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1. Introduction synthesis of amides from aldehydes with amines viasss
dehydrogenative coupling reaction under metal-é@editions is
a more attractive route because it can overcomdrtngbacks of
the expensive, poisonous, and air-sensitive prigsedf metals
or organometallics!™" A variety of metal-free systems, such as
N-heterocyclic carbene-catalyzed redox syst€fistert-butyl
hydroperoxide (TBHP}:™® diacetoxyiodobenzene (DIBJ™®
hydrogen peroxide (#D.),"* and NaOCT" have been developed.
In the above reactions, aliphatic amines are popsudastrates,
but aromatic amines are less explot8t! To date, N-H of
aromatic heterocycles, such as pyrroles, pyrazamsiazoles,
benzimidazoles and indoles used for the cross-debggdative
coupling reaction with aldehydes is rarely investga

The formation of amide bonds is one of the mostifiant
organic reactions, as the structural motif with anligbnds is a
ubiquitous substructure of many biologically relevenolecules,
such as proteins, natural products, pharmaceutiaats synthetic
intermediates. Traditionally, amides are prepared from the
condensation of carboxylic acids with amines, whiemeagally
relies on the use of coupling agéms conversion into more
reactive derivatives (acyl halides or anhydrideslevertheless,
these methods suffer from the use of hazardousxpensive
reagents, instability of activated carboxylic adi@rivatives,
and/or poor atom-efficiency. In the past decadajmber of new
strategies for the construction of amide bonds héeen
developed, such as the modified Staudinger reatt®chmidt N-Acylation of benzimidazoles are important organic
reaction; rearrangement of oximésamidation of nitriles, reactions, because acylation not only can providfficgent
oxidative coupling between alcohols and amihesylation of  protection for benzimidazoles, but alNeacylbenzimidazoles are
amines. aminocarbonylation of alkends, alkynes'’ and generally considered to be mild acylation agents Kimetic
haloarene$’ Mn- and Fe-catalyzed «C bond cleavag¥, and  resolution'® In the past decades, the synthesiblafcyl aromatic
oxidative amidation of aldehydé§Among the emerging amide heterocyclic compounds was mainly through the reastiof
formation methods, the direct oxidative amidatidnatlehydes heterocycles with acyl halides in the presence obase.
with amines is the most elegant atom economic approshich  However, the methods are not environmentally frierzatigl atom
involves C-H activation of aldehydes and N-H actiatof  economical, as they require more than stoichiometmounts of
amines, namely, cross-dehydrogenative couplingima¢CDC).  base and generate halide and/or other wastes. Tdogea more
The CDC reaction is one of the most attractive atmna  environmentally friendly and atom economical route N-
economic synthetic approaches and has been wideljedpin  acylbenzimidazoles from readily available startimgterials is
the C—C and C-heteroatom bond formatibrdost recently, the desirable. Herein, we present our recent results etalifree
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cross-dehydrogenative  coupling of benzimidazoles h wit
aldehydes to N-acylbenzimidazoles. This direct oxidative
coupling of benzimidazoles with aldehydes promotgdiistert-
butyl peroxide (DTBP) generated the correspondirggipctsN-
acylbenzimidazoles in good vyields. The method hasad
aldehyde scope, including aryl, alkenyl and alkgledydes, and

high efficiency (Scheme 1).
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Scheme 1 The direct cross-dehydrogenative coupling of
benzimidazoles with aldehydes

2. Results and Discussion

Our initial efforts focused on the direct couplingtlveen 5,6-
dimethyl-1H-benzoflimidazole (&) and benzaldehyde2d) to
examine suitable reaction conditions and the sedestreening
results were listed in Table 1. Firstly, various daxits were
tested for the proposed reaction using EtOAc as sbbtel10°C
for 15 h (Table 1, entries-T). The oxidant plays an important
role in the reaction, and among examined oxidatit&rt-butyl
peroxide (DTBP) exhibited the highest reactivitythe reaction,
providing 88% vyield of the desired product (5,6-dthyl-1H-
benzoflimidazol-1-yl)(phenyl)methanone3§) (Table 1, entry
1). tert-Butyl hydroperoxide (TBHP) was subsequently inferior
with 84% vyield of3a (Table 1, entry 2). Moderate yield 8&
were obtained usingert-butyl perbenzoate (TBPB), cumyl
hydroperoxide or diacetoxyiodobenzene (DIB) as axiddable
1, entries 35). However, trace amounts 8& were observed in
the presence of cyclohexanone peroxidgH(COO), or H,0,
(Table 1, entries €8). No desired product was detected in the
absence of oxidant. We also surveyed the effesblvient on the
model reaction and toluene was found to be equéfiéctive as
EtOAc (Table 1, entry 9), while GEN, dioxane, @HsCI,
CICH,CH,CI, CH;NO,, NMP, DMSO and DMF resulted in
diminished yields, providing 23-63% yields 8& (Table 1,
entries 10-17). When the reaction was conducted inADM
C,HsOH, THF or CHOCH,CH,OCH;s, no desired product was
obtained (Table 1, entries 18-21). The additio# &f molecular
sieves (50 mg) slightly increased the yield 3& up to 93%
(Tablel, entry 22). For the amount of DTBP used&reaction,
less than 2 equiv of DTBP led to the incompletiorhaf reaction
(Tablel, entry 23). Meanwhile, up to 3 equiv of DTBi#@ not
increase the yield oBa significantly (Tablel, entry 24). The
effect of temperature on the reaction was also sed/end the
results indicated that the yield 8& was not improved when the
reaction temperature was increased to 120 °C (Tablety 25),
but an obviously lower yield was observed when theti@a was
performed at 100 °C (Tablel, entry 26). Thus, tipdintzed
reaction conditions for the reaction were found e MTBP (2
equiv), 4 A molecular sieves (50 mg) in ethyl acetat 110 °C
for 15 h.

