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Abstract

An efficient and divergent synthesisfarylbenzimidazoles and-arylindazoles from arylamino oximes based on
reaction conditions selection was developed. Tmthggis was approached by treating oximes with BRE the
chemoselectivity was regulated by the amount gNEThis switchable N-N and N-C bond formation psxe

features mild reaction conditions, simple execytldgh chemoselectivity and broad substrate scope.
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1. Introduction

The isomericN-arylbenzimidazoles anb-arylindazoles are ubiquitous in the realms of pfaologically
active agents and natural produttsor instance, molecules based Nrarylbenzimidazoles have attracted
extensive attention due to their numerous pharntimadly activities, including antifungal drugsiNIMA-related
kinase2 (Nek2) inhibitors, lymphocyte specific lsaaLck) inhibitors, GABA receptor agonists and the hepatitis
C virus (HCV) NS5B polymerase inhibitors (Figure!2§ N-arylbenzimidazoles have also been used as the
backbone in dyes, polymers and ligafdé-arylindazoles, the isomer df-arylbenzimidazoles, also exhibited a
broad spectrum of bioactivities, including heat@hprotein 90 (HSP90) inhibitors, NEB inducing kinase (NIK)
inhibitors, selective GPR120 agonists (Figuré Gjven the importance of the class of heterocyakebiologically

active substances has contingedspire the pursuit of their general and efiitisynthesis.
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Figure 1. N-arylbenzimidazoles and indazoles as medicinal agents and biologically active compounds

Generally, N-arylbenzimidazoles were prepared through the awset®on of ortho-substituted aniline
derivatives with carbonyls under oxidative conditicor metal catalysfsbenzylaminesand benzylalcohotsvere
also employed as the substrates instead of themgeh As an alternative, intramolecular cyclizataf amidines is
a straightforward method for the synthesisNedrylbenzimidazole moiety (Scheme 1.°&n the other hand, the
synthetic methods oN-arylindazoles included (i) condensations of arydiazines withortho-halobenzoyl
derivatives™® (ii) the 1,3-dipolar cycloadditions of benzynesttwidiazo compounds or aryl hydrazifégjii)

intramolecular cyclizations of hydrazorméd\-H ketimines:? oximes and oxime derivatives (Scheme 1:*b).
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Scheme 1 Synthesis of N-arylbenzimidazole or N-Arylindazoles via intramolecular cyclizations

Especially, oximes were a class of essential comg®in organic synthest8due to their easy preparation,
efficient reactivity and harmless byproducts. Galtgrthey were widely employed in the constructmmitriles
and amide2® Besides, they provided convenient methods to peefumctionalized\-containing heterocycles via
Sy2reaction’ radical cyclizatior!? and other route¥.In 2010, Stambuli and co-workers reported a mefhothe
selectively produce N-arylindazoles and benzimidazoles from common amyla oximes by using
methanesulfonyl chloride and different ba&®espite the advance, this processes still suffecede limitations,
such as corrosive reagent, tedious proceduresetinm the substrate range. Thus, development opamationally
simple, tunable synthetic method fhrsubstituted benzimidazoles and indazoles fromsthime substrate has
remained a challenging task.

Bis(trichloromethyl)carbonate (BTC), also knowntéghosgene or solid phosgene, has been considsrad
easily handled alternative to highly toxic phosg&h&he reagent has been used in various situationkding
chlorination, acylation, rearrangement anylization, etc.?* As part of our ongoing research in developing the
BTC system to synthesize biologically relevant hatgclic compoundéfd’zzwe demonstrated herein an efficient
protocol for the divergent synthesisMfarylbenzimidazoles and-arylindazoles from arylamino oximes mediated
by BTC controlled by BN with more substrate scope and providing moddcagxcellent yields.

2. Resultsand Disscussion

Initially, we commenced our investigation by thedabreaction ofN-phenylo-amino acetophenone oxime
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(2a) with BTC/TPPA**#**which gave compoundda and4a in 15% and 20% vields, respectively (Table 1,yentr
1). Subsequently, we investigated different BTGesys in order to afford compour3a with a higher yield. The
BTC/DMF system Yilsmeier reagent' could not afford the desired result (Table 1,ye@) To our delight, the
N-Arylbenzimidazole3a was obtained in 73% yield with high chemoselettignly mediated by BTC (Table 1,
entry 3). Next, the yield d8a reached 88% when the molar ratio2af BTC was tuned to 1: 0.4 (Table 1, entries
4-6). The solvents and reaction temperature weialestigated (Table 1 entries 728}he yield of3a improved

to 94% with the optimal reaction conditions (Tallleentry 8). Encouraged by the above results arnd thie
optimal conditions of th&-arylbenzimidazole synthesis in hand, we turnedaitention to select the appropriate
reaction conditions which favor the formationMfarylindazoles. Considering that Beckmann rearranege (BR)
reactions commonly catalyzed by acids, we explarkether the BR progress could be inhibited by thditeon of
bases:*® In further experimental research, we found thateband low temperature could favor the formation of
N-arylindazolesta. After investigated temperature, solvents andntiodar ratio of2a: BTC: EgN, the yield ofda
could reach 89% in DCM at -5 °C when the molar egjeint ratio of2a: BTC: EgN was 1: 0.75: 6 (Table 1,
entries 9-14). Screening of other bases such adipgyr DIPEA, DBU, DMAP, DABCO, N#ZCO; showed that
Et;N was the appropriate base for this reaction (Tabntries 15-20).

Table 1 Optimization of the reaction conditions™

.OH

N
A S

2a 3a 4a
entry BTC system BTC (eq.§ Base (eq9) Solvent T (°C) 3a Yield (%Y 4a Yield (%

1 BTC/TPPG 0.33 / DCE 25 15 20
2 BTC/DMF 0.33 / DCE 25 18 16

3 BTC 0.33 / DCE 25 73 trace
4 BTC 0.35 / DCE 25 75 trace
5 BTC 0.4 / DCE 25 88 trace
6 BTC 0.5 / DCE 25 88 trace
7 BTC 0.4 / DCM 25 85 trace
8 BTC 0.4 / PhCI 25 94 trace

9 BTC 0.5 EfN (5.5) DCM 25 30 65
10 BTC 0.5 EIN DCM 25 27 67




n BTC 0.75 Et;N DCM -5 trace 89

12 BTC 1 Et;N DCM -10 trace 87

13 BTC 0.75 EN PhCI -10 32 70
14 BTC 0.75 EN (7) DCM 5 trace 84
15 BTC 0.75 Pyridine DCM -5 45 trace
16 BTC 0.75 DIPEA DCM -5 50 trace
17 BTC 0.75 DBU DCM -5 55 trace
18 BTC 0.75 DMAP DCM -5 0 0
19 BTC 0.75 DABCO DCM -5 46 trace
20 BTC 0.75 NgCO; DCM -5 34 30

3Unless otherwise specified, the reaction conditi@ag0.5 mmol, 1leq.), BTC (x mmol, x eq.), base (3 rhréieq.) and solvent (8 or 10 ml), 3h. °
BTC is short for bis(trichloromethyl)carbonate, TPB short for triphenylphosphine oxid&nolar equivalent ratifisolated yields based on Zthe

molar equivalent ratio of BTC:TPPO =1:the molar equivalent ratio of BTC:DMF=1: 3

Table 2 Synthesis of N-arylbenzimidazole 3 from oxime 2% b

RZ
| [
A NH BTC (0.4 eq.) AN
PN PhCl, 25°C, 3h vy
TR! —
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2a-2s 3a-3s
N 3aR!=H,94% N,
@E »—  3bR!'=CHs, 93% @E N 3hR!'=0CH;, 91%
N 3¢R'= OCHy, 93% N 3iR! = CI,93%
3dR'=CL91% Q | 3jRI=F, 92%
3eR'—F, 88% R

R!'  3f R'=NO,, 77%
3gR!' = CFs, 76%

N
@ENF 3kR!=0CH3, 91% @E >_©
N g 3IR! =Cl, 90%
3mR'=F, 89%
3n 88%
<O "0 O
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3087% ( 3p 86% < 3q 84%
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3r 89% 35 82%
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F
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3Reaction conditions A2 (0.5 mmol, 1 eq.), BTC (0.2 mmol, 0.4 eq.), PHCh{l), 25 °C for 3 h°lsolated yield based on compouad
Subsequent work was to investigate the substrajgesoof this method to synthesidearylbenzimidazole8
under the optimized conditions (Table 2). Satisfalyt the substituents on thE-substituted arenes had no

significant effect on the reaction and afforded fineducts in good to excellent yields of 74% to 94#uding



electron-withdrawing or electron-donating groupak€ 2,3a-3m). Among them, the yields @& and3g decreased
slightly. The lower yields might be caused by elattwithdrawing groups reduced the nucleophilidigbof the
amino group. The Rgroups including aryl or aliphatic groups on oxin2ealso worked well resulting in a slight
decrease in yields due to steric hindrance butagtording the products in good yields of 82% @8 (Table 2,
3n-3s).  Unfortunately, the reaction results of N-benzylo-aminoacetophenone oxime and
N-methyto-aminoacetophenormxime were complicated ardid not afford the products, which indicated tha t
alkyl group and benzyl group might not be suitdblethis position in this method.

Table 3 Synthesis of N-Arylindazoles 4 from oxime 2*°

RZ
s NH BTC (0.75 eq.) AN
Et;N, DCM, -5°C, 3h
A 7 \RI!
« I_Rl — \

2a-2v 4a - 4v
\ 4aR’ =1, 8% \ 4h R! = OCHs3, 86%

N.N 4b R! =CHj3, 90% N L 3, 8670
4cR! = OCH;, 92% N 4iR!' =Cl, 68%
4dR' =CL 72% Q 4jR'=F, 65%
4eR! =F, 74% R!

R'  4f R'=NO,, 35%
4gR! =CF;, 55% Ph Ph
@f\(N 4kR' = OCH;, 84% \Cf(
N 41R! =Cl, 2%

Rl N
@ 4mR' =F, 64% Q
4n 84% 40 82%

o o o o
Q 2 9 b

4p 71% 4q 77% 4r 83% 4s 79%

A\

@ﬁN 4tR*=H, 70%
N 4uR3=CH;, 76%
\\©st 4vR® = CFs, 65%

3Reaction conditions B (0.5 mmol, 1 eq.), BTC (0.375 mmol, 0.75 eq.}\&t3 mmol, 6 eq.), DCM (10 ml) at -5 °C for 3%solated yield based on
2.

N

Next, we investigated the selective formationNs&rylindazoles4 using the optimized condition (Table 3).
Medium yields were obtained for the substrates tloatained arenes with electron-donating groupthepara,

meta or ortho positions (Table 34a-4c, 4h, 4k). However, lower yields of indazoles were obtaineith the



N-substituted arenes including electron-withdrawsupstituents (Table 34d-4g, 4i-4j, 4l-4m), this might be
caused by the electronics of the group attachéhe@rene. When the’Broups were aryl or aliphatic groups on
oximes 2, the vyields decreased slightly due to steric tinde (Table 3,4n-4s). Interestingly
N-benzylo-aminoacetophenone oxini€able 3,2t-2v) afforded the corresponding products with modeyatds
of 70%, 76% and 65%, respectively. HoweWmethyl-o-aminoacetophenone oxime still failed in the tests.

