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A quick and convenient method for the preparation of 2-aminobenzophenone derivatives is described.
This approach consists of the nucleophilic substitution reaction of nitrobenzenes by phenylacetonitrile
under conventional and ultrasonic conditions followed by reduction of the produced 2,1-benzisoxazole
to 2-aminobenzophenone. This 2-step reaction was studied by changing the reaction parameters (reac-
tion temperature, ultrasound power, and reaction time). The results clearly demonstrated that using

ultrasound irradiation results in a high yield within a short reaction time.

Introduction

2-Aminobenzophenone derivatives are important compounds in organic chemistry because of their applica-
tion in heterocyclic synthesis and medicines.! 2-Aminobenzophenones have been used as starting material for

the synthesis of a wide variety of heterocyclic systems, such as fluorenones, acridines, acridones, cinnolines,

quinazolines, indazoles,? and 3-arylindoles.?#* Furthermore, 4-arylquinazolones,”% 4-arylquinolines,”® 4-

=15 and 1,4-benzodiazepines!®~'® have been prepared from

16—21

arylquinoline-2-ones,'? polyphenylquinolines,
2-aminobenzophenones. The pharmacological activity of 1,4-benzodiazepines is the most important
focus in the study of the preparation of 2-aminobenzophenone derivatives. Several drugs possessing high
pharmaceutical activity, such as chlordiazepoxide 1 (clinical psychosis),?? proquazone 2, and amfenac 3
(anti-inflammatory agents)?® (Figure 1) have been prepared from 2-aminobenzophenones. Recently, it has
been revealed that 2-aminobenzophenone of type 4 (Figure 1) has anti-vascular and cytotoxic effects.?4=26

There are some general methods for the preparation of 2-aminobenzophenones, such as Friedel-Crafts
reaction of anthranilic acid derivatives with aryl compounds,?” Friedel-Crafts acylation of para substituted
anilines,?® and reaction of aryl-Grignard reagents with 2-nitro or 2-aminobenzaldehydes.?> These methods
are common, but contain several additional steps, such as protecting and deprotecting of the amino group.
Moreover, Friedel-Crafts reaction is incompatible with electron withdrawing substituents. Chemical or
catalytic reduction of 2,1-benzisoxazole derivatives in a facile and one-step method for the preparation of

2-aminobenzophenones was reported by Simpson?? and Walker.3?
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Figure 1. Several drugs prepared from 2-aminobenzophenone derivatives.

2,1-Benzisoxazoles can be prepared by several methods,?! including the reduction of o-nitrobenzoyl3?
or o-nitrosobenzoyl®? compounds, and dehydration of o-nitrotuloenes.?* Preparation of 2,1-benzisoxazoles,
especially those bearing electron withdrawing substituents, from nitrobenzene and phenylacetonitrile in

methanolic potassium hydroxide is a convenient one-step method.3!+35
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6a: X=5-Br, Y=H

6b: X=5-Cl, Y=6-Cl
6c: X=5-Cl, Y= 3-Cl
6d: X=5-CO,H, Y=H

Figure 2. Approach to the preparation of 2-aminobenzophenones.
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Herein, we describe a facile approach for the preparation of some new 2-aminobenzophenones in
2 steps (Figure 2). 2,1-Benzisoxazoles 5 were prepared via an aromatic nucleophilic substitution of ni-
trobenzene derivatives by phenylacetonitrile in methanolic potassium hydroxide. Then, the corresponding
2-aminobenzophenones 6 were produced by reduction of the compounds 5 with an Fe/acetic acid mixture.

We also carried out the experiment using ultrasound conditions.

Results and Discussion

A series of 2-aminobenzophenones 6 was prepared by reduction of 2,1-benzisoxazoles 5. The preparation
of compounds 5 was carried out by treatment of nitrobenzene derivatives with phenyl acetonitrile in excess
methanolic potassium hydroxide under conventional and ultrasonic conditions.

As seen in Table 1, in the starting condition 2,1-benzisoxazoles were obtained in fair to good yields.
Due to the high interest of using ultrasound irradiation for these kinds of reactions, we tested this condition.
Although the yields in ultrasonic conditions did not exceed 76%, such results are significant because of the

short reaction time.

Table 1. Preparation of 2,1-benzisoxazoles 5 in conventional and ultrasound conditions at 0 °C.