o]

o

xidant (2 equiv)

N Solvent (3 mL)
1a : 2a ose @O
3a
Entry Oxidant Solvent Yield(%6)

1 DTBP EtOAc 88
2 TBHP EtOAc 84
3 TBPB EtOAc 63
4 Cumyl hydroperoxide EtOAc 50
5 DIB EtOAC 45
6 Cyﬂg?gﬁggone EtOAC Trace
7 (GHsCOO) EtOAc Trace
8 H,0, EtOAc Trace
9 DTBP Toluene 88
10 DTBP CHCN 63
11 DTBP Dioxane 53
12 DTBP GHsCI 58
13 DTBP CICHCH,CI 60
14 DTBP CHNO, 35
15 DTBP NMP 30
16 DTBP DMSO 27
17 DTBP DMF 23
18 DTBP DMA NR
19 DTBP GHsOH NR
20 DTBP THF NR
21 DTBP CHOCH,CH,0OCH; NR
22 DTBP EtOAC 93
23 DTBP EtOAc 56
24 DTBP EtOACc 93
25 DTBP EtOAc 89
26 DTBP EtOAC 64

# Reaction conditionsta (0.50 mmol),2a (1.0 mmol), oxidant (2.0
equiv.), solvent (3.0 mL), 11T, 15 h, sealed tube, under nitrogen.
P |solated yields® 30% HO, aqueous solutiorf® Addition of 4 A
molecular sieves (50 m§PTBP (1.0 equiv.).'DTBP (3.0 equiv.).
9120°C."100°C.

examined in the reaction with 5,6-dimethy#1
benzofllimidazole (@), and good to excellent yields of the
corresponding products were obtained. Aromatic aldefy
bearing electron-donating groups, such as Me, M8CN-
(CH3)-N, and OCHO, or electron-withdrawing ones including F,
Cl, Br, Ph, Ck, and CQCHjs reacted withla smoothly to afford
the desired corresponding products (Tablgt®m). Apparently,
the reaction is sensitive to steric hindrance agé¢action with 2-
methylbenzaldehyde afforded the corresponding an3idein
lower vyield than with 3-methylbenzaldehyde or
methylbenzaldehyde3b vs 3c and3d). But relatively speaking,
benzaldehyde gave much improved yield of the dégweduct
3athan in the case of substituted benzaldehydesl€Tal3a vs
3b-m). The substrates 2-naphthaldehyde and cinnamaléehy
also displayed good reactivity, affordidgm and 3o in moderate
yields. It is noteworthy that heteroaromatic aldedsydsuch as
picolinaldehyde and thiophene-2-carbaldehyde coestt with
1la and were converted into their corresponding amide32%

4-

The scope of the substrates toward this direct erossaind 63% yields, respectively (Table @p and 3qg). However,

dehydrogenative coupling of benzimidazoles with bydies was
further investigated under the optimized reactionditions, and

Table 1 Optimization of the reaction conditions for the ded
reactionlawith 2a?®

when aliphatic aldehydes, for example 3-methylbutased
heptanal, were tested under the optimized reactmrditons,
only trace amount of products were detected. Gratityi when

10 mol% Cu(OAc)was added, the yields were increased to 50%
and 48%, respectively (Table 3y and3s).

Table 2 Oxidative amidation of aldehydes with benzimidazbles
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# Reaction conditions: benzimidazol&, (0.50 mmol), aldehyde2(
1.0 mmol), DTBP (2.0 equiv), 4 A molecular sievé® (ng) in ethyl

acetate (3.0 mL) at 118C for 15 h, sealed tube, under nitrogén.

Addition of 10 mol% Cu(OAc) © The ratio was determined by4
NMR spectra.

The present reaction conditions were also suitabiettie
reactions of benzaldehyde with other benzimidaz#esong the
methyl-substituted benzimidazoles, no matter whasitjpos,
resulted in high yields of the corresponding prady8a and3u
vs 3t). Especially for the reaction of 2-methyHd
benzofllimidazole with benzaldehyde provided the desired
product in almost quantitative yield3W). Even if bulky 2-
substituted benzimidazoles, such as 2-phehiyl-1
benzofllimidazole, 2-(methylthio)-H-benzof]imidazole and 2-
(thiophen-2-yl)-H-benzof]imidazole, reacted with
benzaldehyde, correspondinly-acyl products3v, 3w, and3x
were isolated in 67%, 77%, and 50% yields, respelgtivOwing
to the tautomerism, when 5-methytbenzofllimidazole was
engaged in the system, the reactions generateditktares of
amides isomers with almost 1:1 ratio, which deterahibg *H
NMR spectra (Table 2y and3y’, 3z and3z’, 3aaand3a'a’).”’
However, no desired product was obtained for thetimreacof 4-
hydroxybenzaldehyde or 4-formylbenzoic acid wity and H-
benzofflimidazole-5-carboxylic acid with 4-methylbenzaldeley
under the present reaction conditions.

