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Synthesis of Tetra(hexa)azacyclopentalalanthracenes, . . . .

. three-component reaction involving 7-amino-2-methyl-3-
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Multicomponent reactions (MCRs) are envisaged as an entry
point for the synthesis of heterocyclic compounds with
interesting biological activities. An efficient approach to anne-

and the corresponding active 1,3-dicarbonyl compounds
(namely, dimedone, 1,3-dimethylbarbituric acid, 1,3-indane-
dione, and 4-hydroxycoumarine). The reactions were conducted
in glacial acetic acid at reflux for 5h to give the desired
products in good yields (62-83%). The chemical constitutions

lated tetra(hexajazacyclopentaldlanthracenes, of all new products were confirmed spectroscopicall
tetraazaindenol5,4-b]fluorenes, and > » picatly:
Introduction of hypertension (Figure 1)."¥ Besides, pyrazolo[1,5-alpyrimidines

Multicomponent reactions (MCRs) represent an attractive and
efficient rapid access to important organic compounds.'™
Among these, the Hantzsch reaction is one of the most
frequently used multicomponent reactions for producing 1,4-
dihydropyridines (1,4-DHPs), which have a wide range of
biological and pharmacological effects, including
antituberculosis,’ anticancer,” anticonvulsant,”® antiviral,” anti-
inflammatory,"” anti-Alzheimer,"" and anticonvulsant™ activ-
ities. Numerous FDA-approved drugs based on the 14-
dihydropyridine moiety like nisoldipine, amlodipine, and felodi-

indicated a wide range of biological activities that include CRF-
1 receptor antagonists™ KDR kinase inhibitors, ™!
antischistosomal," and antiproliferative agents.'”” Zaleplone,
an FDA-approved sedative/hypnotic for short term treatment of
insomnia, is a pyrazolo[1,5-alpyrimidine derivative (Figure 1).'®
In addition, due to their remarkable photophysical properties,
pyrazolo[1,5-a]lpyrimidines received noticeable interest in mate-
rial science as promising fluorophores."*2? In continuation of
our interest in enamine chemistry,”?¥ Hantzsch®?¥ and
Michael addition reactions,?*=% in this contribution, we describe
the full details of our investigation on the syntheses of novel

pine were introduced as calcium channel blockers for treatment  annelated tetra(hexa)azacyclopentalalanthracenes, tetra-
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Figure 1. Some FDA-approved dihydropyridine'* and pyrazolo[1,5-

alpyrimidine® based drugs.

© 2023 The Authors. Published by Wiley-VCH GmbH

85UB017 SUOLLLOD) BAIERID 3|qedtjdde ay) Ag pausenob a1e 3 e O ‘88N JO'SajnJ oy Akeiq1T 8Ul|UO A3 UO (SUORIPUOO-PUR-SLLBYWI0D" A3 | 1M Afe.q)1)BU1 UO//SUNY) SUORIPUOD pUe swiia | 84} 835 *[£202/20/LT] Uo Aiqiauljuo AB|im ‘Auewies aueiyood Aq 60000£202 Uedo/z00T 0T/10p/wod e M Aseiqijeuljuo-adoane-ALs Leyd//sdny wolj papeojumoq ‘¢ ‘€40z ‘€9ETT6TZ


http://orcid.org/0000-0002-9243-7589
http://orcid.org/0000-0002-7689-1992
http://orcid.org/0000-0003-1220-8370
https://doi.org/10.1002/open.202300009
http://chemistryopen.org/collections
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fopen.202300009&domain=pdf&date_stamp=2023-02-28

Chemistry
Europe

European Chemical
Societies Publishing

Research Article

ChemistryOpen doi.org/10.1002/0pen.202300009

azaindenol5,4-b]fluorenes,  and
tetraphene derivatives.

oxatetraazacyclopenta[m]-

Results and Discussion

Recently, we reported the synthesis of 7-amino-2-methyl-3-
phenylpyrazolo[1,5-a]pyrimidin-5(4H)-one 3 from the reaction
of 3-methyl-4-phenyl-1H-pyrazol-5-amine 1 with 3-(3,5-dimeth-
yl-1H-pyrazol-1-yl)-3-oxopropanenitrile 2 in toluene under reflux
conditions (Scheme 1).?*! Besides, we studied the utility of 3 as
a precursor for the synthesis of the new symmetric ring system
heptaza-dicyclopentala,jlanthracenes | (Figure 2).”* In an effort
to develop efficient syntheses of novel heterocycles, here, we
show how compound 3 may be used as starting material for a
novel series of aza-polycyclic aromatic compounds (Il) through
the unsymmetric Hantzsch reaction of one mole equivalent of 3
with one mole equivalent of both, aldehydes and active
methylene compounds (Figure 2).

