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This study explores the reactivity of phthalic anhydride and its structural analogues

toward 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones. It was found that short-term

refluxing of these starting compounds leads to the formation of the corresponding N-

substituted cyclic imides. In contrast, prolonged refluxing of partially or fully hydrogenated

phthalic anhydride with 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones results in the

formation of substituted isoindolo[2,1-a][1,2,4]triazino[2,3-c]quinazolines via further

cyclization. The structures of the synthesized compounds were confirmed by a combination

of physicochemical methods, including HPLC-MS, NMR spectroscopy, and X-ray

diffraction. The structural characteristics and crystallographic data of the products

are discussed in detail. A plausible mechanism for the formation of the

isoindolo[2,1-a][1,2,4]triazino[2,3-c]quinazoline system is also proposed and rationalized.
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Introduction
Phthalic anhydride, along with its cage and

saturated derivatives, represents an important class of
reagents in organic chemistry, widely employed in
the synthesis of diesters, polyesters, imides, optically
active polyamides, symmetrical organic selenocyanates,
diselenide dyes, epoxies, polyimides, and other valuable
compounds [1–4]. The significant potential of cyclic
anhydrides, including cage and saturated analogs of
phthalic anhydride, has been demonstrated in the
synthesis of chiral hemiamides, lactones, amido acids,
and, more recently, keto acids and thioesters [5]. In
addition, these compounds continue to play a crucial
role as electrophilic synthons in both mono- and
multicomponent reactions with nucleophiles, enabling

the construction of novel heterocyclic structures
with practically valuable properties. For instance,
benzimidazole derivatives, synthesized through reactions
between 1,4-NCCN-binucleophiles and these
anhydrides, are among the most extensively studied
compounds due to the high availability of
o-phenylenediamines and their derivatives [6], as
well as their broad applications in industry and
medicine [7]. However, the acylation products of
1,5-NCCCN-binucleophiles with phthalic anhydride
and its analogs remain unexplored [6]. In continuation
of our research on the formation of novel heterocyclic
systems within the class of condensed triazines, we
aimed to investigate the reactivity of 2-(6-R-5-oxo-
2,5-dihydro-1,2,4-triazino-3-yl)anilines toward
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phthalic anhydride and its structural analogs.
Experimental

Melting points were measured in open capillary
tubes using a «Mettler Toledo MP 50» apparatus
(Columbus, USA). Elemental analyses (C, H, N)
were conducted on an ELEMENTAR vario EL cube
analyzer (Langenselbold, Germany), with the results
for elements or functional groups deviating by no
more than ±0.3% with respect to the theoretical values.
The 1H and 13C NMR spectra were recorded on a
Varian Mercury 500 spectrometer (Varian Inc.,
Palo Alto, CA, USA), using TMS as an internal
standard in a DMSO-d6 solution. LC-MS data were
acquired using a HPLC-MS system comprising the
HPLC «Agilent 1100 Series» (Agilent, Palo Alto, CA,
USA) equipped with a diode-matrix detector and mass-
selective detector, «Agilent LC/MSD SL» (Agilent,
Palo Alto, USA), with atmospheric pressure chemical
ionization (APCI).

The starting substances of formulas 1.1–1.5 were
prepared according to the previously described method
and physicochemical constants that correspond to the
literature data [8]. Synthetic studies were carried out
according to general approaches using reagents from
«Merck» (Darmstadt, Germany), «Sigma-Aldrich»
(Missouri, USA) and «Enamine» (Kyiv, Ukraine).

General method for the synthesis of 2-[2-(6-R-
5-oxo-2,5-dihydro-1,2,4-triazin-3-yl)phenyl]-1H-
isoindole-1,3(2H)-diones (2)

0.78 g (0.005 M) of phthalic anhydride was
added to a suspension of 0.005 M of the corresponding
substituted 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-one (1) in 15 mL of glacial acetic acid, the
mixture was refluxed for 1 hour with water removal
using a Dean-Stark apparatus. The reaction was
monitored by thin layer chromatography. After
completing the reaction, the mixture was cooled, and
the solvent was removed in vacuo. The residue was
crystallized from propanol-2.

2-(2-(5-oxo-6-phenyl-2,5-dihydro-1,2,4-triazin-
3-yl)phenyl)isoindoline-1,3-dione (2.1)

Yield: 94.1%, mp 292–2940C; 1Í NMR,
δ=14.48 (s, 1H, NH), 8.04 (d, 2H, J=7.2 Hz, Í-2',
6' [6-Ph]), 7.99–7.88 (m, 5H, H-4, 5, 6, 7, isoindole;
H-3 [2-Ph]), 7.84 (t, 1H, J=7.6 Hz, H-5 [2-Ph]),
7.78–7.62 (m, 2H, H-4, 6 [2-Ph]), 7.55–7.40 (m,
3H, H-3', 4', 5' [6-Ph]); 13C NMR, δ=166.49 (ÑÎ),
158.43 (5-Ñ), 147.65 (6-Ñ), 135.43, 133.15, 132.75,
131.98, 130.75, 130.68, 130.46, 129.23, 128.75,
128.38, 124.32; LC-MS, m/z=395 [M+1]; Calculated
for C23H14N4O3: C 70.05; H 3.58; N 14.21; Found:
C 69.98; H 3.55; N 14.18.

2-(2-(5-oxo-6-(4-ethylphenyl-2,5-dihydro-1,2,4-
triazin-3-yl)phenyl)isoindoline-1,3-dione (2.2)

Yield 83.6%; mp 272–2740C; 1H NMR,
δ=14.35 (s, 1H, NH), 8.05 (d, 2H, J=7.2 Hz, Í-2',
6' [6-Ar]), 7.98–7.85 (m, 5H, H-4, 5, 6, 7 isoindole;
H-3 [2-Ph]), 7.80 (t, 1H, J=7.2 Hz, H-5 [2-Ph]),
7.70 (t, 1H, J=7.3 Hz, H-4 [2-Ph]), 7.62 (d, 1H,
J=7.7 Hz, H-6 [2-Ph]), 7.25 (d, 2H, J=7.8 Hz, H-
3', 5' [6-Ar]), 2.68 (q, 2H, J=7.3 Hz, 4'-CH2CH3),
1.25 (t, 3H, J=7.4 Hz, 4'-CH2CH3); 

13C NMR:
δ=167.08, 146.50, 135.11, 132.44, 131.83, 130.60,
130.32, 129.08, 128.95, 127.71, 123.96, 96.08, 40.49,
40.28, 40.07, 39.86, 39.65, 28.70, 15.83; Calculated
for C25H18N4Î3: C 71.08; H 4.29; N 13.26; Found: C
71.10; H 4.29; N 13.29.

