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Abstract A new method for the synthesis of 1-arylindazolones and
2-arylindazolones from N’-aryl-2-halobenzohydrazides promoted by
KOt-Bu was developed. The difference of 2-halogen substituent exerted
a significant effect on the distribution of the products. Two distinct re-
action pathways are proposed for the generation of 1-arylindazolones
and 2-arylindazolones, respectively.
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Indazolone, an isomer of 3-OH indazole, is an important
class of heterocyclic compounds that widely exists in natu-
ral products and synthetic drugs.! Indazolone derivatives
possess many interesting bioactivities such as anticancer,?
anti-inflammation,® antidiabete,* antivirus,”> antiprotozo-
an,® antipsychosis,” bradykinin B1 receptor antagonists,® ac-
tivators of the nitric oxide receptor,” and so on.’® So far
there are more than twenty indazolone derivatives on mar-
ket as drugs or at the clinical research stage.!! The methods
for the synthesis of indazolone derivatives have been exten-
sively studied.'? In 2008 and 2012, Tanimori and co-work-
ers reported Cul/proline-catalyzed intramolecular coupling
of 2-halobenzohydrazide;'? a variety of 1-alkyl- and 1-aryl-
substituted indazolones were synthesized. In 2012, Ma and
co-workers reported Cul-catalyzed intermolecular coupling
of N-acyl-N'-substituted hydrazines with aryl iodides.
These methods still suffer from several disadvantages, such
as the requirements for transition-metal catalysts, multi-
step reactions, harsh reaction conditions, expensive start-
ing materials, or carcinogenic reagents. Thus, there is an
unmet need for the development of a simple and general
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synthesis of indazolones from readily available starting ma-
terials, especially without a transition-metal catalyst.
Recently we found that KOt-Bu/THF could promote ho-
mocoupling and decomposition of N'-arylacylhydrazines.!>
A series of N',N'-diarylacylhydrazines were synthesized
[Scheme 1 (1)]. During the study, we found that the reac-
tion of 2-chlorobenzohydrazide 1a under the refluxing con-
dition did not give the expected N',N'-diarylacylhydrazine,
instead 1-phenylindazolone 2a was obtained in good yield
[Scheme 1 (2)]. Based on these findings, a new synthetic
method for 1-arylindazolones and 2-arylindazolones from
2-halobenzohydrazides was explored and the results are

disclosed herein.
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Scheme 1 KOt-Bu promoted reactions of benzohydrazide and 2-chlo-
robenzohydrazide

Initially, we optimized the reaction conditions of 2-
chlorobenzohydrazide 1a. We found that the reaction with
3.0 equivalents of KOt-Bu gave the product 2a in almost
quantitative yield (Table 1, entry 1). The replacement of
THF with DMF and DMSO also provided excellent yields (Ta-
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Table 1 Optimization of Reaction Conditions? ble 1, entries 2 and 3). Other solvents such as N,N-dimethyl-
acetamide (DMA) and toluene gave lower yields (Table 1,

©\ y . | = y entries 4 and 5). The influence of bases was also examined.
WUNS base (n equiv) AN NaOt-Bu, KOMe, NaOMe, and KOH were found to be ineffec-

H ol solvent, 2 h tive (Table 1, entries 6-9). Lower reaction temperature (50

°C) led to a significantly lower yield (Table 1, entry 10).
With the optimized reaction conditions in hand, the
1a 2a substrate scope was then examined and the results are list-
ed in Scheme 2. The N'-phenyl groups substituted with

Entry  Base (equiv) Solvent Temp (°C)  Yield® (%) methyl and halogen were well tolerated. Excellent yields
1 KOt-Bu (3.0) THF reflux 99 were obtained for the products 2a-e. 2-Chloro-N'-1-naph-
2 KOt-Bu (3.0) DMF 90 99 thylbenzohydrazide (1f) also provided the product 2f in ex-
; KOE-Bu (3.0) DMSO 9% 9 cellent yields. 2—’Chlo%'o—N’—cyclohexylber}zohydra21de (18)

was found to be inactive. The result implicated that N'-aryl
4 KOE-Bu (3.0) DMA %0 ’8 substitution is indispensable for the reaction. The influence
5 KOt-Bu (3.0) toluene 90 67 of the benzoyl group was also examined. The benzo groups
6 NaOt-Bu (3.0) ~ THF reflux trace substituted with methyl and chloride 1h,i were tolerated
7 KOMe (3.0) THF reflux trace and the products 2h,i were obtained in excellent yields. The
3 NaOMe (3.0) THF reflux trace result excluded the aryne reaction pathway because 1h
9 KOH (3.0) THE efiu 0 cpuld not gengrate an aryne mgerl.nedlat.e via E2 elimina-