Initially, we conducted the reaction of the 7-amino-2-
methyl-3-phenylpyrazolo[1,5-alpyrimidin-5-one 3 with aromatic
aldehydes 4 and dimedone 5 in a trial to prepare a novel series
of  tetraazacyclopentalalanthracenes 6  (IUPAC  name:
pyrazolo[5',1":2,3]pyrimido[4,5-blquinoline-5,7-diones). Thus, the

o
Ph Nz Me o Toluene HN |
f<NH ’ ﬁN& Ph—¢ “N” “NH
=~ ~ i ) 2
Me” N Me” N cn  reflux, 30 min. i
Me
1 2 3 (93%)

Scheme 1. Synthesis of 7-aminopyrazolo[1,5-alpyrimidin-5(4H)-one 3.2
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heptaza-dicyclopenta[a,]anthracenes polyaza-polycyclic aromatic compounds
1 1]

Symmetric Hantzsch Products Unsymmetric Hantzsch products

Figure 2. Structure of the targeted symmetric and unsymmetric Hantzsch
products.”®
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cyclo-condensation reaction of the substituted aldehydes 4
with one mole equivalent of both 7-amino-2-methyl-3-
phenylpyrazolo[1,5-alpyrimidin-5-one 3 and dimedone 5 in the
presence of acetic acid directly leads to the formation of the
target products 6a-d in 66-78% vyield (Scheme?2). As a
representative example, the constitution of compound 6a was
confirmed on the basis of its spectral data. Thus, the IR spectra
featured the presence of NH groups with a broad absorption
band at ¥ 3266 cm™". In addition, the spectra indicated two
sharp bands at 7 1653 and 1631 cm™' corresponding to the
ketonic and amidic carbonyl groups, respectively. The 'H NMR
spectrum of 6a showed three singlets at 6 0.91, 1.03, and
2.33 ppm assigned to the three methyl groups. In addition, it
indicated an AB line system as two pairs of doublets at 6 2.05-
227 ppm (J=-16.0Hz) and 6 2.59-2.78 ppm (J=-—17.5Hz)
related to diastereotropic protons H10 and H8, respectively. In
addition, it featured a singlet at 0 4.98 ppm assigned to Hé. It
also revealed signals assigned to the aryl protons as multiplets
at 0 7.07-7.39 ppm. Absorptions of the two NH groups
appeared as two broad signals at 6 10.30 and 11.80 ppm,
respectively.

Replacing dimedone 5 with 1,3-dimethylbarbituric acid 7,
which has two additional nitrogen atoms, afforded the
hexaazacyclopentalalanthracenes 8 in 75-82% yield. Thus, the
three-component reaction of aldehydes 4, 1,3-dimeth-
ylbarbituric acid 7 and 7-amino-2-methyl-3-phenylpyrazolol[1,5-
alpyrimidin-5-one 3 in glacial acetic under reflux conditions
gave 1,4,8,10,11,11b-hexaazacyclopentalalanthracene-5,7,9-tri-
ones 8a-c (Scheme 3).

In contrast, the replacement of dimedone by 1,3-indane-
dione 9 leads to additional annulation to pentacyclic structure
10 (tetraazaindeno(5,4-b]fluorene). This finding warrants inter-
est, because compounds with an indenopyridine moiety show a
wide range of bioactivities including calcium antagonistic,
antidepressant,®®*”! and antihistamine activities.?**”! They also
act as NK-1 and dopamine receptor ligands.®¥ Thus, under the
same reaction conditions, the cyclocondensation reaction of
aldehydes with both 3 and 1,3-indandione 9 proceeded
smoothly, and a new series of indeno[2’,1":5,6]pyrido[3,2-
elpyrazolo[1,5-a]lpyrimidine-5,7-diones 10 was obtained
(Scheme 4). Surprisingly, in the presence of an electron-with-
drawing nitro group in 4, the reaction yields the non-oxidized
product 10d in high yield, while the other derivatives directly
afford the readily oxidized products 10a-c. It is noteworthy to

O Ar O
4
AcOH HNT5 ™6 8
Me
reflux, 5 h Ph3/’f,\l N™ 30 °Me

1
Mé 2

6a, Ar = Ph (75%)

6b, Ar = 4-O,NCgH, (78%)

6¢, Ar = 3,4-OCH,OCgH, (66%)
6d, Ar = 4-MeCgH, (77%)

Scheme 2. Synthesis of pyrazolo[5’,1:2,3]pyrimido[4,5-blquinoline-5,7-diones 6 a-d.
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Scheme 3. Synthesis of 1,4,8,10,11,11b-hexaazacyclopentalalanthracene-5,7,9-triones 8 a-c.
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Scheme 4. Synthesis of indeno[2’,1":5,6]pyrido[3,2-e]pyrazolo[1,5-alpyrimidine-5,7-diones 10a-d

mention that these compounds can be considered as
1,4,12,12b-tetraazaindeno[5,4-b]fluorene analogues.

