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Previously unknown spiroderivatives of 3,1-benzoxazines were synthesized by the reaction

of anthranilic acid with cyclic ketones. The interaction of 3,1-spirobenzoxazines with

Vilsmeier-Haack reagent (POCl3 (PBr3)/DMF), depending on the amount of formulation

agent, leads to the formation of hydroacridones or hydroacridines. Under catalyst- and

additive-free conditions, N-arylmaleimides, like Michael’s acceptors, are added to the

hydroacridines in DMSO to form the corresponding adducts. The reaction proceeds

stereoselectively with the formation of a mirror pair of diastereomers, if the products have

only two chiral centers. In the presence of three chiral centers in the structure of Michael’s

adducts, the reaction is not stereoselective. The reaction proceeds by the sp3 hybrid carbon

atom under non-catalytic conditions due to the imin-enaminetautomerism of

chloro(bromo)hydroacridines. The presented reaction can also be considered as an effective

atom-economical aza-ene reaction, which fully meets today’s requirements for eco-friendly

reaction. The synthesized compounds are potential biologically active substances and can

also be used as «building-blocks» for organic synthesis.
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Introduction
The direct functionalization of the C(sp3)–H

bond has a significant effect on stimulating the
interest of synthetic chemists in such reactions [1–
4]. This is because C (sp3)–H bonds are very common
in organic compounds. They are one of the least
reactive bonds, and their direct functionalization
allows skipping the stages of pre-activation, such as
halogenation and stoichiometric metallization of the
starting substrates. In particular, the direct bonds of
the C (sp3)–H center with a heteroatom such as
nitrogen, oxygen, and sulfur have been widely studied
[5].

Metal-photoredox-catalysis was a breakthrough
in the construction of C–C bonds, for example, the
combination of nickel catalyst and photoorganocatalyst
(benzaldehyde) for C (sp3)–H alkylation/arylation
of ethers [6], C(sp3)–H arylation of saturated

hydrocarbons using nickel salts and diaryl ketones
of the photooxidation catalyst [7].

Other strategies for activating C(sp3)–H bonds
of heterocycles include the use of metal-free catalysts.
Despite impressive achievements, studies of synthetic
methods for C(sp3)–H activation without the use of
metals as catalysts are actively developing.

Developing effective approaches to the synthesis
of bioactive molecules, we studied the reaction of
hydroacridines with Michael acceptors, such as
maleimides.

Results and discussion
Our previous studies have shown the powerful

potential of heterocycles with the heminal
arrangement of heteroatoms [8,9]. In particular, the
functionalization of N-arylmaleimides by the sp3

carbon atom of hydroacridines under non-catalytic
conditions was performed for the first time [10–12].
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Some of the compounds synthesized in previous
studies are potential acetyl- and butylcholinesterase
inhibitors or anti-inflammatory agents [13]. Given
the strong synthetic and practical potential of
compounds of this class, the study of the
functionalization of the sp3 carbon atom of
hydroacridines was continued. The reaction between
hydroacridines and maleimides without a catalyst
was made possible by imine-enaminetautomerism
in these compounds. The formation of a
nucleophilicenamine center on the C-4 carbon atom
can explain the relatively easy addition of
arylmaleimides by the Michael reaction.

The rearrangement of 3,1-benzoxazines to
hydroacridines under the action of Vilsmeier-Haack
reagent is already a classic example of electrophilic
recycling of hemialdiheteroatomic systems. It was
of interest to expand the examples of this
rearrangement by replacing phosphorus chloride in
the classical Vilsmeier-Haack reagent with
phosphorus tribromide, which will allow introducing
bromine atom into the pyridine cycle.

For the synthesis of new derivatives of 3,1-
benzoxazines 1–4, the literature method was used
[14], the interaction of anthranilic acid with cyclic
ketones in toluene without a catalyst with azeotropic
distillation of water (Scheme 1). Compounds 2–4
are formed as a mixture of diastereomers.
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When compounds 1–4 react with a three-fold
excess of Vilsmeier-Haack reagent for 1 h, 5–8
chlorochridines are formed, and with a 3-fold excess
of modified reagent (PBr3/DMF) for 0.5 h, they
regroup to substituted acridones 13–15 at room
temperature. Increasing the amount of formulation
agent to 6 times and the molar excess and the reaction
time to 1 h leads to the formation of bromoacridines
9–12 (Scheme 2).

