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The catalyst-free sp3 C–H functionalization of tetrahydroacridine(quinolines) derivatives

has been achieved using a Michael-type reaction with N-arylmaleimides. This method

enables the facile synthesis of biologically important N-aryl bearing

tetrahydroacridine(quinolines) moieties in a single step with high yields. The reaction

occurs under non-catalytic conditions by heating of hydroacridines(quinolines) in DMSO

within 4 h at 100–1200C. The reaction between starting compounds allows synthesizing

(3S/4R)-3-[(3R/4S)-9-chloroacridine(quinoline)-4-yl]-1(-N-aryl)pyrrolidine-2,5-diones

with a good yield. The structure of compounds was proved by spectral methods of analysis.

The 1H NMR spectrum shows characteristic signals of protons of the CH-groups in

acridine(quinoline) (3.4–3.5 ppm) and pyrrolidine (3.8–3.9 ppm) cycles.It is interesting

to note that the main direction of the fragmentation is the Michael retro-reaction, which

is accompanied by the elimination of 1-(2-nitrophenyl)-1H-pyrrole-2,5-dione and leads

to the formation of m/z ions of starting chloroacridines(quinolines).
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Introduction
The benzylic sp3 C–H bond functionalization

of 2-alkylazaarenes has been thoroughly studied.
Usually, these reactions are catalyzed by transition
metals, such as scandium [1], copper [2], palladium
[3], iron [4], ytterbium [5], or by Brønsted acids [6].
Numerous publications in this field emphasized the
practical value of compounds of this class. Nowadays,
the functionalization of related compounds has been
achieved without the use of metal catalysts [7,8].
During the development of effective approaches to
the synthesis of bioactive molecules, we studied the
reaction of hydroacridines with Michael acceptors,
such as maleimides and acrylonitrile [9,10]. For the
first time, hydroacridines were functionalized with
Michael acceptors, such as N-arylmaleimides. The
reaction takes place under non-catalytic conditions
by heating hydroacridines in DMSO within 4 h at
the temperature of 100–1200C with good yields. Due
to the presence of two chiral centers, the formation
of four stereoisomers is theoretically possible in the

reaction. However, the absence of signal doubling
in the NMR spectra suggests that only a mirror pair
of diastereomers is formed in a ratio of 1:1 (S,R/R,S),
and proved by X-ray analysis [9]. Given both the
practical value of hydroacridines and the new method
of direct conversion of the sp3-CH bond of these
compounds, the number of examples of effective
functionalization has been expanded.

Results and discussion
The starting chloroacridine1a was obtained by

rearrangement the spiro derivative of 3,1-benzoxazine
under the action of formylation agent in quantitative
yield [11]. Chloroacridines 1b,c [12,13] and chloro-
quinoline 1d [14] were synthesized by the methods
described in literature. The reaction between starting
compounds 1a-d allows synthesizing (3S/4R)-3-
[(3R/4S)-9-chloroacridine(quinoline)-4-yl]-1(-N-
aryl)-pyrrolidine-2,5-diones 2a-f with a good yield
(Scheme 1). The structure of compounds 2a–f was
proved by spectral methods of analysis. The 1H NMR
spectrum is characterized by proton signals of the
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CH groups of the acridine (3.4–3.5 ppm) and
pyrrolidine (3.8–3.9 ppm) cycles. Product yields are
presented in Table.