tion. The reaction of substrate 1j with a nitro group afford-
10 KOt-Bu (3.0) THF 50 29

ed complicated products. Although complete decomposi-

3 Reaction conditions: 1a (02 mmol), base, solvent (40 mL), under N,, 2 h. tlon Of ‘lj was observed, no expected indazolone product

b Isolated yields. . .. .
could be isolated. The decomposition pathways are still elu-
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Scheme 2 Intramolecular coupling of 2-chlorobenzohydrazides 1 promoted by KOt-Bu in THF. Reagents and conditions: 1a-I (0.2 mmol), KOt-Bu (0.6
mmol), THF (4.0 mL), reflux, under N, 2 h.

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2016, 48, A-H

Downloaded by: George Mason University Libraries. Copyrighted material.



Synthesis W.-j. Wang et al.

sive so far. On the other hand, the substrate with a methoxy
group 1k was found to be unreactive, as most of the sub-
strate was recovered after the reaction. The replacement of
the phenyl with a pyridyl group was also examined and the
product 21 was obtained in an excellent yield. A gram-scale
reaction of 2-chlorobenzohydrazide 1a is successful and
demonstrates the practicability of this method.

The effect of different 2-halogen substituents was stud-
ied and the results are summarized in Scheme 3. The reac-
tion of 2-fluorobenzohydrazide 3 in THF provided 2a in an
excellent yield. The reaction of 2-bromobenzohydrazide 4
gave 2a in 48% yield. The reaction of 2-iodobenzohydrazide
6a gave 2a in only 12% yield. Furthermore the reactions of
3,4, and 6a in DMF were also examined. 2a was obtained in
excellent yield from 2-fluorobenzohydrazide 3, however
the reaction of 2-bromobenzohydrazide 4 gave 33% yield of
2a together with 56% yield of 2-phenylindazolone 5a. The
further examination of 2-iodobenzohydrazide 6a gave 18%
yield of 2a and 68% yield of 5a.

2-Phenylindazolone 5a is possibly generated by the re-
arrangement of the B-lactam intermediate!** or by nucleo-
philic addition of the aryne intermediate.'® Several 2-iodo-
benzohydrazides were prepared and examined (Scheme 4).
The 2-iodo-3-methylbenzohydrazide 6b gave exclusively 2-
phenylindazolone 5b in 90% yield. The result excluded the
aryne pathway because 6b could not generate an aryne in-
termediate. The 4-methoxyphenyl derivative 6¢ gave a mix-
ture of 2m and 5c¢ in nearly 1:1 ratio. The reaction 4-fluoro-
phenyl derivative 6d led to a mixture of 2e and 5d in a near-
ly 1:2 ratio. The electronic properties of the substituent
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Scheme 3 Intramolecular coupling of 2-halobenzohydrazides; solvent =
THF, T = reflux, solvent = DMF, T = 90 °C

seems to exert a profound effect on the distribution of the
products. The 2-iodonaphthohydrazide and the 2-iodoben-
zohydrazides with methoxy, chloride, fluoride, and nitro
group on the benzoyl group were also examined. All the re-

Do oS

2h, trace 5b, 90%

2e, 19% 5d, 40%

Scheme 4 Intramolecular coupling of 2-iodobenzohydrazide 6 promoted by KOt-Bu in DMF
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H
= N,N O DPPH (1 equiv)
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Scheme 5 Reactions in the presence of radical scavengers

actions gave messy products and the expected product was
not obtained.

The reactions in the presence of radical scavengers such
as 2,2-diphenyl-1-picrylhydrazyl (DPPH), TEMPO, and O,
were also examined (Scheme 5). DPPH totally inhibited the

(1) X=F,Cl

reaction. However, TEMPO and O, reduced the yield of 2-
arylindazolones 5a and increased the yield of 1-arylindazo-
lones 2a. These results indicate that the reaction has two
competitive reaction pathways.

Two different reaction pathways of 2-halobenzohydra-
zides are proposed (Scheme 6). For the reaction of 2-chloro-
benzohydrazide 1a and 2-fluorobenzohydrazide 3, a typical
SNAT reaction occurs (Scheme 6, pathway 1). The deproton-
ation of the substrate 1a generates an amide anion A. After
subsequent 1,2-hydrogen transfer, the N'-centered acylhy-
drazine anion B is formed. The anion attacks the phenyl
ring to give a cyclohexadiene anion C. After elimination of
the halogen anion, the product 2a is obtained. For the reac-
tion of 2-bromobenzohydrazide 4 and 2-iodobenzohydra-
zides 6a, a competitive radical pathway also exists besides
the above SyAr pathway (Scheme 6, pathway 2). The amide
anion A can transfer an electron to the halogen. After elimi-
nation of the halogen anion, a double radical intermediate
D is formed. The subsequent radical coupling gives a B-lac-
tam E. The further rearrangement of E provides 2-arylinda-
zolone 5a.