In order to demonstrate the utility of this methedyeral larger scale reactions were conductesh@asn in
scheme 2. To our delight, the method exhibited ggiability. When the oxim&d was magnified to 10 mmol (2.60
0), the produc8d still afforded in 2.14 g, 88% isolated yield (Sofe2a). And the oxim2a was magnified to 10

mmol (2.26 g), the produdh afforded in 1.77 g, 85% isolated yield (Scheme 2b)

@ L,
N H—
a NH BTC (0.4eq.) N

Cl

PhCl, 25°C, 3h

Cl

2d 3d
10 mmol, 2.60 g 2.14 g, 88% yield

\N,OH BTC (0.75 eq.) \N
b Et;N (6eq) N
NH DCM, -5°C, 3h 5:

2a 4a
10mmol, 2.26 g 1.77 g, 85% yield

Scheme 2 Larger Scale Reaction

The inconsonant experimental results oRN-alkyl-o-aminoacetophenone oxime(2t-2v) and
N-aryls-0-aminoacetophenone oxim2af2s) have attracted our attention. Generally, the enmtilicity of N-alkyl
motifs is stronger thail-aryls according to the delocalization of electramshe N-aryls structure. We speculate
that the difference nucleophilicity of amino betwed-alkyl-o-aminoacetophenone oxime2t{2v) and

N-aryls-0-aminoacetophenone oxime&at2s) led to different experimental results. The expemts (a) was
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performed under condition A, the results were caocaptd and compoun@lwasdetected. These results indicated
that due to the stronger nucleophilicity Mfalkyl motifs, theN-alkyl-o-aminoacetophenone oxime may reacted
with BTC, which resulted in no target product gexiein in standard condition A (Scheme 3, a). Ireottd get an
insight view into the reaction mechanism, sevemhto| experiments were conducted (Scheme 3).,Fast
competitive experiment (b) was carried out undehleaction conditions A and B. Oxintecould be converted
into product9 in 79% and 76% yields, respectively, while the poomd 8 was not reacted with BTC and
compoundl0 was not detected. This result indicated that #ativity of N-OH was higher than the secondary
amine group. Next, the experiments (c) were peréarnnder reaction conditions A and B. The acetdaili was
isolated in 56% via Beckmann rearrangement undecdmdition A, howevetl was not produced under condition
B (Scheme 3, c¢). These results indicated that dmepound9 derivatives might be an important intermediate for
the reaction and the Beckmann rearrangement cauidHibited with the presence of;BHt Finally, we carried out
the template reaction under HCI atmosphere forr8h%h, the desired produga was isolated in 54% and 92%,
respectively. These results revealed that HCl gldrthibited the nucleophilicity of the amino groinpthe reaction

(Scheme 3, d).
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Scheme 3 Control experiments

Based on the above results and the literature t&f8f ***a plausible reaction mechanism was proposed,
which was elucidated in Scheme 4 usBagas a typical example. Initially, the oxin2a reacted with BTC led to
intermediatd . Then, two pathways are possible for the followstgps. In one case (path a), intermediatacted
with a small amount of HCI in the reaction systamfdarm intermediatdl. The hydrochloride decreased the
nucleophilicity of the secondary amino group anahudtaneously promoted Beckmann rearrangement tm for
intermediate 1V. Finally, N-arylbenzimidazole3a was obtained by an intramolecular aza-cyclizatioih
intermediatd V. On the other case (Path b), the addition g Eteutralized the HCI and inhibiting the Beckmann
rearrangement. In addition, the;Etserved as a nucleophilic promoter to the interiated,**>?* thereby enabling

a dominant intramolecular nucleophilic substitutteaction under BN condition affordedN-arylindazolesta.
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3. Conclusion

In summary, an efficient and divergent synthesisNedrylbenzimidazoles andll-arylindazoles has been
developed from arylamino oximes based on react@rditions selection. Thus, a seriesNsarylbenzimidazoles
were synthesized via sequential Beckmann rearraggerand intramolecular aza-cyclization under BTC
conditions.N-arylindazoles were obtained via intramolecularl@oighilic substitution reactions by the addition of
Et:N. This switchable N-N and N-C bond formation prscéeatures mild reaction conditions, simple exeauyt
high chemoselectivity and broad substrate scopethé&u investigations on applying this methodology f
preparation of other heterocycles are underwayirab.

4. Experimental
4.1 General Methods

Synthetic reagents were purchased from Aladdin asetd without further purification unless otherwise
indicated.Caution! BTC will release phosgene in a moist environmespeeially at elevated temperatures; it is
highly not recommended to add BTC over 80°C. AnedytTLC (thin-layer chromatography) was perfornweith
0.25 mm silica gel G with a 254 nm fluorescent iathe Melting points (m.p.) were obtained on atdiginelting

point apparatus and uncorrectdd, *°C and™°F NMR spectra were recorded on a Brilker (400 MHE0& MHz &
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376 MHz) spectrometer. Spectra were referencediallg to the residual proton resonance in CPOMSOd; or
tetramethylsilane as the internal standard. Chdrsluiéts @) were reported as part per million (ppm)dirscale
downfield from TMS. Infrared (IR) data were recaddss films on potassium bromide plates on a NICOLES0
FT-IR spectrometer. EI-MS were recorded on a Thé&istwr ITQ1100 lon Trap Mass Spectrometer.
High-resolution mass spectra (HRMS) were obtained 8riker mass spectrometer (ESI). Purificatioproflucts
was accomplished by column chromatography on gjata
4.1.1 General Procedurefor Aryl Amination

To a round-bottom flask equipped with a reflux coséeand a magnetic bar were added Aminoacetophenone
(5 mmol, 1 eq.), the corresponding halide (7.5 mrhd eq.), KCO; (6.25 mmol, 1.25 eq.), and Cu (15 mol%)
were suspended in PhCI (8 mL) and heated to réflu4 h and then cooled to room temperature. WatemL)
was added and the reaction was extracted with EtQBanL x 3). The combined organic phases wereaddrier
anhydrous Nz50,, filtered and concentrated in vacuo. The crude ymbdas purified via flash chromatography
(0-5% EtOAc/hexanes).

la-1m were prepared using known literture protocol andgreement with the reported dita.

Phenyl(2-(p-tolylamino)phenyl)methanone (1n) : yellow oil, (1.034 g, 71%)'H NMR (400 MHz, DMSO¢s) &

9.68 (s, 1H), 7.67-7.56 (m, 3H), 7.51Jt 7.5 Hz, 2H), 7.45-7.37 (m, 2H), 7.24 {d= 8.4 Hz, 1H), 7.13 (1) =
8.3 Hz, 4H), 6.77 (t) = 7.5 Hz, 1H), 2.27 (s, 3H}°C NMR (101 MHz, DMSO¢g) § 198.0, 147.0, 139.0, 137.8,
134.2, 133.9, 132.2, 131.6, 129.8, 129.0, 128.2,5,220.3, 117.1, 114.7, 20MRMS (ESI) m/z [M + H[ calcd

for CH1/NO 288.1383, found 288.1391.

(5-Methyl-2-(p-tolylamino)phenyl) (phenyl)methanone (10) : yellow oil, (1.170 g, 82%)'H NMR (400 MHz,

DMSO-dg) § 9.33 (s, 1H), 7.67—7.56 (m, 3H), 7.50& 7.5 Hz, 2H), 7.28-7.18 (m, 3H), 7.08 {5 8.3 Hz, 4H),
2.25 (s, 3H), 2.18 (s, 3H’C NMR (101 MHz, DMSO#ds) § 197.8, 144.2, 138.8, 138.6, 134.9, 133.2, 131.7,
131.3, 129.8, 129.0, 128.3, 126.3, 121.4, 120.5,8,120.3, 20.0HRMS (ESI): calcd for GH;gNO [M + H]'

302.1539, found 302.1546.

(5-Chloro-2-(p-tolylamino)phenyl)(phenyl)methanone (1p): yellow oil, (0.917 g, 66%)'H NMR (400 MHz,
DMSO-dg) 6 9.37 (s, 1H), 7.68-7.59 (m, 3H), 7.52J% 7.5 Hz, 2H), 7.42 (dd] = 9.0, 2.5 Hz, 1H), 7.34 (d,=

2.5 Hz, 1H), 7.21 (dJ = 9.0 Hz, 1H), 7.10 (¢] = 8.4 Hz, 4H), 2.26 (s, 3H}’C NMR (101 MHz, DMSO#)
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196.6, 145.4, 138.1, 137.8, 133.6, 132.4, 132.2.083 129.9, 129.0, 128.4, 122.3, 121.4, 120.5,21120.4.

HRM'S (ESI): calcd for GoH16CINO [M + H]" 322.0993, found 322.0984.

(4-Fluorophenyl)(2-(p-tolylamino)phenyl)methanone (1q): yellow oil, (1.210 g, 85%J)H NMR (400 MHz,
DMSO-dg) 8 9.47 (s, 1H), 7.72 (dd,= 8.3, 5.7 Hz, 2H), 7.41 (3,= 7.3 Hz, 2H), 7.32 (1] = 8.8 Hz, 2H), 7.24 (d]
= 8.6 Hz, 1H), 7.11 (q] = 8.4 Hz, 4H), 6.80 (t) = 7.5 Hz, 1H), 2.26 (s, 3H}*C NMR (101 MHz, DMSO#d) &
197.0, 164.6 (dJ = 250.1 Hz), 147.1, 138.6, 135.8 M= 2.7 Hz), 134.6, 134.0, 132.5, 132.37 Jd; 9.1 Hz),
130.3, 121.7, 121.3, 117.9, 115.8 Jd= 21.9 Hz), 115.6, 20.9°F NMR (376 MHz, DMSOds) & -107.79 (m).

HRM S (ESI): calcd for GH1FNO [M + H] 306.1289, found 306.1297.

1-(2-(p-Tolylamino)phenyl)propan-1-one (1r): dark yellow oil, (0.910 g, 81%JH NMR (400 MHz, DMSO#dg) 5
10.39 (s, 1H), 7.95 (&= 7.6 Hz, 1H), 7.35 () = 7.7 Hz, 1H), 7.21-7.09 (m, 5H), 6.76J& 7.5 Hz, 1H), 3.06 (q,
J = 7.2 Hz, 2H), 2.28 (s, 3H), 1.10 (&= 7.2 Hz, 3H),*C NMR (101 MHz, DMSOs,) § 203.8, 147.0, 137.4,
134.4,132.8, 131.9, 129.9, 122.4, 118.4, 116.3,71B2.0, 20.4, 8.64RM S (ESI): calcd for GH:/NO [M + H]"

240.1383, found 240.1397.

4.1.2 General Procedurefor the Synthesis of Oximes

Method A. To a round-bottom flask equipped with a reflux cosderand a magnetic bar were added the
ketone (1 mmol, 1 eq.), hydroxylamine hydrochlor{@mmol, 3 eq.) and NaOH (6 mmol, 6 eq.»CH(3mL),
EtOH (10 mL). The reaction was allowed to stir &t°C until complete consumption of the starting enial was
observed by TLC. The bulk of the ethanol was rerdawvevacuo and water was added. The crude prodast w
extracted with EtOAc (3 x 15 mL), dried over #8&, and concentrated. The crude oxime was purifiedla&h
chromatography (0-20% EtOAc/hexanes).

