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1. Introduction benzimidazoles from DMF and-phenylenediamines attracted

- . . . our attention because using DMF as 6ource could be
Benzimidazoles are ubiquitous motifs, which haventbu .4 sidered as the indirect utilizing of O

practical applications in a humber of fields sushsgnthesis of

natural products and biologically active molecuiealso, As one of the most effective polar solvents for wasi
benzimidazoles are important intermediates in §mhesis of chemical reactionsN,N-dimethylformamide has been employed
pharmaceutical compounds such as antimicrobial comgs, as a widely utilized reactant in organic transfoioret such as
anthelmintic and antipsychotic drugs, antiulcer amdicancer formylation, amination, and cyanation reactiohsA few
agents (Fig. 15 Many synthetic procedures for the synthesis ofapproaches have been reported to form benzimidézsteDMF
benzimidazoles frono-phenylenediamines were reported. For

example, a condensation reaction betwegyhenylenediamine 7\

and carboxylic acid or their derivatives to forrmbinidazoles is N= O ¥
the most popular methd@Many kinds of aldehydes, alcohols or N, C4H9

orthoesters are utilized to generate benzimidazofesthe " OQN%S\\O ©: /%NH ©: )—Qj
presence of various catalysts in oxidative condifd Using ¢ H

CO, as G block for the synthesis of organic compouds i ati Omeprazole Benlate Thiabendazole
long-standing goal, and many cyclization ofo-

phenylenediamines by GOto construct benzimidazoles was N\NH >\—0Me
reported” N,N-dimethylformamide (DMF) can be easily HN N NH, /©: P—NH
synthesized from CQwith dimethylamine in the presence of H NH, H s

and suitable catalyst.Also, DMF or its derivatives are efficient DB921 Albendazole
reagents for the synthesis of benzimidazoles witt2- 1, Fig. 1. Biologically active molecules containing benzimidiezmoiety.
diaminobenzene (Scheme 1, 4The synthesis of

OCorresponding author. e-mail: weiliu@ntu.edu.cn [\, e-mail: wsun@licp.cas.cn (W. S.)
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>R Table 2 Scope of cyclization af-phenylenediamines with

NH, DMF.2
+ DMF
NH,

SiCly, EtsN

DCM, reflux PhSiH ‘ AN N\
% |1 + M3 a0
NH JOL . H e XH o 120°C, 12h Fls x>
S ? L SR heat or MWI NN 1 2a 3a-0
R CJ\NH2 : 24 in 10 mL 70% HCI RV‘@N/%R 2 X = S. NH or NMe
A Zn(OAG), 24,0 J entry substrate product 3(’(',2')9
- + Bk LS L
R’ O\NHQ oMF PMHS, 120°C, 18 h R N/> TR N/> 3) N
N XH B(CqFs)a EtzSiH, S 1 @[NHQ 1 a CEH\> 3 a 95
R‘@[Nm Lo 0y 120G, 240 RIT__ N/> 4 NH, N
N 2 I oW 82
F N 1 F H 3b
b. This work NH, /@[N\>
XH 0 . 3 80
s SN . zk o PhSiH, I X . /©: - N
s NH, R 23 12006 R @N/%R 5) Br NH 1C i NH 3c
X =S NHorNMe up to 85% 4 j@ D[ \> 58
Scheme 1 Synthesis of benzimidazoles frasphenylenediamines and DMF. v, 1d F N 3d
and 1,2-dimethylamine. Treatment ofphenylenediamine with c N,
DMF and 2.5 equivalents of Sigh refluxing CHCI, to provide S :@: :@[N> 72
benzimidazole was reported by Bourguignon, but theas only NH: ]e c H 3e
one example in moderate yield (Scheme 1, e(*Kamble and N
co-workers reported an flexible method to form berdazole 6 /©: N> 89
from o-phenylenediamine and DMF, but a large amount of N 1f ON A 3f
concentrated hydrochloric acid (70%) was used is fhocess N
(Scheme 1, eq. 2" Recently, Bhanage and Liu also reported the 7 /@[ /CEN> 88
preparation of benzimidazole derivatives from DMK am NH: 1g Ne H 39
phenylenediamines in the presence of hydrosilidr,in their N
report, metal catalyst Zn(OAePH,O or additive B(GFs); and 8 /@: N> 73
CO, were necessary, respectively (Scheme 1, eq. 3)ait'n NH, 1 H 3h
a continuation of our ongoing research on the ®gith of N
valuable benzimidazole compound$we fortunately found an 9 N> 61
efficient protocol for the synthesis of benzimidizofrom o- 1 g
phenylenediaminesand DMF derivatives employing PhSils NH, N
the only promoterwithout any other catalysts or additives under 1g ;@: :@[ S 50
metal-free conditions (Scheme 1, b). NH 1] N 3
Table 1 Optimization of reaction conditioris. NH, N
NH, o . N 1 ~ /@E ~ /C[N> 41
©: . HXN/ hydorosmcon @[ \> o NH> 1K o) N 3k
NH, ‘ 120°C,12h N N
1a 2a 3 . 12 @[ \> 31
entry hydrosilicon  equivT (°C)time (h) yield(%) N\ 3
1 PhSiH 4 120 12 95
_ 13 CL \> 46
2 PhSiH, 4 120 12 12 NH 1M N 3m
3 PhSiH 4 120 12 trace 14 @[ @EN\ 83
4  (CH),PhSIH 4 120 12 trace st 1n s 3n
. # The reactions were carried out in a heavy walsguee tube witia (0.4
5 (CHCHO)SIH 4 120 12 NR mmol) and PhSiki(1.6 mmol) in 1 mL DMF at 12€C for 12 h.
® |solated yields.
6 PMHS' 4 120 12 trace
7 PhSiH 3 120 12 85 2. Results and discussion
8 PhSiH 0 120 12 NR Inmally,_ we began our studies by investigating the
condensation reaction of commercially available-
9 PhSiH 4 100 12 21 phenylenediaminesa with DMF 2a. To our delight, when
) PhSiH, was employed, the reaction afforded the desired
10 PhSiH 4 120 10 81