In conclusion, we have developed a new synthetic
method for 1-arylindazolones and 2-arylindazolones from
2-halobenzohydrazides. The reaction was promoted effi-
ciently by KOt-Bu. The distribution of the products was ef-
fected by the different 2-halogen substituents. Two distinct
reaction pathways were proposed for the generation of 1-
arylindazolones and 2-arylindazolones, respectively. The
excellent yields, readily available substrates, and the exclu-
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Scheme 6 Tentative reaction pathways
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sion of transition-metal catalysts make this method attrac-
tive for the synthesis of 1-arylindazolones and 2-arylinda-
zolones.

'H and '*C NMR spectra were recorded on a Bruker Avance 400 MHz
spectrometer, '"H NMR are referenced to TMS and '*C NMR are refer-
enced to the carbon resonances of the solvent (CDCl;: § = 77.0). Melt-
ing points were determined with a commercially available WRS-2A
melting point apparatus. The IR spectra were recorded as thin films
with KBr using a Bruker Tensor 37 spectrophotometer. HRMS were
acquired using a Shimadzu electron spray ionization time-of-flight
(ESI-TOF) mass spectrometer in positive mode. Copies of the 'H and
13C NMR spectra are provided (see the Supporting Information). All
reagents were used without further purification as received from
commercial suppliers unless otherwise noted. All solvents were dried
and distilled prior to use according to the standard protocols. HCTU =
0-(6-chlorobenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexa-
fluorophosphate.

2-Chloro-N'-(p-tolyl)benzohydrazide (1b); Typical Procedure

To a solution of p-tolylhydrazine hydrochloride (0.79 g, 5 mmol), 2-
chlorobenzoic acid (0.78 g, 5 mmol), and HCTU (2.28 g, 5.5 mmol) in
DMEF (10.0 mL), Et;N (2.08 mL, 15 mmol) was added. The mixture was
stirred at r.t. overnight. Then the mixture was washed with sat. aq
NH,CI, aq NaHCOs, and brine. The organic layer was dried (MgS0,)
and the solvent was removed under reduced pressure. The residue
was purified by column chromatography (petroleum ether/EtOAc,
5:1) to give 1b (0.78 g, 60%) as a white solid; mp 161.3-162.4 °C.

IR (KBr): 3259, 2997, 1653, 1488, 1319, 916, 819, 750 cm™.

'H NMR (400 MHz, DMSO-dg): 8 = 10.16 (s, 1 H), 7.82 (br s, 1 H), 7.56-
7.42 (m, 4 H), 6.99 (d, ] = 8.2 Hz, 2 H), 6.78 (d, ] = 8.4 Hz, 2 H), 2.20 (s,
3 H).

13C NMR (100 MHz, DMSO-d): 6 = 166.7, 147.4, 135.8, 131.7, 130.7,
130.2,129.7,129.6, 127.8, 127.7, 113.1, 20.6.

HRMS (ESI): m/z [M + HJ* caled for C,4H;4CIN,0O: 261.0789; found:
261.0776.

2-Chloro-N'-(o-tolyl)benzohydrazide (1c)

White solid; yield: 0.65 g (50%); mp 144.2-145.2 °C.

IR (KBr): 3305, 3207, 2877, 1635, 1492, 748 cm.

H NMR (400 MHz, DMSO-dq): & = 10.23 (s, 1 H), 7.57-7.44 (m, 4 H),
7.31(s, 1 H), 7.09-7.03 (m, 2 H), 6.89 (d, ] = 7.9 Hz, 1 H), 6.70 (t, ] = 7.0
Hz, 1 H), 2.20 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): 8§ = 166.1, 146.4, 135.3, 131.2, 130.3,
130.0,129.8,129.2,127.2,126.4, 122.0, 118.8, 111.2, 17.3.

HRMS (ESI): m/z [M + HJ* caled for C,4H;4CIN,0O: 261.0789; found:
261.0791.

2-Chloro-N'-(m-tolyl)benzohydrazide (1d)

White solid; yield: 0.72 g (55%); mp 185.0-185.8 °C.

IR (KBr): 3248, 3039, 1654, 1504, 1321, 1051, 771, 750 cm.

