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Experimental Part

Reagents and Materials:

The chemicals used in this work were obtained from Fluka and Merck and were
used without purification. Melting points were measured on an Electrothermal 9200
apparatus. IR spectra were recorded as KBr pellets on a Perkin-Elmer 781
spectrophotometer and an Impact 400 Nicolet FT-IR spectrophotometer. 'H NMR
and *C NMR spectra were recorded in DMSO-d; solvents on a Bruker DRX-400
spectrometer with tetramethylsilane as internal reference. The elemental analyses (C,
H, N) were obtained from a Carlo ERBA Model EA 1108 analyzer. The purity
determination of the substrates and reaction monitoring were accomplished by TLC

on silica-gel polygram SILG/UV 254 plates (from Merck Company).

General procedure for synthesis of a-aminophosphonates

A mixture of ninhydrin 1(1 mmol) and 1,2-phenylenediamines 2 (I mmol) was
stirred by a magnet in a test tube under solvent free conditions at room temperature
for 10 min, followed by the addition of aniline derivatives (1 mmol) temperature
was slowly increased until 70 °C. The reaction mixture was stirred for appropriate
time, after nearly complete conversion into an intermediate presumed to be the
corresponding internediate 5 (as indicated by TLC), alkyl /aryl phosphite (1 mmol)
was then added to the reaction mixture which was heated at 70 °C. After completion
of the reaction (as assessed by TLC), the reaction mixture was cooled to room
temperature, and EtOH (5 mL) was added to the crude products and stirred for a
while. The reaction mixture was filtered and the precipitate washed with EtOH to
afford the pure products. The spectroscopic and analytical data for synthesized

compounds are presented below.



Diphenyl 11-(p-tolylamino)-11H-indeno[1,2-b]quinoxalin-11-ylphosphonate (7a):

NHO\i)/O
\
)
Y

Yellow powder (Yield: 90%). mp>300°C. IR (KBr) (Vma/ cm™'): 3384, 1589, 1487,
1268, 1189, 930, 768. 'H NMR (DMSO-ds, 400 MHz): §,,m: 1.85 (3H, s, CH3) 6.94
(IH, d, NH, ? j yp=11.6 Hz), 6.08-8.28 (22 H, m, ArH).!*C NMR (DMSO-d,, 100
MHz): §,pm: 20.2, 67.9 (1C, d, C-P, ! j cp=148 Hz), 116.3, 120.6, 120.9, 123.3, 126.1,
127.8, 129.5, 129.8, 130.1, 130.3, 130.5, 131.3, 132.5, 137.6, 141.2, 142.4, 142. §,
143.0, 143.4, 150.2, 150.5, 153.8. Anal. Calcd for C35H,5N305P: C, 73.80; H, 4.95; N,
7.38%;. Found C, 73.92; H, 4.89; N, 7.47%; MS: m/z 569.

Me

Diphenyl 11-(o-tolylamino)-11H-indeno[1,2-b]quinoxalin-11-ylphosphonate (7b):

s

—N

O

Yellow powder (Yield: 89%). mp>300°C. IR (KBr) (Vpm./ cm!): 3389, 1588, 1485,
1277, 1196, 927, 764. '"H NMR (DMSO-d;, 400 MHz): §,pm: 2.25 (3H, s, CH3) 6.99
(1H, d, NH, 3 j yp=8 Hz), 6.39-8.32 (22 H, m, ArH). 3C NMR (DMSO-d;, 100 MHz):
dppm: 17.8, 67.1 (1C, d, C-P, ! j p=142 Hz), 113.8, 119.9, 120.3, 120.4, 120.7, 120.8,
123.4, 125.9, 126.1, 126.2, 126.7, 127.4, 129.5, 129.9, 130.3, 130.4, 130.6, 130.9,
131.5, 131.9, 132.7, 142.5, 150.3, 150.6. Anal. Calcd for C34HcN3O;P: C, 73.50; H,
4.72; N, 7.56%:;. Found C, 73.37; H, 4.77; N, 7.62%; MS: m/z 555.



