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A green, convenient, high yielding and one-pot procedure for the synthesis of novel spiro[benzo[a]pyrano
[2,3-c]phenazine] derivatives by domino multi-component condensation reaction between 2-
hydroxynaphthalene-1,4-dione, benzene-1,2-diamines, ninhydrine, and malononitrile in the presence
of a catalytic amount of 1,3-dimethyl-7H-purine-2,6-dione (theophylline) as an expedient, eco-friendly
and reusable solid base catalyst under thermal, microwave irradiation and solvent-free conditions. This
procedure has also been applied successfully for the synthesis of benzo[a]pyrano[2,3-c]phenazines.
© 2016 Malek-Taher Maghsoodlou. Chinese Chemical Society and Institute of Materia Medica, Chinese
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.

1. Introduction

Polyfunctionalized heterocyclic compounds play significant
roles in the drug discovery process, and analysis of drugs [1,2],
therefore, the development of the design and synthesis of new
diverse polycyclic heterocycles with potential medicinal and
biological activity has received significant attention for research
in organic, combinatorial, and medicinal chemistry [3,4]. Multi-
component reactions involving a domino process (MDRs) [5,6]
with at least three or more reactants particularly performed under
solvent-free conditions [7,8] have become as a popular tool for the
synthesis of chemically and biologically important organic
frameworks. These processes avoid the isolation and purification
of intermediates, higher productivity, minimize solvent waste, and
enhance the greenness of the transformations. Also, microwave-
assisted organic synthesis (MAOS) has become a very valuable tool,
improving the outcome of multi-component reactions [9] because
microwave heating is able to minimize side reactions, increase
yields, reduce reaction times, improve reproducibility, and even
enable unaccessible reactions by conventional heating and is
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particularly useful for the preparation of various biologically active
heterocyclic compounds [10].

Heterocycles having phenazines, quinoxalines and pyrans
moieties are important targets in the synthetic organic chemistry.
While phenazines, quinoxalines and pyrans have attracted great
attention in drug discovery, the preparation of compounds
incorporating all of these motifs (Fig. 1) has not been reported.

Phenazine based compounds are nitrogen-containing hetero-
cycles that are the main core of many natural and synthetic organic
materials [11-13]. Phenazines are showing a variety of biological
functions, including fungicidal [ 14], trypanocidal [15], antimalarial
[16], antiplatelet [17] and antitumour [18] activities.

Also, quinoxaline derivatives are an important group of aza-
polycyclic compounds displaying a broad spectrum of biological
activities which have made them privileged structures in
pharmacologically active compounds [19,20]. For example, they
show very interesting pharmacological properties such as anti-
bacterial [21], antifungal [22], antidepressant [23], and antitumor
agents [24].

On the other hand, pyran annulated heterocyle derivatives are
an important class of oxygen-containing heterocycles and are
usually structural subunits in a variety of important natural
compounds, including carbohydrates, alkaloids, polyether anti-
biotics, pheromones, and iridoids [25]. Pyarans are widely
employed as cosmetics, pigments [26], and potential
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Fig. 1. The structure of designed compound and theophylline.

biodegradable agrochemicals [27] and that have various biological
properties such as anti-leishmanial [28], anti-HIV [29], antioxidant
[30], anti-tumor [31], and central nervous system (CNS) activities
and effects [32]; they are also used for treatment of Alzheimer’s
disease [33] and schizophrenia [34].

Moreover, spiro heterocycles are found in a number of natural
or synthetic molecules [35,36]. A spiro heterocycle compound in
which the spiro carbon is part of cyclic ring has many unique
properties [37,38] and they are particularly interesting because the
conformational restriction associated to the structural rigidity
affects considerably their biological activity [39].