'H NMR (400 MHz, DMSO-dg): 8 = 10.16 (s, 1 H), 7.90 (br s, 1 H), 7.56-
7.43 (m, 4 H), 7.05 (t, ] = 7.7 Hz, 1 H), 6.70-6.65 (m, 2 H), 6.56 (d, J =
7.4Hz, 1 H),2.23 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): 8§ = 166.2, 149.1, 137.8, 135.3, 131.2,
130.3,129.8,129.1, 128.6, 127.2,119.5, 113.0 109.6, 21.3.

HRMS (ESI): m/z [M + HJ* calcd for C,4H;4CIN,0O: 261.0789; found:
261.0777.

2-Chloro-N'-(naphthalen-1-yl)benzohydrazide (1f)

White solid; yield: 0.89 g (60%); mp 172.5-174.5 °C.

IR (KBr): 3247, 3048, 1658, 1517, 1468, 1309, 1049, 773 cm™".

'H NMR (400 MHz, DMSO-dg): 8 = 10.39 (s, 1 H), 8.51 (br s, 1 H), 8.28-
8.26 (m, 1 H), 7.86-7.83 (m, 1 H), 7.64-7.47 (m, 6 H), 7.34 (dd, J =
12.0,7.3 Hz, 2 H), 6.97 (dd, J = 7.1, 1.1 Hz, 1 H).

13C NMR (100 MHz, DMSO-dg): § = 166.2, 143.8, 135.3, 133.8, 131.3,
130.3, 129.8, 129.3, 127.9, 127.3, 126.3, 125.8, 124.5, 122.2, 121.8,
118.6, 105.3.

HRMS (ESI): m/z [M + H]* calcd for C;H4CIN,O: 297.0789; found:
297.0790.

2-Chloro-N'-cyclohexylbenzohydrazide (1g)

White solid; yield: 0.70 g (55%); mp 157.6-158.9 °C.

IR (KBr): 3304, 3226, 2926, 2854, 1649, 1542, 1485, 1313, 1051, 904,
742,720 cm.

H NMR (400 MHz, CDCl,): § = 7.67-7.65 (m, 1 H), 7.42-7.33 (m, 3 H),
2.99-2.93 (m, 1 H), 1.94 (d, ] = 10.1 Hz, 2 H), 1.80-1.76 (m, 2 H), 1.64
(dd, ] = 8.6,2.9 Hz, 1 H), 1.34-1.16 (m, 5 H).

13C NMR (100 MHz, DMSO-dg): § = 165.2, 135.6, 130.9, 130.2, 129.5,
129.1,127.0,57.9, 30.9, 25.7, 24.0.

HRMS (ESI): m/z [M + H]* calcd for C;3H;5CIN,0: 253.1102; found:
253.1092.

2-Chloro-3-methyl-N'-phenylbenzohydrazide (1h)
White solid; yield: 0.85 g (65%); mp 165.7-166.8 °C.
IR (KBr): 3248, 2865, 1655, 1599, 1493, 1319, 1051, 764, 690 cm™.

H NMR (400 MHz, DMSO-d;): 5 = 10.14 (s, 1 H), 7.97 (br's, 1 H), 7.47-
7.45 (m, 1 H), 7.36-7.33 (m, 2 H), 7.19-7.15 (m, 2 H), 6.86 (dd, ] = 8.6,
1.0 Hz, 2 H), 6.73 (dd, J = 10.4, 4.2 Hz, 1 H), 2.39 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): § = 166.6, 149.1, 136.5, 135.9, 132.0,
130.2,128.7,126.8, 126.5, 118.6, 112.3, 19.8.

HRMS (ESI): m/z [M + H]* calcd for C;4H;4CIN,0: 261.0789; found:
261.0778.

2-Chloro-5-nitro-N'-phenylbenzohydrazide (1j)
White solid; yield: 0.85 g (58%); mp 159.9-161.6 °C.
IR (KBr): 3320, 3180, 1687, 1515, 1355, 945, 854, 744, 688 cm™!.

H NMR (400 MHz, DMSO-dg): 5 = 10.45 (d, J = 1.6 Hz, 1 H), 8.36-8.32
(m,2H),8.06(d,J=2.0Hz,1H),7.89(d,J=8.8Hz,1H),7.20(t,J=7.9
Hz, 2 H), 6.88 (d,J = 7.7 Hz, 2 H), 6.77 (d, ] = 7.2 Hz, 1 H).

13C NMR (100 MHz, DMSO-dg): 8 = 164.8, 149.2, 146.6, 137.9, 136.6,
132.0,129.3,126.5, 124.4,119.4, 112.9.

HRMS (ESI): m/z [M + H]* calcd for Cy3H;;CIN;05: 292.0483; found:
292.0480.