Diphenyl 11-(4-bromophenylamino)-11H-indeno|[1,2-b]quinoxalin-11-
ylphosphonate (7¢):

Cream powder (Yield: 93%). mp>300°C. IR (KBr) (vpa/ cm™): 3335, 1589, 1487,
1265, 1205, 955, 761. "H NMR (DMSO-d;, 400 MHz): 8ppm: 6.20 (1H, d, NH 3Jyp- 12
Hz), 6.13-8.30 (22H, m, ArH). Anal. Calcd for C33H»;BrN;O;P: C, 63.88; H, 3.74; N,
6.77%;. Found C, 63.75; H, 3.67; N, 6.85%; MS: m/z 619.

Diphenyl 11-(4-chlorophenylamino)-11H-indeno|[1,2-b]quinoxalin-11-
ylphosphonate (7d):

Yellow powder (Yield: 84%). mp>300°C. IR (KBr) (Via/ cm™'): 3293, 1591, 1490,
1251, 1205, 955, 759. 'H NMR (DMSO-ds, 400 MHz): 8,pm: 7.50 (1H, d, NH, 3Jyp-
12 Hz), 6.16-8.30 (22H, m, ArH). *C NMR (DMSO-d;, 100 MHz): 8,pm: 67.8 (1C,
d, C-P, 'j p=147 Hz), 117.0, 120.5, 120.9, 123.4, 126.1, 127.4, 129.5, 129.8, 130.4,
130.6, 131.4, 132.6, 137.7, 141.2, 142.5, 142.9, 144.3, 144.5, 150.2, 150.5, 153.6,
159.9. Anal. Calcd for Cs3H,3CIN;O5P: C, 68.81; H, 4.02; N, 7.30%;. Found C,
68.94; H, 4.09; N, 7.22%; MS: m/z 575.



Diphenyl 7,8-dimethyl-11-(phenylamino)-11H-indeno[1,2-b]quinoxalin-11-

@\ 0} /
NH \ /O

O

—N

&Qm
Me
Yellow powder (Yield: 86%). mp>300°C. IR (KBr) (Vmax/ cm™): 3428, 1591, 1489,
1271, 1205, 945, 767. '"H NMR (DMSO-dy, 400 MHz): §,pm: 7.07 (1H, d, NH 3Jyyp-7
Hz), 6.14-8.24 (20H, m, ArH). 3C NMR (DMSO-d;, 100 MHz): §ppm: 20.1, 20.3,
67.8 (1C, d, C-P, ! j p=148 Hz), 116.6, 120.6, 121.0, 122.9, 125.8, 126.0, 127.4,
127.7, 128.9, 129.4, 130.1, 130.3, 131.0, 132.0, 138.0, 140.1, 141.2, 141.6, 142.9,
143.1, 150.4, 152.9, 157.3. Anal. Calcd for C;5H,3N;O5P: C, 73.80; H, 4.95; N,

7.38%;. Found C, 73.71; H, 4.87; N, 7.31%; MS: m/z 569.

ylphosphonate (7e):

Diphenyl 11-(4-chlorophenylamino)-7,8-dimethyl-11H-indeno|[1,2-b]quinoxalin-

11-ylphosphonate (7f):
Cl Q
: “NHQ

P\/O
0

NQMG
Me
Yellow powder (Yield: 82%). mp>300°C. IR (KBr) (Vim./ cm!): 3423, 1592, 1490,
1270, 1207, 949, 763. '"H NMR (DMSO-d;, 400 MHz): 3,pm: 2.44 (3H, s, CH3), 2.48
(3H, s, CH;), 7.42 (1H, d, NH_ 3Jgp- 11 Hz), 6.14-8.24 (20H, m, ArH). Anal. Calcd for

C;5H,7CIN;O5P: C, 69.59; H, 4.51; N, 6.96%;. Found C, 69.47; H, 4.56; N, 7.01%;
MS: m/z 603.