Encouraged by the above results, our study was extended
to include the synthesis of chromeno[3’,4":5,6]pyrido(3,2-
e]pyrazolo[1,5-alpyrimidine-5,7(4H)-dione derivatives 12 via the
cyclocondensation of aldehydes 4 with both 4-hydroxycoumar-
in 11 and 3. These ring systems can be regarded as
1,4,8,13,13b-oxatetraazacyclopenta[m]tetraphene analogues
(Scheme 5). In contrast to the three-component reaction
incorporating 1,3-indanedione (Scheme 4), only partially oxi-
dized products 12a-d could be obtained under the same

0]

OH
HN)JE\ %
+ ArCHO +

7 "N NH
Ph ,l\’l 2 oo

Me

reaction condition even at prolonged reaction times under
reflux conditions (up to 12 h).

As indicated in Scheme 6, we propose a plausible pathway
for these transformations based on the Hantzsch reaction’s
classical mechanism. Generally, the reaction pathway involves
the initial acid-catalyzed enamine addition of 3 to the aldehyde
4 to yield intermediate 13 which loses water to form the
unstable ylidene 14. The ylidene 14 then reacts with one
equivalent of an active methylene compound (5, 7, 9, or 11)
yielding the intermediate 15, which cyclizes into 16. The
intermediate 15 loses water and becomes deprotonated,

AcOH HN
Ph

reflux, 5 h

Me
12a, Ar = Ph (74%)
12b, Ar = 4-CICgH, (80%)
12¢, Ar = 4-MeCgHy4 (79%)
12d, Ar = 2,4-Cl,CgH3 (66%)

Scheme 5. Synthesis of chromeno[3',4":5,6]pyrido[3,2-e]pyrazolo[1,5-alpyrimidine-5,7(4H)-diones 12 a-d.
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Scheme 6. A proposed mechanism for the synthesis of compounds 6, 8, 10, and 12.

producing the final isolable product 6, 8, 10, or 12 respectively.
(Scheme 6).

As a part of our sequential work on spirocyclic
oxindoles,®*! we modified the structures by replacing the
aldehydes with isatin 17 to achieve the concept of molecular
hybridization” to improve their medicinal efficacy and over-
come drug resistance.”’" Thus, the reaction of isatin 17 and 7-
amino-2-methyl-3-phenylpyrazolo[1,5-alpyrimidin-5-one 3 with

either dimedone 5 or indan-1,3-dione 9 leads to the formation
of the spirocyclic oxindoles of the  respective
tetraazacyclopentalalanthracene 18 or tetraazaindenol5,4-
blfluorene 19 (Scheme 7). The constitutions of the obtained
products were confirmed by inspection of their spectral data.
We believe that more effort is still needed in order to
further broaden the scope of reaction of 7-amino-2-methyl-3-
phenylpyrazolo[1,5-alpyrimidin-5-one 3 especially in Hantzsch-

(0]
HN
Me o)
5 Me O O
HN ]
o AcOH / reflux, 5 h Me
o Ph /[\1 H Me
b :
+0 JE— Me
Ph /II\J NH, N 18, (78%)
=N H
Me Q
5 17
O

9

AcOH / reflux, 5 h

Scheme 7. Synthesis of spirocyclic compounds 18 and 19.
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like reactions for the purpose of elaboration of interesting new
ring systems. The bioactivity and the photophysical properties
of the synthesized tetra(hexa)azacyclopenta[alanthracenes 6
and 8, tetraazaindenol5,4-b]fluorenes 19, and
oxatetraazacyclopenta[mltetraphene 12 derivatives as new ring
systems are currently under investigation.

Conclusion

We have reported the first efficient route for the synthesis of

new annelated ring systems including
tetra(hexa)azacyclopentalalanthracenes 6 and 8,
tetraazaindenol5,4-b]fluorenes 10, and

oxatetraazacyclopenta[m]tetraphene 12 derivatives using a
three-component one pot reaction. The sequence involves the
reaction of one mole equivalent of 7-aminopyrazolo[1,5-
alpyrimidin-5-one 3 with one mole equivalent of both alde-
hydes and active methylene reagents.