2-(2-(6-(4-isopropylphenyl)-5-oxo-2,5-dihydro-
1,2,4-triazin-3-yl)phenyl)isoindoline-1,3-dione (2.3)

Yield: 92.1%, mp 258–2600C; 1Í NMR,
δ=14.43 (s, 1H, NH), 7.99 (d, 2H, J=7.9 Hz, Í-2',
6' [6-Ar]), 7.97–7.87 (m, 5H, H-4, 5, 6, 7 isoindole;
H-3 [2-Ph]), 7.84 (t, 1H, J=7.4 Hz, H-5 [2-Ph]),
7.78–7.64 (m, 2H, H-4, 6 [2-Ph]), 7.33 (d, 2H,
J=8.1 Hz, H-3', 5' [6-Ar]), 3.00–2.85 (m, 1H,
–CH(CH3)2, 1.22 (d, 6H, J=6.9, –CH(CH3)2;
13C NMR, δ=167.3 (ÑÎ), 161.9 (5-Ñ), 158.6 (6-Ñ),
151.3, 148.7, 135.4, 132.7, 131.9, 130.7, 129.5, 128.9,
126.8, 124.1, 40.3, 34.0, 24.1; LC-MS,
m/z=437 [M+1]; Calculated for C26H20N4O3: C 71.55;
H 4.62; N 12.84; Found: C 71.50; H 4.59; N 12.81.

The colorless crystals of 2-(2-(6-(4-
isopropylphenyl)-5-oxo-2,5-dihydro-1,2,4-triazin-
3-yl)phenyl)isoindoline-1,3-dione (2.3) (C26H20N4O3)
are monoclinic. At 273 K, a=14.5732(12),
b=12.5584(11), c=12.1438(8) Å , β=95.118(7)0,
V=2213.6(3) Å 3, Mr=436.46, Z=4, space group
P21/c, dcalc=1.310 g/ñm3, µ(MoKα)=0.088 mm–1,
F(000)=912. Intensities of 15798 reflections (3892
independent, Rint=0.0365) were measured on the
Bruker APEX II diffractometer (graphite
monochromated MoKa radiation, CCD detector,
ϕ- and ω-scaning, 2Θmax=500). The structure was solved
by direct method using OLEX2 [9] package with
SHELXT [10] and SHELXL modules [11]. Positions
of the hydrogen atoms were located from electron
density difference maps and refined using «riding»
model with Uiso=nUeq (n=1.5 for methyl groups and
n=1.2 for other hydrogen atoms) of the carrier atom.
Full-matrix least-squares refinement against F2 in
anisotropic approximation for non-hydrogen
atoms using 3892 reflections was converged to
wR2=0.1701 (R1=0.0540 for 2765 reflections with
F>4σ(F), S=1.023). The final atomic coordinates,
and crystallographic data for molecule 2.2 have been
deposited to with the Cambridge Crystallographic Data
Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-
1223-336033; e-mail: deposit@ccdc.cam.ac.uk) and
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are available on request quoting the deposition numbers
CCDC 2424007).

2-(2-(6-(4-ethoxyphenyl)-5-oxo-2,5-dihydro-
1,2,4-triazin-3-yl)phenyl)isoindoline-1,3-dione (2.4)

Yield: 93.1%, mp 247–2490C; 1Í NMR,
δ=14.19 (s, 1H, NH), 8.14 (d, 2H, J=8.1 Hz, Í-2',
6' [6-Ar]), 7.97–7.81 (m, 5H, H-4, 5, 6, 7 isoindole;
H-3 [2-Ph]), 7.77 (t, 1H, J=6.8, H-5 [2-Ph]),
7.66 (t, 1H, J=7.2, H-4 [2-Ph]), 7.56 (d, 1H,
J=7.5 Hz, H-6 [2-Ph]), 6.86 (d, 2H, J=8.2 Hz,
H-3', 5' [6-Ar]), 4.06 (q, 2H, J=6.6, –OCH2CH3),
1.39 (t, 3H, J=6.8, –OCH2CH3); 

13C NMR,
δ=167.23 (ÑÎ), 167.32 (5-Ñ), 160.95 (6-Ñ), 149.98,
142.56, 134.92, 131.88, 130.53, 129.43, 123.91,
113.95, 63.69, 14.98; LC-MS, m/z=439 [M+1];
Calculated for C25H18N4O4: C 68.49; H 4.14; N 12.78;
Found: C 68.52; H 4.13; N 12.76.

General method for the synthesis of 2-(2-(5-
oxo-6-R-2,5-dihydro-1,2,4-triazin-3-yl)phenyl)-
3a,4,7,7a- tetrahydro-1H-4,7-methanoisoindole-1,3-
diones (3.1–3.4)

0.60 g (0.0035 M) of carbic anhydride
(cis-endo-5-norborane-2,3-dicarboxylic acid
anhydride) was added to a suspension of 0.0035 M of
substituted 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-one (1) in 15 mL of glacial acetic acid, and
the formed mixture was refluxed for 1 hour with
water removal using a Dean-Stark apparatus. The
reaction was monitored by thin layer chromatography.
After completion of the reaction, the mixture was
cooled, and the solvent was removed in vacuo. The
formed residue was crystallized from propanol-2 and
dried.

2-(2-(5-oxo-6-phenyl-2,5-dihydro-1,2,4-triazin-
3-yl)phenyl)-3a,4,7,7a-tetrahydro-1H-4,7-
methanoisoindole-1,3(2H)-dione (3.1)

Yield: 73.4%, mp 253–2550C; 1Í NMR,
δ=14.23 (s, 1H, NH), 8.37–8.16 (m, 2H, Í-2',
6' [6-Ph]), 7.84 (d, 1H, J=6.4 Hz, H-3 [2-Ph]),
7.75–7.53 (m, 2H, H-4, 5 [2-Ph]), 7.50–7.36 (m,
3H, H-3', 4', 5' [6-Ph]), 7.21 (d, 1H, J=7.2,
H-6 [2-Ph]), 6.25 (s, 2H, H-5, 6 isoindole),
3.46 (s, 2H, H-3a, 7a isoindole), 3.38 (s, 2H, H-4,
7 isoindole), 1.69 (t, 2H, H-8 isoindole); LC-MS,
m/z=411 [M+1]; Calculated for C24H18N4O3: C 70.23;
H 4.42; N 13.65; Found: C 70.25; H 4.47; N 13.67.

2-(2-(6-(4-ethylphenyl)-5-oxo-2,5-dihydro-1,2,4-
triazin-3-yl)phenyl)-3a,4,7,7a-tetrahydro-1H-4,7-
methanoisoindole-1,3(2H)-dione (3.2)

Yield: 66.2%, mp 246–2480C; 1Í NMR,
δ=14.12 (s, 1H, NH), 8.25 (d, 2H, J=7.8 Hz, Í-2',
6' [6-Ar]), 7.80 (d, 1H, J=6.8 Hz, H-3 [2-Ph]),
7.72–7.51 (m, 2H, H-4, 5 [2-Ph]), 7.18 (d, 1H,
J=7.3 Hz, H-6 [2-Ph]), 6.92 (d, 2H, J=8.1 Hz,

H-3', 5' [6-Ar]), 6.23 (s, 2H, H-5, 6 isoindole),
4.09 (q, 2H, J=6.7 Hz , 4'-OCH2CH3), 3.43 (s, 2H,
H-3a, 7a isoindole), 3.35 (s, 2H, H-4, 7 isoindole),
1.66 (t, 2H, H-8 isoindole), 1.42 (t, 3H, J=6.7 Hz,
4'-OCH2CH3); 

13C NMR, δ=175.88 (ÑÎ),
173.20 (5-Ñ), 168.23 (3-Ñ), 160.93 (6-Ñ), 148.81,
143.12, 134.86 (5'-Ñ, 6'-Ñ), 130.60, 114.01, 63.41,
45.94, 45.13 (8'-Ñ), 40.51, 40.30, 40.10, 39.89, 39.68,
15.02; LC-MS, m/z=455 [M+1]; Calculated for
C26H22N4O4: C 71.22; H 5.06; N 12.78; Found:
C 71.25; H 5.09; N 12.75.