Diphenyl (11-((3,4-dimethylphenyl)amino)-11H-indeno[1,2-b]quinoxalin-11-

M NH\\ '

—N

O

Yellow powder (Yield: 89%). mp>300°C. IR (KBr) (Vp./ cm!): 3427, 1587, 1493,
1273, 1210, 953, 758. 'TH NMR (DMSO-d;, 400 MHz): 3,pm: 1.83 (3H, s, CH3), 1.85
(3H, s, CH3), 6.44 (1H, d, NH_ 3Jyp- 12 Hz), 5.64-7.96 (21H, m, ArH). Anal. Calcd for
C35HysN;O5P: C, 73.80; H, 4.96; N, 7.38%:;. Found C, 73.71; H, 4.88; N, 7.44%; MS:
m/z 569.

yDphosphonate (7g):

Diphenyl (11-((4-methoxyphenyl)amino)-11H-indeno[1,2-b]quinoxalin-11-
yD)phosphonate (7h):
MeO Q
1\ H \\
—N

*@

Yellow powder (Yield: 85%). mp>300°C. IR (KBr) (Vma/ cm™): 3429, 1588, 1485,
1270, 1210, 953, 766. 'H NMR (DMSO-d;, 400 MHz): 8,,m: 3.43 (3H, s, OCHj3), 6.40
(1H, d, NH, 3Jyp- 12 Hz), 6.20-7.94 (21H, m, ArH). Anal. Calcd for C3;H,6N;04P: C,
71.45; H, 4.59; N, 7.35%;. Found C, 71.37; H, 4.53; N, 7.43%; MS: m/z 571.



Diisopropyl 11-(4-bromophenylamino)-11H-indeno|[1,2-b]quinoxalin-11-

Br
LR

N \i)\/o Me
0—
=N Me

\
N

ylphosphonate (7i):

Yellow powder (Yield: 83%). mp>300°C. IR (KBr) (Vma/ cm!): 3294, 1592, 1490,
1240, 1008, 757. 'H NMR (DMSO-ds, 400 MHz): 8,pm: '"H NMR (DMSO-d;, 400
MHz): 6,,m: 1.04 (3H, d, CH3), 1.05 (3H, d, CH3), 1.14 (3H, d, CH3), 1.16 (3H, d,
CH;), 1.88 (3H, s, CH3), 2.29 (3H, s, CH3), 4.38 (1H, m, OCH), 4.53 (1H, m, OCH),
6.75 (1H, d, NH, 3Jyp- 12 Hz), 6.01-8.23 (12H, m, ArH). Anal. Calcd for
Cy7H,7BrN;O5P: C, 58.71; H, 4.93; N, 7.61%;. Found C, 58.84; H, 4.99; N, 7.54%;
MS: m/z 551.

Diisopropyl 11-(2,4-dimethylphenylamino)-11H-indeno[1,2-b]quinoxalin-11-

ylphosphonate (7j):
Me

Me
U Me\7/Me
N \i)\/o/ivle
O
=N Me
\
N
Yellow powder (Yield: 85%). mp>300°C. IR (KBr) (Via/ cm™): 3421, 1511, 1251,
1002, 759. '"H NMR (DMSO-ds, 400 MHz): §,pm: 1.03 (3H, d, CH3), 1.10 (3H, d,
CH,), 1.13 (3H, d, CH3), 1.19 (3H, d, CH;), 1.88 (3H, s, CH3), 2.29 (3H, s, CH3), 4.38
(IH, m, OCH), 4.55 (1H, m, OCH), 5.18 (1H, d, NH_3Jyp- 12 Hz), 4.98-8.24 (11H, m,
ArH). Anal. Calcd for CpoH3,N;05P: C, 69.45; H, 6.43; N, 8.38%;. Found C, 69.32;
H, 6.50; N, 8.46%; MS: m/z 501.