Method B. To a round-bottom flask equipped with a reflux cosderand a magnetic bar were added the
ketone (1 mmol, 1 eq.), hydroxylamine hydrochlorf@emmol, 3 eq.) and pyridine (11 mmol, 11 eq.) evadded
to methanol (8 mL). The reaction was heated atixefintii complete consumption of the starting miatewas
observed by TLC. The reaction was concentratechgu®, dissolved in EtOAc (10 mL), washed twice wiikter
(2 x 20mL), dried over N&O, and concentrated. The crude oxime was purifiedlaigh chromatography (0-20%
EtOAc/hexanes).

2a—2m were prepared using known literture protocol andgreement with the reported d&ta.

(E)-Phenyl(2-(p-tolylamino)phenyl)methanone oxime (2n): yellow oil, (0.330 g, 23%)'H NMR (400 MHz,
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DMSO-dg) & 11.68 (s, 1H), 7.45-7.39 (m, 2H), 7.36-7.24 (m),5H04 (d,J = 7.4 Hz, 1H), 7.01-6.92 (m, 3H),
6.86 (d,J = 8.2 Hz, 2H), 6.67 (s, 1H), 2.19 (s, 3¢ NMR (101 MHz, DMSO#dg) § 154.5, 141.6, 141.0, 136.4,
130.0, 129.5, 129.2, 128.9, 128.8, 128.2, 126.81.612120.3, 117.9, 117.8, 20.MIRMS (ESI): calcd for

CaoH1gN0 [M + H]" 303.1492, found 303.1498.

(E)-(5-Methyl-2-(p-tolylamino)phenyl) (phenyl)methanone oxime (20): yellow oil, (0.370 g, 30%)*H NMR (400
MHz, DMSO-g) 6 11.64 (s, 1H), 7.41 (dd,= 6.5, 3.0 Hz, 2H), 7.34-7.28 (m, 3H), 7.19J& 8.3 Hz, 1H), 7.12
(d, J = 8.4 Hz, 1H), 6.95 (d] = 8.2 Hz, 2H), 6.87-6.78 (m, 3H), 6.53 (s, 1HR4(S, 3H), 2.17 (s, 3H}’C NMR
(101 MHz, DMSO#dg) 5 154.6, 141.8, 139.0, 136.5, 130.1, 129.9, 1299,4, 128.8, 128.2, 128.1, 126.8, 125.5,

119.2, 116.9, 20.4RMS (ESI): calcd for GH,oN,0 [M + H]" 317.1648, found 317.1654.

(E)-(5-Chloro-2-(p-tolylamino)phenyl)(phenyl)methanone oxime (2p): yellow oil, (0.280 g, 29%)H NMR (400
MHz, DMSO-s) & 11.73 (s, 1H), 7.43-7.38 (m, 2H), 7.35-7.29 (m),4H21 (d,J = 8.8 Hz, 1H), 7.05 (d] = 2.4
Hz, 1H), 6.99 (dJ = 8.1 Hz, 2H), 6.85 (dJ = 8.2 Hz, 2H), 6.82 (s, 1H), 2.19 (s, 3HjC NMR (101 MHz,
DMSO-dg) 6 153.0, 140.9, 140.5, 135.7, 129.6, 129.4, 1229,11, 129.0, 128.3, 126.6, 125.7, 123.3, 119.25118

20.3.HRMS (ESI): calcd for GoH17CIN,O [M + H]* 337.1102, found 337.1114.

(E)-(4-Fluorophenyl)(2-(p-tolylamino)phenyl)methanone oxime (2q): bright yellow oil, (0.320 g, 25%JH NMR
(400 MHz, DMSO€) 5 11.67 (s, 1H), 7.46-7.38 (m, 2H), 7.28 @t 16.0, 8.0 Hz, 2H), 7.14 {,= 8.8 Hz, 2H),
7.05 (d,J = 7.4 Hz, 1H), 7.01-6.92 (m, 3H), 6.85 (= 8.2 Hz, 2H), 6.73 (s, 1H), 2.19 (s, 3t NMR (101
MHz, DMSO-Js) 4 163.0 (dJ = 246.0 Hz), 154.0, 142.1, 141.5, 133.4J¢&; 2.8 Hz), 130.6, 129.9, 129.9, 129.4,
129.3 (d,J = 8.4 Hz), 124.8, 120.8, 118.6, 118.4, 115.6)(d,21.7 Hz), 20.7"°F NMR (376 MHz, DMSOd) 5

-112.90 (m)HRM S (ESI): calcd for GiH17FN,O [M + H]" 321.1398, found 321.1405.

(E)-1-(2-(p-Tolylamino)phenyl)propan-1-one oxime (2r): yellow oil, (0.738 g, 76%)'H NMR (400 MHz,
DMSO-dg) 6 11.20 (s, 1H), 9.28 (s, 1H), 7.43 (5 7.8 Hz, 1H), 7.21-7.13 (m, 2H), 7.09 (& 8.1 Hz, 2H), 7.00
(d, J = 8.2 Hz, 2H), 6.86-6.80 (m, 1H), 2.76 (o= 7.5 Hz, 2H), 2.25 (s, 3H), 1.06 &= 7.5 Hz, 3H),*C NMR
(101 MHz, DMSO+dg) 6 160.5, 142.9, 139.6, 130.5, 129.7, 129.1, 12&0,8, 119.9, 118.4, 115.4, 20.3, 19.4, 11.0.

HRM S (ESI): calcd for GeH1gN,O [M + H]* 255.1492, found 255.1506.

(E)-1-(2-(Benzylamino)phenyl)ethan-1-one oxime (2t) : yellow oil, (0.460 g, 69%).H NMR (400 MHz,
DMSO-dg) 6 11.12 (s, 1H), 8.18 (8= 5.5 Hz, 1H), 7.39 (dl = 7.7 Hz, 1H), 7.34 (dl = 4.3 Hz, 4H), 7.28-7.21 (m,
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1H), 7.09 (t,J = 7.6 Hz, 1H), 6.66-6.57 (m, 2H), 4.42 (U= 5.8 Hz, 2H), 2.24 (s, 3H{*C NMR (101 MHz,
DMSO-ds) 5 156.4, 146.4, 139.6, 129.2, 128.8, 128.5, 12628,8], 118.4, 115.0, 46.4, 1213RMSS (ESI): calcd

for CisH1N,O [M + H]" 241.1335, found 241.1329.

(E)-1-(2-((4-MethylbenzylJamino)phenyl)ethan-1-one oxime (2u): yellow oil, (0.370 g, 64%)'H NMR (400
MHz, DMSO-dg) 5 11.09 (s, 1H), 8.12 (s, 1H), 7.38 (b= 8.0 Hz, 1H), 7.22 (d] = 7.8 Hz, 2H), 7.14 (d] = 7.7
Hz, 2H), 7.08 (tJ = 7.6 Hz, 1H), 6.64-6.57 (m, 2H), 4.35 (s, 2HR722(s, 3H), 2.23 (s, 3H}*C NMR (101 MHz,
DMSO-ds) 5 156.9, 146.9, 137.0, 136.3, 129.7, 129.5, 1297,4], 118.8, 115.4, 111.4, 46.7, 21.1, 1HBMS

(ESI): calcd for GgH1gN,O [M + H]* 255.1492, found 255.1505.

(E)-1-(2-((4-(Trifluoromethyl)benzyl)amino)phenyl)ethan-1-one oxime (2v): yellow oil, (0.360 g, 61%JH NMR
(400 MHz, DMSO#¢l) 4 11.23-11.10 (m, 1H), 8.30 (s, 1H), 7.69J¢; 8.1 Hz, 1H), 7.54 (d] = 8.0 Hz, 2H), 7.40
(d,J = 7.8 Hz, 1H), 7.07 (t) = 7.8 Hz, 1H), 6.63 (t] = 7.5 Hz, 1H), 6.55 (d] = 8.3 Hz, 1H), 4.54 (s, 2H), 2.26 (s,
3H), ®*C NMR (101 MHz, DMSO¢) 5 156.4, 146.2, 144.9, 129.2, 128.8, 127.5)(g,31.31 Hz), 127.5, 125.3 (q,
J=3.03 Hz), 124.4 (q) = 272.7 Hz), 118.6, 115.3, 110.9, 45.9, 1HBMS (ESI): calcd for GgH1sFNLO [M +
H]" 309.1209, found 309.1221.
4.1.3 General Procedurefor the Synthesis of N-ArylBenzimidazoles (Reaction conditionsA)

To a round-bottom flask equipped with a reflux coséemnd a magnetic bar were added the BTC (0.2 jmmol
0.4 eq.) PhCI (4 mL). The reaction was stirredrabient temperature for 15 min, then a solution gin@ 1 (0.5
mmol, 1 eq.) in PhCI (4 mL) was added slowly anel thaction was keep in ambient temperature foruBlass
otherwise stated. Then, the mixture was quencheshhyrated NaHC{solution and extracted with GaI, (10
mL x 3). The combined organic phase was dried d&gE0, and filtered. After evaporation of the solvents; t

residue was purified by silica gel chromatograg232¢ EtOAc/hexanes) to afford-Arylbenzimidazoles.

2-Methyl-1-phenyl-1H-benzo[d]imidazole (3a) > yellow solid, (0.098 g, 94%), m.p. 49.2~50.8*8.NMR (400
MHz, CDCk) 6 7.77 (d,J = 7.9 Hz, 1H), 7.59 () = 7.4 Hz, 2H), 7.53 () = 7.3 Hz, 1H), 7.38 (d] = 7.4 Hz, 2H),
7.29 (d,J = 5.8 Hz, 1H), 7.20 (t) = 7.5 Hz, 1H), 7.14 (d] = 7.9 Hz, 1H), 2.53 (s, 3H}*C NMR (101 MHz,
CDCl) 5 151.6, 142.7, 136.6, 136.2, 130.0, 128.9, 1222,7], 122.5, 119.1, 110.0, 145RM S (ESI): calcd for

CiH1N, [M + H]* 209.1073, found 209.1085.

2-Methyl-1-(p-tolyl)-1H-benzo[d]imidazole (3b)*®: yellow solid, (0.105 g, 93%), m.p. 89.5~90.7°6.NMR (400

MHz, CDCk) § 7.76 (d,J = 7.9 Hz, 1H), 7.37 (d] = 7.9 Hz, 2H), 7.30-7.23 (m, 3H), 7.18Jt 7.5 Hz, 1H), 7.12
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(d,J = 7.9 Hz, 1H), 2.51 (s, 3H), 2.48 (s, 3H)C NMR (101 MHz, CDC}) § 151.6, 142.6, 138.8, 136.6, 133.4,
130.5, 126.8, 122.4, 122.2, 118.9, 109.9, 21.2. HRMS (ESI): calcd for GsH1aN, [M + H]* 223.1229, found

223.1235.