Experimental Section

General: Melting points were measured with a Stuart melting point
apparatus and are uncorrected. The IR spectra were recorded using
a FTIR Bruker-vector 22 spectrophotometer as KBr pellets. The 'H
and *C NMR spectra were recorded in DMSO-d as solvent with a
Bruker AVS 400 instrument ('H: 400.1 MHz, "*C: 100.6 MHz) or a
Varian Gemini NMR spectrometer ('H: 300 MHz, *C: 75 MHz).
Chemical shifts ¢ refer to dqus=0.00 ppm or to residual solvent
signals. The multiplicities of the ™C signals in some compounds
were determined by ATP measurements. Due to poor solubilities,
3C NMR spectral data for compounds 8a, 8¢, 10a, 10b, 10c, 12b,
and 12d are not provided. Mass spectra were recorded with a
Shimadzu GCMS-QP-1000 EX mass spectrometer in El (70 eV)
model. The elemental analyses were performed at the Micro-
analytical center, Cairo University. All solvents and reagents was
supplied by Sigma-Aldrich and used as received. 7-Amino-2-methyl-
3-phenylpyrazolo[1,5-alpyrimidin-5(4H)-one 3 was synthesized ac-
cording to the reported literatures.”®

General procedure (GP) for the synthesis of compounds 6, 8, 10,
12, 18and 190 A mixture of 7-amino-2-methyl-3-
phenylpyrazolo[1,5-alpyrimidin-5(4H)-one 3% (0.24 g, 1 mmol), ar-
omatic aldehyde 4 (1 mmol) or isatin 17 (0.15 g, 1 mmol), and the
cyclic 1,3-dicarbonyl compound (dimedone 5, 1,3-dimeth-
ylbarbituric acid 7, 1,3-indanedione 9, or 4-hydroxycoumarine 11)
(1 mmol) was heated in glacial acetic acid (15 mL) at reflux for 5 h.
The solvent was evaporated under reduced pressure and the
residue was treated with ag. NaHCO; solution (2 N, 25 mL). The
collected crude products were purified by crystallization from
EtOH/dioxane mixture (2:1, v/v, 15 mL).

2,9,9-Trimethyl-3,6-diphenyl-6,9,10,11-

tetrahydropyrazolo[5’,1:2,3]pyrimido[4,5-b]quinoline-5,7(4H,8H)-
dione (6a): GP. Yellow powder (0.34 g, 75%). Mp >300°C. IR (KBr):
¥ 3266 (br, 2NH), 1663, 1631 (2CO) cm™". 'H NMR (400 MHz, DMSO-
dg): 0 0.91 (s, 3H, CH,), 1.04 (s, 3H, CH,), 2.05-2.27 (AB line system,
2J=—16.0 Hz, 2H, CH,), 2.49 (s, 3H, pyrazole CH,), 2.59-2.78 (AB line
system, 2J=—17.5 Hz, 2H, CH,), 4.98 (s, 1H, CH), 7.07-7.42 (m, 10H,
ArH), 1037 (br s, 1TH, NH), 11.79 (br s, 1H, NH) ppm. “CNMR
(100 MHz, DMSO-dg): 6 13.5 (CH3), 27.1 (CH;), 32.6 (CH,), 34.1 (CH),
39.3 (CH,), 50.6 (CH,), 87.9 (C), 92.8 (C), 102.8 (C), 111.8 (C), 126.4
(CH), 127.0 (CH), 128.1 (CH), 128.2 (CH), 128.9 (CH), 129.6 (CH), 130.8

ChemistryOpen 2023, 12, e202300009 (5 of 7)

(©), 139.5 (C), 146.8 (C), 15.3 (C), 146.6 (C), 160.1 (CO), 173.4 (O),
195.0 (CO) ppm. MS (El, 70 eV): m/z 450 [M]*. Anal. calcd. for
C,sH56N,0,: C 74.65; H 5.82; N 12.44. Found: C 74.41; H 5.63; N 12.65.

2,9,9-Trimethyl-6-(4-nitrophenyl)-3-phenyl-6,9,10,11-
tetrahydropyrazolo[5’,1:2,3]pyrimido[4,5-blquinoline-5,7(4H,8H)-
dione (6b): GP. Yellow powder (0.39 g, 78%). Mp >300°C. IR (KBr):
¥ 3346 (br, 2NH), 1667 (br, 2CO) cm™". "H NMR (400 MHz, DMSO-d):
0 091 (s, 3H, CH,), 1.05 (s, 3H, CH,), 2.05-2.28 (AB line system, %)=
—17.8 Hz, 2H, CH,), 2.34 (s, 3H, CH,), 2.62-2.78 (AB line system, %J=
—17.6 Hz, 2H, CH,), 5.08 (s, 1H, CH), 7.30-8.11 (m, 9H, ArH), 10.55 (br
s, TH, NH), 11.67 (br s, TH, NH) ppm. *C NMR (100 MHz, DMSO-d,): &
13.5 (CH;), 27.2 (CH3;), 29.3 (CH;), 32.6 (C), 35.0 (CH), 40.6 (CH,), 50.5
(CH,), 86.5 (C), 100.9 (C), 110.9 (C), 123.6 (CH), 127.1 (CH), 128.9
(CH), 129.6 (CH), 129.7 (CH), 139.9 (C), 146.1 (C), 146.3 (C), 150.9 (C),
151.0 (C), 154.2 (C), 160.0 (CO), 169.9 (C), 195.1 (CO) ppm. MS (El,
70 eV): m/z 495 [M]™. Anal. calcd. for C,gH,sNsO,: C 67.87; H 5.09; N
14.13. Found: C 67.65; H 5.22; N,14.40.

