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A novel and practical copper-catalyzed approach degeloped for the preparation of 5-
arylindazolo[3,2b]quinazolin-7(31)-ones. The 2-aminbF-arylbenzohydrazideis easily
prepared by a reaction of isatoic anhydride withylrgrdrazine. Then, through
condensation/intramolecular cyclization reaction2bgitrobenzaldehydes in the present of Cul,
the corresponding 5-arylindazolo[3yPjuinazolin-7(31)-ones are produced in good yields.
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1. Introduction

Tetrah

Nitrogen-containing heterocyclic compounds and the
analogs are pharmaceutically attractive scaffofdbwaidely exist
in naturally occurring and synthetic biologically ctige
molecules. Among them, fused polycyclicN-containing
heteroaromatics have received much synthetic atetiecause
of their wide range of biological activities and ithénigh
therapeutic values. For instance,N-fused polycycles witha
quinazolinone scaffold have been shown to possbssaa range
of biological activities, including anticancéranti-microbial?
anti-inflammatory, anticonvulsant, anti-ulcer! anti-bacteriaf,
antidiabeticc and anti-viral propertieS. They are also an
important class of alkaloids because they are wiftaind in the
structure of a number of natural products suchuatohin AR
circumdatins?  rutaecarpiné®  deoxyvasicinoné!  and
tryptanthrin’® Another example ofN-containing biologically
active heterocycles are indazole-based derivathashave been
reported to possess antidepres$&ranti-inflammatory'® HIV
protease inhibitory’ antitumor:®  anti-microbial;> and
contraceptive activitie¥. The indazole core is an important
pharmacophore in medicinal chemistry and has beeognized
as a privileged structure in heterocyclic chemistry

Owing to this broad range of properties Nfcontaining
quinazolinone and indazole heterocycles, it is opable to
expect that fused quinazolinone-indazole derivativeuch as
indazolo[3,2b]quinazolinones, have significant biological
activity. To date, a few synthetic routes have besported for
the preparation of indazolo[3lgguinazolinones, including: a
one-pot cascade reaction of isatoic anhydride,dgjdes, and 2-
iodo benzaldehyde catalyzed by palladittmCu-catalyzed
domino Ullmann-type coupling reaction of 2-amiNG-
arylbenzohydrazide and 2-halobenzaldehydéstramolecularC-
Nbondformationreactionof3-amino-2-(2-
bromophenyl)dihydroquinazolinones by

a CuCl/L-pmeli

edron

aminoN'-arylbenzohydrazide3 was easily prepared by the
_reaction of isatoic anhydridé and arylhydrazin€ in aqueous
I"media® Next, heating an equimolar mixture of 2-amiNb-
arylbenzohydrazid8 and 2-nitrobenzaldehyddsn the presence
of Cul and KCQO; in DMSO at 80°C for 8 hours, through a
condensation and intramolecular cyclization by reahoof a
nitro group®® leads to the formation of the corresponding 5-
arylindazolo[3,2b]quinazolin-7(31)-ones 5a-l in good yields
(Scheme 2).

(e} H o Ar
Ar—NHNH, N NO, N
0 2] H/ SAr (4 v N~ Y
@ " W
N Yo HO,rt NH, Cul, KzCO3 N” O
H DMSO, 80 °C
1 3 5al X
X=H,Cl
Y =H, OMe

Scheme 2. Copper-catalyzed preparation of
b]quinazolin-7(31)-ones

5-arylindazolo[3,2-

To optimizethe reaction conditions, preparation bf
phenylindazolo[3,2-b]quinazolin-7k§-one 6a) was
investigated as a model reaction. First, we obseaicheating a
mixture of 2-amindN'-phenylbenzohydrazide3a and 2-
nitrobenzaldehydeta in the presence of CuBr and ,C€; in
DMF as a solvent at 80°C for 8 hours lead to thérel@product
5ain 58% yield (Table 1, entry 1). Next, to evalutte reaction
medium, the effects of several solvents such as DM&(@ne,
and THF were investigated (Table 1, entries 2 tant) the best
result was obtained in DMSO (65%, Table 1, entry Renl for
the choice of the best base, the model reactionewasined by
various inorganic and organic bases such a80% K;PQ,,
DBU, and NE$ (Table 1, entries 5 to 8). As shown in Table 1,

catalytic systerﬁ? and Pd-catalyzed cascade reaction of 2-aminoamong various bases examinedCR; turned out to be the best