The structure of all synthesized compounds is
established with the help of modern physicochemical
research methods.

In the interaction of hydroacridines 5–12 with
N-arylmaleimides, adducts of Michael 16–27 with
moderate yields are formed. The reaction was carried
out under non-catalytic conditions by heating the
substrates in DMSO at 100–1200Ñ for 4 h. It was
found that the reaction is general in nature, easy to
proceed, and the isolation of products is not difficult.

There are two chiral centers in the structure of
molecules 21 and 22, which means that the formation
of four stereoisomers is theoretically possible.
However, the absence of duplication of signals in
the NMR spectra suggests that only a mirror pair of
diastereomers in the ratio 1:1 (S,R/R,S) is formed
in these reactions. This conclusion is made based on
the analysis of data of X-ray structural research of
the previous research [11]. All other compounds have
three chiral centers and the formation of 8
stereoisomers is possible, but no additional studies
have been performed to determine the exact number
of isomers formed in this reaction, as well as their
relative configuration.

Despite the fact that spectral methods of
analysis fail  to record the tautomerism of
hydroacridines 5–12, the reactions of addition of
maleimides to these compounds convincingly prove
its existence.

Conclusions
The interaction of 3,1-spirobenzoxazines with

Vilsmeier-Haack reagent (POCl3(PBr3)/DMF),
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depending on the amount of formulation agent, leads
to the formation of acridones or acridines. The
corresponding adducts of Michael were synthesized
by the reaction of chloro(bromo)hydroacridines with
N-arylmaleimides. The reaction proceeds along the
sp3 hybrid carbon atom under non-catalytic
conditions due to the imin-enaminetautomerism of

chloro-(bromo)hydroacridines. The synthesized
compounds are potential biologically active
substances.

Experimental section
The 1H NMR spectra were obtained by using

aBrukerAvance II 400 instrument (400.13 MHz) in
DMSO-d6 with Me4Si as internal standard. The mass

NO

Ar

O

N

X

Y

R

R'

N

X

N

O

ArO

Y

R

R'

DMSO, 100-120 C, 4 h
o

5-12 16-27

Cl

N

N

O

O

NO2

Me
Cl

N

N

O

O

NO2

Me

Me

Me

Cl

N

N

O

O
NO2

Me

Me

Me

Cl

N

N

O

O

NO2

Me

Me

Me

Cl

N

N

O

O
NO2

Me

Me

Me Br

N

N

O

O

H

NO2

Br

N

N

O

O

H

NO2

   16 (62%)    17 (70%)    18 (65%)    19 (65%)

   20 (68%)
21 (69%)
  S,R/R,S

22 (59%)
  S,R/R,S

Br

N

N

O

O

NO2

Me

  23 (65%)

Br

N

N

O

O

NO2

Me

Me

Me

Br

N

N

O

O
NO2

Me
Me

Me

Br

N

N

O

O

NO2

Me
Me

Me
Br

N

N

O

O
NO2

Me
Me

Me

   24 (63%)    25 (58%)    26 (70%)    27 (64%)

Scheme 3



105

Atom-economic Michael reaction between hydroacridines and arylmaleimides without catalyst/additive

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. 5, pp. 102-109

spectra were recorded by means of a MX1321
instrument with direct injection of the sample at an
ionization chamber temperature of 2000C and with
70 e Vionizing electrons. The FAB spectra of
compounds were recorded by a VG7070
spectrometer. Desorption of the ions from the
solution of the samples in metanitrobenzyl 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. Melting points were
carried out using an Electrothermal 9100 Digital
Melting Point apparatus and were
uncorrected.Compounds 1, 2, 6, 9, 10, 14 [13] and
13 [15] were obtained by literature methods.

General methods of synthesis of compounds 1–4
0.02 mol solution of the corresponding

anthranilic acid in 50 ml of toluene is placed in a
flask equipped with a Dina-Stark nozzle and 0.022
mol of the corresponding ketone is added. The
mixture is boiled for 2 hours. After draining from
the nozzle 35 ml of solvent, the residue is poured
into a beaker. After cooling to room temperature, a
light gray precipitate precipitates from the solution,
which is filtered off and washed with a small amount
of toluene and hexane. Dried in air to constant
weight.

