown solid; 

mp 197−198 °C; 1H NMR (400 MHz, DMSO-d6) δ 2.84 (s, 3H), 3.79 (s, 3H), 7.66 (s, 1H), 

8.39 (d, J = 2.4 Hz, 1H), 8.41 (d, J = 2.4 Hz, 1H); 13C NMR (100 MHz, DMSO-d6) δ 23.3 

(CH3), 36.8 (CH3), 114.3 (CN), 117.8 (C), 119.4 (CH), 122.0 (C), 128.8 (C), 129.8 (CH), 

130.7 (CH), 141.6 (C), 145.2 (C), 161.2 (CO); MS (EI, 70 eV) m/z = 243 (M+, 100), 228 

(35), 169 (40); HRMS (EI, magnetic field) Calcd for C12H9N3O3 243.0644, found 

243.0637. 
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Table of atom coordinates and absolute energies 

Compound 1 

 

 COORDINATES OF ALL ATOMS ARE (ANGS) 

   ATOM   CHARGE       X              Y              Z 

 ------------------------------------------------------------ 

 H           1.0   1.4675979082  -3.0954543862   1.4044447456 

 H           1.0   0.5459061719  -3.5074287922  -0.0544351876 

 H           1.0  -0.2920120388  -2.8291720908   1.3727692261 

 O           8.0   4.2658335981   1.7826714497   0.4131544769 

 O           8.0   4.6319043421   0.0707437989  -0.9019543133 

 O           8.0  -4.3787907019   2.0930629446   0.0460577330 

 O           8.0  -2.8564996099   3.6611051883   0.0201542793 

 O           8.0  -1.4032148904  -2.8206942068  -1.1967863510 

 O           8.0  -2.9752136345  -2.6283368031   0.3116986249 

 C           6.0   0.6227784982  -2.8101641227   0.7805627961 

 O           8.0   3.1099697259  -1.9551231287   0.3895467543 

 N           7.0   3.9265589186   0.7491582503  -0.1669374305 

 H           1.0   1.8218125485   2.3113280784  -0.0838677957 

 N           7.0  -1.9935787010  -2.2161791429  -0.3020144202 

 H           1.0  -3.5562517384  -0.1796523058  -0.0415616720 

 N           7.0  -3.2118767408   2.4825870954   0.0314009669 
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 H           1.0  -0.5720511498   2.8978494318  -0.0305948727 

 N           7.0   0.8734964935  -1.4331842927   0.3104020605 

 C           6.0   2.2591281797  -1.1021645522   0.2165388631 

 C           6.0   2.5298109718   0.3223562983   0.0017221538 

 C           6.0   1.5599834635   1.2604926590  -0.0104679214 

 C           6.0   0.1811651194   0.8724251868   0.0371727970 

 C           6.0  -0.1380846649  -0.5218382540   0.1027470013 

 C           6.0  -1.5192519280  -0.8520916646  -0.0044802426 

 C           6.0  -2.5144605944   0.1123344363   0.0086154869 

 C           6.0  -2.1568874376   1.4597205164   0.0311652715 

 C           6.0  -0.8276221092   1.8451274085   0.0042179699 

 

 

compound temp./K Ground A 
Comound 

1 298.15 Total Energy 
E (SCF) /au 

Zero Point E 
kcal/mol 

E corrected 
kcal/mol 

    -1129.9989706 109.747715 -708975.34130  
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Compound 4 

 

 COORDINATES OF ALL ATOMS ARE (ANGS) 

   ATOM   CHARGE       X              Y              Z 

 ------------------------------------------------------------ 

 H           1.0   1.1077209811  -3.8370992535   0.5542539858 

 H           1.0  -0.4064624861  -3.6775742326  -0.3716919909 

 H           1.0  -0.4022440380  -3.4189491367   1.3987357839 

 O           8.0   3.8769408801   1.3482977160   0.4018304846 

 O           8.0   4.2780424084  -0.4039495743  -0.8455486218 

 O           8.0  -4.7718450400   1.5777651298  -0.1674191986 

 O           8.0  -3.2747583200   3.1555632094  -0.3601189075 

 C           6.0   0.1692795004  -3.2938306614   0.4748582435 

 O           8.0   2.7331672165  -2.3996567024   0.4368802139 

 N           7.0   3.5508535060   0.2942061381  -0.1500087089 

 H           1.0   1.4552851424   1.8558966959  -0.2123891018 

 H           1.0  -2.1597136429  -2.3620176262   0.3049447901 

 H           1.0  -3.9239636362  -0.6581482051   0.0970177296 

 N           7.0  -3.6071878371   1.9777583948  -0.2165719795 

 H           1.0  -0.9816672796   2.4360285383  -0.2707560897 

 N           7.0   0.4961635578  -1.8765094692   0.2650440947 

 C           6.0   1.8782167870  -1.5518119627   0.2387818081 
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 C           6.0   2.1514050181  -0.1286127375   0.0008402495 

 C           6.0   1.1842197590   0.8123553625  -0.0855744979 

 C           6.0  -0.1945134787   0.4330145681  -0.0274886015 

 C           6.0  -0.5181741489  -0.9459554838   0.1386450465 

 C           6.0  -1.8801581175  -1.3248590286   0.1806619882 

 C           6.0  -2.8794055930  -0.3735153742   0.0648612601 

 C           6.0  -2.5402083476   0.9774306041  -0.0953097921 

 C           6.0  -1.2188937913   1.3862020911  -0.1435161882 

 