Diisopropyl  11-(p-tolylamino)-11H-indeno[1,2-b]quinoxalin-11-ylphosphonate
(7k):

Yellow powder (Yield: 92%). mp>300°C. IR (KBr) (Vpm./ cm™'): 3308, 1614, 1516,
1238, 1101, 1005, 758. . '"H NMR (DMSO-ds, 400 MHz): §ppm: 1.17 (9H, m, 3CHj3),
1.20 (3H, s, CHj3), 3.33 (3H, s, CH3), 3.33 (1H, m, OCH), 4.56 (1H, m, OCH), 5.96
(IH, d, NH, 3Jgp- 10.8 Hz), 5.10-8.24 (12H, m, ArH). 3C NMR (DMSO-d;, 100
MHz): §,pm: 16.5, 55.3, 64.3, 64.7, 67.1 (1C, d, C-P, ! j p=143 Hz), 114.3, 117.6,
122.9, 127.1, 129.4, 129.8, 130.2, 130.5, 130.9, 132.1, 137.4, 139.2, 141.2, 142.2,
144.7, 152.7, 153.8, 159.7.Anal. Calcd for C,gH3oN;OzP: C, 68.98; H, 6.20; N,
8.62%;. Found C, 68.86; H, 6.25; N, 8.71%; MS: m/z 487.

Diethyl 11-(4-chlorophenylamino)-7,8-dimethyl-11H-indeno|[1,2-b]quinoxalin-11-
ylphosphonate (71):

Orange powder (Yield: 80%). mp>300°C. IR (KBr) (Vima/ cm™): 3427, 1602, 1494,
1233, 1025, 752. 'TH NMR (DMSO-d;, 400 MHz): 8,,m: 0.99 (3H, t, CH3), 1.08 (3H, t,
CH3), 2.43 (3H, s, CH3), 2.47 (3H, s, CHj3), 3.83 (2H, q, OCH,), 3.98 (2H, q, OCH,),
6.80 (1H, d, NH, 3Jyp- 12 Hz), 6.03-7.95 (10H, m, ArH). Anal. Calcd for
C,7H,7CIN;O5P: C, 63.84; H, 5.36; N, 8.27%;. Found C, 63.70; H, 5.41; N, 8.18%;
MS: m/z 508.



Diethyl 7,8-dimethyl-11-(p-tolylamino)-11H-indeno|[1,2-b]quinoxalin-11-

T, «

NHH
\P\/O
O Et

Q

Me
Yellow powder (Yield: 86%). mp>300°C. IR (KBr) (vma/ cm™): 3431, 1618, 1520,
1236, 1025. . '"H NMR (DMSO-ds, 400 MHz): 8,pm: 1.00 (3H, t, CH3), 1.09 (3H, t,
CH;), 2.44 (3H, s, CH3), 2.48 (3H, s, CH3), 3.83 (2H, q, OCH,), 3.98 (2H, q, OCH,),
6.21 (1H, d, NH, 3Jyp- 11.2 Hz), 5.94-8.16 (10H, m, ArH). Anal. Calcd for
CysH30N305P: C, 68.98; H, 6.20; N, 8.62%;. Found C, 69.11; H, 6.13; N, 8.71%; MS:
m/z 487.

ylphosphonate (7m):
Me

Diethyl 11-(4-bromophenylamino)-11H-indeno[1,2-b]quinoxalin-11-
ylphosphonate (7n):
Br
[ 1 Et
NHQ o
P\/
O-—Et
=N

Orange powder (Yield: 83%). mp>300°C. IR (KBr) (vVpa./ cm!): 3279, 1593, 1490,
1238, 1034, 756. '"H NMR (DMSO-ds, 400 MHz): 8,,m: 0.98 (3H, t, CH3), 1.09 (3H, t,
CH;), 3.77 (2H, q, OCH,), 4.00 (2H, q, OCH,), 6.94 (1H, d, NH_3Jyp- 10.4 Hz), 6.00-
8.24 (12H, m, ArH). Anal. Calcd for C,sH,3BrN3;O;P: C, 57.27; H, 4.42; N, 8.01%;.
Found C, 57.20; H, 4.46; N, 8.09%; MS: m/z 524.