4'-tert-Butylspiro[3,1-benzoxazine-2,1'-
cyclohexane]-4(1H)-one (3)

Yield 83%, Mp162–1670C. 1H NMR spectrum
(400 MHz, CDCl3), , ppm: 0.86–0.88 (9H, m,
3CH3), 1.04–1.20 (2H, m, CH2), 1.40–1.77 (5H,
m, cyclohexane CH2), 2.26–2.29 (1H, m, CH2),
2.41–2.44 (1H, m, CH2), 6.65–6.69 (1H, m, H-
Ar), 6.79–6.93 (1H, m, H-Ar), 7.25 (1H, s, NH),
7.35–7.42 (1H, m, H-Ar), 7.89–7.94 (1H, m, H-
Ar). MS (EI), m/z (Irel, %): 273 [M]+ (11). Calculated
C17H23NO2: C 74.69; H 8.48; N 5.12. Found: C 74.78;
H 8.43; N 5.18.

4'-tert-Amylspiro[3,1-benzoxazine-2,1'-
cyclohexane]-4(1H)-one (4)

Yield 75%, Mp113–1180C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 7.64–7.66 (1H, m,
H-Ar), 7,38(1H, s, H-Ar), 7.27 (1H, s, NH), 6.72–
6.74 (2H, m, H-Ar), 2.21–2.24 (2H, m, CH2), 1.14–
1.57 (9H, m, cyclohexane), 0.75–0.78 (9H, m,
3CH3). MS (EI), m/z (Irel, %): 287 [M]+ (15).
Calculated C14H17NO2: C 75.22; H 8.77; N 4.87.
Found: C 75.32; H 8.72; N 4.63.

General method of synthesis of compounds 5–12
Mix 0.01 mol of the corresponding oxazine with

1 ml of DMF. Vilsmeier-Haack reagent prepared

from 6 ml of DMF and 2.75 ml (0.03 mol) of POCl3
was added portion-wise to the suspension under ice-
cooling. After 10–15 min, a yellow precipitate begins
to fall out of the reaction mass. The reaction is
complete after 1 hour. The reaction mixture was
poured onto ice and neutralized with concentrated
ammonia solution and the precipitate was filtered
off.

2-tert-Butyl-9-chloro-1,2,3,4-tetrahydroacridine (7)
Yield: 87%. Mp85–870C.1H NMR spectrum

(400 MHz, DMSO-d6), , ppm: 8.09 (1H, ä, 3J=8.3
Hz, H-Ar), 7.92 (1H, d, 3J=8.3 Hz, H-Ar), 7.73
(1H, t, 3J=7.3 Hz, H-Ar), 7.62 (1H, t, 3J=7.3 Hz,
H-Ar), 3.06–3.14 (2H, m, CH2), 2.91–3.00 (1H,
m, CH2), 2.54–2.57 (1H, m, CH2), 2.04–2.06 (1H,
m, CH), 1.52–1.57 (1H, m, CH2), 1.37–1.43 (1H,
m, CH2), 0.94–0.98 (9H, m, 3CH3).MS (EI), m/z
(Irel, %): 275 [Ì(37Cl)]+ (24), 273 [Ì(35Cl)]+ (72).
Calculated C17H20ClN: C 74.57; H 7.36; N 5.12,
Found: C 74.62; H 7.31; N 5.06.

9-Chloro-2-(1,1-dimethylpropyl)-1,2,3,4-
tetrahydroacridine (8)

Yield: 68%. Mp90–910C.1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 8.11 (1H, d, 3J=8.3
Hz, H-Ar), 7.93 (1H, d, 3J=8.8 Hz, H-Ar), 7.73
(1H, t, 3J=7.3 Hz, H-Ar), 7.63 (1H, t, 3J=7.8 Hz,
H-Ar), 2.94–3.16 (4H, m, 2CH2), 2.59–2.62 (1H,
m, CH2), 2.00–2.03 (1H, m, CH), 1.54–1.56 (1H,
m, CH2), 1.21–1.28 (2H, m, CH2), 0.76–0.79 (9H,
m, 3CH3).MS (EI), m/z (Irel, %): 289 [Ì(37Cl)]+

(16), 287 [Ì(35Cl)]+ (45). Calculated C18H22ClN: C
75.11; H 7.70; N 4.87, Found: C 75.18; H 7.63; N
4.75.