The yields of compounds 2a–f

Compound n R1 R2 R3 R4 Yield, % 

2a 2 H Br NO2 H 90 

2b 2 H Br H NO2 94 

2c 2 H CH3 NO2 H 53 

2d 2 CH3 H NO2 H 49 

2e 3 H H NO2 H 76 

2f 3 H H H NO2 89 

N

(CH2)n

Cl

R2

R1

NO O

R3

R4

N

(CH2)n

N

H

O

O

R3

R4

Cl

1a-e
3S,4R/3R,4S
     
      2a-h

+

R2

R1

H

1: a) n=2, R1=H, R2=Br;b) n=2, R1=H, R2=CH3; c)n=2,

R1=CH3, R2=H;d) n=3, R1=H, R2=H

Scheme 1

The mass spectrum (EI) of compound 2e
contains a peak molecular ion m/z 449 (34%). Two
minor primary processes of their decay are
accompanied by the elimination of a hydroxyl radical
(probably with the participation of an oxygen atom
of one of the carbonyl groups) and a chlorine atom,
which leads to the formation of pair of electron ions
with masses 432 and 414, corresponding to the peaks
of average intensity of 10% and 24%, respectively. It
is interesting to note that the main direction of the
fragmentation is the Michael retro-reaction, which
is accompanied by the elimination of 1-(2-
nitrophenyl)-1H-pyrrole-2,5-dione and leads to the
formation of m/z ions 231. High peak intensity of
these fragment ions (100%) is due to a high stability
of the conjugate structure of the paired electron
neutral particle, which is eliminated (Scheme 2). A
similar pattern of fragmentation is observed for other
compounds.

Earlier, we developed a convenient method for
obtaining chloracridines with quantitative yield by
rearrangement of 3,1-benzoxazines under the action
of Vilsmeier-Haack reagent [11,15]. Due to direct
boiling of anthranilic acid, derivatives with ketones
in a large excess of phosphorus chloride requires
purification from a large number of by-product
resinous products. However, the interaction of
2-amino-3-bromo-5-methylbenzoic acid with

cycloheptanone in the catalysis of p-TsOH with
azeotropic distillation of water for 3 h produces
acridone 3 instead of the expected spiro compound
(Scheme 3).
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Subsequent interaction of acridone 3 with
Vilsmeier-Haack reagent leads to the formation of
the required chlorquinoline 4 (Scheme 4).
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The presence of a bromine atom in the p-
position relative to the nitrogen atom in compounds
1a,b does not interfere with the reaction, while the
synthesized chloroquinoline 4 does not react with
maleinimides under these conditions. Increasing the
reaction time and temperature does not help to carry
out the reaction under non-catalytic conditions.

Conclusions
Thus, we have discovered the atom-economical

approach to the functionalization of partially
hydrogenated acridines(quinolines) based on a simple
catalyst-free addition to maleimides.The synthesized
compounds are highly functionalized and could serve
as low-molecular-weight building blocks for organic
synthesis.

Experimental section
The 1H NMR and 13C NMR spectra were

obtained by using a BrukerAvance II 400 instrument
(400.13 MHz and 100.62 MHz for 1H and 13C,
respectively) in DMSO-d6 or DMSO-d6/CF3CO2D,
with Me4Si as internal standard. The mass spectra
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were recorded by means of a MX1321 instrument
with direct injection of the sample at an ionization
chamber temperature of 2000C and with 70 eV
ionizing electrons. The FAB spectra of compounds
were recorded by a VG7070 spectrometer. Desorption
of the ions from the solution of the samples in meta-
nitrobenzyl alcohol was realized with a beam of argon
atoms with energy 8 keV. Elemental analysis was
performed by means of a LECOCHNS-900
instrument. The reactions and the purity of the
obtained compounds were monitored by TLC on
Merck Silicagel 60 F-254 plates with 10:1 CHCl3–
i-PrOH as eluent. The spectroscopic parameters of
compound 1à–dwere described ina previous work.

Synthesis of compounds 2a-f (general method)
Compound 1a–d and corresponding maleimide

(5 mmol) were dissolved in 3 mL of DMSO. The
mixture was heated at 100–1200C for 4 h. After
cooling to room temperature, 20 mL of water was
added. The formed precipitate was filtered off and
recrystallized from DMF.

3-(7-bromo-9-chloro-1,2,3,4-tetrahydroacridin-
4-yl)-1-(2-nitrophenyl)pyrrolidine-2,5-dione (2a)