2-(2-(6-(4-isopropylphenyl)-5-oxo-2,5-dihydro-
1,2,4-triazin-3-yl)phenyl)-3a,4,7,7a-tetrahydro-1H-
4,7-methanoisoindole-1,3(2H)-dione (3.3)

Yield: 73.8%, mp 262–2640C; 1Í NMR,
δ=14.29 (s, 1H, NH), 8.10 (d, 2H, J=7.1 Hz, Í-2',
6' [6-Ar]), 7.86 (d, 1H, J=6.5 Hz, H-3 [2-Ph]),
7.76–7.54 (m, 2H, H-4, 5 [2-Ph]), 7.38 (d, 2H,
J=8.0 Hz, H-3', 5' [6-Ar]), 7.23 (d, 1H, J=7.6 Hz,
H-6 [2-Ph]), 6.26 (s, 2H, H-5, 6 isoindole),
3.45 (s, 2H, H-3a, 7a isoindole), 3.32 (s, 2H, H-4,
7 isoindole), 3.02–2.89 (m, 1H, 4'-CH(CH3)2),
1.58 (t, 2H, J=8.6 Hz, H-8 isoindole), 1.25 (d, 6H,
J=6.9 Hz, 4'-CH(CH3)2; LC-MS, m/z=453 [M+1];
Calculated for C27H24N4O3: C 71.67; H 5.35; N 12.38;
Found: C 71.65; H 5.34; N 12.36.

2-(2-(6-(4-ethoxyphenyl)-5-oxo-2,5-dihydro-
1,2,4-triazin-3-yl)phenyl)-3a,4,7,7a-tetrahydro-1H-
4,7-methanoisoindole-1,3(2H)-dione (3.4)

Yield: 76.2%, mp 246–2480C; 1Í NMR,
δ=14.12 (s, 1H, NH), 8.25 (d, 2H, J=7.8 Hz, Í-2',
6' [6-Ar]), 7.80 (d, 1H, J=6.8 Hz, H-3 [2-Ph]),
7.72–7.51 (m, 2H, H-4, 5 [2-Ph]), 7.18 (d, 1H,
J=7.3 Hz, H-6 [2-Ph]), 6.92 (d, 2H, J=8.1 Hz,
H-3', 5' [6-Ar]), 6.23 (s, 2H, H-5, 6 isoindole),
4.09 (q, 2H, J=6.7 Hz, 4'-OCH2CH3), 3.43 (s, 2H,
H-3a, 7a isoindole), 3.35 (s, 2H, H-4, 7 isoindole),
1.66 t, 2H, H-8 isoindole), 1.42 (t, 3H, J=6.7 Hz,
4'-OCH2CH3); 

13Ñ NMR, δ=175.88 (ÑÎ),
173.20 (5-Ñ), 168.23 (3-Ñ), 160.93 (6-Ñ), 148.81,
143.12, 134.86 (5'-Ñ, 6'-Ñ), 130.60, 114.01, 63.41,
45.94, 45.13 (8'-Ñ), 40.51, 40.30, 40.10, 39.89, 39.68,
15.02; LC-MS, m/z=455 [M+1]; Calculated for
C26H22N4O4: C 68.71; H 4.88; N 12.33; Found:
C 68.72; H 4.87; N 12.27.

The colorless crystals of 2-(2-(6-(4-
ethoxyphenyl)-5-oxo-2,5-dihydro-1,2,4-triazin-3-
y l )pheny l )-3a ,4 ,7 ,7a- te t rahydro-1H-4,7-
methanoisoindole-1,3(2H)-dione (3.4) (C26H22N4O4)
are monoclinic. At 273 K, a=18.4274(14),
b=6.5506(4), c=18.8137(12) Å , β=97.455(7)0,
V=2251.8(3) Å 3, Mr=454.47, Z=4, space group
P21/n, dcalc=1.341 g/ñm3, µ(MoKα)=0.093 mm–1,
F(000)=952. Intensities of 13020 reflections
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(3957 independent, Rint=0.0386) were measured on
the Bruker APEX II diffractometer (graphite
monochromated MoKa radiation, CCD detector,
ϕ- and ω-scaning, 2Θmax=500). The structure was solved
by direct method using OLEX2 [9] package with
SHELXT [10] and SHELXL modules [11]. Positions
of the hydrogen atoms were located from electron
density difference maps and refined using «riding»
model with Uiso=nUeq (n=1.5 for methyl group and
n=1.2 for other hydrogen atoms) of the carrier atom.
Full-matrix least-squares refinement against F2 in
anisotropic approximation for non-hydrogen atoms
using 3957 reflections was converged to wR2=0.1321
(R1=0.0482 for 2664 reflections with F>4σ(F),
S=1.029). The final atomic coordinates, and
crystallographic data for molecule 3.4 have been
deposited to with the Cambridge Crystallographic Data
Centre, 12 Union Road, CB2 1EZ, UK (fax:
+44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk)
and are available on request quoting the deposition
numbers CCDC 2424006).

General method for the synthesis of 2-(2-(5-
oxo-6-R-2,5-dihydro-1,2,4-triazin-3-yl)phenyl)-
3a,4,7,7a-tetrahydro-1H-isoindole-1,3(2H)-diones (4)

0.005 M of cis-1,2,3,6-tetrahydrophthalic acid
anhydride was added to a suspension of 0.005 M of
substituted 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-one (1) in 15 mL of acetic acid and formed
mixture was refluxed for 1 hour. The reaction was
monitored by thin layer chromatography. After
completion of the reaction, the mixture was cooled,
and the solvent was removed in vacuo. The residue
was crystallized from propanol-2.

2-(2-(5-oxo-6-phenyl-2,5-dihydro-1,2,4-triazin-
3-yl)phenyl)-3a,4,7,7a-tetrahydro-1H-isoindole-
1,3(2H)-dione (4.1)

Yield: 77.1%, mp 216–2180C; 1Í NMR,
δ=14.32/14.23 (s, 1H, NH), 8.30–8.09 (m, 4H, H-
3, 6 [2-Ph], H-2,6 [6-Ar]), 7.96–7.61 (m, 2H, H-4,
5 [2-Ph]), 7.56–7.28 (m, 3H, H-3,4,5 [6-Ar]),
6.00–5.82 (m, 2H, H-5,6 isoindole), 3.41–3.08 (m,
2H, isoindole H-3a,7a), 2.61–2.53 (m, 2H, isoindole
H-4,7), 2.42–2.18 (m, 2H, isoindole H-4,7);
LC-MS, m/z=399 [M+1]; Calculated for C23H18N4O3:
C 69.34; H 4.55; N 14.06; Found: C 69.36; H 4.59;
N 14.10.