2-Chloro-N'-phenylnicotinohydrazide (11)
White solid; yield: 0.62 g (50%); mp 156.0-156.2 °C.
IR (KBr): 3325, 1664, 1512, 1410, 756 cm™.

H NMR (400 MHz, DMSO-d): & = 10.33 (d, J = 2.5 Hz, 1 H), 8.53 (dd,
J=48,1.9Hz, 1 H), 8.05-8.02 (m, 2 H), 7.55 (dd, J = 7.5, 4.8 Hz, 1 H),
7.21-7.17 (m, 2 H), 6.87 (dd, ] = 8.6, 1.0 Hz, 2 H), 6.77-6.73 (m, 1 H).
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13C NMR (100 MHz, DMSO-dg): 8 = 165.4, 151.2, 149.3, 147.3, 139.0,
132.1,129.2,123.6,119.3, 112.8.

HRMS (ESI): m/z [M + HJ* calcd for C;,H;;CIN;0: 248.0585; found:
248.0577.

2-lodo-3-methyl-N'-phenylbenzohydrazide (6b)

White solid; yield: 1.58 g (90%); mp 194.8-195.6 °C.

IR (KBr): 3242, 2970, 1651, 1493, 1313, 1014, 947, 762 cm".

H NMR (400 MHz, DMSO-dq): 8 =10.12 (d, J = 2.7 Hz, 1 H), 7.96 (d, ] =
2.7 Hz, 1 H), 7.43-7.37 (m, 2 H), 7.20-7.15 (m, 3 H), 6.90 (d, ] = 8.1 Hz,
2H),6.73 (t,] = 7.2 Hz, 1 H), 2.45 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): & = 169.9, 149.7, 143.3, 142.5, 130.9,
129.2,128.6,126.1,119.0, 112.9, 100.7, 29.1.

HRMS (ESI): m/z [M + H]* calcd for C;4,H;4IN,0O: 353.0145; found:
353.0143.

2-lodo-N'-(4-methoxyphenyl)benzohydrazide (6c)

White solid; yield: 1.75 g (95%); mp 141.2-143.4 °C.

IR (KBr): 3278, 2999, 2833, 1651, 1510, 1246, 1032, 829, 744 cm™.
H NMR (400 MHz, DMSO-dg): & = 10.12 (s, 1 H), 7.92 (d, J = 7.8 Hz, 1
H), 7.66 (s, 1 H), 7.49 (t, ] = 7.4 Hz, 1 H), 7.43 (dd, J = 7.5, 1.5 Hz, 1 H),
7.22(td,J=7.7,1.7 Hz, 1 H), 6.87 (d, ] = 8.9 Hz, 2 H), 6.79 (d, ] = 9.0 Hz,
2 H), 3.67 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): 8 = 169.1, 153.2, 143.4, 141.7, 139.8,
131.7,129.0, 128.6, 114.6, 114.4, 94.3, 55.7.

HRMS (ESI): m/z [M + HJ* calcd for C;,H;4IN,0,: 369.0095; found:
369.0102.

N’'-(4-Fluorophenyl)-2-iodobenzohydrazide (6d)

White solid; yield: 1.42 g (80%); mp 204.2-205.6 °C.

IR (KBr): 3261, 3001, 1651, 1504, 1209, 910, 829, 721, 687 cm™.

H NMR (400 MHz, DMSO-dg): & = 10.17 (s, 1 H), 7.93 (dd, J = 7.9, 0.8
Hz, 2 H), 7.48 (dtd, J = 9.3, 7.5, 1.4 Hz, 2 H), 7.23 (ddd, J = 7.9, 7.3, 1.9
Hz, 1 H), 7.00-6.89 (m, 2 H), 6.93-6.89 (m, 2 H).

13C NMR (100 MHz, DMSO-dg): & = 169.2, 157.6 (J = 232 Hz), 146.1,
141.5, 139.8, 131.7, 129.0, 128.5, 115.7 (J = 22 Hz), 114.2 (J = 8 Hz),
94.1.

HRMS (ESI): m/z [M + H]* calcd for C;3H,;;FIN,0: 356.9902; found:
356.9895.

1-Phenyl-1H-indazol-3(2H)-one (2a);'** Typical Procedure

To a dried 50-mL Radleys reaction tube were added 1a (49.3 mg, 0.2
mmol), KOt-Bu (67.4 mg, 0.6 mmol), and THF (4 mL). The mixture was
stirred at reflux for 2 h under N, atmosphere. The mixture was cooled
to r.t., the solvent was removed under reduced pressure, and the resi-
due was purified by column chromatography (petroleum ether/EtOAc,
5:1) to give 2a (41.7 mg, 99%) as a white solid; mp 213.5-214.6 °C.