Light-yellow powder, mp 240–2420C.1H NMR
(400 MHz, DMSO-d6), , ppm (J, Hz): 1.70–1.72
(2H, m, CH2), 1.90–1.91 (2H, m, CH2), 2.08–2.21
(2H, m CH2), 2.88–3.00 (2H, m, CH2), 3.60–3.80
(2H, m, CH), 7.46–7.48 (1H, m, H-Ar-NO2), 7.77–
7.75 (2H, m, H-Ar-NO2), 7.83 (1H, d,3J=7.8,Ar),
8.00–8.01 (1H, m, H-Ar-NO2), 8.1 (1H, d, 3J=7.8,
H-Ar), 8.24 (1H, s, H-Ar).13C NMR (100 MHz,
DMSO-d6/CF3CO2D), , ppm: 21.7, 21.9, 27.6, 35.6,
41.2, 49.3, 120.2, 125.1, 127.8, 129.3, 130.9, 133.8,
134.9, 138.3, 138.7, 138.9, 139.2, 142.4, 148.5, 156.2,
160.5, 180.5 (CO), 181.5 (CO).MS (EI), m/z (Irel,

%): 515 [Ì(81Br)]+ (13), 513 [Ì(79Br)]+

(8).Calculated for C23H17BrClN3O4(%): C 53.67; H
3.33; N 8.16, Found (%): C 53.79; H 3.45; N 8.09.

3-(7-bromo-9-chloro-1,2,3,4-tetrahydroacridin-
4-yl)-1-(3-nitrophenyl)pyrrolidine-2,5-dione (2b)

Light-yellow powder, mp 232–2340C. 1H NMR
(400 MHz, DMSO-d6), , ppm (J, Hz): 1.60–1.64
(2H, m, CH2), 1.90–1.94 (2H, m, CH2), 2.08–2.17
(2H, m, CH2), 2.88–2.90 (2H, m, CH2), 3.49–3.50
(1H, m, CH acridine), 3.83–3.85 (1H, m, CH
pyrrolidine), 7.38–7.40 (1H, m, H-Ar-NO2), 7.77–
7.78 (1H, m, H-Ar-NO2), 7.90 (1H, m, H-Ar-NO2),
7.98 (1H, d, 3J=8.3 Hz, H-Ar), 8.21 (1H, s, H-Ar-
NO2), 8.33 (1H, d, 3J=8.3 Hz, H-Ar), 8.37 (1H, s,
H-Ar).13C NMR (100 MHz, DMSO-d6), , ppm:
21.4, 27.1, 27.5, 30.8, 43.2, 43.3, 120.6, 120.8, 122.5,
125.2, 125.8, 130.2, 130.5, 130.9, 132.5, 132.9, 133.8,
139.3, 143.7, 147.8, 159.4, 175.9 (CO), 178.3 (CO).
MS (EI), m/z (Irel, %): 515 [Ì (81Br)]+ (19), 513 [Ì

(79Br)]+ (15). Calculated for C23H17BrClN3O4(%): C
53.67; H 3.33; N 8.16, Found (%): C 53.54; H 3.20;
N 8.29.

3-(9-chloro-7-methyl-1,2,3,4-tetrahydroacridin-
4-yl)-1-(3-nitrophenyl)pyrrolidine-2,5-dione (2c)

Yellow powder, mp188–1900C. 1H NMR (400
MHz, DMSO-d6), , ppm (J, Hz): 1.80–1.84 (2H,
m, CH2), 2.09–2.25 (4H, m, 2CH2), 2.53 (3H, s,
CH3), 2.88–2.90 (2H, m, CH2), 3.60–3.62 (1H, m,
CH acridine), 3.80–3.82 (1H, m, CH pyrrolidine),
7.50–7.51 (1H, m, H-Ar), 7.58–7.60 (1H, m, H-
Ar), 7.70–7.77 (3H, m, H-Ar), 7.89–7.91 (1H, m,
H-Ar), 8.14–8.16 (1H, m, H-Ar). MS (FAB), m/z
(Irel, %):452 [Ì(37Cl)+H]+ (37), 450 [Ì(35Cl)+Í]+

(100). Calculated for C24H20ClN3O4(%): C 64.07; H
4.48; N 9.34, Found (%): C 64.19; H 4.29; N 9.59.