# The reactions were carried out in a heavy walsguee tube witia (0.4
mmol) and hydrosilicon in 1 mL DMF.
PIsolated yields® NR = No reaction® PMHS = Polymethylhydrosiloxane.

benzimidazole3a in 95% yield at 120 °C after 12 h (Table 1,
entry 1). With this preliminary and intriguing résin hand, we
turned to extensively screen a series of hydrasibc Various
hydrosilicons were tested under the same conditeuch as

PhSiH,, PhSiH, (CH),PhSiH, (CHCH,O);SiH and PMHS
(Table 1, entries 2-6). The results showed that vilhemeaction



0 PhSiH,

NH, /U\ N NH; H
120°C,12h 0 . 1..Ph @[ NH, " _Ph
©: + BTN — \> 0 PhSiH; oS NH, @[ oS
NH, K N HOONT -H PN N—A -
3a \ H™ N Hy f N
1a 2b | |
69% yield 1 I
PhSiH3 ' o H
NH [0} _ f NH
+ N/ - + =/ \ N H
N -H N=( N ) N
NH, \ H m H H 3a
1a 2 30 v
71% yield Scheme 4 A plausible mechanism for the formation of benziaziole from o-
NH, o PhSiH, y phenylenediamine and DMF.
/@[ + )kN/ 120°C, 12h /@[ \% the reaction of differerl-substituted formamides includimgN-
02N NH, \ O,N N diethylformamide and\,N-dimethylacetamide. To our delight,
1 2 3p both of them could serve as good cyclization pastiie readily
58% yield access the benzimidazole or 2-methyl-benzimidaolehigh

Scheme 2 The reaction with DMF derivatives.

yields (Scheme 2).

was promoted by BBiH,, it afforded the desired product in a
lower yield along with most of the starting materieggovered elucidating the mechanism of the synthesis of beiuzzoles
after 12 h (Table 1, entry 2), while §8H, (CH),PhSiH, from o-phenylenediamines and DMF derivatives, and some
(CH3;CH;0);SiH and PMHS were ineffective in promoting the control experiments were conducted (Scheme 3). At, five
reaction (Table 1, entries 3—6). Further optimmatshowed that thought that the reaction should generate acylateimediate,
reducing the amount of PhSjldecreased the yield of compound and the acylated intermediate dehydrated to form
3a (Table 1, entry 7). The reaction did not occur ltirathe  benzimidazoles. So we performed the reaction of N-(2
absence of PhSiH(Table 1, entry 8). Lowering reaction aminophenyl)acetamide with PhSiHo test our thought, but
temperature or shortening reaction time led todiderease in the whether in DMF or without solvent, the reaction did vocur
yield of benzimidazol@a (Table 1, entries 9 and 10). (Scheme 3, a). Then we tried to shorten the reatiioe to 6 h