6-(Benzo[d][1,3]1dioxol-5-yl)-2,9,9-trimethyl-3-phenyl-6,9,10,11-
tetrahydropyrazolo[5’,1:2,3]pyrimido[4,5-blquinoline-5,7(4H,8H)-
dione (6¢): GP. Yellow powder (0.3 g, 66%). Mp 270-272°C. IR
(KBr): # 3419 (br, 2NH), 1627, 1592 (2CO) cm™". 'H NMR (400 MHz,
DMSO-d,): 6 0.94 (s, 3H, CH;), 1.04 (s, 3H, CHs), 2.07-2.26 (AB line
system, 2J=—17.6 Hz, 2H, CH,), 2.33 (s, 3H, pyrazole CH;), 2.58-2.77
(AB line system, 2J=—17.2 Hz, 2H, CH,), 4.90 (s, 1H, CH), 5.90 (s, 1H,
OCH,0), 6.67-7.43 (m, 8H, ArH), 10.34 (br s, TH, NH), 11.58 (br s, 1H,
NH) ppm. CNMR (100 MHz, DMSO-dg): 6 13.5 (CHs), 27.2 (CH,),
29.4 (CH,), 32.6 (C), 33.8 (CH), 40.6 (CH,), 50.7 (CH,), 92.9 (C), 101.1
(CH,), 102.9 (C), 108.1 (CH), 108.9 (CH), 111.9 (C), 120.9 (CH), 127.0
(CH), 128.9 (CH), 129.7 (CH), 130.9 (C), 139.4 (C), 145.8 (C), 147.1 (C),
150.2 (C), 150.5 (C), 160.1 (C), 168.3 (C), 195.0 (CO) ppm. MS (El,
70 eV): m/z 494 [M]". Anal. calcd. for C,gH,xN,O,: C 70.43; H 5.30; N
11.33. Found: C 70.20; H 5.62; N 11.15.

2,9,9-Trimethyl-3-phenyl-6-(p-tolyl)-6,9,10,11-
tetrahydropyrazolo[5’,1':2,3]pyrimido[4,5-b]quinoline-5,7(4H,8H)-
dione (6d): GP. Yellow powder (0.36 g, 77 %). Mp >300°C. IR (KBr):
¥ 3444, 3414 (2NH), 1665, 1634 (2CO) cm™', '"H NMR (400 MHz,
DMSO-dg): & 0.91 (s, 3H, CHs), 1.04 (s, 3H, CH,), 2.04-2.22 (AB line
system, 2J=—15.9 Hz, 2H, CH,), 2.19 (s, 3H, tolyl CH;), 2.34 (s, 3H,
pyrazole CH,), 2.50-2.72 (AB line system, 2J=—17.0 Hz, 2H, CH,),
493 (s, 1H, CH), 6.98-7.42 (m, 9H, ArH), 10.32 (br s, TH, NH), 11.80
(br s, TH, NH) ppm. C NMR (100 MHz, DMSO-d,): & 13.4 (CH5), 21.0
(CH;), 21.5 (CHy), 27.1 (CH3), 29.5 (CH), 32.6 (C), 33.6 (CH), 40.8 (CH,),
50.6 (CH,), 102.8 (C), 112.0 (C), 126.9 (CH), 128.0 (CH), 128.8 (CH),
128.9 (CH), 129.6 (CH), 130.9 (C), 139.4 (C), 143.9 (C), 150.1 (C), 150.5
(0), 160.0 (C), 172.4 (CO), 195.0 (CO) ppm. MS (El, 70 eV): m/z 464
[M1¥, Anal. calcd. for C,oH,sN,O,: C 74.98; H 6.08; N 12.06. Found: C
74.87; H 6.35; N 12.34.

2,8,10-Trimethyl-3,6-diphenyl-4,6,11,11 b-tetrahydro-
1,4,8,10,11,11 b-hexaaza-5H-cyclopentalalanthracene-
5,7,9(8H,10H)-trione (8a): GP. Yellow powder (0.35g, 75%). Mp
>300°C. IR (KBr): # 3360 (br, 2NH), 1647, 1579 (br, 3CO) cm.
'H NMR (300 MHz, DMSO-d¢): 6 1.91 (s, 3H, CH5), 2.29 (s, 6H 2CH,),
5.81 (s, 1H, CH), 7.10-7.40 (m, 10H, ArH), 11.57 (br, 2H, 2NH) ppm.
MS (EI, 70 eV): m/z 466 [M]". Anal. calcd. for C,eH,,NsO;: C 66.94; H
4.75; N 18.02. Found: C 66.68; H 4.51; N 17.83.