N'-arylbenzohydrazides with triethyl orthobenzodf@herefore,
we wished to develop these procedures via intramiecu

cyclization of 2-amindN-arylbenzohydrazide  with  2-
nitrobenzaldehydes catalyzed by copper(l) iodiden€tne 1).
Previous works:
CHO

o | Q
@f% . ) cuc N Nar

N/&O BINAP L-proline

H ArNHNH,  ref. 21 ref. 23 H

Br
CH(OEt),

X_Pd(OAc),
AgOAc
ref. 24

o CHO o
(jkN,NHAr x @fLN/NHAr i
H + H +
NH, [ j Cs2C03 NH,

ref. 22

This study:

choice, while others were less effective. Next, tal fthe best
copper source, we observed that the use of Cul @s-source
significantly increased the yield &a (Table 1, entry 9), while
the other Cu salts like CuCl, CuO, £y and Cu(OAg) could
not enhance the yield of desired prodb&{Table 1, entries 10 to
13). Then, to examine the effect of temperature thodel
reaction in the present of Cul and,GO; in DMSO was
investigated at several different temperatures lerabentries 14
to 16). Finally, we observed that in the absencéwtatalyst, no
product was formed (Table 1, entry 17). As can be sedable
1, the best yield of the product was obtained a€C8@5%, Table
1, entry 9).

Table 1 Optimization of conditions for the synthesisaf

0 % Ph
o CHO 9 A _NHPh CHO N
EjLN,NHAr ©/NOZ o ©\)LN’N ” . ©[ Cu-source, Base N
N, reeong N/)\© NH; No, Sovent TemP N/)\©
3a 4a 5a
Scheme 1Synthesis of 5-arylindazolo[3/8guinazolin-7(31)-ones Cu Temp.  Yield
Entry source Base Solvent C) (%)®
1 CuBr CsCQ@ DMF 80 58
2. Results and discussion 2 CuBr CsC@ DMSO 80 65
. . - . CuBr CsC Xylene 80 NR
In continuation of our efforts toward the efficieynthesis of Q Y
biologically active target moleculé® herein we would like to Cubr CsC@  THF 80 32
introduce a new approach to the preparation of 5-5 CuBr KCOs DMSO 80 68
arylindazolo[3,2b]quinazolin-7(31)-ones. Thus, initially 2- 6 CuBr KPO, DMSO 80 48



7 CuBr DBU DMSO 80 42
CuBr NEt; DMSO 80 37
Cul K2CO3 DMSO 80 85
10 CuCl K:COs DMSO 80 46
11 CuO KCOs DMSO 80 18
12 CuO Ko.COs DMSO 80 38
13 Cu(OAc) KiCOs DMSO 80 22
14 Cul KCOs DMSO 120 78
15 Cul KCOs DMSO 60 74
16 Cul KCOs DMSO 25 15
17 - K2CO;s DMSO 80 NR

#Reaction condition3a (2 mmol),4a (2.1 mmol), Cu-source (0.2 mmol),
Base (2 mmol), Solvent (4 mL) at reflux for 8tsolated yield*NR=
no reaction

Table 2. Substrate scope of Cu-catalyzed synthesis of
5-arylindazolo[3,2b]quinazolin-7(3)-onesba—|

Me OMe

: O 0

5b: 87% 5c: 88%
Me OMe
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5h: 77% 5i: 80%

Br OMe

o} :j o} ¢
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5k: 78% 51: 69%

A possible reaction pathway for the Cu-catalyzed fdrom of
5-arylindazolo[3,25]quinazolin-7(31)-ones 5 is suggested in
Scheme 3. The initial
arylbenzohydrazidg with 2-nitrobenzaldehydd, followed by
aerobic oxidation generate the compousyd which undergo
coordination with Cu generates intermediaté Then,
nucleophilic attack of iodide ion to this intermatd followed by
intramolecular cyclization and libration of KNQOleads to the
formation 5-arylindazolo[3,®]quinazolin-7(3)-ones 5
(Scheme 3).
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Scheme 3. Proposed mechanism for
arylindazolo[3,2b]quinazolin-7(31)-ones