To investigate the reaction mechanism, thatedl control
experiments were conducted, as shown in Scheme 2.njo a
product was detected when the reaction d and 4-
methylbenzaldehyd€2d) was carried out in the absence of
oxidant DTPB, and the starting materials were recémn 98%
(Scheme 2, Eq. 1). When 2,2,6,6-tetramethylpipeeidi-oxide
(TEMPO, 2.0 equiv), a radical scavenger, was addedhé
reaction ofla with 2d under the optimized reaction conditions,
the coupling product of acyl radical generated fr@oh with
TEMPO was confirmed by HPLC-HRMS (Scheme 2, Eq. 2, and
S| for detai). It is suggested that TEMPO acts as a radical
scavenger and the reaction involves a radical gscén the
other hand, from Eq. 3 and Eqg. 4 in Scheme 2sd aérified that
the formation of the amidation product is not thgbuhe direct-
cross coupling of the acyl radical from aldehydd #re nitrogen
radical from benzimidazole in the presence of DTBP.

Based on our results and literattfe possible mechanism
for this reaction was proposed in Scheme 3. Injtidlomolysis
of DTBP gave thdert-butoxy radical. The formedert-butoxy
radical abstracted H from aldehyde to generate dihesponding
acyl radicalA, which was further oxidized kigrt-butoxy radical
to afford acyl catiorB.”® Finally, the desired amidation product
was formed through a nucleophilic reaction of amine
(benzimidazole) to intermediak

o

Y - @*“
H

1a 2d

N DTBP (2 equiv)
)ij: \> + H TEMPO (2 equiv) Eq.2
H EtOAc, 110°C
1a 2d

Trapping radical !

EtOAc, 110°C No Reaction !

Eq. 1
Without DTBP

1a and 2d were
recovered in 98%.

HPLC-HRMS detected !
DTBP (2 equiv)

N X
j@ S TEMPO (2 equiv) No Reaction ! Eq.3
N EtOAc, 110°C 1a was recoveredin 97%. o
1a Trapping radical !
o .
DTBP (2 equiv)

TEMPO (2 equiv)
EtOAc, 110°C

o)
_N

Trapping radical ! HPLC-HRMS detected !

Scheme ZThe related control experiments
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3. Conclusions

In conclusion, we have developed a novel and efficie
method for the preparation ®f-acylbenzimidazolesia cross-
dehydrogenative coupling of benzimidazoles with hjdies in
the presence of dert-butyl peroxide under metal-free
conditions. Compared to previously known approachtés,
simplicity of this procedure and the generally Satitory yields
make this method particularly attractive. In aduitithe method
has broad aldehyde scope, including aryl, alkemd alkyl
aldehydes and high efficiency. The presence ofiersie range of
substituents and functional groups in benzimidazoknd
aldehydes also opens an opportunity to acquire mather
derivatives. Further studies on the mechanisticaildetand
expansion of the scope of the reaction are cugremtierway in
our laboratory.

4. Experimental section

All reactions were carried out undep BtmosphereH NMR

dimethyl-1H-benzofllimidazol-1-yl)(phenyl)methanone3§, 116
mg, 93% yield).

(5,6-Dimethyl-1H-benzof]imidazol-1-yl)(phenyl)methanone
(3a): Yellow solid, mp 90.492.9 °C. 'H NMR (400 MHz,
CDCly): 6 = 8.09 (s, 1H), 7.99 (s, 1H), 77B77 (m, 2H),
7.68-7.65 (m, 1H), 7.587.54 (m, 3H), 2.40 (s, 3H), 2.39 (s, 3H);
®¥C NMR (100 MHz, CDGJ)): § = 167.0, 142.4, 135.0, 134.2,
133.1, 132.9, 130.5, 129.4, 128.9, 120.5, 115.65,220.3. IR
(KBr, cm™): 1700 ¢c-o). HRMS (ESI) ([M+HT): Calcd. for
CieH15N20: 251.1184. Found 251.1181.

(5,6-Dimethyl-1H-benzold]imidazol-1-yl)(o-tolyl)methanone
(3b): Yellow solid, mp 83.684.9 °C. '"H NMR (400 MHz,
CDCly): 8 = 8.00 (s, 1H), 7.84 (s, 1H), 7.58 (s, 1H), #B29
(m, 1H), 7.457.43 (m, 1H), 7.397.34 (m, 2H), 2.42 (s, 3H),
2.41 (s, 3H), 2.39 (s, 3H)C NMR (100 MHz, CDG): & =
167.6, 142.8, 142.3, 136.6, 135.1, 134.3, 133.3,4,3131.3,
127.8, 126.0, 120.6, 115.7, 20.5, 20.3, 19.4. IRr(nY): 1706
(Ve=0). HRMS (ESI) ([M+H]): Calcd. for G;H;/N,O: 265.1341.
Found 265.1338.