6-(4-Chlorophenyl)-2,8,10-trimethyl-3-phenyl-4,6,11,11 b-tetrahy-
dro-1,4,8,10,11,11 b-hexaaza-5H-cyclopentalalanthracene-

5,7,9(8H,10H)-trione (8b): GP. Yellow powder (0.38 g, 76%). Mp
>300°C. IR (KBr): ¥ 3404 (br, 2NH), 1653, 1581 (br, 3CO) cm™.
'H NMR (300 MHz, DMSO-dg): 6 1.90 (s, 3H, CH,), 2.30 (s, 6H, 2CH,),
5.81 (s, 1H, CH), 7.03-7.41 (m, 9H, ArH), 11.60 (br s, 2H, 2NH) ppm.
BC NMR (75 MHz, DMSO-dg): 6 12.9 (CHs), 20.3 (CH;), 20.8 (CH,), 34.0
(CH), 79.7 (C), 87.9 (C), 101.6 (C), 126.2 (CH), 126.3 (CH), 128.2 (CH),

© 2023 The Authors. Published by Wiley-VCH GmbH
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128.3 (CH), 129.1 (CH), 130.5 (C), 133.6 (C), 135.8 (C), 136.1 (C), 149.4
(Q), 148.8 (C), 151.4 (C), 160.9 (CO), 171.7 (CO), 173.9 (CO) ppm. MS
(El, 70 eV): m/z 500 [M]". Anal. calcd. for C,H,,CINsO5: C 62.34; H
4.23; N 16.78. Found: C 62.60; H 4.52; N 16.45.

2,8,10-Trimethyl-6-(4-nitrophenyl)-3-phenyl-4,6,11,11 b-tetrahy-
dro-1,4,8,10,11,11 b-hexaaza-5H-cyclopentalalanthracene-
5,7,9(8H,10H)-trione (8c): GP. Yellow powder (0.42 g, 82%). Mp
288-290°C. IR (KBr): v 3425, 3332 (2NH), 1690, 1646, 1611 (3CO)
cm~". 'H NMR (300 MHz, DMSO-d): 6 1.89 (s, 3H, CH,), 2.30 (s, 6H,
2CH,), 5.91 (s, 1H, CH), 7.28-8.12 (m, 9H, ArH), 11.60 (br, 2H, 2NH)
ppm. MS (El, 70 eV): m/z 511 [M]". Anal. calcd. for C,H,;N,O: C
61.05; H 4.14; N 19.17. Found: C 61.27; H 4.39; N 18.98.

2-Methyl-3,6-diphenyl-4H-indeno[2’,1":5,6]pyrido[3,2-
elpyrazolo[1,5-a]pyrimidine-5,7-dione (10a): GP. Yellow powder
(0359, 77%). Mp >300°C. IR (KBr): ¥ 3426 (NH), 1723, 1686 (2CO)
cm™". '"H NMR (300 MHz, DMSO-dy): 6 2.35 (s, 3H, CH,), 7.28-8.04 (m,
14H, ArH), 11.80 (br s, TH, NH) ppm. MS (El, 70 eV): m/z 454 [M]".
Anal. calcd. for C,oH,gN,O,: C 76.64; H 3.99; N 12.33. Found: C 76.95;
H 4.16; N 12.57.

6-(4-Chlorophenyl)-2-methyl-3-phenyl-4H-
indeno[2’,1":5,6]pyrido[3,2-elpyrazolo[1,5-alpyrimidine-5,7-dione
(10b): GP. Yellow powder (0.40 g, 81%). Mp >300°C. IR (KBr): ¥
3447 (NH), 1675, 1617 (2CO) cm™". '"H NMR (300 MHz, DMSO-d,): 6
2.31 (s, 3H, CH;), 7.33-8.00 (m, 13H, ArH), 11.80 (br s, TH, NH) ppm.
MS (El, 70 eV): m/z 488 [M]". Anal. calcd. for C,H,;,CIN,O,: C 71.24; H
3.50; N 11.46. Found: C 71.09; H 3.18; N 11.60.

2-Methyl-3-phenyl-6-(p-tolyl)-4H-indeno[2’,1:5,6]pyrido[3,2-
elpyrazolo[1,5-a]pyrimidine-5,7-dione (10c): GP. Yellow powder
(0.36 g, 78%). Mp 238-240°C. IR (KBr): ¥ 3408 (NH), 1658 (br, 2CO)
cm™". "TH NMR (300 MHz, DMSO-d): 6 2.32 (s, 3H, CH5), 2.42 (s, 3H,
CHs), 7.20-7.97 (m, 13H, ArH), 11.60 (br s, 1H, NH) ppm. MS (El,
70 eV): m/z 468 [M]". Anal. calcd. for C3oH,N,O,: C 76.91; H 4.30; N
11.96. Found: C 76.75; H 4.51; N 11.73.