3. Conclusion

In conclusion, we developed a new and efficient coppe
catalyzed approach for the synthesis of 5-aryliot#3,2-
blquinazolin-7(31)-ones through a condensation/intramolecular
cyclization reaction of 2-aminb-arylbenzohydrazide with 2-
nitrobenzaldehydes in the present of Cul. The soitplof the
starting materials, ligand-free metal catalysis godd yields of
the products are the main advantages of this method

4. Experimental
4.1. Material and methods

All chemicals were purchased from Merck and Fluka
companies. All yields refer to isolated products.ltvg points
were determined in a capillary tube and have non lveerected.
The progress of the reaction was followed with TLGhgssilica
gel SILG/UV 254 and 365 plates. The IR spectra of the
compounds were obtained on Nicolet FT-IR Magna 550
spectrographs (KBr disks) (Nicolet, Madison, WI, USA.and
¥C NMR spectra were recorded at 500 and 125 MHzon a
BruckerNMR  spectrometer(Rheinstetten, Germany) using
tetramethylsilane (TMS) as the internal standarddirctsbe, 5f,
5h, 5i, 5j, 5k, and5I are novel compounds. All products were
characterized by melting point, IR'H, and *C NMR
spectroscopic data.

4.2.General procedure for the preparation of 2-amino-N'-
arylbenzohydrazide (3)

A mixture of isatoic anhydride (2.0 mmol) and ardhgzine
(2.0 mmol) in HO (4.0 mL) was stirred for 4 hours at room
temperature. After completion of the reaction asicaigd by
TLC, the resulting precipitate was filtered, washedhwdbld
water, dried, and recrystallized from ethanol todoee the
desired compound.

4.3.General procedure for the preparation of 5-
arylindazolo[3,2-b]quinazolin-7(5H)-ones (5a-i)

A mixture of 2-amindN'-arylbenzohydrazide8 (2.0 mmol), 2-
nitrobenzaldehyde} (2.1 mmol), Cul (0.2 mmol), and ,KG;

(2.0 mmol) in dry DMSO (4.0 mL) was heated in a sdalessel
under air for 8 hours at 80°C. After reaction cortipte (checked
by TLC), the reaction mixture was cooled, quencheith wiater
(20 mL), and extracted with EtOAc (3 x 20 mL). Therast was
washed with 20% NaCl solution (W/V), dried ($£,) and
concentrated under reduced pressure. The residupusified by
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column chromatography using petroleum ether/ettodtate  4.3.6.  2-chloro-5-(4-methoxyphenyl)indazolo[3,2-
(4:1) as the eluent to produce the pure pro8aet. b]quinazolin-7(5H)-ong5f). Yield 85% (319 mg); White solid;
M.p = 238-240 °C; IR (KBr, Cfﬁ: 3046, 1681, 1627, 1466,
1060;*H NMR (CDCl, 500 MHz):5 = 3.84 (s, 3H), 6.97 (d, =

4.3.1. 5-phenylindazolo[3,2-b]quinazolin-7(5H)-one (5a). g-gGH(f'JZ_H%' 5735 (SIJ-I): 7955"& }%)’51-{29 1(% :78;1 '(1'12'_27"'%’
Yield 85% (264 mg); White solid; M.p = 246-248 °Gt(230— /=0 (LI = 1.0 1z, 1), 1. = o0 Rz, LH), 7. =L
231 oci4, IR (KBI’, le) 3052, 1672, 1623, 1469, lo5h_’| HZ, lH), 7.89 (dJ - 8.0 HZ, 1H), 8.25 (S, lH), 8.32 (.ﬂj,— 7.5

s _ Hz, 1H); ®*C NMR (CDCk, 125 MHz):6 =55.5, 113.7, 114.7
NMR (CDCl;, 500 MHz):6 = 7.19 (d,J = 8.0 Hz, 1H), 7.36 (d] =), ’ , : '
= 7.5 Hz, 2H), 7.4 (t) = 7.5 Hz, 2H), 7.44 (m, 3H), 7.59 @= 1175, 121.3, 125.0, 1253, 125.6, 126.8, 126.8.712129.8,

8.27 (d,J = 8.0 Hz, 1H), 8.32 (dJ = 7.5 Hz, 1H):*C NMR Cx»H1.CINSO2: C, 67.12; H, 3.76; N, 11.18. Found: C, 66.87; H,

(CDCl, 125 MHz):6 = 112.3, 118.8, 119.7, 123.2, 124.2, 124.5,3-48: N, 10.93.