Furthermore, xanthine is a common structural component in
medicinal chemistry and new chemical entities (NCEs) develop-
ment [40]. Xanthine-based lead molecules have been exploited in
numerous therapeutic areas, for instance, Alzheimer’s disease [41],
asthma [42], diabetes [43], Parkinson’s disease [44] and cancer
[45]. Furthermore, xanthine derivatives are one of the most
abundant chemical classes of adenosine receptor antagonists [46].
Theophylline (Fig. 1) is a methylxanthine drug used in therapy for
respiratory diseases such aschronic obstructive pulmonary disease
(COPD) and asthma under a variety of brand names.

Considering the importance of phenazine, quinoxaline and
pyran derivatives and in continuation of our research on multi-
component reactions and our ongoing program for the synthesis of
complex organic compounds based on green chemistry protocols
[47-52], herein we report a very green synthesis of functionalized
spiro[benzo[a]pyrano|[2,3-c]phenazine] and benzo[a]pyrano|[2,3-
c]phenazine derivatives catalyzed by theophylline as an efficient
solid base catalyst under solvent-free conditions (Scheme 1).

2. Results and discussion

Theophylline is cheap and commercially available reagent, and
its structure convinced us to accept that this reagent could
potentially act as an effective, eco-friendly and basic catalyst in the
synthesis of novel spiro[benzo[a]pyrano[2,3-c]phenazine] and
benzo[a]pyrano[2,3-c]phenazine derivatives. For this purpose, at
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4 Scheme 1. One-pot, multi-component synthesis of novel spiro[benzo[a]pyrano

[2,3-c]phenazine] and benzo[a]pyrano[2,3-c]phenazine derivatives in the presence
of theophylline.

first, the aromatic ketones 6a-d were synthesized according to
previous work [53], by means of reaction between ninhydrin (2,2-
dihydroxyindane-1,3-dione) 5 and various aromatic 1,2-diamines
including benzene-1,2-diamine 2a, 4-methylbenzene-1,2-diamine
2b, 4-nitrobenzene-1,2-diamine 2¢ and 2,3-diaminopyridine 2d
(Scheme 2). In the cases of benzene-1,2-diamine and 4-methyl-
benzene-1,2-diamine, higher yields of the products were obtained
in shorter reaction time in comparison with 4-nitrobenzene-1,2-
diamine and 2,3-diaminopyridine.

Then, benzo[a]phenazine 3 and malononitrile 4 were con-
densed with aromatic ketones 5 or 6a-d under optimized reaction
conditions (Table 1, entry 5) to afford the related products
(Scheme 3). Although the reaction showed better performance
in the presence of DABCO, we used the theophylline as catalyst due
to features such as non-toxicity, recoverability, and most
importantly it was used as catalyst for the first time. The obtained
results are summarized in Table 2. Using 11H-indeno[1,2-b]
quinoxalin-11-one led to a higher yield in comparison with other
quinoxalin derivatives and 6H-indeno[1,2-b]pyrido[3,2-e]pyrazin-
6-one.

On the next step, to prepare 3-amino-2-cyano-1-aryl-1H-benzo
[a]pyrano[2,3-c]phenazine derivatives in a more efficient way, and
to minimize the reaction time and the amount of catalyst required,
the reaction of 2-hydroxynaphthalene-1,4-dione, benzene-1,2-
diamine, malononitrile and 4-nitrobenzaldehyde was selected as a
model system. So, 2-hydroxynaphthalene-1,4-dione (1 mmol) and
benzene-1,2-diamine (1 mmol) were mixed at 70 °C under thermal
and solvent-free conditions until in less than 5 min an orange solid
of benzo[a]phenazine was formed without using any catalyst.
Then, 4-nitrobenzaldehyde (1 mmol), malononitrile (1 mmol), and
theophylline as catalyst were added to the above reaction mixture
which was heated further at same temperature. The use of
different amounts of catalyst (10, 20, 30mol%) at varieties
temperatures (40, 70, 100°C) was investigated (Table 3). As it is
shown in Table 3, the best result was obtained when the reaction
was carried out in the presence of 20 mol% of the catalyst at 70°C
and afforded 3-amino-1-(4-nitrophenyl)-1H-benzo[a]pyrano|2,3-
c]phenazine-2-carbonitrile in 30 min with 91% of yield (Table 3,
entry 2). The reaction was also examined under microwave
irradiation. In order to select the appropriate microwave power,
the model reaction was examined at different microwave powers
(100-300W) in the presence of theophylline. The best result was
obtained with 20 mol% of theophylline at 180 W (Table 3, entry 6).