2-tert-Butyl-9-bromo-1,2,3,4-tetrahydroacridine
(11)

Yield: 60%. Mp89–910C.1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 8.05 (1H, d, 3J=7.8
Hz, H-Ar), 7.89 (1H, d, 3J=8.3 Hz, H-Ar), 7.70
(1H, t, 3J=7.3 Hz, H-Ar), 7.60 (1H, t, 3J=7.8 Hz,
H-Ar), 3.01–3.11 (2H, m, CH2), 2.90–2.99 (1H,
m, CH2), 2.66–2.71 (1H, m, CH2), 1.99–2.02 (1H,
m, CH), 1.49–1.55 (1H, m, CH2), 1.32–1.41 (1H,
m, CH2), 0.94–0.96 (9H, m, 3CH3).MS (EI), m/z
(Irel, %): 319 [Ì(81Br)]+ (70), 317 [Ì(79Br)+Í]+ (72).
Calculated C17H20BrN: C 64.16; H 6.33; N 4.40,
Found: C 64.26; H 6.27; N 4.49.

9-Bromo-2-(1,1-dimethylpropyl)-1,2,3,4-
tetrahydroacridine (12)

Yield: 55%. Mp95–970C.1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 8.04 (1H, d, 3J=8.3
Hz, H-Ar), 7.88 (1H, d, 3J=8.3 Hz, H-Ar), 7.69
(1H, t, 3J=7.3 Hz, H-Ar), 7.59 (1H, t, 3J=7.8 Hz,
H-Ar), 2.94–3.10 (4H, m, 2CH2), 1.93–1.96 (1H,
m, CH), 1.58–1.63 (1H, m, CH2), 1.31–1.37 (2H,
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m, CH2), 1.19–1.21 (1H, m, CH2), 0.74–0.83 (9H,
m, 3CH3).MS (FAB), m/z (I rel, %): 333
[Ì(81Br)+H]+ (100), 331 [Ì(79Br)+Í]+ (100).
Calculated C18H22BrN: C 65.06; H 6.67; N 4.22.
Found: C 65.16; H 6.72; N 4.16.

2 - ( 1 , 1 - D i m e t h y l p r o p y l ) - 1 , 3 , 4 , 1 0 -
tetrahydroacridin-9(2H)-one (15)

When cooled with ice, 2.9 ml of PBr3 (0.03 mol)
was added to 4.6 ml of DMF (0.06 mol). The
resulting Vilsmeier-Haack reagent was dissolved in
15 ml of chloroform, then 2.87 g of compound 4
(0.01 mol) was added and the mixture was left at
room temperature. After 0.5 h, the reaction mixture
was poured onto ice and treated with aqueous
ammonia solution. The precipitate formed is filtered
off. Yield: 80%. Mp365–3680C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 11.36 (1H, s, NH),
8.04 (1H, d, 3J=7.8 Hz, H-Ar), 7.54 (1H, t, 3J=7.3
Hz, H-Ar), 7.44 (1H, d, 3J=8.3 Hz, H-Ar), 7.20
(1H, t, 3J=7.3 Hz, H-Ar), 2.74–2.75 (2H, m, CH2),
2.63–2.67 (1H, m, CH2), 2.15–2.19 (1H, m, CH2),
1.96–2.01 (1H, m, CH), 1.90–1.93 (2H, m, CH2),
1.33–1.38 (2H, m, CH2), 0.82–0.86 (9H, m,
3CH3).MS (EI), m/z (Irel, %): 269 [M]+ (10).
Calculated C18H23NO: C 80.26; H 8.61; N 5.20.
Found: C 80.38; H 8.55; N 5.26.

General method of synthesis of compounds 16–27
The corresponding hydroacridines (5 mmol)

and the corresponding N-arylmaleimide (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
precipitate formed was filtered off and recrystallized
from DMF.