o . the standard condition in order to find out whas been
Under the optimized conditions, we proceeded to egploe " . . .
P ’ P pl formed during the reaction, and we tested the mextom H

scope ofo-phenylenediamines, and the results are shown iteTab - L
2. The o-phenylenediamines bearing electron-donating and [(;Il\fl_Rh?nd ETMtS ashsoo? asdt_he reaction (\j/va? Emsheo%u‘lfol
withdrawing groups were tolerated well under the reacti elight»substrateophenylenediamine), product benzimidazole

conditions, affording the desired benzimidazolesnioderate to and the intermediaté were found in Fhe mixture (Scheme 3, b,
good yields (Tablegz, entries 1-11). It was notewpottiat the Fig S1 and S2, Supporting Information). To our krenge, the

electron properties and steric hindrance of thestiwient groups simillar cqmpoun(f; could cycl?ze. in the presence of silica gel or
on the pﬁenr;l ring played an important role in tbacti%n.o}? acle7t|c acid to fqrm the ben2|m|dazo!e der|vat|ﬁe$’>‘chen_1e_3,
Phenylenediamines containing electron-withdrawing ugso c). sowe cofns@er ttk:at C.O’T‘dpou'?d*?'g*r‘]‘ g0 tm(g% a_3|m|lar
provided the desiretienzimidazoles in better yields than those ofrOUte to transfer mto ENZIMIdazole in the pre OQS'H' At
electron-donating groups (Table 2, entries 2, 8n& 7 vs entries Ia;t,o-phenyl_enedlamlne and DMF were heateq at L2r 6 h
8 and 11). The 4,5-disubstituted-1,2-diamine showess without PhS”d to_test whether the |n'germed|atb could be_
reactivity in comparison with that of 4-monosubgsti+1,2- formed ywth.ou'g PhSikl and no reaction took pIace._ This
dimine and gave corresponding products in relakive yields _observan_on indicated that PhSild necessary for construction of
(Table 2, entries 4 and 10 vs entries 2 and\B3ubstituteds- intermediatet.
phenylenediamine could also generate the correspgpmedoduct
3l, although inferior yield was obtained probably owittgits  formation of benzimidazole frora-phenylenediamine and DMF
steric hindrance (Table 2, entry 12). In additithg heterocyclic  is depicted in Scheme 4. Firstly, DMF was activatgdhSiH,
compound Im could tolerate and afford the correspondingto affordl and a Si-O bond was formé&tiNext, the intermediate
product 3m in 46% yield (Table 2, entry 13). 2- | cooperated with 1,2-diaminobenzene to form the aamgll,
Aminobenzenethiol was also compatible, efficientigyiding3n  one silanol left and the compountl was formed?® *° which
in 83% vyield (Table 2, entry 14). Then, we turnedéhicestigate could be detected by HRMS arfth NMR. Afterwards, the
NHg ontr & witrout et intermediatd V was formed by intermolecular cyclization of the
J_ o+ PhsiHg trace (@ compoundlll in the present of PhSiHand one molecule of
N HNMe, was removed and the product benzimidaz&dewas

After an exploration of the substrate scope, we fedusn

On the basis of this finding, a plausible mechanfsmthe

‘ afforded"’
NH, g PhSiH N NN
@[ R @[N) + @[ T 3. Conclusions
NH; | 120°C,6h N NH;
1a NMe, sa 4 In summary, a simple method for the synthesis of
N=( silica gel or acetic acid N benzimidazoles fromo-phenylenediamines and DMF using
@[ZH NMez — —————— Z\%NMez © PhSiH as the only promotor is reported. Azabenzimidazole,
5 6 705N benzothiazoles and 2-substituted benzimidazoles also
e performed in good yields. This work presents a simgyistem to
NH; i 120°C. 6h synthesize benzimidazoles under mild condition.sThiethod
@[NH T n T/ — ~ NR C)] has wide substrate scope, providing moderate to kighs.
2

Besides, NMR characterization and HRMS also gave dunis

Scheme 3 Control experiment. ; )
for proposed mechanism. Future studies are undetwdylly
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acquire the role of PhSiHand to build new systems for Yellow solid (53.8 mg, 72%); Spectral data3g 'H NMR

synthesizing heterocyclic compounds. (400 MHz, DMSOd) 6 12.75 (s, 1H), 8.34 (s, 1H), 7.87 (s, 2H).