Using these optimized reaction conditions, the scope and
efficiency of the reaction were explored for the synthesis of a wide
variety of substituted benzo[a]Jchromeno[2,3-c]phenazine deriva-
tives. The results are summarized in Table 4. The desired pure
products were characterized by comparison of their physical data
(melting points, IR, and '"H NMR) with those of known compounds
in the literature. The extensive ranges of substituted and
structurally various aldehydes (ortho-, meta-, and para-substitut-
ed), afforded the corresponding products in high to excellent yields
using the theophylline as environment-friendly catalyst (Table 4).
As it was shown from Table 4, the reactions were efficiently

. Q
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HZND D/cm HzND/NOz HZNrj

Scheme 2. Synthesis of 11H-indeno[1,2-b]quinoxalin-11-one derivatives and 6H-
indeno[1,2-b]pyrido[3,2-e]pyrazin-6-one.
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Table 1

Optimization of the reaction conditions for the synthesis of 9a from 1, 2a, 4, and 6a under various conditions.

Entry Catalyst (mol%) Conventional heating Microwave irradiation
T (°C) Time (min) Yield (%)? Power (W)° Time (min) Yield (%)*

1 DABCO (30) 70 60 89 180 7 93

2 DBU (30) 70 60 75 180 7 76

3 N-Methylimidazole (30) 70 60 82 180 7 85

4 Caffeine (30) 70 60 80 180 7 85

5 Theophylline (30) 70 60 88 180 7 91

6 Theophylline (40) 70 60 87 180 7 91

7 Theophylline (20) 70 60 81 180 7 87

8 Theophylline (30) 40 90 Trace 100 10 Trace
9 Theophylline (30) 100 15 83 300 3 89
10 Theophylline (30) 70 30 76 180 5 88

1 - 70 60 - 180 7 Trace

¢ Isolated yields.
> The reaction was tested at different temperatures of 40-100°C.

A, MW

4 =N 4
Theophylline (Catalyst) O‘

3 OH

Scheme 3. Synthesis of spiro[benzo[a]pyrano[2,3-c]phenazine] derivatives.

Table 2

Solvent-free synthesis of novel spiro[benzo[a]pyrano[2,3-c]phenazine]derivatives (8, 9a-d) from the reaction of 1, 2, 4 and cyclic ketones (5, 6a-d) in the
presence of theophylline (30 mol%) as catalyst under thermal (70°C, 60 min) and microwave irradiation (180 W, max. 70°C, 7 min) conditions.

Entry Cyclic ketone Product Yield (%)? Melting point
A MwW
1 5 8 89 93 >250/(>250) [54]
2 6a 9a 88 91 >350
3 6b 9b 85 89 >342
4 6¢ 9c 85 88 >360
5 6d 9d 83 85 >345

@ Isolated yields.

promoted by microwave irradiation with increased yields and
reduced reaction times rather than conventional heating and
arylaldehydes with electron-withdrawing groups reacted rapidly
and gave higher yields, while substitutions of electron-rich groups
on the benzene ring required longer reaction times and got lower
yields. Also, in the presence of aliphatic aldehydes such as n-
heptanal and n-octanal the product expected was not obtained in
this reaction conditions.