(5,6-Dimethyl-1H-benzof]imidazol-1-yl)(m-tolyl)methanone
(3c): Yellow oil. *H NMR (400 MHz, CDC)): & = 8.09 (s, 1H),
8.00 (s, 1H), 7.59 (s, 1H), 7.57.55 (m, 2H), 7.487.42 (m, 2H),
2.45 (s, 3H), 2.41 (s, 3H), 2.39 (s, 3H)C NMR (100 MHz,
CDCly): 8 = 167.2, 142.5, 139.0, 134.9, 134.2, 133.7, 133.1,
130.5, 129.9, 128.7, 126.6, 120.4, 115.6, 21.35,220.3. IR
(KBr, cm™): 1696 {c-o). HRMS (ESI) ([M+H]): Calcd. for
C,7H7N,0: 265.1341. Found 265.1339.

(5,6-Dimethyl-1H-benzo[]imidazol-1-yl)(p-tolyl)methanone
(3d): White solid, mp 134.3135.0 °C. '"H NMR (400 MHz,
CDCly): 8 = 8.10 (s, 1H), 7.97 (s, 1H), 7.68 (0= 8.0 Hz, 2H),
7.56 (s, 1H), 7.34 (d] = 8.0 Hz, 2H), 2.46 (s, 3H), 2.39 (s, 3H),
2.38 (s, 3H);"*C NMR (100 MHz, CDCJ): 6 = 167.0, 143.9,
1425, 142.4, 134.8, 134.0, 130.5, 130.2, 129.8.6,2120.4,
115.6, 21.6, 20.5, 20.3. IR (KBr, ¢ 1699 {c-c). HRMS
(ESI) ([M+H]"): Caled. for GHN,O: 265.1341. Found
265.1335.

(5,6-Dimethyl-1H-benzod]imidazol-1-yl)(4-methoxyphenyl)

and**C NMR spectra were measured on a Bruker Avance NMRnethanone (3e):Yellow solid, mp 140.3142.6 °C. H NMR

spectrometer (400 MHz or 100 MHz, respectively) withQI;
as solvent and recorded in ppm relative to
tetramethylsilane standard. The peak patterns ratizated as
follows: s, singlet; d, doublet; t, triplet; m, mplet; g, quartet.
The coupling constants], are reported in Hertz (Hz). High
resolution mass spectroscopy data of the product weltected

(400 MHz, CDCY): § = 8.14 (s, 1H), 7.94 (s, 1H), 7.80 (U= 8.0

internaHz, 2H), 7.58 (s, 1H), 7.05 (d,= 7.6 Hz, 2H), 3.92 (s, 3H), 2.41

(s, 3H), 2.40 (s, 3H)*C NMR (100 MHz, CDGJ)): 5 = 166.4,
163.6, 142.5, 142.4, 134.7, 134.0, 132.0, 130.5.012120.4,
115.4, 114.3, 55.6, 20.5, 20.3. IR (KBr, ¢n 1688 {c-o).

HRMS (ESI) ([M+H]): Calcd. for G;H;7;N,O,: 281.1290, Found
281.1294.

on an Agilent Technologies 6540 UHD Accurate-Mass Q-TOF

LC/MS (ESI) or a Waters Micromass GCT instrumen) (El

Typical procedure for the cross-dehydrogenative coupling of
benzmidazoles with aldehydes to N-acylbenzimidazoles

A sealable reaction tube equipped with a magneticestbar
was charged with 5,6-dimethyHtbenzofiflimidazole (0.50
mmol, 73 mg), benzaldehyde (1.0 mmol, 106 mg)edibutyl-
peroxide (1.0 mmol, 146 mg), 4 A molecular sieve3 iffg) and
ethyl acetate (3.0 mL). The rubber septum was thplaced by a
Teflon-coated screw cap, then the reaction mustoleruN and
the reaction vessel placed in an oil bath at AQ0After stirring
the mixture at this temperature for 15 h, it wasleddo room
temperature and diluted with ethyl acetate then wdstith 0.5

(5,6-Dimethyl-1H-benzofd]imidazol-1-yl)(4-fluorophenyl)
methanone (3f):White solid, mp 126.5127.7°C."H NMR (400
MHz, CDCL): & = 8.06 (s, 1H), 7.91 (s, 1H), 78879 (m, 2H),
7.55 (s, 1H), 7.267.22 (m, 2H), 2.38 (s, 3H), 2.37 (s, 3HiC
NMR (100 MHz, CDCJ): § = 165.8, 165.5 (dJ = 254.1 Hz),
142.4,142.0, 135.0, 134.3, 132.1Jd; 9.2 Hz), 130.4, 129.2 (d,
J = 3.3 Hz), 120.5, 116.3 (d,= 22.1 Hz), 115.5, 20.4, 20.2. IR
(KBr, cm™): 1702 ¢c-0). HRMS (ESI) ([M+HT): Calcd. for
Ci6H14FN,O: 269.1090. Found 269.1086.