2-Methyl-6-(4-nitrophenyl)-3-phenyl-6,12-dihydro-4H-
indeno[2’,1":5,6]pyrido[3,2-elpyrazolo[1,5-alpyrimidine-5,7-dione
(10d): GP. Orange powder (0.42 g, 83%). Mp 292-294°C. IR (KBr): v
3397, 3344 (2NH), 1662 (br, 2CO) cm™". 'H NMR (300 MHz, DMSO-
dg): 0 2.40 (s, 3H, CH;), 5.02 (s, TH, CH), 7.28-8.27 (m, 13H, ArH) 11.80
(br, 2H, 2NH) ppm. *C NMR (75 MHz, DMSO-d¢): & 12.8 (CH,), 34.6
(CH), 82.8 (C), 93.0 (C), 108.8 (C), 120.4 (CH), 121.4 (CH), 123.1 (CH),
126.5 (CH), 128.3 (CH), 129.1 (CH), 129.2 (CH), 130.1 (CH), 132.1 (Q),
132.2 (CH), 135.7 (C), 136.0 (C), 140.5 (C), 145.5 (C), 145.9 (C), 150.5
(C), 152.4 (C), 154.1 (C), 159.1 (CO), 168.3 (CO) ppm. MS (El, 70 eV):
m/z 501 [M]*. Anal. calcd. for C,H;sNsO,: C 69.46; H 3.82; N 13.97.
Found: C 69.22; H 3.52; N 13.71.

2-Methyl-3,6-diphenyl-6,13-dihydro-7H-
chromeno[3’,4':5,6]pyrido[3,2-e]pyrazolo[1,5-alpyrimidine-
5,7(4H)-dione (12a): GP. Yellow powder (0.359g, 74%). Mp 248-
250°C. IR (KBr): 7 3430, 3329 (2NH), 1656, 1615 (2CO) cm™". 'H NMR
(300 MHz, DMSO-dy): 6 2.32 (s, 3H, CH,), 5.81 (s, TH, CH), 7.17-7.86
(m, 14H, ArH), 12.10 (br s, TH, NH), 14.6 (br s, 1H, NH) ppm."*C NMR
(75 MHz, DMSO-dg): 6 12.9 (CH,), 35.6 (CH), 49.2 (C), 71.9 (C), 88.1
(C), 104.5 (C), 116.0 (CH), 120.4 (CH), 120.5 (CH), 123.6 (CH), 124.1
(CH), 125.6 (CH), 126.3 (CH), 126.6 (CH), 128.0, (CH), 128.4 (CH),
129.3 (C), 130.0 (C), 132.2 (C), 135.6 (C), 138.1 (C), 149.2 (C), 150.6
(CO), 160.9 (CO), 163.5 (C) ppm. MS (El, 70 eV): m/z 472 [M]*. Anal.
calcd. for Cy0H,oN,O5: C 73.72; H 4.27; N 11.86. Found: C 73.40; H
4.50; N 11.65.

6-(4-Chlorophenyl)-2-methyl-3-phenyl-6,13-dihydro-7H-
chromeno[3’,4':5,6]pyrido[3,2-e]pyrazolo[1,5-ajpyrimidine-
5,7(4H)-dione (12b): GP. Yellow powder (0.40 g, 80%). Mp 292-
294°C. IR (KBr): ¥ 3407 (br, 2NH), 1644 (br, 2CO) cm~'. 'H NMR
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(300 MHz, DMSO-dg): ¢ 2.35 (s, 3H, CH,), 5.10 (s, 1H, CH), 7.50-8.46
(m, 13H, ArH), 10.30 (br s, TH, NH), 11.83 (br s, TH, NH) ppm. MS (El,
70 eV): m/z 506 [M]*. Anal. calcd. for C,oH,,CIN,O;: C 68.71; H 3.78;
N 11.05. Found: C 68.50; H 3.95; N 11.29.

2-Methyl-3-phenyl-6-(p-tolyl)-6,13-dihydro-7H-
chromenol[3’',4':5,6]pyrido[3,2-e]pyrazolo[1,5-alpyrimidine-
5,7(4H)-dione (12¢): GP. Yellow powder (0.38 g, 79 %), Mp >300°C.
IR (KBr): ¥ 3396 (NH), 1706, 1638 (2CO) cm™". '"HNMR (400 MHz,
DMSO-d,): 6 2.24 (s, 3H, CH,), 2.36 (s, 3H, CHs), 5.01 (s, 1H, CH), 7.07-
8.86 (m, 14H, ArH and NH), 11.80 (br s, 1H, NH) ppm. *C NMR
(100 MHz, DMSO-dg): 6 13.6 (CH,), 21.0 (CH;), 33.8 (CH), 93.5 (),
103.2 (C), 103.8 (C), 113.3 (Q), 126.9 (CH), 127.0 (CH), 128.2 (CH),
128.96 (CH), 128.98 (CH), 129.2 (CH), 129.65 (CH), 129.7 (CH), 129.8,
(CH), 130.9 (C), 136.4 (C), 139.6 (C), 141.8 (C), 150.8 (C), 150.9 (C),
152.6 (C), 160.1 (CO), 160.4 (CO), 169.8 (C) ppm. MS (El, 70 eV): m/z
486 [M]". Anal. calcd. for CyH,,N,O;: C, 74.06; H, 4.56; N, 11.52.
Found: C, 74.16; H, 4.43; N, 11.33.