Recovery of the catalysts is important in green organic
synthesis. Thus, we also for recyclability of the catalysts,
investigated the recycling of the theophylline under microwave
irradiation and solvent-free conditions using a selected model
reaction of 2-hydroxynaphthalene-1,4-dione, benzene-1,2-di-
amine, 4-nitrobenzaldehyde and malononitrile in the presence

of theophylline as homogeneous catalyst (Table 4, entry 3). After
completion of the reaction, the reaction mixture was cooled to
room temperature. Then, 5 mL of water was added to the mixture.
The theophylline was dissolved in water and filtered for separation
of the crude product. The separated product was washed twice
with water (2x5mL). The resulting product subsequently
recrystallized from hot ethanol to give the pure solid. In order
torecover the catalyst, the filtrate was extracted with diethyl ether.
The aqueous layer (including theophylline) was separated, and its
solvent was evaporated under reduced pressure and theophylline
was recovered and reused.

As shown in Fig. 2, we studied the reusability of theophylline as
homogeneous catalyst for the same reactants. It was observed that
the recovered catalyst works with the same performance up to 2nd
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Table 3

Optimization of the reaction conditions for the synthesis of 10c from 1, 2a, 4 and 4-nitrobenzaldehyde under various conditions.

Entry Catalyst (mol%) Conventional heating® Microwave irradiation”
T (°C) Time (min) Yield® (%) Power! (W) Time (min) Yield® (%)

1 Theophylline (30) 70 30 93 180 7 96

2 Theophylline (20) 70 30 91 180 7 95

3 Theophylline (10) 70 30 80 180 7 88

4 Theophylline (20) 40 60 62 100 10 65

5 Theophylline (20) 100 10 92 300 3 92

6 Theophylline (20) 70 15 87 180 5 95

7 - 70 30 Trace 180 7 Trace

2 The reaction was carried out under thermal (A) and solvent-free conditions.

P The reaction was carried out under microwave irradiation (MW) and solvent-free conditions.

¢ Isolated yields.

d The reaction was tested at different microwave powers (100-300 W) at range of 40-100°C.

Table 4

Solvent-free synthesis of 3-amino-2-cyano-1-aryl-1H-benzo[a]pyrano[2,3-c]phenazine derivatives (10) from the reaction of 1, 2a, 4 and 7 in the presence of theophylline
(20 mol%) as catalyst under thermal (70°C) and microwave irradiation (180 W, max. 70°C) conditions.

Entry Ar group Product Time (min) Yield* (%) Melting point

AP MW< AP MW¢ m.p. (°C)/Lit. m.p. (°C) [Ref.]
1 4-CNCgHy 10a 30 5 91 93 >330/this work
2 3,4-(CH30),CeH3 10b 45 7 85 89 287/this work
3 4-NO»CgHy 10c 30 5 91 95 282-284/(281-283) [55]
4 4-CICgH4 10d 30 5 91 94 288-290/(288-291) [55]
5 4-BrCsHa 10e 30 5 88 91 285-287/(283-285) [55]
6 4-FCgH4 10f 30 5 90 92 275-278/(274-276) [55]
7 3-NO»CgHy 10g 45 7 90 93 278((278-279) [55]
8 2,4-(Cl),CeHs3 10h 30 5 91 93 310-312/(308-310) [52]
9 CeHs 10i 45 7 90 90 296-299/(298-300) [55]
10 4-CH5CgHy 10j 45 7 87 91 292-294/(293-294) [55]
1 2-CH30CgH, 10k 45 7 85 88 269-271/(270-272) [55]
12 3-CH30CgH4 101 45 7 85 88 238-240/(240-242) [52]
13 2,3-(CH30),C6H3 10m 45 7 85 87 294-296/(292-294) [55]
14 4-OH-3-CH30CgH3 10n 45 7 84 87 247-250/(247-248) [55]
15 4-OH-3-NO,CgH3 100 45 7 89 90 290/(290-291) [55]
16 n-Heptanal - 45 7 - - -
17 n-Octanal - 45 7 - - -

2 Isolated yields.
" The time and yields under thermal (A) and solvent-free conditions.

¢ The time and yields under microwave irradiation (MW) and solvent-free conditions.