1-(4-Methoxyphenyl)-2-methyl-1H-benzo[d]imidazole (3c)*": tan solid, (0.111 g, 93%), m.p. 121.7~122.8rC.
NMR (400 MHz, DMSO#dg) 5 7.61 (d,J = 7.6 Hz, 1H), 7.43 (d] = 8.8 Hz, 2H), 7.21-7.13 (m, 4H), 7.06 (45

7.5 Hz, 1H), 3.85 (s, 3H), 2.39 (s, 3#)C NMR (101 MHz, DMSO€) 5 159.2, 151.6, 142.3, 136.4, 128.2, 128.1,
122.1, 121.7, 118.4, 115.1, 109.7, 55.5, 1HBRMS (ESI): calcd for GsH1N,O [M + H]* 239.1178, found

239.1081.

1-(4-Chlorophenyl)-2-methyl-1H-benzo[d]imidazole (3d)?® yellow solid, (0.111 g, 91%), m.p. 99.3~100.5%8.
NMR (400 MHz, CDC}) § 7.71 (d,J = 7.9 Hz, 1H), 7.52 (d] = 8.5 Hz, 2H), 7.28 (d] = 8.5 Hz, 2H), 7.23 (d] =
8.0 Hz, 1H), 7.17 (&) = 7.5 Hz, 1H), 7.06 (d] = 7.9 Hz, 1H), 2.47 (s, 3HYC NMR (101 MHz, CDC}) § 151.4,
142.7, 136.4, 134.9, 134.7, 130.3, 128.5, 122.9,712119.2, 109.8, 14.5{RMS (ESI): calcd for GH1;,CIN, [M

+ H]" 243.0683, found 243.0691.

1-(4-Fluorophenyl)-2-methyl-1H-benzo[d]imidazole (3¢): tan solid, (0.099 g, 88%), m.p. 78.4~79.6°8.NMR
(400 MHz, CDC}) 6 7.73 (d,J = 7.9 Hz, 1H), 7.35-7.31 (m, 2H), 7.27-7.23 (m)3H18 (t,J = 7.5 Hz, 1H), 7.06
(d, J = 8.0 Hz, 1H), 2.47 (s, 3H}’C NMR (101 MHz, CDC}) 5 162.5 (d,J = 249.5 Hz), 151.6, 142.6, 136.6,
132.1 (dJ = 2.9 Hz), 129.0 (d] = 8.7 Hz), 122.8, 122.6, 119.1, 117.0J& 22.9 Hz), 109.8, 14.4°F NMR (376

MHz, CDClk) & -111.74 (m). HRMS (ESI): calcd fory@11,FN, [M + H]* 227.0979, found 227.0982.

2-Methyl-1-(4-nitrophenyl)-1H-benzo[d]imidazole (3f): brown oil, (0.098 g, 77%fH NMR (400 MHz, CDC}) &
8.46 (d,J = 8.8 Hz, 2H), 7.76 (d] = 7.9 Hz, 1H), 7.60 (d] = 8.8 Hz, 2H), 7.31 ({} = 7.5 Hz, 1H), 7.24 (1= 7.3
Hz, 1H), 7.16 (dJ) = 7.9 Hz, 1H), 2.57 (s, 3H}*C NMR (101 MHz, CDC}) § 150.8, 147.5, 142.8, 141.8, 135.7,
127.7, 125.6, 123.5, 123.4, 119.6, 109.7, 14BMS (ESI): calcd for GH1:N3O, [M + H]* 254.0924, found

254.0932.

2-Methyl-1-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole (3g): colorless oil, (0.105g, 76%jH NMR (400
MHz, CDCL) 6 7.86 (d,J = 8.2 Hz, 2H), 7.76 (d] = 7.9 Hz, 1H), 7.52 (d] = 8.2 Hz, 2H), 7.29 (J = 6 Hz 1H),
7.22 (t,J = 7.5 Hz, 1H), 7.13 (d] = 8.0 Hz, 1H), 2.53 (s, 3H}*C NMR (101 MHz, CDC}) § 151.1, 142.8, 139.4,

136.1, 131.0 () = 33.4 Hz), 127.5,127.3 (4,= 3.0 Hz) 123.7 (q) = 272.7 Hz),123.1, 122.9, 119.4, 109.7, 14.6,
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F NMR (376 MHz, CDCJ) § -62.58.HRMS (ESI): calcd for GsHy:FsN, [M + H]* 277.0947, found 277.0952.

1-(3-Methoxyphenyl)-2-methyl-1H-benzo[d]imidazole (3h)**: yellow solid, (0.109g, 91%), m.p. 131.8~132.9°C.
'H NMR (400 MHz, CDC}) & 7.84 (d,J = 7.9 Hz, 1H), 7.56 (] = 8.1 Hz, 1H), 7.37-7.33 (m, 1H), 7.31-7.24 (m,
2H), 7.15-7.13 (m, 1H), 7.04 (d,= 7.8 Hz, 1H), 7.00-6.98 (m, 1H), 3.95 (s, 3HB2(s, 3H),*C NMR (101

MHz, CDCL) 6 160.8, 151.5, 142.6, 137.2, 136.5, 130.7, 1228,4] 119.3, 119.0, 114.4, 113.0, 110.1, 55.6,.14.5

HRM S (ESI): calcd for GsH1uN,O [M + H]* 239.1178, found 239.1186.

1-(3-Chlorophenyl)-2-methyi-1H-benzo[ d]imidazole (3i)?®: yellow solid, (0.113 g, 93%), m.p. 165.3-166.4°H.
NMR (400 MHz, DMSOds) § 7.74 (s, 1H), 7.69-7.62 (m, 3H), 7.54 {d; 6.8 Hz, 1H), 7.24—7.19 (m, 2H), 7.15 (t,
J = 7.8 Hz, 1H), 2.44 (s, 3H}*C NMR (101 MHz, DMSOsdg) 5 151.2, 142.3, 137.0, 135.8, 134.1, 131.5, 128.8,
127.0, 125.9, 122.5, 122.1, 118.5, 109.7, 1BRMS (ESI): calcd for GHy,CIN, [M + H]* 243.0683, found

243.0694.

1-(3-Fluorophenyl)-2-methyi-1H-benzo[d]imidazole (3j): yellow solid, (0.104 g, 92%), m.p. 127.4~128.7°8.
NMR (400 MHz, CDC}) § 7.74 (d,J = 7.9 Hz, 1H), 7.55 (q] = 8.0 Hz, 1H), 7.29-7.17 (m, 4H), 7.16-7.09 (m,
2H), 2.52 (s, 3H)*C NMR (101 MHz, CDC}) 5 163.1 (d,J = 249.7 Hz), 151.2, 142.6, 137.5 (= 9.7 Hz),
136.2, 131.2 (d) = 9.1 Hz), 122.9, 122.9, 122.7, 119.2, 116.0)(d,21.0 Hz), 114.6 (d] = 23.0 Hz), 109.8, 14.4,
F NMR (376 MHz, CDC}) § -109.80 (m).HRMS (ESI): calcd for GHi;FN, [M + H]* 227.0979, found

227.0985.

1-(2-Methoxyphenyl)-2-methyl-1H-benzo[d]imidazole  (3k)*®  yellow solid, (0.109 g, 91%), m.p.
123.3~124.9°CH NMR (400 MHz, CDC}) § 7.73 (d,J = 7.9 Hz, 1H), 7.52-7.45 (m, 1H), 7.29 (b= 6.8 Hz,
1H), 7.23 (tJ = 7.6 Hz, 1H), 7.17-7.10 (m, 3H), 6.98 {d= 8.0 Hz, 1H), 3.73 (s, 3H), 2.41 (s, 3L NMR (101
MHz, CDCL) 5 155.3, 152.8, 142.8, 136.8, 130.7, 129.3, 12£8,3, 122.1, 121.2, 118.9, 112.5, 110.0, 55.7,.14.0

HRM S (ESI): calcd for GsH1aN,O [M + H]* 239.1179, found 239.1184.

1-(2-Chlorophenyl)-2-methyl-1H-benzo[d]imidazole (31)%®: yellow solid, (0.110 g, 90%),m.p. 72.8~73.6°
NMR (400 MHz, CDCY) 6 7.75 (d,J = 8.0 Hz, 1H), 7.68-7.61 (m, 1H), 7.54—7.44 (m),2H42—-7.36 (m, 1H),
7.27 (t,J = 7.5 Hz, 1H), 7.18 (tJ = 7.5 Hz, 1H), 6.93 (dJ = 8.0 Hz, 1H), 2.43 (s, 3H}*C NMR (101 MHz,
CDCl) & 151.9, 142.8, 136.3, 133.8, 133.3, 131.1, 13(89,1], 128.3, 122.8, 122.6, 119.2, 109.9, 14RMS

(ESI): calcd for G4H1;:CIN, [M + H]* 243.0683, found 243.0692
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1-(2-Fluorophenyl)-2-methyl-1H-benzo[ d]imidazole (3m): brown oil, (0.101 g, 89%}H NMR (400 MHz, CDC})

3 7.75 (d,J = 7.9 Hz, 1H), 7.54-7.49 (m, 1H), 7.42-7.38 (M) 1H36-7.32 (m, 2H), 7.27 3,= 7.4 Hz, 1H), 7.20
(t, J= 7.5 Hz, 1H), 7.05 (d] = 7.9 Hz, 1H), 2.48 (s, 3H)’C NMR (101 MHz, CDC}) § 157.7 (dJ = 252.6 Hz),
152.0, 142.8, 136.3, 130.9 @= 7.7 Hz), 129.4, 125.2 (d,= 3.9 Hz), 123.8 (d] = 13.0 Hz), 122.8, 122.5, 119.1,
117.3 (d,J = 19.6 Hz), 109.7, 13.9°F NMR (376 MHz, CDC}) § -120.21(m)HRMS (ESI): calcd for GH1,FN,

[M + H]" 227.0979, found 227.0984.

2-Phenyl-1-(p-tolyl)-1H-benzo[d]imidazole (3n): yellow oil, (0.126 g, 88%)*H NMR (400 MHz, CDC}) 5 7.93

(d, J = 8.0 Hz, 1H), 7.64 (d] = 7.0 Hz, 2H), 7.39-7.28 (m, 8H), 7.23 (ts 8.1 Hz, 2H), 2.48 (s, 3H}*C NMR
(101 MHz, CDC}) & 152.5, 143.1, 138.7, 137.5, 134.5, 130.6, 13(2®.6] 129.5, 128.4, 127.3, 123.3, 123.0,
119.9, 110.6, 21.4. IRneat)v=1608, 1514m *. HRMS (ESI): calcd for GoH:¢N, [M + H]* 285.1386, found

285.1391.

5-Methyl-2-phenyl-1-(p-tolyl)-1H-benzo[d]imidazole (30): yellow solid, (0.130 g, 87%), m.p. 152.3~154.7°8.
NMR (400 MHz, CDC}) 6 7.64 (s, 1H), 7.55 (d) = 7.1 Hz, 2H), 7.32-7.28 (m, 2H), 7.25-7.22 (m)3H14 (d,J

= 8.0 Hz, 2H), 7.06 (q] = 8.3 Hz, 2H), 2.48 (s, 3H), 2.40 (s, 3fC NMR (101 MHz, CDC)) § 152.4, 143.4,
138.5, 135.6, 134.6, 132.7, 130.5, 130.3, 129.5,4,2128.3, 127.2, 124.8, 119.6, 110.1, 21.7, 2IR3(neat)

¥=1616, 151%m . HRMS (ESI): calcd for GiH1gN, [M + H]* 299.1543, found 299.1547.