2-(2-(6-(4-ethylphenyl)-5-oxo-2,5-dihydro-1,2,4-
triazin-3-yl)phenyl)-3a,4,7,7a-tetrahydro-1H-
isoindole-1,3(2H)-dione (4.2)

Yield: 65.7%, mp 226–2280C; 1Í NMR,
δ=14.26/14.15 (s, 1H, NH), 8.13 (d, J=8.0 Hz, 2H,
H-2,6 [6-Ar]), 7.91 (d, J=7.9 Hz, 1H, H-3 [2-Ph]),
7.78–7.58 (m, 2H, H-4, 5 [2-Ph]), 7.33 (d, 1H,
H-6 [2-Ph]), 7.26 (d, J=7.9 Hz, 2H, H-3,5 [6-Ar]),

6.06–5.73 (m, 2H, isoindole H-5,6), 3.37–3.05 (m,
2H, isoindole H-3a,7a), 2.79–2.63 (m, 2H, CH2CH3),
2.59–2.53 (m, 2H, isoindole H-4,7), 2.42–2.15 (m,
2H, isoindole H-4',7'), 1.29 (t, J=7.0 Hz, 3H,
CH2CH3); LC-MS, m/z=427 [M+1]; Calculated for
C25H22N4O3: C 70.41; H 5.20; N 13.14; Found:
C 70.43; H 5.25; N 13.18.

General method for the synthesis of 2-R-11,14b-
dihydro-3H-isoindolo[2,1-a][1,2,4]triazino[2,3-
c]quinazoline-3,10(14H)-diones (5)

Method A
0.005 M of cis-1,2,3,6-tetrahydrophthalic acid

anhydride was added to a suspension of 0.005 M of
the corresponding substituted 6-R-3-(2-aminophenyl)-
1,2,4-triazin-5-one (1) in 30 mL of acetic acid and
refluxed for 10 hours with removal of water using a
Dean-Stark apparatus. The reaction was monitored
by thin layer chromatography. After completion of
the reaction, the mixture was cooled, and the solvent
was removed in vacuo. 20 mL of propanol-2 was
added to the residue and formed mixture was stirred.
The resulting precipitate was filtered off, washed with
water and dried. For analysis, the compounds were
crystallized from a dioxane-water mixture.

Method B
A solution of 0.005 M of the corresponding 2-

(2-(5-oxo-6-R-2,5-dihydro-1,2,4-triazin-3-
yl)phenyl)-3a,4,7,7a-tetrahydro-1H-isoindole-
1,3(2H)-dione (4) in 30 mL of acetic acid was refluxed
for 10 hours with water removal using a Dean-Stark
apparatus. The reaction is monitored
chromatographically. After completion of the reaction,
the mixture was cooled, and the solvent was removed
in vacuo. 20 mL of propanol-2 was added to the
residue and formed mixture was stirred. The resulting
precipitate was filtered off, washed with water and
dried. For analysis, the compounds could be crystallized
from a dioxane-water mixture.

2-phenyl-11,14b-dihydro-3H-isoindolo[2,1-
a][1,2,4]triazino[2,3-c]quinazoline-3,10(14H)-dione
(5.1)

Yield: 75.8%, mp 232–2340C; 1Í NMR,
δ=8.30 (d, J=7.8 Hz, 1H, H-5), 8.11 (d, J=7.7 Hz,
2H, H -2,6 [2-Ph]), 8.00 (d, J=8.1 Hz, 1H, H-8),
7.72 (t, J=8.2 Hz, 1H, H-7), 7.55–7.44 (m, 3H,
H-3,4,5 [2-Ar]), 7.39 (t, J=7.6 Hz, 1H, H-6),
6.55 (s, 1H, 14b), 5.93–5.76 (m, 2H, H-12, 13),
3.97–3.72 (m, 1H, H-11), 3.47–3.26 (m, 1H,
H-11'), 3.15–2.81 (m, 2H, H-14); LC-MS, m/z=381
[M+1]; Calculated for C23H16N4O2: C 72.62; H 4.24;
N 14.73; Found: C 72.64; H 4.27; N 14.70.

2-(4-ethylphenyl)-11,14b-dihydro-3H-
isoindolo[2,1-a][1,2,4]triazino[2,3-c]quinazoline-3,10
(14H)-dione (5.2)
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Yield: 77.3%, mp 249–2520C; 1Í NMR,
δ=8.29 (d, J=7.8 Hz, 1H, H-5), 8.05 (d, J=7.8 Hz,
2H, H-2,6 [2-Ar]), 7.99 (d, J=8.0 Hz, 1H, H-8),
7.72 (t, J=7.5 Hz, 1H, H-7), 7.38 (t, J=7.6 Hz, 1H,
H-6), 7.30 (d, J=7.8 Hz, 2H, H-3,5 [2-Ar]),
6.54 (s, 1H, 14b), 5.99–5.80 (m, 2H, H-12, 13),
3.97–3.71 (m, 1H, H-11), 3.49–3.26 (m, 1H,
H-11'), 3.11–2.84 (m, 2H, H-14), 2.72 (q, J=7.3
Hz, 2H, CH2CH3), 1.30 (t, J=7.4 Hz, 3H, CH2CH3);
13C NMR, δ=166.95, 160.62, 152.86, 147.38, 146.72,
146.59, 135.55, 134.59, 133.63, 129.84, 128.72,
127.87, 127.50, 125.19, 123.53, 122.72, 120.05,
118.49, 74.85, 28.16, 27.92, 22.08, 15.40; LC-MS,
m/z=409 [M+1]; Calculated for C25H20N4O2: C 73.51;
H 4.94; N 13.72; Found: C 73.56; H 4.97; N 13.70.

The colorless crystals of 2-(4-ethylphenyl)-
1 1 , 1 4 b - d i h y d r o - 3 H - i s o i n d o l o [ 2 , 1 -
a][1,2,4]triazino[2,3-c]quinazoline-3,10(14H)-dione
(5.2) (C25H20N4O2) are triclinic. At 273 K, a=8.599(2),
b=10.698(3), c=11.933(3) Å , α=75.78(2) 0,
β=74.94(2) 0, γ=72.13(2)0, V=992.3(4) Å 3,
Mr=408.45, Z=2, space group P1 , dcalc=1.367 g/ñm3,
µ(MoKα)=0.089 mm–1, F(000)=428. Intensities of
6755 reflections (3497 independent, Rint=0.0340) were
measured on the Bruker APEX II diffractometer
(graphite monochromated MoKa radiation, CCD
detector, ϕ- and ω-scaning, 2Θmax=500). The structure
was solved by direct method using OLEX2 [9] package
with SHELXT [10] and SHELXL modules [11].
Positions of the hydrogen atoms were located from
electron density difference maps and refined using
«riding» model with Uiso=nUeq (n=1.5 for methyl
group and n=1.2 for other hydrogen atoms) of the
carrier atom. Full-matrix least-squares refinement
against F2 in anisotropic approximation for non-
hydrogen atoms using 3497 reflections was converged
to wR2=0.2454 (R1=0.0703 for 1868 reflections with
F>4σ(F), S=1.028). The final atomic coordinates,
and crystallographic data for molecule 5.2 have been
deposited to with the Cambridge Crystallographic Data
Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-
1223-336033; e-mail: deposit@ccdc.cam.ac.uk) and
are available on request quoting the deposition numbers
CCDC 2424005).