95

90

85

Isolated yield (%)

80

= Yield (%) | 95| 94| 91| 89/ 86|

Fig. 2. The reusability of the catalyst (20 mol%) in the synthesis of 10c from 1
(1mmol), 2a (1mmol), 4 (1 mmol) and 4-nitrobenzaldehyde (1 mmol) under
microwave irradiation (180 W, max. 70°C) conditions (5 min).

run, while in the 3rd, 4th and 5th runs product yield gets reduced

slightly that may be due to little weight loss of catalyst during each
recovery process.

In order to determine the catalytic behavior of theophylline, the
suggested mechanism for the formation of the products is shown
in Scheme 4. On the basis of this mechanism, at first, 2-
hydroxynaphthalene-1,4-dione 1 tautomrizes to intermediate 11.
The primary condensation of 4-hydroxy-1,2-naphthoquinone 11
with benzene-1,2-diamine 2 obtain benzo[a]phenazin-5-ol 3. On
this mechanism, theophylline is an efficient catalyst to form the
olefin 12, which readily prepares in situ from Knoevenagel
condensation of carbonyl groups of aldehyde or cyclic ketone 5-
7 with malononitrile 4. The Michael addition of 6H-benzo|a]
phenazin-5-ol 3 with olefin 12 in the presence of theophylline
finally give intermediate 13, which then makes the inner molecular
ring to be formed after a tautomeric proton shift to produce benzo
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Scheme 4. Proposed mechanism for the synthesis of novel spiro[benzo[a]pyrano
[2,3-c]phenazine] and benzo[a]pyrano[2,3-c]phenazine derivatives.

[a]pyrano[2,3-c]phenazine and novel spiro[benzo[a]pyrano[2,3-c]
phenazine] derivatives 8-10.

3. Conclusion

In summary, we have described a simple, efficient, and
environment-friendly one-pot procedure for the synthesis of
novel spiro[benzo[a]pyrano|[2,3-c]phenazine] and benzo[a]pyrano
[2,3-c]phenazine derivatives by using catalytic amount of theoph-
ylline under thermal or microwave irradiation and solvent-free
conditions. The catalytic system along with microwave heating
was instrumental in reducing the reaction time and increasing
yields. Moreover, our work was characterized the use of microwave
irradiation as a partially reproducible energy source, avoidance of
hazardous organic solvents. The methodology also offers several
advantages such as easy work-up; i.e., the products can be isolated
without chromatography, clean reaction profile, shorter reaction
time, and use of theophylline as a non-toxic, inexpensive and easily
obtained catalyst that make it a green, economically cost-effective
and attractive process for the synthesis of these heterocycles.

4. Experimental
4.1. Chemistry

All melting points were determined on an Electrothermal
9100 apparatus and are uncorrected. IR spectra were recorded on a
shimadzu IR-470 spectrometer. Elemental analyses for C, H, and N
were performed using a Costech ECS 4010 CHNS-O analyser. Mass
spectra were recorded on an Agilent Technology (HP) spectrometer
operating at an ionization potential of 70eV. The '"H NMR and '3C
NMR spectra were recorded on Bruker DRX-400 Avance instru-
ments with dimethyl sulfoxide (DMSO) as solvent. All reactions
were carried out using a laboratorymicrowave oven (MicroSYNTH,
Milestone Company, Italy). Thin-layer chromatography (TLC) was

performed on silica-gel Polygram SILG/UV 254 plates. All reagents
and solvent were purchased from Merck and Aldrich and used
without further purification.

4.2. General procedure for the synthesis of novel spiro[benzo[a]pyrano
[2,3-c]phenazine] and benzo[a]pyrano[2,3-c[phenazine derivatives
(8,9, 10)