6-(2,4-Dichlorophenyl)-2-methyl-3-phenyl-6,13-dihydro-7H-
chromenol[3’,4':5,6]pyrido[3,2-e]pyrazolo[1,5-alpyrimidine-
5,7(4H)-dione (12d): GP. Off-white powder (0.36 g9, 66%). Mp
>300°C. IR (KBr): # 3359, 3218 (2NH), 1723, 1655 (2CO) cm .
'H NMR (300 MHz, DMSO-dg): 6 2.40 (s, 3H, CHs), 4.60 (s, TH, CH),
7.50-7.67 (m, 12H, ArH), 11.26 (br s, TH, NH), 11.90 (br s, TH, NH)
ppm. MS (El, 70 eV): m/z 540 [M]". Anal. calcd. for C,gH,3C;,N,O5: C
64.34; H 3.35; N 10.35. Found: C 64.12; H 3.60; N 10.67.

2',9',9'-Trimethyl-3'-phenyl-9’,10"-dihydro-4'H-spiro[indoline-3,6'-
pyrazolo[5’,1:2,3]pyrimido[4,5-b]quinoline]-2,5',7'(8'H,11'H)-tri-
one (18): GP. Red brown powder (0.38 g, 78%). Mp >300°C. IR
(KBr): ¥ 3404, 3241 (br, 3NH), 1706, 1661 (br, 3CO) cm™". 'H NMR
(300 MHz, DMSO-dg): & 0.95 (s, 3H, CH,), 1.03 (s, 3H, CH,), 1.95 (m,
2H, CH,), 2.14 (m, 2H, CH,), 2.34 (s, 3H, pyrazole CH,), 6.65-7.43 (m,
9H, ArH), 10.14 (s, TH, NH), 10.41 (s, TH, NH), 11.46 (br s, 1H, NH)
ppm. *CNMR (100 MHz, DMSO-dg): 6 14.4 (CH,), 27.0 (CH,), 28.9
(CH,), 32.4 (Q), 42.8 (CH,), 48.8 (CH,), 51.1 (C), 87.2 (C), 1034 (Q),
108.4 (CH), 11.3 (C),120.9 (CH), 123.3 (CH), 127.3 (C), 127.8 (CH),
129.0 (CH), 129.7 (2CH), 136.4 (C), 139.8 (C), 144.1 (C), 150.9 (Q),
151.1 (C), 163.4 (CO), 169.1 (C), 180.1 (CO), 194.0 (CO) ppm. MS (El,
70 eV): m/z 491 [M]™. Anal. calcd. for C,,H,sNsO5: C 70.86; H 5.13; N
14.25. Found: C 70.65; H 5.04; N 14.11.

2-Methyl-3-phenylspirol[indeno[2’,1":5,6]pyrido[3,2-
elpyrazolo[1,5-a]pyrimidine-6,3'-indolinel-2',5,7(4H,12H)-trione
(19): GP. Red brown powder (0.36 g, 76 %). Mp >300°C. IR (KBr): ¥
3450 (br), 3370 (3NH), 1698, 1658 (br, 3CO) cm™~". "H NMR (300 MHz,
DMSO-dy): 6 2.38 (s, 3H, CH,), 6.78-8.22 (m, 13H, ArH), 10.45 (br s,
TH, NH), 11.52 (br s, 2H, 2NH) ppm. *C NMR (75 MHz, DMSO-d): 6
13.5 (CH,), 51.4 (C), 87.3 (C), 108.4 (C), 109.0 (CH), 109.6 (CH), 110.7
(C), 120.4 (CH), 121.6 (CH), 123.9 (CH), 127.0 (CH), 127.2 (CH), 128.8
(CH), 129.0 (CH), 129.8 (C), 130.8 (CH), 131.1 (C), 133.0 (CH), 134.9
(), 136.0 (C), 136.6 (C), 142.5 (C), 143.3 (C), 151.2 (C), 156.2 (CO),
159.6 (C), 179.0 (CO), 190.3 (CO) ppm. MS (El, 70 eV): m/z 497 [M]™.
Anal. calcd. for C,oH,sNsO5: C 72.43; H 3.85; N 14.08. Found: C 72.29;
H 3.67; N 14.02.

Supporting Information Summary

Copies of 'H and CNMR spectra of the synthesized com-
pounds are available in the supplementary material.

© 2023 The Authors. Published by Wiley-VCH GmbH
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