 

compound temp./K Ground A 
Compound 

4 298.15 Total Energy 
E (SCF) /au 

Zero Point E 
kcal/mol 

E corrected 
kcal/mol 

    -925.5159280 108.345981 -580661.69125  
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Compound 5  

 

 COORDINATES OF ALL ATOMS ARE (ANGS) 

   ATOM   CHARGE       X              Y              Z 

 ------------------------------------------------------------ 

 H           1.0   1.0365602883  -2.7561643890   1.4575344898 

 H           1.0   0.1292952195  -3.1908165549  -0.0037010654 

 H           1.0  -0.7216019035  -2.4767111995   1.3956114936 

 O           8.0   3.8289341325   2.1370724602   0.4240893739 

 O           8.0   4.2567140452   0.3723642966  -0.7963712548 

 O           8.0  -1.7966745673  -2.5186312367  -1.1795330366 

 O           8.0  -3.4192346179  -2.2610397826   0.2612572162 

 C           6.0   0.2024413446  -2.4758291978   0.8167842349 

 O           8.0   2.7011216577  -1.6351800854   0.4592338790 

 N           7.0   3.5160508193   1.0717275445  -0.1166290568 

 H           1.0   1.4148471560   2.6236926296  -0.0933489163 

 N           7.0  -2.4051308677  -1.8764874032  -0.3224886320 

 H           1.0  -3.9403270092   0.1383926216  -0.1348997305 

 H           1.0  -0.9436072716   3.2080392459  -0.1073198832 

 N           7.0   0.4686410495  -1.1124197921   0.3234144597 

 C           6.0   1.8491324724  -0.7853078490   0.2549113396 

 C           6.0   2.1215555343   0.6374446335   0.0294359978 
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 C           6.0   1.1480454114   1.5747401325  -0.0111119825 

 C           6.0  -0.2293247641   1.1908826158   0.0137821464 

 C           6.0  -0.5446557848  -0.1974154999   0.0871071299 

 C           6.0  -1.9219251770  -0.5156072420  -0.0400347494 

 C           6.0  -2.9079026578   0.4648249074  -0.0638364197 

 C           6.0  -2.5932058587   1.8325462763  -0.0560052824 

 C           6.0  -1.2445975388   2.1649235867  -0.0576396749 

 C           6.0  -3.6820108243   2.8773843414  -0.0853979603 

 H           1.0  -4.3813341987   2.7007509856  -0.9094551125 

 H           1.0  -4.2626366071   2.8667551138   0.8440313840 

 H           1.0  -3.2642214821   3.8800218406  -0.2067793875 

 

 

 

compound temp./K Ground A 
Compound 

5 298.15 Total Energy 
E (SCF) /au 

Zero Point E 
kcal/mol 

E corrected 
kcal/mol 

    -964.8196807 125.480572 -605308.03488  
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Compound 6 

 

 COORDINATES OF ALL ATOMS ARE (ANGS) 

   ATOM   CHARGE       X              Y              Z 

 ------------------------------------------------------------ 

 H           1.0   1.3555207086  -3.2477055430   1.5902399388 

 H           1.0   0.3289367016  -3.8392922482   0.2868779158 

 H           1.0  -0.4020728137  -2.9844428523   1.6801101302 

 O           8.0   4.0171302907   1.4946422630   0.0290883089 

 O           8.0   4.3071577190  -0.3008827381  -1.1876642553 

 O           8.0  -4.6300389895   1.7485085085   0.0088124179 

 O           8.0  -3.1265395118   3.3278049134  -0.1039993056 

 C           6.0   0.4556119257  -3.0356700512   1.0147774915 

 O           8.0   2.8802682680  -2.2568271570   0.2960526948 

 N           7.0   3.6445322812   0.4213599496  -0.4527272995 

 H           1.0   1.5498436797   1.9842647336  -0.2759434275 

 C           6.0  -2.2642220514  -2.6515488624  -0.0701479116 

 H           1.0  -3.7886965822  -0.4885087130  -0.0118451422 

 N           7.0  -3.4634744230   2.1445729354  -0.0330605581 

 H           1.0  -0.8251445803   2.5820602322  -0.1440585360 

 N           7.0   0.6482943210  -1.7236337225   0.3664319713 

 C           6.0   2.0147008731  -1.4086154911   0.1436402848 
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 C           6.0   2.2693913733   0.0018311775  -0.1582108000 

 C           6.0   1.2963751139   0.9383156284  -0.1346116150 

 C           6.0  -0.0752637375   0.5555009320   0.0158833997 

 C           6.0  -0.4017789840  -0.8287324830   0.1720892783 

 C           6.0  -1.7742498583  -1.2236443809   0.0906947567 

 C           6.0  -2.7397582897  -0.2214543103   0.0406724312 

 C           6.0  -2.3995638597   1.1350244001   0.0089231459 

 C           6.0  -1.0797281076   1.5333889002  -0.0472824323 

 H           1.0  -2.3636277002  -3.1894488901   0.8772576620 

 H           1.0  -1.6089307454  -3.2341739347  -0.7208677492 

 H           1.0  -3.2525300216  -2.6352561962  -0.5350507959 

 

 

 

 

compound temp./K Ground A 
Compound 

6 298.15 Total Energy 
E (SCF) /au 

Zero Point E 
kcal/mol 

E corrected 
kcal/mol 

    -964.8241384 125.858606 -605310.45407  
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