General method for the synthesis of 2-(2-(6-R-
5 - o x o - 2 , 5 - d i h y d r o - 1 , 2 , 4 - t r i a z i n - 3 -
yl)phenyl)hexahydro-1H-isoindole-1,3(2H)-diones (6)

0.005 M of cis-hexahydrophthalic acid anhydride
was added to a suspension of 0.005 M of corresponding
3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-one (1)
in 15 mL of acetic acid and formed mixture was
refluxed for 1 h. The reaction was monitored using
thin layer chromatography. After completion of the
reaction, the mixture was cooled, and the solvent was

removed in vacuo. 20 mL of propanol was added to
the residue and resulting precipitate was filtered off,
washed with water and dried. For additional
purification, the obtained compound was crystallized
from propanol-2.

2-(2-(6-phenyl-5-oxo-2,5-dihydro-1,2,4-triazin-
3-yl)phenyl)hexahydro-1H-isoindole-1,3(2H)-dione
(6.1)

Yield: 81.7%, mp 209–2100C; 1Í NMR,
δ=14.32 (s, 1H, NH), 8.38–8.06 (m, 2H,
H-2,6 [6-Ph]), 7.88–7.56 (m, 3H, H-3, 5,
6 [2-Ph]), 7.56–7.29 (m, 4H. H-4 [2-Ph], H-3,4,5
[6-Ph]), 3.11–2.97 (m, 2H, isoindole 3a, 7a),
2.17–1.20 (m, 8H, isoindole 4,4',5,5',6,6',7,7');
LC-MS, m/z=401 [M+1]; Calculated for C23H20N4O3:
C 68.99; H 5.03; N 13.99; Found: C 69.03; H 5.07;
N 14.03.

2-(2-(6-(4-fluorophenyl-5-oxo-2,5-dihydro-
1,2,4-triazin-3-yl)phenyl)hexahydro-1H-isoindole-
1,3(2H)-dione (6.2)

Yield: 83.7%, mp 241–2440C; 1Í NMR, 
δ=14.48 (s, 1H, NH), 8.33–8.04 (m, 2H, 
H-2,6 [6-Ar]), 7.82 (d, J=7.3 Hz, 1H, H-3 [2-Ph]), 
7.80–7.72 (m, 1H, H-5 [2-Ph]), 7.66 (d, J=7.3 Hz, 
1H, H-4 [2-Ph]), 7.48 (d, J=7.2 Hz, 1H, 
H-6 [2-Ph]), 7.33 (t, J=8.2 Hz, 2H, H-3,5 [6-Ar]), 
3.15–2.86 (m, 2H, isoindole 3a, 7a), 2.08–1.01 (m, 
8H, isoindole 4,4',5,5',6,6',7,7'); 1H-13C HSQC, 
δ=8.21/130.58, 7.82/129.56, 7.76/131.93, 
7.66/128.64, 7.48/19.56, 3.06/39.08, 1.89/21.48, 
1.66/21.48, 1.30/21.48; 1H-13C HMBC ,  
δ=8.20/115.14, 8.20/130.76, 8.20/145.90, 
8.20/163.89, 7.32/115.14, 7.32/115.14, 7.82/130.6, 
7.65/130.76, 7.32/163.89, 7.13/163.89, 3.06/179.61, 
3.06/21.47, 3.06/39.47, 1.30/39.65, 1.92/21.47; 
LC-MS, m/z=419 [M+1]; Calculated for 
C23H19FN4O3: C 66.02; H 4.58; F 4.54; N 13.39; 
Found: C 66.06; H 4.57; N 13.43.

General method for the synthesis of 2-R1-
11,13,14,14b-tetrahydro-3H-isoindolo[2,1-
a][1,2,4]triazino[2,3-c]quinazoline-3,10(12H)-
diones (7)

Method A
0.005 M of cis-hexahydrophthalic acid anhydride

was added to a suspension of 0.005 mol of the
substituted 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-one (1) in 30 mL of acetic acid and refluxed
for up to 50 h, with removal of water using Dean-
Stark apparatus. The reaction was monitored by thin
layer chromatography. After completion of the
reaction, the mixture was cooled, and the solvent was
removed in vacuo. 20 mL of propanol-2 was added
and mixture was stirred. The resulting precipitate was
filtered off, washed with water and dried.
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Method B
A solution of 0.005 M of 2-(2-(5-oxo-6-phenyl-

2,5-dihydro-1,2,4-triazin-3-yl)phenyl)hexahydro-1H-
isoindole-1,3(2H)-dione (6.1) in 30 mL of acetic
acid was refluxed for up to 50 h, with removal of the
water using Dean-Stark apparatus. The reaction was
monitored thin layer chromatography. After
completion of the reaction, the mixture was cooled,
and the solvent was removed in vacuo. 20 mL of
propanol-2 was added and mixture was stirred. The
resulting precipitate was filtered off, washed with water
and dried. For analysis, the compounds are crystallized
from a dioxane-water mixture.

2-phenyl-11,13,14,14b-tetrahydro-3H-
isoindolo[2,1-a][1,2,4]triazino[2,3-c]quinazoline-
3,10(12H)-dione (7.1)

Yield: 70.8%, mp 196–1970C; 1Í NMR,
δ=8.29 (d, J=7.6 Hz, 1H, H-5), 8.13 (d, J=7.8 Hz,
2H, H-2,6 [2-Ph]), 7.98 (d, J=8.1 Hz, 1H, H-8),
7.71 (t, J=7.7 Hz, 1H, H-7), 7.54–7.42 (m, 3H,
H-3,4,5 [2-Ph]), 7.38 (t, J=7.4 Hz, 1H, H-6),
6.49 (s, 1H, H-14b), 3.18–3.01 (m, 1H, H-11),
2.73–2.59 (m, 1H, H-11'), 2.40–2.16 (m, 2H,
H-14, 14'), 2.11–1.87 (m, 2H, H-12, 13),
1.79–1.58 (m, 2H, H-12', 13'); LC-MS,
m/z=383 [M+1]; Calculated for C23H18N4O2: C 72.24;
H 4.74; N 14.65; Found: C 72.26; H 4.77; N 14.72.

2-(4-ethylphenyl)-11,13,14,14b-tetrahydro-3H-
isoindolo[2,1-a][1,2,4]triazino[2,3-c]quinazoline-
3,10(12H)-dione (7.2)

Yield: 63.4%, mp 218–2200C; 1Í NMR,
δ=8.27 (d, J=6.9, 1H, H-5), 8.06 (d, J=7.4, 2H,
H-2,6 [2-Ar]), 7.97 (d, J=7.6, 1H, H-8), 7.70 (t,
J=7.7, 1H, H-7), 7.36 (t, J=7.2, 1H, H-6), 7.28 (d,
J=7.6, 2H, H-3,5 [2-Ar]), 6.46 (s, 1H, H-14b),
3.19–3.03 (m, 1H, H-11), 2.78–2.60 (m, 3H,
H-11', CH2CH3), 2.41–2.27 (m, 2H, H-14, 14'),
2.09–1.83 (m, 2H, H-12, 13), 1.81–1.63 (m, 2H,
H-12', 13'), 1.29 (t, J=7.3, 3H, CH2CH3); LC-MS,

m/z=411 [M+1]; Calculated for C25H22N4O2: C 73.15;
H 5.40; N 13.65; Found: C 73.16; H 5.49; N 13.73.