125.3, 126.6, 126.9, 128.5, 129.4, 133.3, 133.9,.814148.1, . . .
148.6, 149.0, 156.3; Anal. Calcd for.NsO: C, 77.16; H, 4.3.7. 5-(4-fluorophenyl)indazolo[3,2-b]quinazolin-7(5H)-en

P ound: %, R 197-198 °CF: IR (KBr, cnil): 3076, 1674, 1626, 1467, 1056t
4.32. 5-(p-tolyl)indazolo[3,2-b]quinazolin-7(5H)-one (5b).  NMR (CDC, _500 MHz):6 = 7.15 (m; 3H), 7.37 (d = 8.0 Hf'
Yield 87% (283 mg); White solid; M.p = 196-198 °Cit(1184—  2H). 743 (tJ=7.0 Hz, 1H), 7.46 (4 = 7.0 Hz, 1H), 7.63 (U =
185 oci4, IR (KBI’, le) 3030, 1688, 1619, 1464, 10511_’1 7.5 HZ, 1H), 782 (tJ =75 HZ, lH), 791 (dJ - 80 HZ, lH),

s = _ 8.29 (d,J = 8.0 Hz, 1H), 8.32 (dJ = 8.0 Hz, 1H);*C NMR
NMR (DMSO-ds, 500 MHz):6 = 2.36 (s, 3H), 7.27 (d] = 7.5

(t, J = 7.5 Hz, 1H), 7.52 (m, 2H), 7.73 (.= 7.5 Hz, 1H), 7.87 125.5, 126.6, 127.0, 127.1, 130.3, 133.4, 134.(3.714148.6,
(d, J = 6.5 Hz, 1H), 8.16 (dJ = 7.5 Hz,1H), 8.23 (dJ = 7.5 153.6, 155.3; Anal. Calcd for,gH,,FN;O: C, 72.94; H, 3.67; N,

Hz,1H); %C NMR (DMSOds, 125 MHz):6 = 20.5, 112.5, 118.2, 12-76. Found: C, 72.52; H, 3.44; N, 12.35.

119.4, 122.9, 123.7, 123.9, 124.4, 124.6, 125.5.3,2125.8, _ . .
125.9, 129.8, 133.7, 133.9, 137.4, 139.2, 148.3.64155.2; ‘7‘(23) Oni'(%m;rg'ig;é“'?f'?‘gj’r‘(’ggf”%g')ﬁ‘%ﬁci’tflgjij’_]?\;l“ga_z‘g'z ,
Anal. Calcd for GH;sN,O: C, 77.52; H, 4.65; N, 12.91. Found: - NG 170 ; » WP = 222=
C 7747 H 4 5?.1,\,1515 8o UNE 224 °C: IR (KB, crif): 3056, 1683, 1625, 1465, 105H NMR
P TR e T 2B (CDCl,, 500 MHz):6 = 7.06 (d,J = 8.5 Hz, 1H), 7.17 (d] = 7.5

4.3.3. 5-(4-methoxyphenyl)indazolo[3,2-b]quinazolin-7(5H)- I—(|jz, 2_H)' 7.35(dJ = 8.0 HZ'_ZH)’ 7.48 (U =75 HZ’_lH)’ 7.57
ong5¢). Yield 88% (301 mg): White solid; M.p = 216-218 °c (d:J= 8.5 Hz, 1H), 7.82 (U = 7.5 Hz, 1H), 7.89 (d] = 8.0 Hz,
(Lit. 209-210 °C$* IR (KBr, cmi)): 3053, 1674, 1624, 1468, LH). 8:26 (s, 1H), 8.31 (d,= 8.0 Hz, 1H),"C NMR (CDC}, 125