Conventional conditions Ultrasound irradiation

Product — e iy ¥ield (%) Time () Yield (%)
Ba 6 65 (66)™ 0.5 60
5b 6 70 0.5 65
5c 6 80 0.5 76
5d 6 50 0.5 50

The reduction of 2,1-benzisoxasoles 5 was carried out by changing the reaction temperatures and also
using ultrasound instead of heat. Initially, the best 2,1-benzisoxazoles 5:acid ratio and the optimum amount
of Fe were investigated. The results showed that compound 5:acid ratio of 1:10 (mmol/mL) and 11 mmol Fe
is optimal. The present procedure using Fe resulted in these products being obtained at 90 °C and within

6 we reduced the amount

shorter reaction times, as indicated in Table 2. In comparison with the literature,?
of acid to less than one third, which resulted in a better yield in a shorter time. We obtained the same
results using ultrasound irradiation for this step with a moderate temperature. Ultrasound effects on organic
reactions are attributed to cavitation, a physical process that creates, enlarges, and implodes gaseous and
vaporous cavities in an irradiated liquid.?”—3? Cavitation induces very high local temperatures and pressure

inside the bubbles (cavities), leading to a turbulent flow in the liquid and enhanced mass transfer.

Table 2. Effects of temperature and ultrasound in the reduction of 2,1-benzisoxazoles 5 to 2-aminobenzophenones 6.

Product 60 °C 80 °C 90 °C Ultrasound
irradiation (25 °C)
Time Yield Time Yield Time Yield Time Yield
(min) (%) (min) (%) (min) (%) (min) (%)
6a 140 70 120 70 80 (150)3¢ 75 (70)3° 20 75
6b 120 75 100 83 80 98 30 98
6¢ 120 80 100 85 80 95 20 95
6d 120 80 100 86 80 90 30 90

91



A Convenient Method for the Preparation of 2-Aminobenzophenone..., J. SAFAEI-GHOMI, et al.,

In summary, it was determined that ultrasound promoted reactions of nucleophilic substitution of
nitrobenzenes and reduction of 2,1-benzisoxazoles to prepare 2-aminobenzophenones. This procedure has

the advantage of shorter reaction time relative to common methods with an efficient yield.

Experimental

General: Melting points are uncorrected. FT-IR spectra were recorded on a Nicolet Magna 550 spectrom-
eter (KBr). 'H NMR and '3C NMR spectra were determined on a Bruker DRX-500 Avance spectrometer
(500 MHz) using CDCl3 and DMSO-dg as the solvent and TMS as the internal standard. Mass spectra were
obtained on a QP 1100 EX spectrometer. Elemental analysis was determined with a Carlo Erba model EA
1108. Sonication was performed in a LEO-150 ultrasonic cleaner with a frequency of 46 kHz and a nominal
power of 200 W.

First step; preparation of 3-phenyl-2,1-benzisoxazole (5a-c). To a solution of 8 g of potassium
hydroxide in 10 mL of methanol®® was added 0.65 g (5.5 mmol) of phenylacetonitrile with stirring and cooling
in an ice bath. After 30 min, a solution of 5 mmol of nitrobenzene derivatives in 5 mL of methanol-THF (3:1)
was added dropwise to the mixture. The mixture was stirred for 4 h at 0 °C and 2 h at room temperature. In
the ultrasonic procedure, the flask was located at the maximum energy area, which made more cavitation in
solution in the ultrasonic cleaner, and sonicated for the period as indicated in Table 1. Sonication continued
until the disappearance of starting materials on TLC. Then, 100 mL of cool water was added with stirring.
The precipitate was filtered, washed with 50 mL of a cool mixture of water-methanol (3:1), dried with
vacuum, and recrystallized in methanol.

5-Bromo-3-phenyl-2,1-benzisoxazole (5a). 1.01 g (5 mmol) of 4-bromo-nitrobenzene gave 0.85
g (65% yield) of pale yellow needles of 5-bromo-3-phenyl-2,1-benzisoxazole, mp 112-114 °C (1it.?¢ mp 112
°C). 'H-NMR. (500 MHz, CDCl3): 7.20 (dd, J = 9.5, 1.2 Hz, 1H), 7.50 (dd, J = 9.5, 2.4 Hz, 1H), 7.6 (m,
3H), 8.00 (d, J = 7.1 Hz, 2H), 8.15 (s, 1H), IR (KBr, cm~1!): 1624, 1542, 1444, 1043.