5-Chloro-2-phenyl-1-(p-tolyl)-1H-benzo[d]imidazole (3p): yellow solid, (0.138 g, 86%), m.p. 144.8~145.7 *g.
NMR (400 MHz, CDC})) § 7.89-7.85 (m, 1H), 7.59 (d,= 7.2 Hz, 2H), 7.40-7.29 (m, 5H), 7.24-7.13 (m,)4H
2.47 (s, 3H)°C NMR (101 MHz, CDC}) 5 153.7, 143.8, 139.0, 136.2, 134.1, 130.7, 1228,7] 129.5, 128.5,
128.5, 127.1, 123.7, 119.6, 111.4, 21.4(tiRat)v = 1611, 150&m *. HRMS (ESI): calcd for GoH1sCIN, [M +

H]* 319.0997, found 319.1024

2-(4-Fluorophenyl)-1-(p-tolyl)-1H-benzo[d]imidazole (3q): yellow oil, (0.127 g, 84%)'H NMR (400 MHz,
CDCl) § 7.87 (d,J = 8.0, Hz,1H), 7.58 (dd} = 8.2, 5.6 Hz, 2H), 7.35-7.27 (m, 3H), 7.26-7.88 2H), 7.19 () =
7.7 Hz, 2H), 7.00 (t) = 8.5 Hz, 2H), 2.45 (s, 3H}*C NMR (101 MHz, CDC}) & 163.4 (d,J = 250.4 Hz), 151.5,
142.9, 138.8, 137.4, 134.2, 131.4 J&; 8.4 Hz), 130.6, 127.2, 126.3 (tiz 3.1 Hz), 123.3, 123.0, 119.8, 115.5 (d,
J=21.8 Hz), 110.5, 21.3°F NMR (376 MHz, CDC})) § -110.86 (m). IRneat)v = 1608, 150&m . HRM S (ESI):

calcd for GgH1sFN, [M + H]* 303.1292, found 303.1325

18



2-Ethyl-1-(p-tolyl)-1H-benzo[d]imidazole (3r): yellow oil, (0.104 g, 89%)‘*H NMR (400 MHz, CDC}) & 7.78 (d,
J=7.9Hz, 1H), 7.36 (d] = 8.0 Hz, 2H), 7.27-7.22 (m, 3H), 7.17J% 7.5 Hz, 1H), 7.08 (d] = 8.0 Hz, 1H), 2.79
(9, J = 7.5 Hz, 2H), 2.47 (s, 3H), 1.34 (= 7.5 Hz, 3H),*C NMR (101 MHz, CDC}) § 156.5, 142.6, 139.0,
136.8, 133.5, 130.6, 127.2, 122.5, 122.3, 119.9,01121.3, 12.2. IRneat)v=1616, 151&m . HRMS (ESI):

calcd for GgH1gN, [M + H]™ 237.1386, found 237.1398

2-Pentyl-1-(p-tolyl)-1H-benzo[d]imidazole (3s): yellow oil, (0.114 g, 82%)'H NMR (400 MHz, CDC}) § 7.77 (d,

J = 8.0 Hz, 1H), 7.36 (d] = 8.0 Hz, 2H), 7.23 (] = 6.8 Hz, 3H), 7.17 (1] = 7.6 Hz, 1H), 7.07 (d] = 8.0 Hz, 1H),
2.76 (t,J = 7.8 Hz, 2H), 2.47 (s, 3H), 1.74-1.82 (m, 2HREL1.31 (m, 4H), 0.84 (] = 6.9 Hz, 3H),*C NMR
(101 MHz, CDC}) & 155.6, 142.7, 139.0, 136.8, 133.5, 130.6, 12722,5] 122.3, 119.1, 110.0, 31.6, 27.8, 27.6,
22.4, 21.3, 14.0. IRneat)¥=1612, 152cm . HRMS (ESI): calcd for GeHxN, [M + H]" 279.1856, found
279.1861

4.1.4 General Procedurefor the Synthesis of Indazoles (Reaction conditions B)

To a round-bottom flask equipped with a reflux coséerand a magnetic bar were added the oxime (0.5
mmol, 1.0 eq.) and BNl (3 mmol, 6 eq.), DCM (4 mL). The reaction wasrstl at ambient temperature for 15 min,
then cooled to -5°C. A solution of BTC (0.375 mm@I75 eq.) in DCM (6 mL) was added slowly and thaction
was keep in -5 °C for 3 h unless otherwise stalbén, the mixture was quenched by saturated Naj$GlOtion
and extracted with CKl, (10 mL x 3). The combined organic phase was doegt NaSO, and filtered. After
evaporation of the solvents, the residue was jukibiy silica gel chromatography (3% EtOAc/hexanesjfford

N-Arylindazole4.

3-Methyl-1-phenyl-1H-indazole (4a)** yellow solid, (0.093 g, 89%), m.p. 72.8~73.7%EL NMR (400 MHz,
DMSO-dg) 5 7.81 (t,J = 9.2 Hz, 2H), 7.74 (d] = 7.8 Hz, 2H), 7.56 () = 7.9 Hz, 2H), 7.47 (t) = 7.6 Hz, 1H),
7.35 (t,J = 7.4 Hz, 1H), 7.24 () = 7.4 Hz, 1H), 2.58 (s, 3H}’C NMR (101 MHz, DMSO€g) 5 144.1, 140.3,
139.2, 130.0, 128.0, 126.4, 125.0, 122.0, 121.5,3,2110.8, 12.1HRMS (ESI): calcd for GH1 N, [M + H]*

209.1073, found 209.1085.

3-Methyl-1-(p-tolyl)-1H-indazole (4b): yellow oil, (0.100 g, 90%)*H NMR (400 MHz, CDC}) & 7.70 (dd,J =
18.7, 8.3 Hz, 2H), 7.59 (d,= 8.2 Hz, 2H), 7.41 ({) = 7.7 Hz, 1H), 7.32 (d] = 8.1 Hz, 2H), 7.20 (t) = 7.5 Hz,
1H), 2.67 (s, 3H), 2.43 (s, 3HY’C NMR (101 MHz, CDC}) & 143.7, 139.7, 138.0, 136.1, 130.1, 127.1, 124.8,

122.6,120.7, 120.7, 110.4, 21.2, IHRMS (ESI): calcd for GsH1aN, [M + H]* 223.1229, found 223.1234.
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1-(4-Methoxyphenyl)-3-methyl-1H-indazole (4c)*": yellow solid, (0.110 g, 92%), m.p. 48.7~49.9°6L NMR
(400 MHz, CDCY) § 7.72 (d,J = 8.0 Hz, 1H), 7.64—7.57 (m, 3H), 7.39Jt 7.6 Hz, 1H), 7.19 (t] = 7.4 Hz, 1H),
7.04 (d,J = 8.8 Hz, 2H), 3.87 (s, 3H), 2.66 (s, 3HJC NMR (101 MHz, CDC}) § 158.2, 143.4, 139.8, 133.6,
127.0, 124.6, 124.3, 120.6, 114.7, 110.2, 55.0.HRMS (ESI): calcd for GsH14N,0 [M + H]" 239.1178, found

239.1083.

1-(4-Chlorophenyl)-3-methyi-1H-indazole (4d): yellow oil, (0.088 g, 72%)*H NMR (400 MHz, CDC}) & 7.73 (d,
J=28.0Hz, 1H), 7.67 (dl = 8.7 Hz, 3H), 7.48 (dl = 8.7 Hz, 2H), 7.43 (1 = 7.8 Hz, 1H), 7.22 (] = 7.5 Hz, 1H),
2.65 (s, 3H);°C NMR (101 MHz, CDC}) § 144.6, 139.5, 139.0, 131.5, 129.6, 127.5, 1223,4], 121.2, 120.9,

110.2, 12.0HRM S (ESI): calcd for GH1;CIN, [M + H]" 243.0683, found 243.0697.

1-(4-Fluorophenyl)-3-methyi-1H-indazole (4€): paleyellow oil, (0.084 g, 74%)'*H NMR (400 MHz, CDC}) 5
7.73 (d,J = 8.0 Hz, 1H), 7.69-7.60 (m, 3H), 7.42 Jt= 7.6 Hz, 1H), 7.21 (t) = 8.2 Hz, 3H), 2.66 (s, 3H}*C
NMR (101 MHz, CDC}) 8 160.9 (d, J = 245.8 Hz), 144.1, 139.7, 136.6 &2} Hz), 127.4, 124.91, 124.3 (d, J =
8.3 Hz), 121.0, 120.8, 116.3 (d, J = 22.9 Hz), 1102.0,"°F NMR (376 MHz, CDC}) § -115.79 (m)HRMS

(ESI): calcd for GH1:FN, [M + H]* 227.0979, found 227.0986.

3-Methyl-1-(4-nitrophenyl)-1H-indazole (4f): yellow oil, (0.089 g, 35%)'H NMR (400 MHz, CDC}) & 8.37 (d,J
= 8.9 Hz, 2H), 7.94 (d] = 8.9 Hz, 2H), 7.82 (d] = 8.5 Hz, 1H), 7.75 (d] = 8.0 Hz, 1H), 7.52 (1) = 7.7 Hz, 1H),
7.30 (t,J = 7.5 Hz, 1H), 2.66 (s, 3H}’C NMR (101 MHz, CDG)) § 146.8, 145.7, 144.6, 139.4, 128.4, 126.3,

125.4,122.3, 121.3, 120.7, 110.7, 1MRMS (ESI): calcd for GHuNzO, [M + H]* 254.0924, found 254.0936.

3-Methyl-1-(4-(trifluoromethyl)phenyl)-1H-indazole (4g): yellow oil, (0.152 g, 55%)*H NMR (400 MHz, CDC})
5 7.87 (dJ=8.4 Hz, 2H), 7.74 () = 9.0 Hz, 4H), 7.46 () = 7.7 Hz, 1H), 7.25 (t) = 7.8 Hz, 1H), 2.65 (s, 3H),
3C NMR (101 MHz, CDC)) & 145.4, 143.2, 139.3, 127.7, 127.5 Jog 33.3 Hz),126.6 (q) = 3.0 Hz), 125.6,
124.1 (9, = 273.7 Hz), 121.5, 121.4, 120.9, 110.3, 1°8,NMR (376 MHz, CDC)) & -62.11.HRMS (ESI):

calcd for GsHq1FsN, [M + H]* 277.0947, found 277.0956.

1-(3-Methoxyphenyl)-3-methyl-1H-indazole (4h): yellow oil, (0.103 g, 86%):H NMR (400 MHz, CDC}) § 7.74
(t, J=8.9 Hz, 2H), 7.46-7.37 (m, 2H), 7.35—-7.28 (m),ZH21 (t,J = 7.4 Hz, 1H), 6.91-6.85 (m, 1H), 3.89 (s, 3H),
2.67 (s, 3H);°C NMR (101 MHz, CDC}) 5 160.6, 144.1, 141.5, 139.6, 130.2, 127.3, 12%1,0, 120.7, 114.5,

112.1, 110.6, 108.2, 55.6, 12HRM S (ESI): calcd for GsH14N,O [M + H]* 239.1178, found 239.1191.
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1-(3-Chlorophenyl)-3-methyl-1H-indazole (4i): yellow oil, (0.083 g, 68%)'*H NMR (400 MHz, CDC}) 5 7.77 (s,
1H), 7.72 (dJ = 8.5 Hz, 2H), 7.63 (d] = 8.0 Hz, 1H), 7.44 (q] = 7.9, 7.2 Hz, 2H), 7.28 (d,= 8.4 Hz, 1H), 7.23
(t, J = 7.5 Hz, 1H), 2.65 (s, 3HJ*C NMR (101 MHz, CDC}) § 144.9, 141.6, 139.5, 135.2, 130.5, 127.6, 126.0,
125.4, 122.3, 121.3, 120.9, 120.0, 110.4, 1RBMS (ESI): calcd for GH1.CIN, [M + H]" 243.0683, found

243.0687.