3-(9-Chloro-5-methyl-1,2,3,4-tetrahydroacridin-
4-yl)-1-(3-nitrophenyl)pyrrolidine-2,5-dione (2d)

Yellow powder, mp175–1770C. 1H NMR (400
MHz, DMSO-d6), , ppm (J, Hz): 1.78–1.81 (2H,
m, CH2), 2.23–2.34 (4H, m, 2CH2), 2.52 (3H, s,
CH3), 2.90–2.93 (2H, m, CH2), 3.44–3.46 (1H, m,
CH acridine), 3.81–3.83 (1H, m, CH pyrrolidine),
7.55–7.59 (2H, m, H-Ar), 7.60–7.62 (1H, m, H-
Ar), 7.75–7.77 (2H, m, H-Ar), 7.98–8.01 (2H, m,
H-Ar).Calculated for C24H20ClN3O4(%): C 64.07; H
4.48; N 9.34, Found (%): C 64.03; H 4.39; N 9.46.

3-(11-Chloro-7,8,9,10-tetrahydro-6H-cyclo-
hepta[b]quinolin-6-yl)-1-(2-nitrophenyl)pyrrolidine-
2,5-dione (2e):

White powder, mp 205–2070C. 1H NMR (400
MHz, DMSO-d6), , ppm (J, Hz): 1.26–1.28 (2H,
m, CH2), 1.83–2.09 (4H, m, 2CH2), 2.88–2.90 (2H,
m, CH2), 3.55–3.64 (2H, m, CH2), 3.94–3.96 (1H,
m, CH quinolin), 4.10–4.12 (1H, m, CH
pyrrolidine), 7.69–7.76 (5H, m, H-Ar), 7.94–7.96
(1H, m, H-Ar), 8.13–8.20 (1H, m, H-Ar).13C NMR
(100 MHz, DMSO-d6), d, ppm: 26.2, 26.3, 29.0,
29.2, 29.8, 30.4, 30.9, 123.9, 124.0, 124.5, 125.4,
125.6, 127.5, 127.6, 128.0, 129.1, 129.6, 129.8, 133.3,
134.3, 134.4, 145.1, 162.8, 175.6 (CO), 177.8 (CO).
MS (EI), m/z (Irel, %): 451 [Ì(35Cl)]+ (10), 449
[Ì(35Cl)]+ (33). Calculated for C24H20ClN3O4(%):
C 64.07; H 4.48; N 9.34, Found (%): C 64.01; H
4.56; N 9.49.

3-(11-Chloro-7,8,9,10-tetrahydro-6H-cyclo-
hepta[b]quinolin-6-yl)-1-(3-nitrophenyl)pyrrolidine-
2,5-dione (2f)

White powder, mp 235–2370C. 1H NMR (400
MHz, DMSO-d6), , ppm (J, Hz): 1.50–1.57 (2H,
m, CH2), 1.95–2.12 (4H, m, 2CH2), 3.06–3.13 (2H,
m, CH2), 3.56–3.58 (2H, m, CH2), 3.89–3.92 (1H,
m, CH quinolin), 4.12–4.14 (1H, m, CH
pyrrolidine), 7.48–7.50 (1H, m, H-Ar), 7.67–7.72
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(3H, m, H-Ar), 7.78 (1H, t, 3J=8.3 Hz, H-Ar-NO2),
8.09 (1H, s, H-Ar-NO2), 8.14 (1H, d, 3J=8.3 Hz,
H-Ar-NO2), 8.24 (1H, d, 3J=8.3 Hz, H-Ar-
NO2).

13CNMR (100 MHz, TFA-d), , ppm: 27.5,
28.6, 31.2, 31.4, 36.6, 44.3, 48.8, 122.9, 124.7, 127.2,
128.9, 129.5, 133.6, 134.2, 134.3, 135.9, 138.3, 138.7,
138.7, 151.2, 155.5, 163.3, 180.6 (CO), 184.2 (CO).
MS (EI), m/z (Irel, %): 451 [Ì(35Cl)]+ (9), 449
[Ì(35Cl)]+ (24). Calculated for C24H20ClN3O4(%):
C 64.07; H 4.48; N 9.34, Found (%): C 64.23; H
4.39; N 9.19.