4,5-Dichloro-3-phenyl-2,1-benzisoxazole (5b). 0.96 g (5 mmol) of 3,4-dichloronitrobenzene gave
0.93 g (70% yield) of pale yellow needles of 4,5-dichloro-3-phenyl-2,1-benzisoxazole, mp 146-147 °C, 'H-NMR,
(500 MHz, CDCl3): 7.38 (d, J = 9.4 Hz, 1H), 7.56 (d, J = 9.4 Hz, 1H), 7.6 (m, 3H), 7.85 (dd, J = 7.8,1.5
Hz, 2H), 3C-NMR (125 MHz, CDCl3): 114, 116, 123.5, 127.5, 129, 130.5, 131, 131.5, 133.5, 157, 167, MS
(EI) m/z (relative intensity): 268 (4), 266 (50), 264 (78), 228 (10), 164 (40), 105 (16), 77 (100), 52 (55), IR
(KBr, em™1): 1629, 1542, 1444, 1114, Anal. Caled. for C13H;CIoNO: C 59.12, H 2.67, N 5.30. Found C
59.20, H 2.51, N 5.43.

5,7-Dichloro-3-phenyl-2,1-benzisoxazole (5c). 0.96 g (5 mmol) of 2,4-dichloronitrobenzene gave
1.06 g (80% yield) of yellow needles of 5,7-dichloro-3-phenyl-2,1-benzisoxazole, mp 119-120 °C, 'H-NMR
(500 MHz, CDCl3): 7.37 (d, J = 1 Hz, 1H), 7.61 (m, 3H), 7.8 (d, J = 1 Hz, 1H), 8 (d, J = 7 Hz, 2H),
I3BC-NMR (125 MHz, CDCl3): 115.5, 118, 118.5, 123, 127, 128, 129.8, 130.2, 131.5, 155, 166, MS (EI) m/z
(relative intensity): 268 (6), 266 (32), 264 (50), 228 (54), 164 (62), 105 (50), 77 (100), 52 (98), 51 (98), IR
(KBr, em™1): 1619, 1542, 1434, 1071, Anal. Caled. for C13H;CIoNO: C 59.12, H 2.67, N 5.30. Found C
59.21, H 2.75, N 5.12.

3-Phenyl-2,1-benzisoxazole-5-carboxilic acid (5d). Following the procedure described above,

after addition of 100 mL of water, a green solution was obtained, which was neutralized with hydrochloric
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acid. Yield, 0.61 g (50%) yellow needles of desired product, mp 225 °C dec. *"H-NMR (500 MHz, DMSO-dg):
7.67 (m, 3H), 7.75 (d, J = 9.4 Hz 1H), 7.88 (d, J = 9.4 Hz, 1H), 8.14 (d, J = 7 Hz, 2H), 8.65 (s, 1H), 13.28
(s, 1H), BC-NMR (125 MHz, DMSO-dg): 114, 116, 126, 127.6, 127.8, 128.5, 130.5, 131.2, 132.2, 158, 167,
168, ELMS m/z (relative intensity): 238 (40), 194 (25), 149 (8), 136 (38), 105 (45), 77 (100), 52 (65), IR
(KBr, cm™1): 2500-3200 (broad peak), 1685, 1629, 1542, 1439, 1242, Anal. Calcd. For C14HgNO3: C 70.29,
H 3.79, N 5.85. Found C 70.18, H 3.81, N 5.77.

Second step. Preparation of 2-aminobenzophenones (6a-d). 0.5 mmol of 2,1-benzisoxazole
derivative (5a-d) was dissolved in 5 mL of acetic acid3® in a water bath and 0.1 g (5.5 mmol) of Fe powder
was added in 3 portions with stirring over approximately 40 min. During this time, 1 mL of water was added.
After complication of reduction, which was indicated with TLC, the reaction mixture was filtered while it
was hot. In the ultrasonic procedure the reaction mixture was irradiated by ultrasound in the ultrasonic
cleaner and sonicated for the period as indicated in Table 2. Sonication continued until 2,1-benzisoxazoles
disappeared by TLC. The reaction mixture was filtered. Then, 100 mL of water was added to the solution.

The precipitate was filtered and washed with water, and recrystallized from methanol.

2-Amino-5-bromo-benzophenone (6a). Yellow crystals, mp 105-106 °C (1it.3¢ 105 °C), 'H-NMR
(500 MHz, CDCls): 5.90 (s, 2H), 6.52 (d, J = 9.2 Hz, 1H), 7.30 (dd, J = 9.2, 2 Hz, 1H), 7.45 (m, 2H), 7.50
(m, 2H), 7.61 (d, J = 8.7 Hz, 2H), IR (KBr, cm~'): 3411, 3314, 1613, 1585, 1532, 1400, 1314, 1142.