Results and discussion

The reaction of phthalic anhydride with 2-(6-
R-5-oxo-2,5-dihydro-1,2,4-triazino-3-yl)anilines (1)
predictably resulted in the formation of N-substituted
isoindoles (2, Scheme 1) with yields ranging from
83.6% to 93.1%. This process occurs via acylation
followed by cyclization of the initially formed
monoamide of phthalic acid. The reaction pathway is
dictated by the planar and rigid structure of the
anhydride. A similar reaction pathway is observed
when compounds 1 react with caged cis-5-norbornene-
endo-2,3-dicarboxylic anhydride (carbic anhydride),
yielding N-substituted 4,7-methanoisoindole-1,3(2H)-
diones (3) with yields ranging from 66.2% to 76.2%
(Scheme 1). Notably, extending the reaction time for
both of the above-mentioned reactions up to 50 hours
does not lead to further intramolecular cyclization
products.

At the same time, the interaction of saturated
analogs of phthalic anhydride with compounds 1 led
to unexpected results. Refluxing of compounds 1 with
cis-1,2,3,6-tetrahydrophthalic anhydride in acetic acid
for 6 hours resulted in the formation of a product
mixture (Scheme 2). According to HPLC-MS data,
one of the products was identified as the corresponding
N-substituted tetrahydro-1H-isoindole-1,3(2H)-dione.
The other component of the product mixture has a
molecular weight 18 u less than N-substituted and is
likely its dehydration product. The reaction conditions
were modified to isolate the components of the mixture
as individual compounds. It was shown that shortening
of the reaction period to 1 hour resulted in the
formation of compounds 4.1 and 4.2, while extending
the reaction time to 10 hours with the removal of
water from the reaction mixture allowed the isolation
of compounds 5. Additionally, compounds 5 were
obtained by refluxing of compounds 4 in acetic acid

Scheme 1. Reactivity of 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones (1.1–1.4) towards phthalic and carbic anhydride
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for 10 hours with continuous water removal.
Similar results were observed in case of reaction

between anilines 1 and hexahydrophthalic anhydride.
It was found that refluxing of compounds 1 with
equimolar quantity of abovementioned anhydride in
acetic acid for 1 h led to the formation of N-substituted
hexahydroisoindoles 6 (Scheme 2). Extension of the
reaction time to 10 h led to the formation of a mixture
of compounds 6 and the product of its further
dehydration 7 as minor component (15%.)
Compounds 7 were obtained by refluxing of anilines
1 and hexahydrophthalic anhydride in acetic acid for
up to 50 h with removal of water from the reaction
mixture.

The formation of N-substituted isoindoles (2, 3,
4 and 6) and isoindolo[2,1-a][1,2,4]triazino
[2,3-c]quinazolines (5 and 7) was supported by the
data HPLC-MS spectra, which show a high-intensity
peak of the ion [M+1], that by m/z value corresponded
to the proposed structures.

In the 1H NMR spectra of compounds 2, 3, 4
and 6, the signal of deshielded proton of the NH
group of the triazine cycle at the 14.48–13.93 ppm
was observed. The significant paramagnetic shift of
this signal was associated with the hydrogen bond
between the NH group of the triazine cycle and the
oxygen of the isoindole cycle. Additionally, for some
compounds (4), the proton of the NH group of the
triazine cycle was doubled due to the tautomeric
transformations in the molecule.

The signals of the isoindole fragment protons
(compound 2) in the spectrum were observed as
multiplets at the 7.99–7.81 ppm. Whereas, the
hydrogenated 4,7-methanoisoindole cycle (compound
3) was characterized by signals of the equivalent
protons H-5 and H-6 at the 6.26–6.22 ppm,
H-8 protons due to appear as a triplet in the high
field at the 1.69–1.58 ppm and the protons H-3a, 7a
and H-4, 7 are singlet signals at the 3.46–3.41 ppm
and 3.38–3.32 ppm, respectively. At the same time,
the tetrahydroisoindole fragment (compound 4) was
characterized by the signals of isoindole cycle protons
at the sp2-hybridized in the form of a multiplet at the
6.06–5.73 ppm protons of positions 3a and 7a in the
form of a multiplet at the 3.41–3.05 ppm and protons
of positions 4 and 7 in the form of a series of two
two-proton multiplets at the 2.61–2.53 ppm and
2.42–2.15 ppm. Whereas, the signals of the
hexahydroisoindole fragment protons in the 1H NMR
spectrum of compounds 6 were observed as two-proton
multiplets (H3a, H7a) at the 3.15–2.86 ppm and an
eight-proton multiplet at the 2.17–1.20 ppm. The
proton signals in the aromatic part of the spectrum
also fully correspond to the proposed structure [15].

In the 1H NMR spectra of the isoindolo
[2,1-a]triazinoquinazolines (compounds 5 and 7),
signals of exchangeable protons were not observed.
The same signal of the proton at position 14b at the
6.55–6.46 ppm was registered. Additionally, a series
of the multiplet signals that corresponded to the

Scheme 2. Reactivity of 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones (1.1-1.3, 1.5) towards phthalic and carbic anhydride
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dihydro- or tetrahydroisoindole cycle was observed in
the spectra of compounds 5 and 7. Abovementioned
fragments were associated with the signals at the
5.93–5.76 ppm (H-12, 13), 3.97–3.72 ppm (H-11),
3.47–3.26 ppm (H-11), and 3.15–2. 81 ppm (H-14)
for compounds 5 and at the 3.18–3.01 ppm (H-11),
2.73–2.59 ppm (m, 1H, H-11), 2.40–2.16 ppm
(H-14, 14), 2.11–1.87 ppm (H-12, 13) and
1.79–1.58 ppm (H-12, 13) for compounds 7. The
expected doubling of the signals of methylene protons
of the hydrogenated isoindole cycle positions is caused
by the appearance of asymmetric center at the position
14b. Among the features of the 1H NMR spectra of
compounds 5 and 7 should be mentioned a significant
paramagnetic shift of the signals that corresponded to
the proton of position 8 due to the formation of a
hydrogen bond with the oxygen atom at position 10.
Additionally, in the spectra of compounds 5 and 7
were observed signals of the aromatic protons of the
heterocyclic fragment and substituents of position 2
[12].

In the 13C NMR spectra of compounds 2, 3 and
6, signals were registered associated with deshielded
sp2-hybridized carbon atoms of positions 1 and 3 of
the isoindole fragment and position 5 of the
triazine cycle at 175.8–166.4, 169.2–158.3 and
166.3–159.8 ppm, respectively. The structure of
compounds 3 was additionally confirmed by the signals
of carbon atoms of the partially hydrogenated
4.7-methanoisoindole cycle, which appeared at the
134.89–134.35 ppm (5 and 6), 51.87–45.43 ppm
(8), 45.95–40.10 ppm (3a and 7a), and 39.89–
39.13 ppm (4 and 7). 13C NMR spectrum of
compound 6.2 shoed the signals of carbon atoms of
position 14b at the 74.85 ppm, position 10 at the
166.95 ppm, and position 3 at the 160.62 ppm.

The obtained spectral data (1H and 13C NMR
spectra) enabled the identification of compounds 2,
3, 4, and 6. However, the spectral analysis did not
allow for the unambiguous structural determination
of compounds 5 and 7 due to the potential formation
of two isomeric tetracyclic systems: isoindolo
[2,1-a][1,2,4]triazino[2,3-c]quinazoline and
isoindolo[2,1-a][1,2,4]triazino[4,3-c]quinazoline.
Therefore, to confirm their structural features, an
X-ray diffraction study was conducted on compounds
2.3, 3.4, and 5.2 (Figs. 1, 2, and 3).