1-(3-Fluorophenyl)-3-methyl-1H-indazole (4j): yellow oil, (0.074 g, 65%)*H NMR (400 MHz, CDC}) & 7.77-
7.70 (m, 2H), 7.54 (d] = 8.0 Hz, 1H), 7.51-7.42 (m, 3H), 7.26—7.20 (m),1H04—6.97 (m, 1H), 2.66 (s, 3HJC
NMR (101 MHz, CDC}) 5 163.37 (d,J = 246.6 Hz), 144.8, 141.96 (@= 10.3 Hz), 139.5, 130.7 (d,= 9.3 Hz),
127.6, 125.4, 121.3, 120.9, 117.40cs 2.0 Hz), 112.8 (dJ = 21.1 Hz), 110.5, 109.6 (d,= 25.1 Hz), 12.1°F

NMR (376 MHz, CDC}) 6 -111.05 (m)HRMS (ESI): calcd for GH1:FN, [M + H]* 227.0979, found 227.0988.
(

1-(2-Methoxyphenyl)-3-methyl-1H-indazole (4k): yellow oil, (0.101 g, 84%)*H NMR (400 MHz, CDC})  7.72
(d,J =8.0 Hz, 1H), 7.50-7.46 (m, 1H), 7.43-7.34 (m)2H19 (ddJ = 17.0, 8.3 Hz, 2H), 7.12-7.08 (m, 2H), 3.79
(s, 3H), 2.68 (s, 3H)**C NMR (101 MHz, CDC})) & 154.3, 143.6, 141.4, 129.2, 128.63, 128.56,12523,9,

121.0, 120.2, 112.3, 111.1, 55.8, 1HRM S (ESI): calcd for GsH1N,O [M + H]': 239.1179, found 239.1185.

1-(2-Chlorophenyl)-3-methyl-1H-indazole (41): yellow oil, (0.088 g, 72%)"H NMR (400 MHz, CDC}) § 7.74 (d,
J = 8.2 Hz, 1H), 7.60-7.58 (m, 1H), 7.54-7.49 (m)1H44-7.36 (m, 3H), 7.23-7.20 (m, 2H), 2.68 (d),3°C
NMR (101 MHz, CDC}) § 144.4, 141.2, 137.4, 131.5, 130.7, 129.7, 12%6,7, 127.0, 124.1, 120.7, 120.5,

110.7, 12.1HRMS (ESI): calcd for GH11CIN, [M + H]* 243.0683, found 243.0691.

1-(2-Fluorophenyl)-3-methyl-1H-indazole (4m): brown oil, (0.073 g, 64%)H NMR (400 MHz, CDC}) & 7.73
(d,J=8.0 Hz, 1H), 7.62 ({1 = 7.7 Hz, 1H), 7.45-7.40 (m, 1H), 7.39-7.33 (m),ZH30 (t,J = 7.7 Hz, 2H), 7.22 (t,
J = 7.4 Hz, 1H), 2.67 (s, 3H}*C NMR (101 MHz, CDC}) 5 156.2 (d,J = 251.8 Hz), 144.9, 141.1, 128.9 (b5
7.6 Hz), 128.0, 127.8 (d, = 11.6 Hz), 127.2, 125.0 (d,= 3.4 Hz), 124.5, 120.9, 120.5, 117.0 J&s 19.7 Hz),
110.6 (d,J = 4.9 Hz), 12.1°F NMR (376 MHz, CDC}) & -120.40 (m)HRM S (ESI): calcd for GH1,FN, [M +

H]" 227.0979, found 227.0993.

3-Phenyl-1-(p-tolyl)-1H-indazole (4n): yellow solid, (0.120 g, 84%), m.p. 91.5~92.7° NMR (400 MHz,
CDCl) 6 8.13-8.03 (m, 3H), 7.76 (d,= 8.5 Hz, 1H), 7.69 (d] = 8.1 Hz, 2H), 7.55 (1] = 7.5 Hz, 2H), 7.49-7.42

(m, 2H), 7.37 (d,J) = 8.0 Hz, 2H), 7.29 (1) = 7.5 Hz, 1H), 2.46 (s, 3HJ3C NMR (101 MHz, CDC}) & 145.9,
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140.5, 137.8, 136.7, 133.5, 130.1, 128.9, 128.3,92127.1, 123.2, 123.1, 121.9, 121.7, 110.8,.2R3neat)

¥=1603, 151cm . HRMS (ESI): calcd for GgH1gN, [M + H]* 285.1386, found 285.1396.

5-Methyl-3-phenyl-1-(p-tolyl)-1H-indazole (40): yellow solid, (0.123 g, 82%), m.p. 99.8~101.2*8.NMR (400
MHz, CDCk) é 8.05 (d,J = 7.7 Hz, 2H), 7.86 (s, 1H), 7.71-7.62 (m, 3HR47(t,J = 7.6 Hz, 2H), 7.43 {1 = 7.3
Hz, 1H), 7.35 (dJ = 8.1 Hz, 2H), 7.28 (d] = 8.7 Hz, 1H), 2.53 (s, 3H), 2.45 (s, 3 NMR (101 MHz, CDC}))

5 145.3, 139.2, 138.0, 136.5, 133.7, 131.4, 13@9,11 128.9, 128.2, 127.9, 123.5, 122.9, 120.7,51 1.6, 21.2.

IR (neat)v = 1616, 150&m *. HRMS (ESI): calcd for GiHygN, [M + H]* 299.1543, found 299.1568.

5-Chloro-3-phenyl-1-(p-tolyl)-1H-indazole (4p): yellow solid, (0.114 g, 71%), m.p. 90.5~91.8%6. NMR (400
MHz, CDCL) 5 8.04 (s, 1H), 7.99 (dl = 7.4 Hz, 2H), 7.64 (t] = 8.9 Hz, 3H), 7.54 (t] = 7.5 Hz, 2H), 7.44 () =
7.4 Hz, 1H), 7.41-7.33 (m, 3H), 2.45 (s, 3z NMR (101 MHz, CDC)) & 145.4, 139.0, 137.4, 137.2, 132.9,
130.2, 129.1, 128.6, 127.8, 127.7, 127.6, 123.8,212120.9, 111.9, 21.3. IReat)? = 1613, 150&m . HRMS

(ESI): calcd for GoH15CIN, [M + H]™: 319.0997, found 319.1028.

3-(4-Fluorophenyl)-1-(p-tolyl)-1H-indazole (4q): yellow solid, (0.117 g, 77%), m.p. 115.9~117.1°%6. NMR
(400 MHz, CDC}) é 8.00-7.97 (m, 3H), 7.70 (d,= 8.5 Hz, 1H), 7.63 (d] = 8.2 Hz, 2H), 7.40 (1 = 7.7 Hz, 1H),
7.31 (d,J = 8.1 Hz, 2H), 7.27-7.17 (m, 3H), 2.41 (s, 3K NMR (101 MHz, CDC}) § 162.9 (d,J = 247.4 Hz),
144.8, 140.4, 137.6, 136.7, 130.1, 129.6J(¢,3.2 Hz), 129.4 (dJ = 8.1 Hz), 127.1, 123.0, 122.8, 121.9, 121.3,
115.8 (d,J = 21.5 Hz), 110.8, 21.2%F NMR (376 MHz, CDC}) & -113.46 (m). IR(neat)v =1610, 151%m .

HRM S (ESI): calcd for GoH1sFN, [M + H]* 303.1292, found 303.1312.

3-Ethyl-1-(p-tolyl)-1H-indazole (4r): yellow oil, (0.098 g, 83%)'H NMR (400 MHz, CDC}) 5 7.77 (d,J = 8.1
Hz, 1H), 7.69 (dJ = 8.5 Hz, 1H), 7.60 (d] = 8.1 Hz, 2H), 7.40 (1] = 7.7 Hz, 1H), 7.32 (d] = 8.0 Hz, 2H), 7.19 (t,
J = 7.5 Hz, 1H), 3.10 (q] = 7.6 Hz, 2H), 2.43 (s, 3H), 1.48 {t= 7.6 Hz, 3H),*C NMR (101 MHz, CDC}) &
149.1, 139.8, 138.0, 136.0, 130.0, 127.0, 124.@,612120.7, 120.6, 110.5, 21.2, 20.6, 13.8(hRat)v = 1618,

1508cm*. HRMS (ESI): calcd for GeH1gN, [M + H]* 237.1386, found 237.1392.

3-Pentyl-1-(p-tolyl)-1H-indazole (4s): yellow oil, (0.110 g, 79%)‘H NMR (400 MHz, CDC}) 5 7.76 (d,J = 8.1
Hz, 1H), 7.69 (dJ = 8.5 Hz, 1H), 7.61 (d] = 8.2 Hz, 2H), 7.40 ( = 7.6 Hz, 1H), 7.32 (d] = 8.1 Hz, 2H), 7.19 (,
J=7.5Hz, 1H), 3.06 (t) = 7.8 Hz, 2H), 2.43 (s, 3H), 1.95-1.85 (m, 2HR3L1.35 (m, 4H), 0.94 (8 = 7.0 Hz,

3H), *C NMR (101 MHz, CDC}) § 148.1, 139.8, 138.0, 136.0, 130.0, 126.9, 12423,6, 120.8, 120.6, 110.5,
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32.0, 29.2, 27.23, 22.6, 21.2, 14.2. (iReat)v = 1598, 1507 cit. HRMS (ESI): calcd for GoHoN, [M + H]*

279.1856, found 279.1877.

1-Benzyl-3-methyl-1H-indazole (4t): yellow oil, (0.078 g, 70%)'H NMR (400 MHz, CDC})  7.68 (d,J = 8.1 Hz,
1H), 7.35-7.24 (m, 5H), 7.20 (d,= 7.1 Hz, 2H), 7.12 () = 7.2 Hz, 1H), 5.54 (s, 2H), 2.61 (s, 3H}C NMR
(101 MHz, CDC}) 6 141.9, 140.6, 137.4, 128.8, 127.7, 127.2, 12628,9 120.6, 119.9, 109.3, 52.7, 12.1. IR

(neat)v = 1615, 150&m *. HRM S (ESI): calcd for GH1N, [M + H]* 223.1230, found 223.1229.