3-(9-Chloro-2-methyl-1,2,3,4-tetrahydroacridin-
4-yl)-1-(2-nitrophenyl)pyrrolidine-2,5-dione (16)

Yield 58%, Mp205–2080C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 1.15–1.16 (3H, m,
CH3), 1.50–1.57 (1H, m, CH), 1.89–2.11 (4H, m,
2CH2), 2.97–3.01 (2H, m, CH2), 3.57–3.72 (1H,
m, CH) , 3.82–3.90 (1H, m, CH), 7.63–7.77 (5H,
m, H-Ar), 7.74 (1H, s, H-Ar), 8.13–8.21 (2H, m,
H-Ar). MS (EI), m/z (Irel, %): 451 [Ì(37Cl)]+ (8),
449 [Ì(35Cl)]+ (22). Calculated C24H20ClN3O4: C
64.07; H 4.48; N 9.34. Found: C 64.25; H 4.37; N
9.17.

3-(2-tert-Butyl-9-chloro-1,2,3,4-tetrahydroacridin-
4-yl)-1-(2-nitrophenyl)pyrrolidine-2,5-dione (17)

Yield 62%, Mp170–1730C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 1.00 (9H, ñ, 3CH3),
1.55–1.58 (1H, ì, CH), 1.72–2.00 (4H, ì, 2CH2),
2.67–2.73 (2H, ì, CH2), 3.10–3.14 (1H, ì, CH) ,
3.62–3.76 (1H, ì, CH), 7.66–7.74 (5H, ì, H-Ar),
7.95 (1H, ñ, H-Ar), 8.10–8.14 (2H, ì, H-Ar). MS

(EI), m/z (Irel, %): 493 [Ì(37Cl)]+ (5), 491 [Ì(35Cl)]+

(12). Calculated C27H26ClN3O4: C 65.92; H 5.33; N
8.54. Found: C 65.83; H 5.39; N 8.69.

3-(2-tert-Butyl-9-chloro-1,2,3,4-tetrahydroacridin-
4-yl)-1-(3-nitrophenyl)pyrrolidine-2,5-dione (18)

Yield 75%, Mp240–2420C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 1.02 (9H, m, 3CH3),
1.47–1.50 (1H, m, CH), 2.05–2.29 (4H, m, 2CH2),
2.72–2.79 (2H, m, CH2), 3.12–3.16 (1H, m, CH) ,
3.77–3.93 (1H, m, CH), 7.46–7.49 (1H, m, H-Ar),
7.58–7.60 (1H, m, H-Ar), 7.64–7.72 (2H, m, H-
Ar), 7.87–7.95 (2H, m, H-Ar), 8.00–8.02 (1H, s,
H-Ar), 8.13–8.16 (1H, m, H-Ar). MS (EI), m/z
(Irel, %): 493 [Ì(37Cl)]+ (6), 491 [Ì(35Cl)]+ (14).
Calculated C27H26ClN3O4: C 65.92; H 5.33; N 8.54.
Found: C 65.88; H 5.45; N 8.48.

3-[9-Chloro-2-(1,1-dimethylpropyl)-1,2,3,4-
tetrahydroacridin-4-yl]-1-(2-nitrophenyl)pyrrolidine-
2,5-dione (19)

Yield 62%, Mp250–2520C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 8.14–8.16 (2H, m,
H-Ar), 7.94 (1H, s, H-Ar), 7.66–7.81 (5H, m, H-
Ar), 3.62–3.70 (1H, m, CH), 3.07–3.11 (1H, m,
CH), 2.72–2.88 (2H, m, CH2), 2.15–2.38 (2H, m,
CH2), 1.88–1.93 (1H, m, CH), 1.22–1.41 (4H, m,
CH2), 0.79–0.93 (9H, m, 3CH3). MS (EI), m/z (Irel,
%): 507 [Ì(37Cl)]+ (25), 505 [Ì(35Cl)]+ (100).
Calculated C28H28ClN3O4: C 66.46; H 5.58; N 8.30.
Found: C 66.56; H 5.54; N 8.39.

3-[9-Chloro-2-(1,1-dimethylpropyl)-1,2,3,4-
tetrahydroacridin-4-yl]-1-(3-nitrophenyl)pyrrolidine-
2,5-dione (20)

Yield 70%, Mp265–2670C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 8.14–8.28 (2H, m,
H-Ar), 7.95 (1H, s, H-Ar), 7.67–7.89 (5H, m, H-
Ar), 3.53–3.65 (1H, m, CH), 3.05–3.13 (1H, m,
CH), 2.73–2.88 (2H, m, CH2), 2.12–2.36 (2H, m,
CH2), 1.86–1.92 (1H, m, CH), 1.24–1.42 (4H, m,
CH2), 0.79–0.95 (9H, m, 3CH3). MS (EI), m/z (Irel,
%): 507 [Ì(37Cl)+H]+ (36), 505 [Ì(35Cl)+Í]+ (100).
Calculated C28H28ClN3O4: C 66.46; H 5.58; N 8.30.
Found: C 66.54; H 5.51; N 8.22.