Initially, 2-hydroxynaphthalene-1,4-dione 1 (1mmol) and
benzene-1,2-diamine 2 (1 mmol) were mixed at 70°C (under
thermal or microwave irradiation and solvent-free conditions)
until in less than 5 min an orange solid of benzo[a]phenazine 3 was
formed. Then, malononitrile 4 (1 mmol), cyclic ketones 5, 6 or aryl
aldehydes 7 (1 mmol), and theophylline (30, 20 mol%, respectively)
were added and this mixture was stirred under thermal conditions
at 70°C or it was irradiated in a microwave oven at 180 W for the
appropriate time. The microwave was programmed to give a
maximum internal temperature of 70°C. Upon completion of the
reaction, monitored by TLC, the reaction mixture was allowed to
cool to room temperature. Then, 5 mL of water was added to the
mixture and filtered for separation of the crude product. The
separated product was washed with water (2 x 5mL). The solid
crude product subsequently recrystallized from hot ethanol to give
the pure solid 8/9/10. The analytical and spectroscopic data for
selected products:

3-Amino-1/,3’-dioxo-1’,3’-dihydrospiro[benzo[a]pyrano[2,3-c]
phenazine-1,2’-indene]-2-carbonitrile (8): yellow solid; yield 89%
(under A, 0.404 g) and 93% (under MW, 0.422 g), mp >250°C; IR
(KBr, cm™1): vax 3500, 3383, 3275, 3142, 2246, 1705, 1682, 1580,
1522, 1469, 1383, 1359, 1306, 1261, 1211, 1155, 1130, 1071, 957, 840,
756; '"H NMR (400 MHz, DMSO-d): 8 7.21 (s, 1H, NH,), 7.80-7.96
(m, 5H, Ar-H), 8.17 (d, J=8.0, 2H, Ar-H), 8.27-8.33 (m, 4H, Ar-H),
9.27 (t, J=4.0, 1H, Ar-H), 11.56 (s, 1H, NH,); *C NMR (100 MHz,
DMSO-dg): § 59.4, 65.2, 104.0, 106.7, 121.8, 123.4, 125.30, 126.6,
128.6, 128.9, 129.3, 129.8, 130.4, 130.7, 131.4, 131.9, 139.7, 140.1,
143.2, 145.6, 145.8, 157.3, 157.4, 208.0.

3-Aminospiro[benzo[a]pyrano[2,3-c]phenazine-1,11’-indeno
[1,2-b]quinoxaline]-2-carbonitrile (9a): yellow solid; yield 88%
(under A, 0.463 g) and 91% (under MW, 0.479g), mp>350°C; IR
(KBr, cm™1): vax 3450, 3395, 3230, 3050, 2195, 1662, 1616, 1589,
1510, 1467,1395, 1367, 1326, 1287, 1219, 1168, 1132, 1060, 951, 844,
760; '"H NMR (400 MHz, DMSO-dg): 8 6.95 (d, 1H, J=8.4Hz, Ar-H),
7.44 (t, 1H, J=7.6 Hz, Ar-H), 7.52-7.59 (m, 3H, Ar-H), 7.61-7.65 (m,
2H, Ar-H), 7.69 (s, 2H, NH,), 7.78 (t, 1H, J = 8.0 Hz, Ar-H), 7.85-7.90
(m, 2H, Ar-H), 7.97-8.03 (m, 2H, Ar-H), 8.28 (d, 1H, J= 8.4 Hz, Ar-H),
8.33(d,1H,J=7.6 Hz, Ar-H), 8.57 (d, 1H, ] = 8.0 Hz, Ar-H), 9.02 (d, 1H,
J=8.0Hz, Ar-H); 3C NMR (100 MHz, DMSO-ds): § 49.9, 58.8, 111.8,
118.5, 121.9, 123.0, 125.2, 125.5, 125.9, 127.3, 129.1, 129.2, 129.3,
129.4, 129.5, 130.1, 130.5, 130.6, 130.7, 131.1, 132.7, 137.3, 139.8,
139.9, 140.0, 140.7, 141.2, 142.1, 148.3, 153.3, 155.9, 159.9, 167.2;
Anal. Calcd. for C34H15NgO: C, 77.5; H, 3.4; N, 15.9%. Found: C, 77.6;
H, 3.4; N, 16.1%. MS (m/z, %): 526 (M", 3), 462 (13), 368 (44), 210
(48), 97 (53), 57 (100).
3-Aminospiro[benzo[a]pyrano|[2,3-c]phenazine-1,6'-indeno