3-Methyl-1-(4-methylbenzyl)-1H-indazole (4u): yellow oil, (0.090 g, 76%)'H NMR (400 MHz, CDC}) § 7.69 (d,
J = 8.1 Hz, 1H), 7.37-7.28 (m, 2H), 7.17-7.09 (m),55152 (s, 2H), 2.64 (s, 3H), 2.33 (s, 3 NMR (101
MHz, CDCk) 6 141.7, 140.5, 137.3, 134.3, 129.4, 127.2, 12&23.8 120.5, 119.8, 109.3, 52.5, 21.1, 12.0. IR

(neat)v = 1614, 150&m *. HRMS (ESI): calcd for GH1gN, [M + H]* 237.1386, found 237.1380.

3-Methyl-1-(4-(trifluoromethyl)benzyl)-1H-indazole (4v): yellow oil, (0.094 g, 65%)*H NMR (400 MHz, CDC}))
8 7.67 (dJ=8.1Hz, 1H), 7.52 (d] = 8.1 Hz, 2H), 7.33 () = 7.6 Hz, 1H), 7.27-7.21 (m, 3H), 7.13Jt 7.4 Hz,
1H), 5.56 (s, 2H), 2.59 (s, 3HYC NMR (101 MHz, CDC}) 5 142.6, 141.4, 140.7, 130.1 (= 32.7 Hz), 127.4,
126.8, 125.8 (q) = 3.03 Hz), 124.2 (q] = 272.7 Hz), 124.0, 120.7, 120.2, 108.9, 52.11,12F NMR (376 MHz,
CDCl) & -62.53. IR(neat)v=1617, 150&m . HRMS (ESI): calcd for GeHissN, [M + H]* 291.1104, found

291.1099.

4.1.5 General Procedurefor the Control experimentsa
The reaction was performed according to the reactionditions A using 0.55 ¢3.0 mmol, 1 eq.) of
N-benzylaniline, 0.356 g (1.2 mmol, 0.4 eq.) of BitCafford N-ArylbenzimidazoleN-BenzytN-phenylcarbamoyl

chloride6, the residue was purified by silica gel chromaapdyy (5% EtOAc/hexanes) to afford the product.

N-Benzyl-N-phenylcarbamoyl chloride (6)** white solid, (0.132 g, 18%), m.p. 44.6~45.8°8.NMR (400 MHz,
CDCl) 6 7.33-7.29 (m, 3H), 7.29-7.25 (m, 3H), 7.19 (br),2H01 (br, 2H), 4.86 (s, 2H}*C NMR (101 MHz,
CDCl,) 6 149.8, 141.6, 135.6, 129.4, 129.0, 128.7, 12&8,2, 56.7.
4.1.6 General Procedurefor the Control experimentsb

The reaction was performed according to the reactionditions A using 0.811 g (6.0 mmol, 1 eq.) of
(E)-1-phenylethan-1-one oxime, 1.015 g (6 mmol, } efjDiphenylamine, 0.712 g (2.4 mmol, 0.4 eq.BafC to

afford (E)-1-Phenylethan-1-on®-chlorocarbonyl oxime, the residue was purified by silica gel chromadqpdry
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(5% EtOAc/hexanes) to afford 79% of the produc®40.g, 4.75 mmol).

The reaction was performed according to the reactionditions B using 0.811 g (6.0 mmol, 1 eq.) of
(E)-1-phenylethan-1-one oxime, 1.015 g (6 mmol, 1 efDiphenylamine, 1.33 g (4.5mmol, 0.75 eq.) &i@B
3.64 g (36mmol, 6 eq.) of B to afford E)-1-Phenylethan-1-on®-chlorocarbonyl oxime9, the residue was

purified by silica gel chromatography (5% EtOAc/aegs) to afford 76% of the product (0.904 g, 4.570t).

(E)-1-Phenylethan-1-one-O-chlorocarbonyl oxime (9)** yellow oil.'"H NMR (400 MHz, DMSO-¢) § 7.79 (d, J
= 7.0 Hz, 2H), 7.56-7.48 (m, 3H), 2.44 (s, 3¢ NMR (101 MHz, DMSOedg) & 163.9, 151.3, 133.9, 130.9,
128.7,126.9, 14.E1-MS: m/z 197 ([M + HJ for **Cl), 199 ([M + HJ for *Cl).
4.1.7 General Procedurefor the Control experimentsc

The reaction was performed according to the reactionditions A using 0.159 g (0.80 mmol, 1 eq.) of
(E)-1-Phenylethan-1-on®-chlorocarbonyl oximé, 0.095 g (0.32 mmol, 0.4 eq.) of BTC to afford ferelide 11,
the residue was purified by silica gel chromatobyef?0% EtOAc/hexanes) to afford 56% of the prodQdd61 g,

0.45 mmol).

The reaction was performed according to the reactionditions B using 0.159 g (0.80 mmol, 1 eq.) of
(E)-1-Phenylethan-1-on®-chlorocarbonyl oximé, 0.179 g (0.60 mmol, 0.75 eq.) of BTC, 0.488 @ (@mol, 6

eq.) of EfN.

Acetanilide (11)** White solid; (0.061 g, 56 %), m.p. 112.6~114.7%8.NMR (400 MHz, DMSO#€g) § 9.92 (s,
1H), 7.59 (dJ = 7.7 Hz, 2H), 7.28 (1) = 7.8 Hz, 2H), 7.01 (t = 7.4 Hz, 1H), 2.04 (s, 3H}’C NMR (101 MHz,

DMSO-dg) 6 168.3, 139.3, 128.6, 123.0, 119.0, 24.0.
4.1.8 General Procedurefor the Control experimentsd

To a round-bottom flask equipped with a hydrochlagtd gas generator, reflux condenser and magnatic b
were added the BTC (0.2 mmol, 0.4 eq.) PhCI (4 riihe reaction was stirred under HCI atmosphererdient
temperature for 15 min, then a solution of Oxim@®b mmol, 1 eq.) in PhCl (4 mL) was added slowtyl ghe
reaction was keep in ambient temperature for 3henT the mixture was quenched by saturated Nat&o@tion
and extracted with C}l, (10 mL x 3). The combined organic phase was doegt NaSO, and filtered. After
evaporation of the solvents, the residue was purifiy silica gel chromatography (20% EtOAc/hexatesfford

54% ofN-Arylbenzimidazole3 (0.056 g, 0.27 mmol).
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To a round-bottom flask equipped with a hydrochlaid gas generator, reflux condenser and magnetic b
were added the BTC (0.2 mmol, 0.4 eq.) PhCI (4 mibe reaction was stirred under HCI atmospheremdient
temperature for 15 min, then a solution of Oxim@®5 mmol, 1 eq.) in PhCl (4 mL) was added slowty @he
reaction was keep in ambient temperature for 5henT the mixture was quenched by saturated Nat&o@tion
and extracted with CKl, (10 mL x 3). The combined organic phase was doegt NaSO, and filtered. After
evaporation of the solvents, the residue was guarifiy silica gel chromatography (20% EtOAc/hexatesfford
92% ofN-Arylbenzimidazole3 (0.096 g, 0.46 mmol).

Acknowledgements

We thank the National Natural Science FoundatioBliha (Grant No. 21376221) for financial support.
Associated Content
Supporting Information

Copies of'H, *C and"*F NMR spectra of starting materials and all proguct

References

[1] (a) Sabat, M.; VanRens, J. C.; Laufersweiler, 34 Brugel, T. A.; Maier, J.; Golebiowski, A.; D8.;
Easwaran, V.; Hsieh, L. C.; Walter, R. L.; Mekel, 34; Evdokimov, A.; Janusz, M. Bioorg. Med. Chem. Lett.
2006, 16, 5973-5977;

(b) Xie, J.; Poda, G. I.; Hu, Y.; Chen, N. X.; HeiR. F.; Wolfson, S. G.; Reding, M. T.; Lennon,JR.
Kurumbail, R. G.; Selness, S. R.; Li, X.; Kishoil¢, N.; Sommers, C. D.; Christine, L.; Bonar, S. L.;
Venkatraman, N.; Mathialagan, S.; Brustkern, SHdang, H. CBioorg. Med. Chem. 2011, 19, 1242-1255.

[2] Beaulieu, C.; Wang, Z.; Denis, D.; Greig, Garhontagne, S.; O'Neill, G.; Slipetz, D.; WangBihorg. Med.
Chem. Lett. 2004, 14, 3195-3199.

[3] (a) Solanki, S.; Innocenti, P.; Mas-Droux, Bgxall, K.; Barillari, C.; van Montfort, R. L.; Alree, G. W.,;
Bayliss, R.; Hoelder, S. Med. Chem. 2011, 54, 1626-1639;

(b) Liu, M.; Xu, Q.; Guo, S.; Zuo, R.; Hong, Y.; uY.; Li, Y.; Gong, P.; Liu, YBioorg. Med. Chem. 2018, 26,
2621-2631;

(c) Baudy, R. B.; Yardley, J. P.; Zaleska, M. MraBilett, D. R.; Tasse, R. P.; Kowal, D. M.; Katz, A;
Moyer, J. A.; Abou-Gharbia, Ml. Med. Chem. 2001, 44, 1516-1529.

[4] (a) Carvalho, L. C.; Fernandes, E.; MarquesMAChem. Eur. J. 2011, 17, 12544-12555;

(b) Cao, H.; Sun, H.; Yin, Y.; Wen, X.; Shan, Gu,Z.; Zhong, R.; Xie, W.; Li, P.; Zhu, [J. Mater. Chem. C
2014, 2, 2150-2159;

(c) Wang, F.; Hu, J.; Cao, X.; Yang, T.; Tao, Y.elML.; Zhang, X.; Huang, Wl. Mater. Chem. C 2015, 3,
5533-5540;

(d) Bodedla, G. B.; Thomas, K. R. J.; Li, C.-T.;,Ha-C. RSC Adv. 2014, 4, 53588-53601.