(4-Chlorophenyl)(5,6-dimethyl-1H-benzold]imidazol-1-yl)
methanone (3g): White solid, mp 165.2166.3 °C. 'H NMR
(400 MHz, CDC}): 6 = 8.09 (s, 1H), 7.95 (s, 1H), 7.74 (b= 8.4
Hz, 2H), 7.58 (s, 1H), 7.56 (d,= 8.4 Hz, 2H), 2.41 (s, 3H), 2.40

mmol/L NaOH aqueous solution (5.0 mLx3), dried over by(s, 3H);**C NMR (100 MHz, CDGJ): § = 165.9, 142.3, 142.0,
MgSQ,. After the solvent was removed under reduced pressur135.2, 134.5, 131.3, 130.9, 130.3, 129.3, 128.®.5,2115.6,

the residue was purified by column chromatographgitica gel
(hexane/EtOAc, 4:1 to 6:1) to afford the desired pobd(5,6-

20.5, 20.3. IR (KBr, ci): 1701 ¢c-o). HRMS (ESI) ([M+H]):
Calcd. for GgH14CIN,O: 285.0795. Found 285.0799.



(4-Bromophenyl)(5,6-dimethyl-1H-benzo[d]imidazol-1-yl)
methanone (3h): White solid, mp 185.5186.2 °C. 'H NMR
(400 MHz, CDC}): 6 = 8.05 (s, 1H), 7.95 (s, 1H), 7.72 b+ 8.4
Hz, 2H), 7.66 (dJ = 8.4 Hz, 2H), 7.57 (s, 1H), 2.40 (s, 3H), 2.3
(s, 3H);*°C NMR (100 MHz, CDC)): 6 = 166.0, 142.5, 141.9,
135.2, 134.5, 132.3, 131.8, 130.9, 130.3, 128.D.6,2115.6,
20.5, 20.3. IR (KBr, ci): 1703 {c-o). HRMS (ESI) ([M+H]):
Calcd. for GgH1.BrN,O: 329.0290. Found 329.0285.

(5,6-Dimethyl-1H-benzod]imidazol-1-yl)(4-(trifluoromethyl)
phenyl)methanone (3i): Yellow solid, mp 186.3187.7°C. 'H
NMR (400 MHz, CDC}): 8 = 7.99 (s, 1H), 7.96 (s, 1H), 7.89 (d,
J = 8.0 Hz, 2H), 7.84 (d] = 8.4 Hz, 2H), 7.55 (s, 1H), 2.40 (s,
3H), 2.39 (s, 3H);"®C NMR (100 MHz, CDG)): & = 165.7,
142.5, 141.7, 136.4, 135.3, 134.7, 134.5)(¢,32.9 Hz), 130.2,
129.7, 126.0 (gJ = 3.7 Hz), 123.3 (g9J = 271.2 Hz), 120.6,
115.6, 20.4, 20.2. IR (KBr, ci): 1706 {c-0). HRMS (El)
(IM]"): Calcd. for G;H,5F:N,0: 318.0980, Found 318.0976.

Methyl 4-(5,6-dimethyl-1H-benzo[d]imidazole-1-
carbonyl)benzoate (3j): White solid, mp 1914191.5°C. *H
NMR (400 MHz, CDCJ): & = 8.25 (d,J = 8.0 Hz, 2H), 8.04 (s,
1H), 8.00 (s, 1H), 7.86 (d, = 8.0 Hz, 2H), 7.60 (s, 1H), 4.00 (s,
3H), 2.43 (s, 3H), 2.42 (s, 3H)C NMR (100 MHz, CDG)): & =
166.2, 165.7, 142.6, 141.9, 136.9, 135.3, 134.61.0,3130.3,
130.1, 129.3, 120.7, 115.7, 52.6, 20.5, 20.3. IRr(Kkm™): 1731
(ve=0). HRMS (ESI) ([M+H]): Calcd. for GgH;/N,O5: 309.12309,
Found 309.1237.

Biphenyl-4-yl(5,6-dimethyl-1H-benzo[d]imidazol-1-yl)
methanone (3k): White solid, mp 186.9187.0 °C. '"H NMR
(400 MHz, CDC}): 6 = 8.17 (s, 1H), 8.03 (s, 1H), 7.88 (5 8.0
Hz, 2H), 7.79 (dJ = 8.0 Hz, 2H), 7.67 (d] = 7.6 Hz, 2H), 7.60
(s, 1H), 7.537.49 (m, 2H), 7.467.42 (m, 1H), 2.43 (s, 3H), 2.41
(s, 3H);°C NMR (100 MHz, CDGJ)): 5 = 166.8, 145.9, 142.6,
142.3, 139.4, 135.0, 134.2, 131.6, 130.5, 130.B.01,2128.5,
127.5, 127.3, 120.5, 115.7, 20.5, 20.3. IR (KBr,”$m1692
(Ve=0). HRMS (ESI) ([M+HT): Calcd. for G,H;gN,O: 327.1497,
Found 327.1496.