[1,2-b]pyrido[3,2-e]pyrazine]-2-carbonitrile (9d): brown solid;
yield 83% (under A, 0.437¢g) and 85% (under MW, 0.448g),
mp>345°C; IR (KBr, cm™'): vpax 3450, 3410, 3255, 3040, 2170,
1652, 1602, 1590, 1530, 1487, 1455, 1364, 1323, 1282, 1215, 1161,
1095, 1056, 946, 850, 760; "H NMR (400 MHz, DMSO-dg): § 7.00 (d,
1H, J=8.4Hz, Ar-H), 7.50 (t, 1H, J=8.4 Hz, Ar-H), 7.57-7.63 (m, 4H,
Ar-H, NH>), 7.66-7.74 (m, 3H, Ar-H), 7.96 (t, 1H, J=8.0Hz, Ar-H),
8.04-8.08 (m, 2H, Ar-H), 8.33 (dd, 1H, J; = 1.6 Hz,J, =8.4 Hz, Ar-H),
8.39(d, 1H,J=7.6 Hz, Ar-H), 8.60 (d, 1H, J=8.4Hz, Ar-H), 9.07-9.08
(m, 1H, Ar-H), 9.11 (d, 1H, J=8.0Hz, Ar-H); 3C NMR (100 MHz,
DMSO0-ds): § 45.0, 57.8,111.0,117.8, 122.0, 122.6, 124.4,124.8,125.1,
125.4, 126.8, 128.7, 129.2, 129.8, 130.3, 130.4, 130.9, 133.1, 135.8,
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136.3, 137.8, 139.3, 139.5, 140.3, 147.9, 151.0, 152.9, 153.4, 158.3,
159.4, 167.6; Anal. Calcd. for C33H7N70: C, 75.1; H, 3.2; N, 18.5%.
Found: C, 75.3; H, 3.3; N, 18.5%. MS (m/z, %): 527 (M*, 1), 471 (36),
368 (38), 252 (58), 105 (90), 57 (100).

3-Amino-1-(4-cyanophenyl)-1H-benzo[a]pyrano[2,3-c]phena-
zine-2-carbonitrile (10a): brown solid; yield 91% (under A, 0.387 g)
and 93% (under MW, 0.395g), mp >330°C; IR (KBr, cm™!): Vmax
3350, 3310, 3185, 2420, 2225, 1658, 1624, 1591, 1548, 1464, 1397,
1375, 1345, 1292, 1239, 1178, 1115, 1078, 1048, 943, 845, 762; 'H
NMR (400 MHz, DMSO-dg): 6 5.57 (s, 1H, CH), 7.51 (s, 2H, NH,), 7.61
(d, 2H, J=8.4Hz, Ar-H), 7.70 (d, 2H, J=8.4 Hz, Ar-H), 7.92-7.95 (m,
2H, Ar-H), 7.96-7.98 (m, 1H, Ar-H), 7.99-8.03 (m, 1H, Ar-H), 8.11-
8.13 (m, 1H, Ar-H), 8.26-8.29 (m, 1H, Ar-H), 8.45 (d, 1H, J=7.6 Hz,
Ar-H),9.24(d, 1H,J = 7.2 Hz, Ar-H); '*C NMR (100 MHz, DMSO-dp): §
38.2,57.3,109.8,112.9, 119.1,120.3, 122.7,125.3,125.9, 129.1, 129.2,
129.5, 129.8, 130.6, 130.8, 131.0, 131.3, 132.8, 140.5, 140.9, 141.9,
146.9, 151.2, 160.2; Anal. Calcd. for C,7HsNsO: C, 76.2; H, 3.5; N,
16.4%. Found: C, 76.2; H, 3.5; N, 16.3%. MS (m/z, %): 425 (M*, 1), 323
(3), 180 (22), 121 (30), 101 (43), 86 (100).
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