1055:'H NMR (CDC, 500 MH2):6 = 3.84 (s, 3H), 6.96 (@ =  MH2): 6 = 1136, 1165, 116.7, 125.3, 125.4, 1258, 1258,
8.0 Hz, 2H), 7.11 (dJ = 8.0 Hz. 1H), 7.3 () = 8.0 Hz, 2H), 127.0, 127.1, 1272, 130.9, 133.7, 134.3, 134.5.013143.9,

7.39 (,J = 7.5 Hz, 1H), 7.44 () = 7.5 Hz, 1H), 7.59 I = 7.5 153.1, 155.3; Anal. Calcd for,gH,,CIFN;O: C, 66.04; H, 3.05;

Hz, 1H), 7.79 (t,] = 7.5 Hz, 1H), 7.89 (dJ :1375 Hz, lH), 8.27 N, 11.55. Found: C, 6572, H, 287, N, 11.23.
(d,J = 7.5 Hz,1H), 8.32 (d) = 7.5 Hz, 1H);"C NMR (CDCl, . . .
125 MHz): 6 = 55.5, 112.4, 114.5, 118.6, 119.8, 123.1, 124.o§-(3-9)- 5'((4')br°m|%pggny')(52'gh'Of‘)"”diZO'OBizd'b]q“'“azg“”'
5H)-one(5i). Yie % (340 mg); White solid; M.p = 244—

125.2, 126.6., 127.0, 133.2, 133.8, 11.34.4, 148..(8.6],4149..5, 246 °C: IR (KB, cn’f): 3061, 1678, 1629, 1465, 10581 NMR
156.4, 159.6; Anal. Calcd for,@H;sN;O,: C, 73.89; H, 4.43; N, :

8.0 Hz, 2H), 7.55 (tJ = 7.5 Hz, 1H), 7.68 (dJ = 8.0 Hz, 2H),
4.3.4. 2-chloro-5-phenylindazolo[3,2-bjquinazolin-7(5H)-one /78 (d.J=8.5 HZ*_lH)' 7.89 (§=7.5Hz, }_}H)’ 7.93 (4 =8.0
(5d). Yield 83% (287 mg); White solid; M.p = 241-243 ¢t 2z 1H), 817 (dJ = 8.0 Hz, 1H), 8.27 (s, 1HJC NMR (CDC,
272-273 0052l IR (KBI‘, le) 3184, 1679, 1627, 1465, logB‘t 125 MHZ)(; = 1140, 1208, 1222, 1243, 1246, 1247, 1256,
=7.5Hz, 2H), 7.42 (U =7.0 Hz, 1H), 7.47 (m, SH), 7.55 (m,: 155.5; Anal. Calcd for nglBl'ClN;gO: C, 56.56; H, 2.61; N,
8.5 Hz, 1H), 7.82 () = 7.5 Hz, 1H), 7.9 (dJ = 8.0 Hz, 1H), 9-89- Found: C,56.31; H, 2.42; N, 9.48.

8.26 (d,J = 8.0 Hz, 1H), 8.32 (dJ = 7.5 Hz, 1H);"*C NMR . . .
(CDCl, 125 MHz):5 =113.6, 119.9, 120.2, 122.8, 124.5, 125.7,4-3-10. 5-(4-methoxyphenyl)indazolo[3,2-b]quinazolin-7(SH)-

126.7, 127.1, 128.8, 129.6, 130.0, 133.6, 134.1,414147.1, ©On€(5). Yield 83%(283 mg); White solid, M.p = 220-224 °C;
147.7, 148.4, 148.9, 155.2, 156.2; Anal. Calcddat,,CINO: IR (KBr, cm): 3048, 1680, 1616, 1468, 1056 NMR (DMSO-
C, 69.47; H, 3.50; N, 12.15. Found: C, 69.25; H, 3¢111.94. 46, 500 MH2):d = 3.77 (s, 3H), 6.78 (d= 7.0 Hz, 1H), 6.98 (d,
’ P 298 ’ o J=7.5Hz, 1H), 7.15 (§ = 7.5 Hz, 1H), 7.29 (§ = 7.5 Hz, 1H),
- N 7.40 (d,J = 7.0 Hz, 1H), 7.46 (d] = 7.5 Hz, 1H), 7.53-7.77 (m,
4.3.5. 2-chloro-5-(p-tolyl)indazolo[3,2-b]quinazolin-7(5H)- _ 13
one(56). Yield 86% (309 mg):; White solid; M.p = 226-228;°c °H-Ph), 8.14 (dJ = 7.5 Hz, 1H);”"C NMR (DMSO-d6, 125