3-(9-Bromo-1,2,3,4-tetrahydroacridin-4-yl)-1-
(2-nitrophenyl)pyrrolidine-2,5-dione (21)

Yield 65%, Mp190–1920C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 1.69–1.72 (2Í, m,
CH2), 2.08–2.18 (4H, m, 2CH2), 2.72–2.88 (2H,
m, CH2), 3.08–3.12 (1H, m, CH) , 3.84–3.88 (1H,
m, CH), 7.65–7.78 (5H, m, H-Ar), 8.10–8.11 (1H,
m, H-Ar), 8.20–8.22 (2H, m, H-Ar). MS (EI), m/z
(Irel, %): 481 [Ì (81Br)]+ (24), 479 [Ì (79Br)]+ (20).
Calculated C23H18BrN3O4: C 57.51; H 3.78; N 8.75.
Found: C 57.45; H 3.85; N 8.62.

3-(9-Bromo-1,2,3,4-tetrahydroacridin-4-yl)-1-
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(3-nitrophenyl)pyrrolidine-2,5-dione (22)
Yield 65%, Mp185–1860C. 1H NMR spectrum

(400 MHz, DMSO-d6), , ppm: 1.71–1.75 (2Í, m,
CH2), 2.09–2.27 (4H, m, 2CH2), 2.72–2.87 (2H,
m, CH2), 3.08–3.12 (1H, m, CH) , 3.87–3.92 (1H,
m, CH), 7.65–7.81 (5H, m, H-Ar), 7.92–7.94 (1H,
m, H-Ar), 8.27–8.32 (2H, m, H-Ar). MS (EI), m/z
(Irel, %): 481 [Ì (81Br)]+ (20), 479 [Ì (79Br)]+ (24).
Calculated C23H18BrN3O4: C 57.51; H 3.78; N 8.75.
Found: C 57.55; H 3.87; N 8.65.

3-(9-Bromo-2-methyl-1,2,3,4-tetrahydroacridin-
4-yl)-1-(2-nitrophenyl)pyrrolidine-2,5-dione (23)

Yield 68%, Mp206–2070C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 1.15–1.16 (3H, m,
CH3), 1.51–1.66 (1H, m, CH), 1.86–2.09 (4H, m,
2CH2), 2.97–3.01 (2H, m, CH2), 3.56–3.73 (1H,
m, CH) , 3.85–3.89 (1H, m, CH), 7.65–7.75 (5H,
m, H-Ar), 7.94 (1H, s, H-Ar), 8.10–8.17 (2H, m,
H-Ar). MS (EI), m/z (Irel, %): 495 [Ì (81Br)]+ (16),
493 [Ì (79Br)]+ (15). Calculated C24H20BrN3O4: C
58.31; H 4.08; N 8.50. Found: C 58.23; H 4.13; N
8.47.

3-(9-Bromo-2-tert-butyl-1,2,3,4-tetrahydroacridin-
4-yl)-1-(2-nitrophenyl)pyrrolidine-2,5-dione (24)

Yield 69%, Mp175–1770C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 1.00 (9H, s, 3CH3),
1.56–1.59 (1H, m, CH), 1.74–1.98 (4H, m, 2CH2),
2.65–2.73 (2H, m, CH2), 3.11–3.13 (1H, m, CH) ,
3.76–3.79 (1H, m, CH), 7.69–7.75 (5H, m, H-Ar),
7.95 (1H, s, H-Ar), 8.11–8.16 (2H, m, H-Ar). MS
(EI), m/z (Irel, %): 537 [Ì (81Br)]+ (8), 535 [Ì
(79Br)]+ (8). Calculated C27H26BrN3O4: C 60.45; H
4.89; N 7.83. Found: C 60.55; H 4.76; N 7.82.