(5,6-Dimethyl-1H-benzo[d]imidazol-1-yl)(4-(dimethylamino)
phenyl)methanone (3l): Yellow solid, mp 197.4199.3°C. 'H
NMR (400 MHz, CDC}): & = 8.21 (s, 1H), 7.90 (s, 1H), 7.74 (d,
J = 8.8 Hz, 2H), 7.58 (s, 1H), 6.73 @= 9.2 Hz, 2H), 3.09 (s,
6H), 2.40 (s, 3H), 2.39 (s, 3H)C NMR (100 MHz, CDG)): & =
166.5, 153.6, 142.6, 142.4, 134.3, 133.4, 132.3,.0,3120.2,
118.6, 115.3, 111.0, 40.0, 20.5, 20.2. IR (KBr, §m1675
(ve=0). HRMS (ESI) ([M+H]): Calcd. for GgH,oN;O: 294.1606,
Found 294.1601.

Benzo(d][1,3]dioxol-5-yl(5,6-dimethyl-1H-benzo[]imidazol-
1-yl)methanone (3m): Yellow solid, mp 187.9188.7 °C. 'H
NMR (400 MHz, CDCJ): & = 8.13 (s, 1H), 7.92 (s, 1H), 7.56 (s,
1H), 7.35-7.33 (m, 1H), 7.28 (s, 1H), 6.96.93 (m, 1H), 6.10 (s,
2H), 2.40 (s, 3H), 2.39 (s, 3H)IC NMR (100 MHz, CDG)): § =
166.0, 151.9, 148.3, 142.5, 142.3, 134.8, 134.D.613126.6,
125.6, 120.4, 115.4, 109.8, 108.3, 102.2, 20.£2.2R. (KBr, cm

"): 1681 fc-0). HRMS (ESI) ([M+HT): Calcd. for GH;sN,0s:
295.1083, Found 295.1082.

(5,6-Dimethyl-1H-benzo[]imidazol-1-yl)(naphthalen-2-yl)
methanone (3n): Yellow solid, mp 155.6156.7 °C.'H NMR
(400 MHz, CDC}): 4 = 8.28 (s, 1H), 8.18 (s, 1H), 8.04 (s, 1H),
8.02-7.99 (m, 1H), 7.967.93 (m, 2H), 7.857.83 (m, 1H),
7.68-7.60 (m, 3H), 2.42 (s, 3H), 2.41 (s, 3HJC NMR (100
MHz, CDCL): 6 = 167.1, 142.6, 142.5, 135.2, 135.0, 134.2,
132.2, 130.9, 130.6, 130.2, 129.1, 129.0, 128.8,.9,2127.4,
125.1, 120.5, 115.7, 20.5, 20.3. IR (KBr, ¥m 1699 {c-o).
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HRMS (ESI) (IM+H]): Calcd. for GiH;/N,0O: 301.1341, Found
301.1341.

(E)-1-(5,6-Dimethyl-1H-benzo[d]imidazol-1-yl)-3-
phenylprop-2-en-1-one (30):White solid, mp 222+7223.9°C.

'"H NMR (400 MHz, CDCJ): & = 8.46 (s, 1H), 8.12 (s, 1H),
8.09-8.05 (m, 1H), 7.687.67 (m, 2H), 7.58 (s, 1H), 7.48 (s, br,
3H), 7.23-7.19 (m, 1H), 2.43 (s, 3H), 2.39 (s, 3HJC NMR
(100 MHz, CDC)): & = 162.8, 148.4, 142.5, 139.9, 135.0, 134.1,
133.8, 131.3, 130.2, 129.1, 128.6, 120.5, 116.8,8.20.5, 20.2.
IR (KBr, cmi™): 1702 {c-0). HRMS (ESI) ([M+HT): Calcd. for
CygH17N0: 277.1341, Found 277.1341.

(5,6-Dimethyl-1H-benzof]imidazol-1-yl)(pyidin-2-yl)

methanone (3p): Yellow solid, mp 128.9130.0°C.'H NMR
(400 MHz, CDCY): & = 9.27 (s, 1H), 8.79 (d] = 4.4 Hz, 1H),
8.26 (d,J = 8.0 Hz, 1H), 8.19 (s, 1H), 8.60.96 (m, 1H),
7.60-7.57 (m, 2H), 2.43 (s, 3H), 2.40 (s, 3HJC NMR (100
MHz, CDCk): 6 = 164.0, 150.5, 148.7, 144.0, 141.8, 137.6,
134.7, 134.2, 130.7, 127.0, 126.4, 120.4, 116.45,290.2. IR
(KBr, cm™): 1685 {c-0). HRMS (ESI) ([M+H]): Calcd. for
CysH14N50: 252.1137, Found 252.1133.

(5,6-Dimethyl-1H-benzold]imidazol-1-yl)(thiophen-2-yl)
methanone (3q): Yellow solid, mp 132.5133.7 °C. "H NMR
(400 MHz, CDC)): 6 = 8.42 (s, 1H), 7.97 (s, 1H), 7.80 (- 5.2
Hz, 1H), 7.76 (dJ = 3.2 Hz, 1H), 7.57 (s, 1H), 7.28.23 (m,
1H), 2.41 (s, 3H), 2.39 (s, 3H}JIC NMR (100 MHz, CDG)): =
159.9, 142.4, 141.5, 135.9, 135.0, 134.28, 134123,0, 130.6,
128.1, 120.5, 115.5, 20.5, 20.3. IR (KBr, On 1677 {c-o).
HRMS (ESI) ([M+H]): Calcd. for G,Hi3N,OS: 257.0749,
Found 257.0748.