4-Bromo-2-methyl-5,6,7,8,9,10-hexahydro-
11H-cyclohepta[b]quinolin-11-one (3)

A mixture of the 2-amino-3-bromo-5-
methylbenzoic acid (0.10 mol), cycloheptanone
(0.12 mol) and p-TsOH*H2O (0.05 mol) in toluene
(70 mL) was relfuxed for 6 h with continuous removal
of water with a Dean-Stark trap. A solvent was
evaporated to dryness under reduced pressure, the
solid residue was washed with 5% aq NaOH solution
and filtered off. Yield 80%, white powder, mp 298–
3000C (DMF). 1H NMR (400 MHz, DMSO-d6), ,
ppm (J, Hz):1.44–1.46 (2H, m, CH2), 1.63–1.65
(2H, m, CH2), 1.78–1.80 (2H, m, CH2), 2.38 (3H,
s, CH3), 2.76–2.77 (2H, m, CH2), 3.02–3.04 (2H,
m, CH2), 7.77 (1H, s, H-Ar), 7.91 (1H, s, H-Ar),
10.02 (1H, br.s., NH). MS (FAB), m/z (Irel, %): 308
[Ì+Í (81Br)]+ (90), 306 [Ì+Í (79Br)]+ (100).
Calculated for C15H16BrNO(%): C 58.84; H 5.27; N
4.57, Found (%): C 58.78; H 5.11; N 4.69.

4-Bromo-11-ch loro-2-methyl-7,8,9,10-
tetrahydro-6H-cyclohepta[b]quinoline (4)

Compound 3 (0.01 mol) was added to DMF
(1 mL). The suspension formed was treated with the
ice-cold Vilsmeier reagent obtained from DMF
(0.09 mol) and POCl3 (0.03 mol) under ice-cooling.
A yellow solid precipitated abundantly within 10–
15 min. After 0.5 h, the reaction mixture was poured
on ice and treated with aq ammonia, the obtained
solid was filtered off and dried to give quinoline 4,
as yellow powder, yield 90%, mp127–1290C.
1HNMR (400 MHz, DMSO-d6), , ppm (J, Hz):
1HNMR (400 MHz, DMSO-d6), , ppm (J, Hz):
1.67–1.69 (2H, m, CH2), 1.81–1.82 (2H, m, CH2),
2.49 (3H, s, CH3, overlapped with DMSO signals),
3.14–3.16 (2H, m, CH2), 3.18–3.20 (2H, m, CH2),
7.86 (1H, s, H-Ar), 7.94 (1H, s, H-Ar). MS (FAB),
m/z (Irel, %): 326 [Ì+Í (81Br)]+ (90), 324 [Ì+Í
(79Br)]+ (100). Calculated for C15H15BrClN(%): C
55.49; H 4.66; N 4.31, Found (%): C 55.63; H 4.89;
N 4.19.
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ÔÓÍÊÖ²ÎÍÀË²ÇÀÖ²ß N-ÀÐÈËÌÀËÅ²Ì²ÄÀÌÈ ÇÀ sp3

C–H ÇÂ’ßÇÊÓ ÏÎÕ²ÄÍÈÕ
Ã²ÄÐÎÀÊÐÈÄÈÍÓ(Õ²ÍÎË²ÍÓ)

Ì.Â. Ñìåòàí³í, Ñ.À. Âàðåíè÷åíêî, Ê.Â. Çàë³çíà,
Î.Â. Ìàçåïà, Î.Ê. Ôàðàò, Â.². Ìàðêîâ