3-(9-Bromo-2-tert-butyl-1,2,3,4-tetrahydroacridin-
4-yl)-1-(3-nitrophenyl)pyrrolidine-2,5-dione (25)

Yield 59%, Mp240–2410C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 1.03 (9H, m, 3CH3),
1.48–1.51 (1H, m, CH), 2.07–2.32 (4H, m, 2CH2),
2.73–2.89 (2H, m, CH2), 3.14–3.18 (1H, m, CH) ,
3.79–3.92 (1H, m, CH), 7.46–7.48 (1H, m, H-Ar),
7.57–7.59 (1H, m, H-Ar), 7.66–7.71 (2H, m, H-
Ar), 7.89–7.95 (2H, m, H-Ar), 8.01–8.03 (1H, s,
H-Ar), 8.11–8.13 (1H, m, H-Ar).MS (EI), m/z (Irel,
%): 537 [Ì (81Br)]+ (8), 535 [Ì (79Br)]+ (15).
Calculated C27H26BrN3O4: C 60.45; H 4.89; N 7.83.
Found: C 60.39; H 4.79; N 7.75.

3-[9-Bromo-2-(1,1-dimethylpropyl)-1,2,3,4-
tetrahydroacridin-4-yl]-1-(2-nitrophenyl)pyrrolidine-
2,5-dione (26)

Yield 65%, Mp232–2340C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 8.12–8.14 (2H, m,
H-Ar), 7.90 (1H, s, H-Ar), 7.61–7.77 (5H, m, H-
Ar), 3.60–3.63 (1H, m, CH), 3.07–3.19 (1H, m,
CH), 2.74–2.86 (2H, m, CH2), 2.11–2.30 (2H, m,

CH2), 1.80–1.91 (1H, m, CH), 1.24–1.39 (4H, m,
CH2), 0.79–0.93 (9H, m, 3CH3). MS (FAB), m/z
(Irel, %): 550 [Ì(79Br)+H]+ (25), 552 [Ì(81Br)+Í]+

(100). Calculated C28H28BrN3O4: C 61.10; H 5.13;
N 7.63. Found: C 61.56; H 5.54; N 7.39.

3-[9-Bromo-2-(1,1-dimethylpropyl)-1,2,3,4-
tetrahydroacridin-4-yl]-1-(3-nitrophenyl)pyrrolidine-
2,5-dione (27)

Yield 63%, Mp252–2540C. 1H NMR spectrum
(400 MHz, DMSO-d6), , ppm: 8.14–8.28 (2H, m,
H-Ar), 7.95 (1H, s, H-Ar), 7.67–7.89 (5H, m, H-
Ar), 3.53–3.65 (1H, m, CH), 3.05–3.13 (1H, m,
CH), 2.73–2.88 (2H, m, CH2), 2.12–2.36 (2H, m,
CH2), 1.86–1.92 (1H, m, CH), 1.24–1.42 (4H, m,
CH2), 0.79–0.95 (9H, m, 3CH3). MS (FAB), m/z
(Irel, %): 550 [Ì(79Br)+H]+ (25), 552 [Ì(81Br)+Í]+

(100). Calculated C28H28BrN3O4: C 61.10; H 5.13;
N 7.63. Found: C 61.47; H 5.36; N 7.22.
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ÀÒÎÌ-ÅÊÎÍÎÌÍÀ ÐÅÀÊÖ²ß Ì²ÕÀÅËß Ì²Æ
Ã²ÄÐÎÀÊÐÈÄÈÍÀÌÈ ÒÀ ÀÐÈËÌÀËÅ²Ì²ÄÀÌÈ ÁÅÇ
ÄÎÄÀÂÀÍÍß ÊÀÒÀË²ÇÀÒÎÐÀ