1-(5,6-Dimethyl-1H-benzofd]imidazol-1-yl)-3-methylbutan-1-

one (3r): Yellow solid, mp 78.380.3°C. '"H NMR (400 MHz,
CDCly): 6 = 8.26 (s, 1H), 8.02 (s, 1H), 7.52 (s, 1H), 2830
(m, 2H), 2.392.33 (m, 7H), 1.08 (d] = 6.8 Hz, 6H);°C NMR
(100 MHz, CDC}): 6 = 169.7, 142.3, 140.2, 135.0, 133.8, 129.9,
120.4, 115.8, 44.5, 25.4, 22.5, 20.4, 20.1. IR (KBn'): 1724
(ve=0). HRMS (ESI) ([M+H]): Calcd. for GsH;gN,O: 231.1497,
Found 231.1493.

1-(5,6-Dimethyl-1H-benzof]imidazol-1-yl)heptan-1-one (3s):
Yellow oil. '"H NMR (400 MHz, CDCJ): & = 8.29 (s, 1H), 8.01
(s, 1H), 7.53 (s, 1H), 2.95 @,= 7.6 Hz, 2H), 2.38 (s, 3H), 2.36
(s, 3H), 1.881.81 (m, 2H), 1.4#1.41 (m, 2H), 1.381.33 (m,
4H), 0.92-0.89 (m, 3H);"*C NMR (100 MHz, CDGJ)): 5 = 170.4,
142.2, 140.2, 135.1, 133.8, 129.8, 120.4, 115.8,38..4, 28.7,
24.3, 22.4, 20.4, 20.1, 13.9. IR (KBr, @n 1698 {c-0). HRMS
(ESI) ([M+H]"): Caled. for GeH,aN,O: 259.1810, Found
259.1810.

(1H-benzo[]imidazol-1-yl)(phenyl)methanone (3t)*° Yellow
solid, mp 71.#72.8°C."H NMR (400 MHz, CDC}): § = 8.21 (s,
1H), 8.19-8.17 (m, 1H), 7.847.79 (m, 3H), 7.767.66 (M, 1H),
7.59-7.56 (m, 2H), 7.467.40 (m, 2H);"*C NMR (100 MHz,
CDCL): & = 167.0, 144.0, 143.0, 133.1, 132.9, 132.1, 129.5,
129.0, 125.7, 125.2, 120.5, 115.4. IR (KBr, §m1699 {c-o).

(2-Methyl-1H-benzofd]imidazol-1-yl)(phenyl)methanone
(3u):® Yellow solid, mp 83.384.7 °C. 'H NMR (400 MHz,
CDCL): & = 7.757.74 (m, 2H), 7.767.66 (m, 2H), 7.547.50
(m, 2H), 7.257.23 (m, 1H), 7.08 (&) = 7.6 Hz, 1H), 6.816.78
(m, 1H), 2.70 (s, 3H)*C NMR (100 MHz, CDGJ): § = 168.6,
153.1, 142.4, 133.9, 133.8, 133.4, 129.8, 129.(3.912123.6,
119.4, 113.3, 17.0. IR (KBr, ci): 1705 ¢c-o).

Phenyl(2-phenyl-H-benzo[]imidazol-1-yl)methanone (3v)*’
White solid, mp 147.3149.8°C."H NMR (400 MHz, CDC)): 5
= 7.89 (d,J = 8.0 Hz, 1H), 7.70 (dJ = 7.2 Hz, 2H), 7.627.60



(m, 2H), 7.527.46 (m, 2H), 7.447.37 (m, 1H), 7.357.27 (m,

6H); °C NMR (100 MHz, CDCJ): & = 169.1, 154.0, 142.9,
134.9, 134.0, 133.1, 130.5, 130.4, 129.8, 129.8.7,2128.3,

124.6, 124.4, 120.2, 113.1. IR (KBr, €0 1702 ¢c-0).

(2-(Methylthio)-1H-benzo[d]imidazol-1-
yl)(phenyl)methanone (3w): White solid, mp 121.6122.7 °C.
'H NMR (400 MHz, CDC)): § = 7.73-7.71 (m, 2H), 7.687.63
(m, 2H), 7.537.49 (m, 2H), 7.23 () = 7.6 Hz, 1H), 7.01 (] =
7.6 Hz, 1H), 6.726.70 (m, 1H), 2.72 (s, 3H)*C NMR (100
MHz, CDCL): & =
129.5, 128.8, 124.2, 122.8, 118.4, 113.4, 15.6(KBr, cm_l):
1698 (c-0). HRMS (ESI) ([M+H): Calcd. for GgH;sN,OS:
269.0749, Found 269.0753.

Phenyl(2-(thiophen-3-yl)-H-benzo[d]imidazol-1-yl)

methanone (3x): Yellow solid, mp 124.6124.9°C.'H NMR
(400 MHz, CDC)): 6 = 7.86-7.84 (m, 1H), 7.787.76 (m, 2H),
7.62-7.58 (m, 1H), 7.457.41 (m, 2H), 7.387.33 (m, 2H),
7.27-7.23 (m, 3H), 6.926.90 (m, 1H);"*C NMR (100 MHz,

CDCly): & = 169.0, 147.9, 142.7, 134.9, 134.4, 132.8, 132.0,

130.6, 130.0, 129.0, 128.9, 127.5, 124.5, 124.0,0212.7. IR
(KBr, cm™): 1706 {c0). HRMS (EI) (IM]"): Calcd. for
C1gH12N,0S: 304.0670, Found 304.0675.