IR (KBr, cmi): 3020, 1682, 1626, 1466, 1058 NMR (CDCL, MZHGZY J 5 853-4’ 21§12.9, %91)50-2' 13135-6’ 115’-37 : 112-3; 1”721*%
500 MHz):6 =2.40 (s, 3H), 7.09 (d} = 8.5 Hz, 1H), 7.23 ()= 1261, 128.0, 128.2, 129.0, 133.5, 140.3, 146.0,114154.3,

7.5 Hz, 2H), 7.27 (d-J =90 Hz, 2H), 7.46 (t-J = 7.5 Hz, lH), 1634, Anal. Calcd for QH15N302: C, 7389, H, 443, N, 12.31.

754 (d,J= 8.0 Hz, 1H), 7.81 (4 = 7.5 Hz, 1H), 7.89 (d] = 8.0 Found: C, 74.09; H, 4.66; N, 12.48.

Hz, 1H), 8.25 (s, 1H), 8.32 (d] = 8.0 Hz, 1H):“C NMR .

(CDCl,, 125 MHz):6 =21.2, 113.6, 119.9, 122.7, 124.7, 125.6,%-3-11. 5-(4-bromophenyl)-4-methoxyindazolo[3,2-
126.7, 126.7, 127.0, 127.1, 130.2, 133.5, 134.8.8,3139.0, Plauinazolin-7(5H)-on&(5k). Yield 78%(328 mg); White solid;

147.6, 148.6, 156.3; Anal. Caled fopB1,CINGO: C, 70.10; H, MP = 215-219 °C; IR (KBr, ci): 3068, 1674, 1625, 1468,
3.92: N, 11.68. Found: C, 69.91; H, 3.58; N, 11.35. 1068;"H NMR (DMSO-d6, 500 MHz)? = 3.82 (s, 3H), 7.01 (t,

J =75 Hz, 1H), 7.43 (d) = 7.5 Hz, 2H), 7.52 (t) = 8.0 Hz,



1H), 7.70 (dJ = 8.0 Hz, 1H), 7.72 (d] = 7.5 Hz, 2H), 7.84 (d]
=7.0 Hz, 1H), 7.92 (d] = 7.5 Hz, 1H), 8.01 (d] = 7.5 Hz, 1H),
8.30 (d,J = 7.0 Hz, 1H);"®*C NMR (DMSO-d6, 125 MHz)s =
56.7, 112.0, 113.8, 114.0, 115.0, 117.9, 118.9,.6,2026.2,
126.9, 128.0, 129.2, 131.0, 133.7, 136.7, 146.%.215162.8;

Anal. Calcd for GH.BrN;O,: C, 60.02; H, 3.36; N, 10.00.

Found: C, 6.28; H, 3.54; N, 10.18.

4.3.12. 4-methoxy-5-(4-methoxyphenyl)indazolo[3,2-

b]quinazolin-7(5H)-one(5l). Yield 69%(256 mg); White solid;
M.p = 206-212 °C; IR (KBr, cif): 3048, 1665, 1625, 1455,
1066;*H NMR (DMSO-d6, 500 MHz)5 = 3.71 (s, 3H), 3.84 (s,

3H), 6.72 (t.J = 7.5 Hz, 1H), 7.00 (dd},= 8.5 Hz,J,= 3.0 Hz,

2H), 7.05 (dJ = 7.5 Hz, 1H), 7.16 (d] = 8.0 Hz, 1H), 7.21-7.24

(m, 4H), 7.88 (d,J = 8.0 Hz, 1H), 8.32 (dJ = 7.5 Hz, 1H)"C

NMR (DMSO-d6, 125 MHz):s = 55.3, 109.9, 113.9, 114.6,

117.4, 117.8, 122.1, 127.6, 128.2, 128.8, 132.3.613134.6,
146.7, 149.6, 149.9, 154.2, 158.5, 162.8; Anal.c€afor

C,,H7;N3O4: C, 71.15; H, 4.61; N, 11.31. Found: C, 71.34; H

4.83; N, 11.60.
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