Diethyl 11-(4-chlorophenylamino)-11H-indeno|[1,2-b]quinoxalin-11-

Cl

NHR A
\P/O

ylphosphonate (70):

\O/Et

O

Cream powder (Yield: 87%). mp>300°C. IR (KBr) (Vpa/ cm™'): 3410, 1591, 1493,
1256, 1009, 757. '"H NMR (DMSO-d;, 400 MHz): 8,,m: 1.09 (3H, t, CH3), 1.11 (3H, t,
CH;), 4.01 (2H, q, OCH,), 4.02 (2H, q, OCH,), 6.93 (1H, d, NH 3Jyp- 12 Hz), 6.04-
8.25 (12H, m, ArH). Anal. Calcd for C,sH;CIN;O3P: C, 62.57; H, 4.83; N, 8.76%;.
Found C, 62.41; H, 4.77; N, 8.85%; MS: m/z 479.

Diethyl (11-((3,4-dimethylphenyl)amino)-11H-indeno[1,2-b]quinoxalin-11-
yD)phosphonate (7p):
Me
I l Et
Me NHQ\ (/)
b
\O'Et

=N

O

Yellow powder (Yield: 89%). mp>300°C. IR (KBr) (Vma/ cm™'): 3415, 1585, 1487,
1250, 1020, 757. '"H NMR (DMSO-d;, 400 MHz): 8,,m: 1.04 (3H, t, CH3), 1.10 (3H, t,
CHj;), 1.80 (3H, s, CH3), 1.82 (3H, s, CH3), 3.60 (2H, q, OCH,), 4.03 (2H, q, OCH,),
6.38 (1H, d, NH, 3Jgp- 12 Hz), 5.49-8.25 (11H, m, ArH). Anal. Calcd for
Cy7HysN3O5P: C, 68.49; H, 5.96; N, 8.87%;. Found C, 68.41; H, 5.88; N, 8.79%; MS:
m/z 573.

10



Dimethyl 11-(4-bromophenylamino)-7,8-dimethyl-11H-indeno[1,2-b]quinoxalin-
11-ylphosphonate (7q):

Pale yellow powder (Yield: 92%). mp>300°C. IR (KBr) (Via/ cm™): 3283, 1549,
1492, 1242, 1038, 767. '"H NMR (DMSO-d;, 400 MHz): 8,pm: 2.47 (3H, s, CH3), 2.48
(3H, s, CH3), 3.51 (3H, d, OCH3), 3.64 (3H, d, OCH3), 6.94 (1H, d, NH, 3Jgp- 12 Hz),
5.97-8.20 (10H, m, ArH).. Anal. Calcd for C,sHy3BrN;OsP: C, 57.27; H, 4.42; N,
8.01%;. Found C, 57.38; H, 4.47; N, 8.10%; MS: m/z 524.

Dimethyl (11-((4-methoxyphenyl)amino)-11H-indeno[1,2-b]quinoxalin-11-
yl)phosphonate (7r):
MeO
[ 1 M
N
R
0O—-Me
=N

Yellow powder (Yield: 92%). mp>300°C. IR (KBr) (Vma/ cm™): 3278, 1540, 1485,
1252, 1020, 763. '"H NMR (DMSO-ds, 400 MHz): 8,pm: 3.41 (3H, s, OCH3), 3.53 (3H,
d, OCH3;), 3.68 (3H, d, OCHj;), 6.23 (1H, d, NH, 3Jyp- 12 Hz), 6.04-8.21 (12H, m,
ArH). Anal. Calcd for C,4H»,N;04P: C, 64.43; H, 4.96; N, 9.39%;. Found C, 64.35;
H, 4.84; N, 9.30%; MS: m/z 447.

11
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