2-Amino- 5,6-dichloro-benzophenone (6b). Yellow crystals, mp 107-108 °C, 'H-NMR (500 MHz,
CDCly): 4 (s, 2H), 6.70 (d, J = 8.7 Hz, 1H), 7.35 (d, J = 8.7 Hz, 1H), 7.5 (m, 2H), 7.6 (t, J = 7.37 Hz, 1H),
7.9 (d, J = 7.4 Hz, 2H), BC-NMR (125 MHz, CDCly): 117, 122, 125, 129, 130, 130.3, 132, 134.5, 137, 145,
196, EI-MS m/z (relative intensity): 266 (16), 265 (62), 263 (66), 230 (98), 228 (98), 164, (60), 139 (16), 111
(15), 105 (74), 77 (100), 52 (99), IR (KBr, cm™~1): 3462, 3365, 1665, 1619, 1460, 1403, 1314, Anal. Calcd.
For Cy5HeCl,NO. C 57.67, H 3.41, N 5.26, Found C 57.75, H 3.62, N 5.32.

2-Amino-3,5-dichloro-benzophenone (6¢). Yellow crystals, mp 93-94 °C, 'H-NMR (500 MHz,
CDCly): 6.58 (s, 2H), 7.42 (s, 1H), 7.48 (s, 1H), 7.53 (m, 2H), 7.62 (m, 1H), 7.67 (d, J = 7.3 Hz, 2H),
I3C.NMR (125 MHz, CDCly): 119.57, 119.72, 121.5, 128.8, 120.6, 132.3, 132.56, 133.8, 139.3, 146, 198,
ELMS m/z (relative intensity): 270 (8), 268 (16), 266 (76), 265 (80), 264 (100), 229 (8), 189 (15), 124 (18),
105 (35), 77 (60), 52 (20), IR (KBr, cm~1): 3462, 3344, 1608, 1573, 1439, 1314, 1153, Anal. Calcd. For
C13HoCl,NO. C 57.67, H 3.41, N 5.26, Found C 57.52, H 3.60, N 5.37.

2-Aminobenzophenone-5-carboxilic acid (6d). Yellow crystals, mp 220 °C dec. *H-NMR, (500
MHz, DMSO-dg): 6.9 (d, J = 8.8 Hz, 1H), 7.6 (m, 5H), 7.75 (s, 2H), 7.8 (dd, J = 8.8, 1.9 Hz, 1H), 7.96 (d,
J= 1.9 Hz, 1H), 12.47 (s, 1H), 3C-NMR, (125 MHz, DMSO-dg): 116.19, 116.84, 117.5, 129.2, 129.4, 132,
135.4, 137.6, 140.3, 155.8, 167.6, 198.5, EI-MS m/z (relative intensity): 242 (6), 241 (30), 240 (36), 196 (10),
167(8), 136 (8), 105 (96), 77 (100), 51 (22), IR (KBr, em™1): 3436, 3324, 2500-3300, 1680, 1629, 1599, 1528,
1428, 1314, 1239, 1157, Anal. Caled. For C;4H;1NO3 C 69.70, H 5.81, N 4.59, Found C 69.90, H 5.90, N
4.65.

93



A Convenient Method for the Preparation of 2-Aminobenzophenone..., J. SAFAEI-GHOMI, et al.,

Acknowledgments

The authors gratefully acknowledge the financial support of this work by the Research Affairs Office of the
University of Kashan, Kashan, I. R. Iran. Dr A. H. Bamoniri is acknowledged for his help in the preparation
of this paper.

References

1. D.A. Walsh, Synthesis, 677-88 (1980).

2. J.C.E. Simpson, C.M. Atkinson, K. Schofield and O. Stephenson, J. Chem. Soc. 646-57 (1945).

3. A. Walser and G. Silverman, J. Heterocycl. Chem. 10, 883-4 (1973).

4. Y. Nakamura and T. Ukita, Org. Lett. 4, 2317-20 (2002).

5. A.IL Rachlin, U. S. Patent 3261870 (1962).

6. G. Gamboni, W. Schmid and A. Sutter, U.S. Patent 4236006, (1980).

7. E.A. Fehnel, J. Org. Chem. 31, 2899-2902 (1966).

8. H. Matsumoto and T. Horiuchi, U.S. Patent 6310249 B1 (2001).

9. A. Capelli, G.P. Mohr, A. Gallelli, M. Rizzo, M. Anzini, S. Vomero, L. Mennumi, F. Ferrari, F. Makovec, M.C.

Menziani, P.G.D. Benedetti and G. Giorgi, J. Med. Chem. 47, 2574-86 (2004).

10. P. Hewawasam, W. Fan, M. Ding, K. Flint, D. Cook, G.D. Goggins, R.A. Myers, V.K. Gribkoff, C.G. Bassard,
S.I. Dworetzky, J.E. Starrett and N.J. Lodge, J. Med. Chem. 46, 2819-22 (2003).