TH NMR (400 MHz, DMSO-dg): 8 = 11.24 (s, 1 H), 7.77 (d, ] = 8.9 Hz, 2
H), 7.69 (d,J = 7.6 Hz, 2 H), 7.52 (t,] = 7.9 Hz, 2 H), 7.47-7.43 (m, 1 H),
7.26 (t,J=7.4Hz, 1H), 7.16 (t,] = 7.7 Hz, 1 H).

13C NMR (100 MHz, DMSO-dg): § = 156.8, 140.7, 139.7, 130.0, 128.8,
125.2,121.1,121.0,120.8, 115.3, 110.8.

1-(p-Tolyl)-1H-indazol-3(2H)-one (2b)
White solid; yield: 44.4 mg (99%); mp 223.4-225.7 °C.
IR (KBr): 2918, 2582, 1546, 1311, 823, 738 cm™.

H NMR (400 MHz, DMSO-dj): § = 11.17 (br's, 1 H), 7.75 (d, ] = 8.0 Hz,
1H),7.70 (d, ] = 8.6 Hz, 1 H), 7.55 (d, J = 8.4 Hz, 2 H), 7.45-7.41 (m, 1
H),7.31(d,J=8.2 Hz, 2 H), 7.14 (t, ] = 7.4 Hz, 1 H), 2.35 (s, 3 H).

13C NMR (100 MHz, DMSO-d): 6 = 156.0, 139.2, 137.8, 134.1, 129.8,
128.1,120.7, 120.4, 120.0, 114.5, 110.2, 20.4.

HRMS (ESI): m/z [M + H]* caled for Ci4H;5N,0: 225.1022; found:
225.1024.

1-(o-Tolyl)-1H-indazol-3(2H)-one (2c)

White solid; yield: 42.6 mg (95%); mp 180.8-184.0 °C.

IR (KBr): 2924, 2582, 1618, 1544, 1313, 750 cm.

H NMR (400 MHz, DMSO-dg): 8 = 10.96 (s, 1 H), 7.74 (d, J = 8.0 Hz, 1

H), 7.45-7.41 (m, 1 H), 7.39-7.32 (m, 4 H), 7.09 (dd, J = 7.9, 7.1 Hz, 1
H),7.05 (d, J = 8.5 Hz, 1 H), 2.13 (s, 3 H).

13C NMR (100 MHz, DMSO-dy): & = 155.6, 141.2, 138.2, 134.6, 1314,
127.9,127.7,126.8,126.7, 120.2, 119.5, 113.2, 109.6, 17.7.

HRMS (ESI): m/z [M + H]* caled for Ci4H;5N,0: 225.1022; found:
225.1025.

1-(m-Tolyl)-1H-indazol-3(2H)-one (2d)

White solid; yield: 44.4 mg (99%); mp 178.3-179.3 °C.

IR (KBr): 2921, 2588, 1610, 1547, 1309, 1238, 789, 742 cm.

TH NMR (400 MHz, DMSO-dg): 8 = 11.20 (br s, 1 H), 7.78-7.74 (m, 2

H), 7.50-7.43 (m, 3 H), 7.39 (t, J = 7.7 Hz, 1 H), 7.15 (dd, J = 11.3, 4.2
Hz, 1H),7.07 (d, ] = 7.4 Hz, 1 H), 2.40 (s, 3 H).

13C NMR (100 MHz, DMSO-d): 6 = 156.2, 140.2, 139.2, 139.0, 129.2,
128.2,125.5,121.2,120.4,120.2, 117.7, 114.7, 1104, 21.1.

HRMS (ESI): m/z [M + H]* caled for Ci4H;3N,0: 225.1022; found:
225.1024.

1-(4-Fluorophenyl)-1H-indazol-3(2H)-one (2e)'3®

White solid; yield: 44.7 mg (98%); mp 220.2-221.7 °C.

H NMR (400 MHz, DMSO-dy): 8 = 11.25 (br's, 1 H), 7.76 (d, ] = 7.9 Hz,
1H), 7.71-7.68 (m, 3 H), 7.45 (t, ] = 7.6 Hz, 1 H), 7.35 (¢, ] = 8.5 Hz, 2
H), 7.15 (t,] = 7.4 Hz, 1 H).

13C NMR (100 MHz, DMSO-dg): & = 160.9 (J = 241 Hz), 156.8, 139.8,
137.1,128.9,123.2 (d, ] = 8 Hz), 121.0, 120.8, 116.8 (J = 23 Hz), 115.1,
110.5.