(5-Methyl-1H-benzo(d]imidazol-1-yl)(phenyl)methanone and
(6-methyl-1H-benzo[d]imidazol-1-yl)(phenyl)methanone (3y
and 3y’) (1:1 ratio): White solid."H NMR (400 MHz, CDC)): &
= 8.16 (s, 1H), 8.12 (s, 1H), 8:68.03 (m, 2H), 7.797.77 (m,
4H), 7.76-7.65 (m, 3H), 7.61 (s, 1H), 7.58.54 (m, 4H),
7.26-7.23 (m, 2H), 2.51 (s, 3H), 2.50 (s, 3HJC NMR (100

MHz, CDCk): § = 167.1, 166.9, 144.3, 143.1, 142.6, 142.0,

136.0, 135.2, 133.07, 133.06, 133.03, 132.9, 13A6,1, 129.5,
129.4, 128.9, 127.0, 126.6, 120.4, 119.9, 115.5,9.21.8, 21.5.
HRMS (ESI) ([M+H]): Calcd. for GsH;sN,O: 237.1028. Found
237.1032.

(5-Methyl-1H-benzo(d]imidazol-1-yl)(p-tolyl)methanone and

(6-methyl-1H-benzod]imidazol-1-yl)(p-tolyl)methanone  (3z

and 3z’) (1:1 ratio): White solid."H NMR (400 MHz, CDCJ): &

= 8.17 (s, 1H), 8.13 (s, 1H), 8:6200 (m, 2H), 7.697.67 (m,

5H), 7.59 (s, 1H), 7.35.34 (m, 4H), 7.247.21 (m, 2H), 2.50 (s,
3H), 2.49 (s, 3H), 2.46 (s, 6H)C NMR (100 MHz, CDG)): & =

167.1, 166.9, 144.3, 144.08, 144.06, 143.1, 14,1, 135.8,
135.0, 132.4, 130.17, 130.14, 130.0, 129.74, 1291720.6,

126.8, 126.5, 120.3, 119.8, 115.4, 114.8, 21.&%,211.5. HRMS
(ESI) ([M+H]): Calcd. for GgHN,O: 251.1184. Found
251.1188.

(4-Methoxyphenyl)(5-methyl-1H-benzod]imidazol-1-yl)
methanone and (4-methoxyphenyl)(6-methylHi-
benzofd]imidazol-1-yl)methanone (3aa and 3a’a’) (1:1 ratij
White solid."H NMR (400 MHz, CDCJ): & = 8.21 (s, 1H), 8.17
(s, 1H), 7.997.97 (m, 2H), 7.867.78 (m, 4H), 7.69 (dJ = 8.0
Hz, 1H), 7.61 (s, 1H), 7.25.22 (m, 2H), 7.057.03 (m, 4H),
3.91 (s, 6H), 2.51 (s, 3H), 2.50 (s, 3HJC NMR (100 MHz,

CDCly): 6 = 166.5, 166.3, 163.69, 163.67, 144.3, 143.1,4,42.

142.1, 135.7, 134.9, 132.5, 132.1, 132.0, 130.5.8,2126.4,
124.95, 124.91, 120.3, 119.8, 115.2, 114.7, 118536, 21.8,
21.5. HRMS (ESI) ([M+H]): Calcd. for GgH1sN,O,: 267.1134.
Found 267.1135.
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1. Effect of radical scavenger®

N, 7 DTBP (2 equiv) :Ej::\>
:©:N> * ©)LH CH,COOC,Hs, 110°C, 15 h ©/§O
H
Entry TEMPO (mol%) Yield (%
1 0 93
2 10 60
3 20 54
4 30 55
5 50 48
6 100 27
7 200 trace
8 300 0

& Reaction conditions: benzimidazole (0.50 mmotjehlyde (1.0 mmol), DTBP (1.0
mmol), 4 A molecular sieves (50 mg), TEMPO (amdudicated in the above Table),
sealed tube, 11TC, under N, 15 h.

I Yields of isolated products after flash chromatqdy.

2. HPLC-HRM S of TEM PO with aldehyde

[M+H] = C47H;,NO,

9 N Exact Mass: 276.1964
(0 Molecular Weight: 276.3938
m/z: 276.1964 (100.0%), 277.1997 (18.4%), 278.2031 (1.6%)

Elemental Analysis: C, 73.87; H, 9.48; N, 5.07; O, 11.58
Chemical Formula: C47H,5NO,

Calculated: [M+H] = 276.1964, Found: [M+H] = 276.1957

«10 7 [+ES| Scan (0.245 min) Frag=180.0V demo3.d
14 * 140.1440
0.8
0.67 *276.1857
0.4-
D2+ 172.1690 244.1903
0 1 | 2002009 | | 3192874 384.3219

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Counts vs. Mass-to-Charge (m/z)



3.'"H NMR and **C NMR spectra
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