11. H. Ma, AK.Y. Jen, J. Wu, X. Wu and S. Liu, Chem. Matter. 11, 2218-25 (1999).

12. J.L. Kim, J.K. Kim, H.N. Cho, D.Y. Kim, C.Y. Kim and S.I. Hong, Macromolecules, 33, 5880-85 (2000).
13. X.L. Chen and S.A. Jenekhe, Macromolecules, 33, 4610-12 (2000).

14. Liangde Lu and S.A. Jenekhe, Macromolecules, 34, 6249-54 (2001).

15. T.W. Kwon, M.M. Alam and S.A. Jenekhe, Chem. Matter. 16, 4657-66 (2004).

16. L.H. Sternbach, Angew. Chem. Internat. Edit. 10, 34-43 (1971).

17. G. Semple, H. Ryder, D.P. Rooker, A.R. Batt, D.A. Kendrick, M. Szelke, M. Ohta, M. Satoh, A. Nishiha, S.
Akuzawa and K. Miyata, J. Med. Chem. 40, 331-41 (1997).

18. F. Mauri and S.P.A. Ravizza, U.S. Patent 4511510 (1985).
19. N. Micale, R. Vairagoundar, A.G. Yakovlev and A.P. Kozikowski, J. Med. Chem. 47, 6455-58 (2004).

20. M.H. Bolli, J. Marfurt, C. Grisostomi, C. Boss, C. Binkert, P. Hess, A. Treiber, E. Thorin, K. Morrison, S.
Buchmann, D. Bur, H. Ramuz, M. Clozel, W. Fischli and T. Weller, J. Med. Chem. 47, 2776-95 (2004).

21. L.M. Buck, J.W. Black, T. Cooke, D.J. Dunstone, J.D. Gaffen, E.A. Harper, R.A.D. Hull, S.B. Kalindjian, E.J.
Lilley, I.D. Linney, C.M.R. Low, K.I.M. Steel, D.A. Sykes, M.J. Tozer and G.F. Watt, J. Med. Chem. 48,
6803-12 (2005).

22. R.V. Coombs, R.P. Danna, M. Denzer, G.E. Hardtmann, B. Huegi, G. Koletar, J. Koletar, H. Ott and E.
Jukniewicz, J. Med. Chem. 16, 1237-45 (1973).

23. W.J. Welstead, J.H.W. Moran, H.F. Stauffer, L.B. Turnbull and L.F. Sancilio, J. Med. Chem. 22, 1074-79
(1979).

94



24.

25.

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

A Convenient Method for the Preparation of 2-Aminobenzophenone..., J. SAFAEI-GHOMI, et al.,

J.P. Liou, C.W. Chang, J.S. Song, Y.N. Yang, C.F. Yeh, H.Y. Tseng, Y.K. Lo, Y.L. Chang, C.M. Chang and
H.P. Hsieh, J. Med. Chem. 45, 2556-62 (2002).

J.P. Liou, J.Y. Chang, C.W. Chang, C.Y. Chang, N. Mahindroo and H.P. Hsieh, J. Med. Chem. 47, 2897-2905
(2004).

J.P. Liou, Y.L. Chang, F.M. Kuo, C.W. Chang, H.Y. Tseng, C.C. Wang, Y.N. Yang, J.Y. Chang, S.J. Lee and
H.P. Hsieh, J. Med. Chem. 47, 4247-57 (2004).

H.J. Scheifele and D.F. Detarr, Org. Synth. Coll. 4, 34-8 (1963).

L.H. Sternbach, R.I. Fryer, W. Metlesics, G. Sach and A. Stempel, J. Org. Chem. 27, 3781-88 (1962).
J.C.E. Simpson and O. Stephenson, J. Chem. Soc. 353-58 (1942).

J.N. Walker, J. Org. Chem. 27, 1929-30 (1962).

K.H. Wunsch and A.J. Boulton, Adv. Heterocycl. Chem. 8, 303-20 (1969).

F. Faltsi and F. Kloiber, Monatsh. Chem. 53/54, 620-37 (1929).

G. Heller, J. Prakt. Chem. 77, 145-71 (1908).

R. Scholl, Monatsh. Chem. 34, 1011 (1913).

R.B. Davis and L.C. Pizzini, J. Org. Chem. 25, 1884-88 (1960).

M. Mamo, S. Nicoletti and C. Tat, Molecules, 7, 618-27 (2002).

M.A. Margulis, High Energ. Chem. 38, 135-42 (2004).

T.J. Mason, Chem. Soc. Rev. 6, 443-51 (1997).

J.L. Luche, ”Synthetic Organic Sonochemistry”, Chapter 2, pp. 55-56, Plenum Press, New York (1999).

95