1-(Naphthalen-1-yl)-1H-indazol-3(2H)-one (2f)

White solid; yield: 50.0 mg (96%); mp 237.1-239.7 °C.

IR (KBr): 3021, 2588, 1618, 1543, 1444, 1311, 771, 740 cm™.

'H NMR (400 MHz, DMSO-dg): 6 = 11.18 (s, 1 H), 8.08-8.03 (m, 2 H),
7.81(d,J=8.0Hz, 1 H),7.73 (d, ] = 8.4 Hz, 1 H), 7.67-7.58 (m, 3 H),
7.52(t,J=7.1Hz,1H),7.35(t,J=7.3Hz, 1H),7.14 (t,J=7.4 Hz, 1 H),
7.09(d,J=8.5Hz, 1 H).

13C NMR (100 MHz, DMSO-d): § = 156.2, 142.1, 135.7, 134.2, 129.2,
128.3, 128.0, 127.9, 126.7, 126.6, 125.7, 123.8, 123.5, 120.4, 119.9,
113.7, 109.8.

HRMS (ESI): m/z [M + H]* caled for Ci;H;5N,0: 261.1022; found:
261.1029.

7-Methyl-1-phenyl-1H-indazol-3(2H)-one (2h)
White solid; yield: 40.8 mg (85%); mp 172.3-174.5 °C.
IR (KBr): 3021, 2588, 1618, 1543, 1444, 1311, 771, 740 cm.
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H NMR (400 MHz, DMSO): § = 10.94 (s, 1 H), 7.57 (d, J = 7.9 Hz, 1 H),
7.51-7.47 (m, 2 H), 7.43-7.39 (m, 3 H), 7.16 (d, ] = 7.0 Hz, 1 H), 7.05-
7.01 (m, 1 H).

13C NMR (100 MHz, DMSO-dy): & = 156.1, 141.2, 140.8, 129.6, 128.6,
127.4,127.0,120.4, 120.1, 118.0, 114.8, 19.0.

HRMS (ESI): m/z [M + H]* caled for Ci4H;3N,0: 225.1022; found:
225.1024.

6-Chloro-1-phenyl-1H-indazol-3(2H)-one (2i)'3"
White solid; yield: 48.4 mg (99%); mp 234.6-235.7 °C.

H NMR (400 MHz, DMSO-dg): 8 = 11.48 (br s, 1 H), 7.78-7.76 (m, 2
H), 7.68 (d, ] = 7.8 Hz, 2 H), 7.53 (t, ] = 7.9 Hz, 2 H), 7.29 (t, /= 7.4 Hz, 1
H),7.18 (dd, ] = 8.5, 1.5 Hz, 1 H).

13C NMR (100 MHz, DMSO-dg): 8 = 156.7, 140.1, 139.8, 134.0, 130.1,
125.8,122.6,121.4,121.3,114.0, 110.3.

1-Phenyl-1H-pyrazolo[3,4-b]pyridin-3(2H)-one (2I)
White solid; yield: 41.8 mg (99%); mp 198.2-200.3 °C.

IR (KBr): 2923, 1596, 1581, 1543, 1421, 1302, 1275, 1155, 771, 696
cm™,

H NMR (400 MHz, DMSO-dy): 5 = 11.67 (s, 1 H), 8.61 (dd, J = 4.5, 1.3
Hz, 1 H), 8.25-8.23 (m, 3 H), 7.49 (t, ] = 7.9 Hz, 2 H), 7.25 (dd, ] = 7.9,
46Hz, 1H),7.20(t, ] = 7.4 Hz, 1 H).

13C NMR (100 MHz, DMSO-dg): 8 = 154.8, 150.5, 150.4, 140.1, 130.8,
129.5,124.6,119.5,117.2,107.9.

HRMS (ESI): m/z [M + H]" caled for C;,H;(N;0: 212.0818; found:
212.0822.

1-(4-Methoxyphenyl)-1H-indazol-3(2H)-one (2m)
White solid; yield: 15.9 mg (33%); mp 204.2-206.7 °C.

IR (KBr): 2923, 1596, 1581, 1543, 1421, 1302, 1275, 1155, 771, 696
cm !,

1H NMR (400 MHz, DMSO-d,): 8 = 11.08 (br's, 1 H), 7.74 (d, ] = 8.0 Hz,
1H),7.61(d,J = 8.6 Hz, 1 H), 7.58-7.54 (m, 2 H), 7.43-7.39 (m, 1 H),
7.12(d,J = 7.2 Hz, 1 H), 7.10-7.07 (m, 2 H), 3.81 (s, 3 H).

13C NMR (100 MHz, DMSO-d): § = 157.2, 139.8, 133.9, 128.5, 123.1,
120.9,120.3,115.1, 110.4, 55.9.