It was found that the vicinal arrangement of
substituents in the benzene ring C9...C14 of compound
2.3 (Fig. 1) leads to a significant steric repulsion in
the molecule, as indicated by shortened intramolecular
contacts H13...N3 2.64 Å  (van der Waals radii sum
[13] is 2.68 Å , H13...H3N 2.15 Å  (2.28 Å ),
H3N...C13 2.55 Å  (2.84 Å), H23...C16 2.81 Å

(2.84 Å ), O1...C15 2.87 Å  (3.14 Å ), C1...C15 
3.01 Å  (3.40 Å ), C1...N2 2.91 Å  (3.24 Å), and 
N1...N2 2.88 Å  (3.08 Å). These results in a number 
of deformations of the molecular fragments aimed at 
reducing steric repulsion. In particular, the triazinone 
ring adopts a twist-boat conformation (the puckering 
parameters are as follows: S=0.20, Θ=73.80, and 
Ψ=17.70). The deviations of the N4 and C17 atoms 
from the mean-square plane of the remaining atoms 
of the cycle are 0.18 Å  and 0.26 Å , respectively. It 
should be noted that these atoms are deflected to 
the side opposite to the isoindoldione substituent. It 
should also be noted the noticeable torsion of the 
endocyclic double bond N4=C17 (the torsion angle 
N3–N4–C17–C16 is –6.1(3)0). Another direction 
of reducing the steric repulsion in the molecule is the 
rotation of the cycles relative to each other. Thus, 
if the conjugation between the π-systems of the 
triazine and phenyl cycles is largely preserved (the 
torsion angles C13–C14–C15–N3 –40.5(3)0, and 
N4–C17–C18–C19 36.9(3)0), then in the case 
of the isoindoldione bicycle, not only is the 
conjugation significantly disrupted (the torsion angle 
C8–N1–C9–C10 is –60.9(3)0), but also the C9 atom 
deviates from the isoindoldione plane by –0.18 Å . 
The isopropyl substituent is disordered over 
two positions A and B due to rotation around the 
C21–C24 bond with equal probability of occupancy 
and is turned in such a way that the torsion angle 
C22–C21–C24–H24 is –1290 in conformer A and 
1700 in conformer B. In this case, shortened 
intramolecular contacts H22...C25a 2.49 Å  (2.84 Å) 
in conformer Å  and H20...H24b 2.19 Å  (2.28 Å) in 
conformer B arise. In the crystal of compound 2.3, 
the molecules form infinite chains in the 
crystallographic direction [0 0 1] due to the 
intermolecular hydrogen bond N3–H...O3' 
(x, 1.5–y, 0.5+z) H...O 1.89 Å  N–H...O 1490. The 
formation of a strong enough hydrogen bond leads to 
the elongation of the O3–C16 bond up to 1.238(2) Å
compared to its average value of 1.210 Å  [14]. The 
molecules in the chain are arranged in such a way 
that the existence of a stacking interaction between 
the triazine cycle and the isoindoldione fragment of 
neighboring molecules can be assumed (the distance 
between the mean square plane of the cyclic fragments 
is 3.5 Å).

In the molecule 3.4, the planar pyrrolidine
fragment of the substituent at atom C6 is noticeably
turned relative to the aromatic cycle (the torsion angle
C14–N1–C6–C1 is –59.9(3)0) and is located in the
exo position relative to the framework fragment (the
torsion angle C11–C12–C13–C14 is –47.0(3)0)
(Fig. 2). The six-membered carbocycle of the
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framework fragment adopts a boat conformation, the
puckering parameters are as follows: S=1.13, Θ=89.70,
and Ψ=0.10. The deviations of the atoms C9 and
C12 from the mean-square plane of the remaining
atoms of the cycle are –0.82 Å . Both five-membered
rings of the framework are in the «envelope»
conformation with a deviation of the C(15) atom by
–0.82 Å . In the framework fragment, the elongation
of the C8–C9 bonds by 1.567(3) Å and C12–C13
bonds by 1.558(3) Å  was detected compared to the
average value of 1.540 Å  [14]. The triazine ring
and the aromatic ring C1...C6 are noticeably
rotated relative to each other (the torsion angle
C6–C1–C16–N2 is –44.8(3)0). At the same time,
the rotation of the triazine ring and the aromatic
ring C19...C24 is smaller (the torsion angle
C17–C18–C19–C20 is 16.1(3)0), which can be
explained by the formation of intramolecular hydrogen
bonds C20–H...O3 (H...O 2.25 Å , C–H...O 1240)
and C24–H...N3 (H...N 2.42 Å , C–H...N 1000).
The ethoxyl substituent is coplanar with the plane of
the aromatic ring, despite the noticeable repulsion
between the atoms of the ring and the substituent
(shortened intramolecular contacts H23...C25 2.54 Å
(sum of van der Waals radii: 2.84 Å , H23...H25a
2.26 Å  (2.28 Å ), H25a...C23 2.71 Å  (2.84 Å ),
H25b...C23 2.83 Å  (2.84 Å)) [13]. The ethyl group
is in the ap-conformation with respect to the
C22–O4 bond (the torsion angle C22–O4–C25–
C26 is –175.5(2)0). In the crystal of compound 3.4,
the molecules form infinite chains (Fig. 2) in the
crystallographic direction [0 1 0] due to the
intermolecular hydrogen bond N4–H...O3' (x, y+1,
z), H...O 1.83 Å , N–H...O 1570. The formation of
the hydrogen bond also leads to the elongation of the
O3–C17 bond up to 1.232(2) Å  compared to the
average value of 1.210 Å . The crystal reveals also a
C–H...p hydrogen bond C26–H26ñ...C3' (p) (1–x,
1–y, 1–z), H...p 2.79 Å , C–H...p 1660.

The five-membered and triazine rings in the 
molecule 5.2 are planar with an accuracy of 0.01 Å
(Fig. 3). The pyrimidine ring adopts a sofa 
conformation (the puckering parameters are as follows: 
S=0.58, Θ=46.00, and Ψ=11.00). The deviations of 
the N3 and C8 atoms from the mean-square plane of 
the other atoms of the ring are 0.12 Å  and 0.59 Å , 
respectively. The partially saturated carbocycle adopts 
a strongly flattened boat conformation (the puckering 
parameters are as follows: S=0.12, Θ=76.60, and 
Ψ=14.60). The deviations of the C21 and C24 
atoms from the plane of the other atoms of the cycle 
are –0.09 Å  and –0.06 Å , respectively. At the same 
time, in the polycyclic fragment of the molecule, 
shortened intramolecular contacts H24b...N4 2.60 Å
and H3...N1 2.54 Å  arise (the van der Waals radii 
sum is 2.68 Å  [13]). The substituent at the C9 
atom is slightly non-coplanar with the plane of the 
triazine ring (the torsion angle C10–C9–C11–C16 
is –9.0(6)0), despite the presence of an intramolecular 
hydrogen bond C16–H...O1 (H...O 2.21 Å , 
C–H...O 1260) and an attractive interaction 
H12...N4 2.42 Å  (2.68 Å). In the crystal, molecules 
of 5.2 form head-to-tail stacking dimers (Fig. 3), 
with a distance between π-systems of 3.43 Å.