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

Ðåàêö³ºþ àíòðàí³ëîâî¿ êèñëîòè ç öèêë³÷íèìè êåòîíà-
ìè áóëî ñèíòåçîâàíî ðàí³øå íåâ³äîì³ ñï³ðîïîõ³äí³ 3,1-áåí-
çîêñàçèí³â. Âçàºìîä³ÿ 3,1-ñï³ðîáåíçîêñàçèí³â ç ðåàêòèâîì
Â³ëüñìàéºðà-Õààêà (POCl3(PBr3)/DMF), çàëåæíî â³ä ê³ëüêîñò³
àãåíòà â ìåòîäèö³, ïðèâîäèòü äî óòâîðåííÿ ã³äðîàêðèäîí³â
àáî ã³äðîàêðèäèí³â. Â óìîâàõ áåç äîäàâàííÿ êàòàë³çàòîð³â
N-àðèëìàëå³ì³äè, ÿê ³ àêöåïòîðè Ì³õàåëÿ, ðåàãóþòü ç ã³äðî-
àêðèäèíàìè ó ÄÌÑÎ ç óòâîðåííÿì â³äïîâ³äíèõ àääóêò³â.
Ðåàêö³ÿ ïðîò³êàº ñòåðåîñåëåêòèâíî ç óòâîðåííÿì äçåðêàëü-
íî¿ ïàðè ä³àñòåðåîìåð³â, ÿêùî ïðîäóêòè ìàþòü ëèøå äâà
õ³ðàëüíèõ öåíòðè. Çà íàÿâíîñò³ â ñòðóêòóð³ àääóêò³â Ì³õàåëÿ
òðüîõ õ³ðàëüíèõ öåíòð³â ðåàêö³ÿ íå º ñòåðåîñåëåêòèâíîþ.
Ðåàêö³ÿ ïðîò³êàº çà äîïîìîãîþ sp3 ã³áðèäèçîâàíîãî àòîìa
âóãëåöþ â íåêàòàë³òè÷íèõ óìîâàõ çàâäÿêè ³ì³í-åíàì³íîâ³é
òàóòîìåð³¿ õëîð(áðîì)ã³äðîàêðèäèí³â. Äàíó ðåàêö³þ òàêîæ
ìîæíà ðîçãëÿäàòè ÿê åôåêòèâíó àòîì-åêîíîìíó àçà-åíîâó
ðåàêö³þ, ÿêà ïîâí³ñòþ â³äïîâ³äàº ñó÷àñíèì âèìîãàì äî åêî-
ëîã³÷íî¿ ðåàêö³¿. Ñèíòåçîâàí³ ñïîëóêè º ïîòåíö³éíèìè á³î-
ëîã³÷íî àêòèâíèìè ðå÷îâèíàìè, à òàêîæ ìîæóòü áóòè âèêî-
ðèñòàí³ ÿê «áóä³âåëüí³ áëîêè» äëÿ îðãàí³÷íîãî ñèíòåçó.

Êëþ÷îâ³ ñëîâà: ïåðåãðóïóâàííÿ, ðåàãåíò Â³ëüñìàéºðà-
Õààêà, ðåàêö³ÿ Ì³õàåëÿ, áåçêàòàë³çàòîðíà òà àòîì-åêîíîìíà
ðåàêö³ÿ.

ATOM-ECONOMIC MICHAEL REACTION BETWEEN
HYDROACRIDINES AND ARYLMALEIMIDES WITHOUT
CATALYST/ADDITIVE
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a Ukrainian State University of Chemical Technology, Dnipro,
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Previously unknown spiroderivatives of 3,1-benzoxazines
were synthesized by the reaction of anthranilic acid with cyclic
ketones. The interaction of 3,1-spirobenzoxazines with Vilsmeier-
Haack reagent (POCl3 (PBr3)/DMF), depending on the amount
of formulation agent, leads to the formation of hydroacridones or
hydroacridines. Under catalyst- and additive-free conditions, N-
arylmaleimides, like Michael’s acceptors, are added to the
hydroacridines in DMSO to form the corresponding adducts.
The reaction proceeds stereoselectively with the formation of a
mirror pair of diastereomers, if the products have only two chiral
centers.In the presence of three chiral centers in the structure of
Michael’s adducts, the reaction is not stereoselective. The reaction
proceeds by the sp3 hybrid carbon atom under non-catalytic
conditions due to the imin-enaminetautomerism of
chloro(bromo)hydroacridines. The presented reaction can also
be considered as an effective atom-economical aza-ene reaction,
which fully meets today’s requirements for eco-friendly reaction.
The synthesized compounds are potential biologically active
substances and can also be used as «building-blocks» for organic
synthesis.

Keywords: rearrangement; Vilsmeier-Haack reagent;
Michael reaction; catalyst-free and atom-economic reaction.
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