Áóëî çä³éñíåíî ôóíêö³îíàë³çàö³þ N-àðèëìàëå³ì³äàìè
çà sp3 C–H çâ’ÿçêîì ïîõ³äíèõ òåòðàã³äðîàêðèäèíó(õ³íîë³íó)
â íåêàòàë³òè÷íèõ óìîâàõ çà äîïîìîãîþ ðåàêö³¿ Ì³õàåëÿ. Öåé
ìåòîä çàáåçïå÷óº ëåãêèé ñèíòåç á³îëîã³÷íî âàæëèâèõ N-
àðèëüíèõ òåòðàã³äðîàêðèäèíîâèõ (õ³íîë³íîâèõ) ôðàãìåíò³â
â îäíó ñòàä³þ ç âèñîêèì âèõîäîì. Ðåàêö³ÿ ïðîò³êàº íàãð³âàí-
íÿì ã³äðîàêðèäèí³â (õ³íîë³í³â) ó ÄÌÑÎ â íåêàòàë³òè÷íèõ
óìîâàõ ïðîòÿãîì 4 ãîä ïðè 100–1200Ñ. Â ðåçóëüòàò³ âçàºìîä³¿
âèõ³äíèõ ñïîëóê áóëî ñèíòåçîâàíî (3S/4R)-3-[(3R/4S)-9-õëî-
ðàêðèäèí(õ³íîë³í)-4-³ë]-1-(-N-àðèë)ï³ðîë³äèí-2,5-ä³îíè ç
äîáðèìè âèõîäàìè. Áóäîâó ñïîëóê áóëî äîâåäåíî ñïåêòðàëü-
íèìè ìåòîäàìè àíàë³çó. Ó ñïåêòð³ ßÌÐ 1Í õàðàêòåðíèìè º
ñèãíàëè ïðîòîí³â ÑÍ-ãðóï àêðèäèíîâîãî(õ³íîë³íîâîãî) (3,4–
3,5 ì.÷.) òà ï³ðîë³äèíîâîãî (3,8–3,9 ì.÷.) öèêë³â. Ö³êàâî
â³äçíà÷èòè, ùî îñíîâíèì íàïðÿìîì ôðàãìåíòàö³¿ º ðåòðî-
ðåàêö³ÿ Ì³õàåëÿ, ÿêà ñóïðîâîäæóºòüñÿ åë³ì³íóâàííÿì
1-(2-í³òðîôåí³ë)-1Í-ï³ðîë-2,5-ä³îíó ³ ïðèâîäèòü äî óòâîðåí-
íÿ m/z ³îí³â âèõ³äíèõ õëîðàêðèäèí³â(õ³íîë³í³â).

Êëþ÷îâ³ ñëîâà: àêòèâàö³ÿ áåíçèëîâîãî sp3 C–H çâ’ÿçêó,
íåêàòàë³òè÷í³ óìîâè, ðåàêö³ÿ Ì³õàåëÿ, N-àðèëìàëå³ì³äè,
ïîõ³äí³ ã³äðîàêðèäèíó(õ³íîë³íó).

FUNCTIONALIZATION OF N-ARYLMALEIMIDES BY sp3

C–H BONDS OF HYDROACRIDINES(QINOLINES)

N.V. Smetanin a, *, S.A. Varenichenko a, E.V. Zaliznaya a,
A.V. Mazepa b, O.K. Farat a, V.I. Markov a

a Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

b A.V. Bogatsky Physico-Chemical Institute of the National
Academy of Sciences of Ukraine, Odessa, Ukraine

*e-mail: smetanin.nikolay13@gmail.com

The catalyst-free sp3 C–H functionalization of
tetrahydroacridine(quinolines) derivatives has been achieved using
a Michael-type reaction with N-arylmaleimides. This method
enables the facile synthesis of biologically important N-aryl bearing
tetrahydroacridine(quinolines) moieties in a single step with high
yields. The reaction occurs under non-catalytic conditions by
heating of hydroacridines(quinolines) in DMSO within 4 h at
100–1200C. The reaction between starting compounds allows
synthesizing (3S/4R)-3-[(3R/4S)-9-chloroacridine(quinoline)-4-
yl]-1(-N-aryl)pyrrolidine-2,5-diones with a good yield. The
structure of compounds was proved by spectral methods of analysis.
The 1H NMR spectrum shows characteristic signals of protons of
the CH-groups in acridine(quinoline) (3.4–3.5 ppm) and
pyrrolidine (3.8–3.9 ppm) cycles. It is interesting to note that the
main direction of the fragmentation is the Michael retro-reaction,
which is accompanied by the elimination of 1-(2-nitrophenyl)-
1H-pyrrole-2,5-dione and leads to the formation of m/z ions of
starting chloroacridines(quinolines).

Keywords: benzylic sp3 C–H activation; catalyst free;
Michael reaction; N-arylmaleimides; hydroacridine(quinoline)
derivatives.
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