HRMS (ESI): m/z [M + H]* calcd for C;4H;3N,0,: 241.0972; found:
241.0965.

2-Phenyl-1H-indazol-3(2H)-one (5a);'%* Typical Procedure

To a dried 50-mL Radleys reaction tube was added 6a (67.6 mg, 0.2
mmol), KOt-Bu (67.4 mg, 0.6 mmol), and DMF (8 mL). The mixture
was stirred at 90 °C for 2 h under N, atmosphere. The mixture was
cooled to r.t,, then it was poured into water (20 mL) and extracted
with EtOAc (3 x 10 mL). The combined organic phases were washed
with sat. brine (20 mL) and dried (MgSO,). The solvent was removed
under reduced pressure and the residue was purified by column chro-
matography (petroleum ether/EtOAc, 5:1) to give 5a (28.6 mg, 68%) as
a white solid and 2a (7.6 mg, 18%) respectively.

H NMR (400 MHz, DMSO-dj): 8 = 10.64 (br s, 1 H), 7.93 (d, J = 8.0 Hz,
2H),7.75(d,J= 7.8 Hz, 1 H), 7.61 (t, ] = 7.6 Hz, 1 H), 7.51 (t, ] = 7.9 Hz,
2H),7.37(d,J=8.2 Hz, 1 H), 7.25 (t, ] = 7.4 Hz, 1 H), 7.20 (t, ] = 7.5 Hz,
1H).

13C NMR (100 MHz, DMSO-dg): & = 160.7, 147.1, 138.1, 133.0, 129.5,
125.4,123.9,122.3,119.4, 118.6, 113.1.

7-Methyl-2-phenyl-1H-indazol-3(2H)-one (5b)

White solid; yield: 40.4 mg (90%); mp 172.9-174.0 °C.

IR (KBr): 3032, 2873, 1641, 1497, 1362, 1311, 881, 798, 748 cm!.

H NMR (400 MHz, DMSO-dg): & = 10.40 (s, 1 H), 7.95 (dd, J = 8.7, 1.0
Hz,2 H),7.57 (d,] = 7.8 Hz, 1 H), 7.53-7.49 (m, 2 H), 7.41 (d, ] = 7.2 Hz,
1H),7.27-7.24 (m, 1 H), 7.12 (t,] = 7.5 Hz, 1 H), 2.40 (s, 3 H).

13C NMR (100 MHz, DMSO-d): § = 160.7, 146.0, 137.7, 132.6, 129.0,
124.9,122.6,122.1,120.7,119.2, 117.9, 15.5.

HRMS (ESI): m/z [M + H]* caled for C4H;3N,0: 225.1022; found:
225.1024.

2-(4-Methoxyphenyl)-1H-indazol-3(2H)-one (5¢)
White solid; yield: 14.9 mg (31%); mp 190.9-191.4 °C.

H NMR (400 MHz, DMSO-d;): 8 = 10.63 (s, 1 H), 7.80 (d, ] = 9.0 Hz, 2
H),7.73 (d,J = 7.8 Hz, 1 H), 7.59 (t, ] = 7.6 Hz, 1 H), 7.34 (d, ] = 8.2 Hz, 1
H),7.18 (t,J = 7.4 Hz, 1 H), 7.07 (d, ] = 9.0 Hz, 2 H), 3.79 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): 8 = 160.2, 157.1, 146.8, 132.6, 131.2,
123.8,122.2,121.5,118.6,114.7, 113.0, 55.8.

HRMS (ESI): m/z [M + H]* caled for C4H;3N,0,: 241.0972; found:
241.0968.

2-(4-Fluorophenyl)-1H-indazol-3(2H)-one (5d)
White solid; yield: 18.3 mg (40%); mp 207.5-208.2 °C.
IR (KBr): 3120, 1653, 1510, 1356, 1228, 833, 754 cm™.

H NMR (400 MHz, DMSO-d,): & = 10.66 (br s, 1 H), 7.99-7.90 (m, 2
H),7.75(d,J = 7.7 Hz, 1 H), 7.61 (t, ] = 7.6 Hz, 1 H), 7.37-7.34 (m, 3 H),
7.20(t,J=7.3 Hz, 1 H).

13C NMR (100 MHz, DMSO-d): & = 160.7, 160.6 (J = 234 Hz), 147.1,
134.5, 133.1, 123.9, 122.4, 121.5 (J = 8 Hz), 118.4, 116.4 (J = 23 Hz),
113.1.

HRMS (ESI): m/z [M + H]" caled for C;3H;(FN,0: 229.0772; found:
229.0767.
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