[5] (a) Ganotra, G. K.; Wade, R. BCSMed. Chem. Lett. 2018, 9, 1134-1139;

(b) Blaquiere, N.; Castanedo, G. M.; Burch, J. Berezhkovskiy, L. M.; Brightbill, H.; Brown, S.; @, C.;
Chiang, P. C.; Crawford, J. J.; Dong, T.; FanFBng, J.; Ghilardi, N.; Godemann, R.; Gogol, Ealthe, A.;
Hole, A. J.; Hu, B.; Hymowitz, S. G.; Alaoui IsmaiM. H.; Le, H.; Lee, P.; Lee, W.; Lin, X.; Liu, N
McEwan, P. A.; McKenzie, B.; Silvestre, H. L.; Suf®.; Sujatha-Bhaskar, S.; Wu, G.; Wu, L. C.; Zhang
Zhong, Z.; Staben, S. J. Med. Chem. 2018, 61, 6801-6813;

(c) McCoull, W.; Bailey, A.; Barton, P.; Birch, Ad.; Brown, A. J.; Butler, H. S.; Boyd, S.; ButliR. J.;

25



Chappell, B.; Clarkson, P.; Collins, S.; DaviesNR; Ertan, A.; Hammond, C. D.; Holmes, J. L.; Lghan,
C.; Midha, A.; Morentin-Gutierrez, P.; Moore, J; Raubo, P.; Robb, G. Med. Chem. 2017, 60, 3187-3197;
(d) Uno, T.; Kawai, Y.; Yamashita, S.; Oshiumi, Ngshimura, C.; Mizutani, T.; Suzuki, T.; Chong, K;
Shigeno, K.; Ohkubo, M.; Kodama, Y.; Muraoka, HinBbashi, K.; Takahashi, K.; Ohkubo, S.; Kitade JM.
Med. Chem. 2019, 62, 531-551.
[6] (@) Jui, N. T.; Buchwald, S. lAngew. Chem. Int. Ed. 2013, 52, 11624-11627;
(b) Nagao, |.; Ishizaka, T.; Kawanami, Breen Chem. 2016, 18, 3494-3498;
(c) Youn, S. W.; Lee, E. MOrg. Lett. 2016, 18, 5728-5731;
(d) Lee, Y.-S.; Cho, Y.-H.; Lee, S.; Bin, J.-K.; @ J.; Chae, G.; Cheon, C.-Aetrahedron 2015, 71,
532-538.
[7]1 (a) De Luca, L.; Porcheddu, &ur. J. Org. Chem. 2011, 5791-5795;
(b) Zhang, R.; Qin, Y.; Zhang, L.; Luo, Srg. Lett. 2017, 19, 5629-5632.
[8] (a) Selvam, K.; Swaminathan, Nletrahedron Lett. 2011, 52, 3386-3392;
(b) Das, S.; Mallick, S.; De Sarkar, 50rg. Chem. 2019, 84, 12111-12119.
[9] (@) Lin, J. P.; Zhang, F. H.; Long, Y. Qrg. Lett. 2014, 16, 2822-2825;
(b) Li, J.; Benard, S.; Neuville, L.; Zhu, Org. Lett. 2012, 14, 5980-5983;
(c) Baars, H.; Beyer, A.; Kohlhepp, S. V.; Bolm,@g. Lett. 2014, 16, 536-539;
(d) Deng, X.; Mani, N. SEur. J. Org. Chem. 2010, 2010, 680-686.
[10] (@) Cho, C. S.; Lim, D. K.; Heo, N. H.; Kim, J.; Shim, S. CChem. Commun. 2004, 104-105;
(b) Annor-Gyamfi, J. K.; Gnanasekaran, K. K.; BunkeA. Molecules 2018, 23;
(c) Wiethan, C.; Lavoie, C. M.; Borzenko, A.; Claik S. K.; Bonacorso, H. G.; Stradiotto, ®g. Biomol.
Chem. 2017, 15, 5062-5069;
(d) Xiong, X.; Jiang, Y.; Ma, DOrg. Lett. 2012, 14, 2552-2555.
[11] (a) Li, P.; Wu, C.; Zhao, J.; Rogness, D. &hj, F.J. Org. Chem. 2012, 77, 3149-3158;
(b) Spiteri, C.; Keeling, S.; Moses, J.@&g. Lett. 2010, 12, 3368-3371.
[12] (@) Tang, L.; Ma, M.; Zhang, Q.; Luo, H.; Warig; Chai, Y.Adv. Synth. Catal. 2017, 359, 2610-2620;
(b) Wei, W.; Wang, Z.; Yang, X.; Yu, W.; ChangAtlv. Synth. Catal. 2017, 359, 3378-3387;
(c) Xu, P.; Wang, G.; Wu, Z.; Li, S.; Zhu, Chem. Si. 2017, 8, 1303-1308;
(d) Li, X.; He, L.; Chen, H.; Wu, W.; Jiang, B.Org. Chem. 2013, 78, 3636-3646.
[13] (@) Yu, S.; Tang, G.; Li, Y.; Zhou, X.; Lan,;\XLi, X. Angew. Chem. Int. Ed. 2016, 55, 8696-8700;
(b) Chen, C.-y.; He, F.; Tang, G.; Ding, H.; Wai#g, Li, D.; Deng, L.; Faessler, Eur. J. Org. Chem. 2017,
6604-6608;
(c) Chen, C.Y.; Tang, G.; He, F.; Wang, Z.; JiHg, Faessler, ROrg. Lett. 2016, 18, 1690-1693;
(d) Wang, Q.; Li, XOrg. Lett. 2016, 18, 2102-2105.
[14] (a) Wray, B. C.; Stambuli, J. ©rg. Lett. 2010, 12, 4576-4579;
(b) Tang, X.; Gao, H.; Yang, J.; Wu, W.; Jiang,®tg. Chem. Front. 2014, 1, 1295-1298;
(c) Conlon, I. L.; Konsein, K.; Morel, Y.; Chan, Aletcher, STetrahedron Lett. 2019, 60, 150929.
(d) Paul, S.; Panda, S.; Manna,Tetrahedron Lett. 2014, 55, 2480-2483.
[15] (@) Zhang, X.; Chen, D.; Zhao, M.; Zhao, i&; A.; Li, X. Adv. Synth. Catal. 2011, 353, 719-723;
(b) Zzhang, Z. W.; Lin, A.; Yang, J. Org. Chem. 2014, 79, 7041-7050;
(c) Too, P. C.; Wang, Y. F.; Chiba, Srg. Lett. 2010, 12, 5688-5691;
(d) Yu, L.; Li, H.; Zhang, X.; Ye, J.; Liu, J.; X@@Q.; Lautens, MOrg. Lett. 2014, 16, 1346-1349.
[16] (a) Srivastava, V. P.; Patel, R.; Garima; ¥ada D. Chem. Commun. 2010, 46, 5808-5810;
(b) Vanos, C. M.; Lambert, T. KChemical Science 2010, 1, 705;

26



(c) Yang, S. H.; Chang, 8xrg. Lett. 2001, 3, 4209-4211.
[17] (@) Tanaka, K.; Mori, Y.; Narasaka, &hem. Lett. 2004, 33, 26-27;
(b) Counceller, C. M.; Eichman, C. C.; Wray, B. Stambuli, J. FOrg. Lett. 2008, 10, 1021-1023.
[18] (a) Tang, X.; Yang, J.; Zhu, Z.; Zheng, M.; YW.; Jiang, HJ. Org. Chem. 2016, 81, 11461-11466;
(b) Tang, X.; Zhu, Z.; Qi, C.; Wu, W.; Jiang, Brg. Lett. 2016, 18, 180-183;
(c) Zhu, Z.; Tang, X.; Li, J.; Li, X.; Wu, W.; Den.; Jiang, HOrg. Lett. 2017, 19, 1370-1373;
(d) Huang, H.; Qu, Z.; Ji, X.; Deng, G.Qrg. Chem. Front. 2019, 6, 1146-1150;
(e) Ren, Z.-H.; Zhao, M.-N.; Guan, Z.-RSC Adv. 2016, 6, 16516-16519.
[19] (a) Ke, J.; Tang, Y.; Yi, H.; Li, Y.; Cheng,;\Liu, C.; Lei, A.Angew. Chem. Int. Ed. 2015, 54, 6604-6607;
(b) Hong, W. P.; losub, A. V.; Stahl, S. BAm. Chem. Soc. 2013, 135, 13664-13667;
(c) Zhao, M. N.; Hui, R. R.; Ren, Z. H.; Wang, Y; Guan, Z. HOrg. Lett. 2014, 16, 3082-3085;
(d) John, A.; Nicholas, K. MOrganometallics 2012, 31, 7914-7920.
[20] Cotarca, L.; Geller, T.; Répasi,Arg. Process Res. Dev. 2017, 21, 1439-1446.
[21] (a) Saputra, M. A.; Ngo, L.; Kartika, R. Org. Chem. 2015, 80, 8815-8820;
(b) Villalpando, A.; Ayala, C. E.; Watson, C. B.aKika, R.J. Org. Chem. 2013, 78, 3989-3996;
(c) Su, W.; Zhong, W.; Bian, G.; Shi, X.; ZhangQig. Prep. Proced. Int. 2004, 36, 499-547;
(d) Su, W. K.; Zhu, X.Y.; Li, Z. HOrg. Prep. Proced. Int. 2009, 41, 69-75;
(e) Su, W. K.; Zhang, Y.; Li, J. J.; Li, ©rg. Prep. Proced. Int. 2008, 40, 543-550.
() Ayala, C. E., Villalpando, A., Nguyen, A. L., &Candless, G. T., Kartika, FOrg. Lett. 2012, 14,
3676-3679.
[22] (@) Li, Z. H.; Jiang, Z. J.; Shao, Q. L.; Qih,J.; Shu, Q. F.; Lu, W. H.; Su, W. K.Org. Chem. 2018, 83,
6423-6431;
(b) Zhong, W.; Wu, D.; Li, ZHeterocycles 2012, 85, 1417;
(c) Su, W. K.; Li, Z. H.; Zhao, L. YOrg. Prep. Proced. Int. 2007, 39, 495-502;
(d) Zou, Y.; Li, Z.; Su, WJ. Chem. Res. 2014, 38, 143-146.
[23] Please refer to the Supporting Information.
[24] (a) Zheng, W.; Yang, W.; Luo, D.; Min, L.; WanX.; Hu, Y.Adv. Synth. Catal. 2019, 361, 1995-1999;
(b) Zhu, Z.; Cen, J.; Tang, X.; Li, J.; Wu, W.;dégg H. Adv. Synth. Catal. 2018, 360, 2020-2031;
(c) Kalkhambkar, R. G.; Savanur, H. ISC Adv. 2015, 5, 60106-60113;
(d) Raju, G.; Guguloth, V.; SatyanarayanaR8C Adv. 2016, 6, 45036-45040.
[25] Brain, C. T.; Steer, J. T. Org. Chem. 2003, 68, 6814-6816.
[26] Zheng, N.; Anderson, K. W.; Huang, X.; Nguyeh, N.; Buchwald, S. LAngew. Chem. Int. Ed. 2007, 46,
7509-7512.
[27] Alonso, J.; Halland, N.; Nazaré, M.; R'Kyek,; @rmann, M.; Lindenschmidt, Azur. J. Org. Chem. 2011,
234-237.
[28] Yang, D.; Fu, H.; Hu, L.; Jiang, Y.; Zhao, X.Org. Chem. 2008, 73, 7841-7844.
[29] Altman, R. A.; Koval, E. D.; Buchwald, S. ll. Org. Chem. 2007, 72, 6190-6199.
[30] Gao, M.; Liu, X.; Wang, X.; Cai, Q.; Ding, KChin. J. Chem. 2011, 29, 1199-1204.
[31] Lebedey, A. Y.; Khartulyari, A. S.; Voskoboyaiv, A. Z.J. Org. Chem. 2005, 70, 596-602.
[32] Iwai, T.; Fujihara, T.; Terao, J.; Tsuji, ¥.Am. Chem. Soc. 2010, 132, 9602-9603.
[33] (a) Paryzek, Z.; Koenig, Hiynthesis Commun. 2003, 33, 3405-3410;
(b) Kolano, C.; Bucher, G.; Schade, O.; Grote,Zander, WJ. Org. Chem. 2005, 70, 6609-6615.
[34] Kang, Y.-J.; Chung, H.-A.; Kim, J.-J.; Yoon,-¥. Synthesis 2002, 733-738.

27



Highlights

< A divergent synthesis of N-arylbenzimidazoles and N-arylindazoles from
arylamino oximes based on reaction conditions sel ection was devel oped.

<> This switchable hectorcycle formation process features mild reaction conditions,
simple execution, high chemosel ectivity and broad substrate scope.

<> The chemoselectiyity of this synthesis was regulated by the amount of Et3N.
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