Therefore, the cyclization of N-substituted
hydrogenated isoindoles 4 and 6 resulted in
the formation of the isoindolo[2,1-a][1,2,4]triazino
[2,3-c]quinazoline system. Abovementioned process
is not possible for sterically hindered 2-(2-(5-oxo-6-
R-2,5-dihydro-1,2,4-triazin-3-yl)phenyl)-3a,4,7,7a-
tetrahydro-1H-4,7-methanoisoindole-1,3-diones (3)
and aromatic 2-[2-(6-R-5-oxo-2,5-dihydro-1,2,4-
triazin-3-yl)phenyl]-1H-isoindole-1,3(2H)-diones (2).
According to the proposed mechanism, in the first
stage, N-substituted hydrogenated isoindoles 4 and 6
form a carbocation as result of protonation of one of
the carbonyl fragments (Scheme 3). The next stages
include nucleophilic attack of the nitrogen atom of

Fig. 1. Molecular structure and packing of molecules in the crystal of compound 2.3 in the crystallographic direction [0 1 0]

according to X-ray diffraction data
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the triazine cycle by the carbocation, elimination of
molecule of the water, hydride shift and deprotonation
followed by formation of double bond.

Conclusions

Refluxing 3-(2-aminophenyl)-6-R-1,2,4-triazin-
5(2H)-one with equimolar amounts of phthalic
anhydride or its structural analogues (carbic anhydride,
tetrahydrophthalic anhydride, and hexahydrophthalic
anhydride) in acetic acid for 1 hour led to the
formation of the corresponding N-substituted
isoindoles. Extending the reaction time in the case of
tetrahydrophthalic or hexahydrophthalic anhydride
resulted in further cyclization, leading to the formation
of the isoindolo[2,1-a][1,2,4]triazino[2,3-c]quinazoline
system. However, this process was not observed under
the same conditions for N-substituted isoindoles
obtained from phthalic and carbic anhydride. The
structures of the synthesized compounds were
confirmed using a combination of physicochemical
methods, including X-ray diffraction analysis. Their

molecular structures and crystallographic characteristics
were thoroughly examined. The proposed mechanism
for the formation of the isoindolo[2,1-a][1,2,4]triazino
[2,3-c]quinazoline system involves the protonation of
one of the carbonyl fragments, nucleophilic attack by
the nitrogen atom of the triazine ring on the resulting
carbocation, elimination of a water molecule, a hydride
shift, and subsequent deprotonation, leading to double
bond formation.
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ÐÅÀÊÖ²ÉÍÀ ÇÄÀÒÍ²ÑÒÜ ÔÒÀËÅÂÎÃÎ ÀÍÃ²ÄÐÈÄÓ
ÒÀ ÉÎÃÎ ÑÒÐÓÊÒÓÐÍÈÕ ÀÍÀËÎÃ²Â ÏÎ
Â²ÄÍÎØÅÍÍÞ ÄÎ 3-(2-ÀÌ²ÍÎÔÅÍ²Ë)-6-R-1,2,4-
ÒÐÈÀÇÈÍ-5(2H)-ÎÍ²Â

Ä. Ñêîðèíà, Ã. Áåðåñò, ². Íîñóëåíêî, Î. Âîñêîáîéí³ê,

Ñ. Øèøê³íà, Ñ. Êîâàëåíêî

Íàäàíà ðîáîòà ïðèñâÿ÷åíà äîñë³äæåííþ ðåàêö³éíî¿
çäàòíîñò³ ôòàëåâîãî àíã³äðèäó òà éîãî ñòðóêòóðíèõ àíàëîã³â
çà â³äíîøåííÿì äî 3-(2-àì³íîôåí³ë)-6-R-1,2,4-òðèàçèí-
5(2Í)-îí³â. Âñòàíîâëåíî, ùî êîðîòêî÷àñíå êèï’ÿò³ííÿ
íàçâàíèõ âèõ³äíèõ ðå÷îâèí ïðèâîäèòü äî óòâîðåííÿ â³äïî-
â³äíèõ N-çàì³ùåíèõ ³çî³íäîë³â. Òðèâàëå êèï’ÿò³ííÿ
÷àñòêîâî àáî ïîâí³ñòþ ã³äðîãåí³çîâàíèõ ôòàëåâèõ àíã³äðèä³â
ç 3-(2-àì³íîôåí³ë)-6-R-1,2,4-òð³àçèí-5(2Í)-îíàìè ïðèâî-
äèòü äî ïîäàëüøî¿ öèêë³çàö³¿ òà ôîðìóâàííÿ â³äïîâ³äíèõ
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çàì³ùåíèõ ³çî³íäîëî[2,1-a][1,2,4]òðèàçèíî[2,3-c]õ³íàçîë³í³â.
Ñòðóêòóðó îäåðæàíèõ ñïîëóê ï³äòâåðäæåíî êîìïëåêñîì
ô³çèêî-õ³ì³÷íèõ ìåòîä³â, âêëþ- ÷àþ÷è ÂÅÐÕ-ÌÑ,
ßÌÐ-ñïåêòðîñêîï³þ òà ðåíòãåíîñòðóêòóðíèé àíàë³ç. Îáãî-
âîðåíî ñòðóêòóðí³ îñîáëèâîñò³ îäåðæàíèõ ñïîëóê, à òàêîæ
äàí³ ðåíòãåíîñòðóêòóðíîãî àíàë³çó. Êð³ì òîãî, çàïðîïîíî-
âàíî òà îá´ðóíòîâàíî ìåõàí³çì óòâîðåííÿ ³çî³íäîëî
[2,1-à][1,2,4]òðèàçèíî[2,3-ñ]õ³íàçîë³íîâî¿ ñèñòåìè.

Êëþ÷îâ³ ñëîâà: ôòàëåâèé àíã³äðèä, 3-(2-àì³íîôåí³ë)-
6-R-1,2,4-òðèàçèí-5(2H)-îíè, ³çî³íäîë, ³çî³íäîëî
[ 2 , 1 - a ] [ 1 , 2 , 4 ] ò ð è à ç è í î [ 2 , 3 - c ] õ ³ í à ç î ë ³ í è ,
ðåíòãåíîñòðóêòóðíèé àíàë³ç.
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This study explores the reactivity of phthalic anhydride
and its structural analogues toward 3-(2-aminophenyl)-6-R-1,2,4-
triazin-5(2H)-ones. It was found that short-term refluxing of
these starting compounds leads to the formation of the
corresponding N-substituted cyclic imides. In contrast, prolonged
refluxing of partially or fully hydrogenated phthalic anhydride
with 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-ones results in
the formation of substituted isoindolo[2,1-a][1,2,4]triazino[2,3-
c]quinazolines via further cyclization. The structures of the
synthesized compounds were confirmed by a combination of
physicochemical methods, including HPLC-MS, NMR
spectroscopy, and X-ray diffraction. The structural characteristics
and crystallographic data of the products are discussed in detail.
A plausible mechanism for the formation of the isoindolo[2,1-
a][1,2,4]triazino[2,3-c]quinazoline system is also proposed and
rationalized.

Keywords: phthalic anhydride; 3-(2-aminophenyl)-6-R-
1,2,4-triazin-5(2H)-ones; isoindole; isoindolo[2,1-
a][1,2,4]triazino[2,3-c]quinazolines; X-ray diffraction.
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