, 3¢ NMR (100 MHz, DMSOd,) 6 144.8, 124.3. HRMS (ESI)
4. Experimental calcd for GHsCILN, [M+H]* 186.9824, found: 186.9829.
4.1.General information 4.8.6-Nitro-1H-benzo[d]imidazole3f)***

All reagents and reactants were obtained from comialerc  Yellow solid (58.0 mg, 89%); Spectral data3ff '"H NMR
sources and used without further purification. Anloydr (400 MHz, DMSO€g) § 13.14 (s, 1H), 8.58 (s, 1H), 8.53 (s, 1H),
solvents were stored in the desiccator. All reactiovsre  8.14 (dJ= 8.8 Hz, 1H), 7.79 (d] = 8.8 Hz, 1H).13C NMR (100
monitored by TLC with GF254 silica gel coated platBlash  MHz, DMSO4d) J 146.8, 142.9, 142.6, 117.6, 115.6, 111.6.
column chromatography was carried out by using 200-mesh  HRMS (ESI) calcd for @gNsO, [M+H]™ 164.0455, found:
silica gel.'H NMR and **C NMR spectra were recorded on a 164.0457.

Bruker Avancéll NMR spectrometer (400 MHz) in CDLor L . 20
DMSO<d, internally referenced to tetramethylsilane (TMS) o 4-9-1H-benzo[d]imidazole-6-carbonitrile3g)
CDCl; (DMSO-dg) signals. Chemical shifts are reported in ppm  \yhite solid (50.4 mg, 88%); Spectral data3sf H NMR

and coupling constants))(in Hz. All substrates are known (400 MHz, DMSO-¢)  12.95 (s, 1H), 8.48 (s, 1H), 8.17 (s, 1H)

compounds and prepared according to the literature. 7.76 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 8.4 Hz, T¥0. NMR (100
4.2.General procedure for the synthesis of benzimidaZ8tes MHz, DMSO-d) § 145.3, 125.4, 120.1, 103.8. HRMS (ESI)
3p) from dimethylaminelé-1n) and DMF2a (2b-2c). calcd for GHgN3 [M+H] ™ 144.0556, found: 144.0562.

P 14a
A mixture of 1a (1b-1n, 0.4 mmol) and PhSiH©@8 uL, 1.6  4-10.6-Methyl-1H-benzo[d]imidazolest)
mmol) in N,N-dimethylformamide2a (2b-2c, 1 mL) was stirred Yellow solid (38.5 mg, 73%): Spectral data3f: 'H NMR

at 120°C for 12 h. When the reaction was completed, the(400 MHz, Chloroformd) 6 10.39 (s, 1H), 8.09 (s, 1H), 7.56 (s
resulting mixture was extracted with ethyl acetateehtimes. 1H), 7.45 kS 1H), 7.11 (s, 1H), 2 47’ (s 3’ﬁ§; NMR, (106 MHz '
The combined organic layer was washed by NaCl aqueoysy o otormd) 5 140.6, 137.6, 136.4, 132.9, 124.5, 115.6, 114.9,

solution and dried over anhydrous ,8@), after which the 21.8. HRMS (ESI) calcd for &N, [M+H]" 133.0760, found:
solvent was removed under reduced pressure. Théueesvas 133.0760 '

purified by column chromatography on silica gel wgistroleum
ether and ethyl acetate (6:1-1:2) to give the spoeding 4.11.7-Methyl-1H-benzo[d]imidazoles)***

product3a (3b-3p). ) 1
o ia Yellow solid (32.2 mg, 61%); Spectral data 3f "H NMR
4.3.1H-benzo[d]imidazole3a) (400 MHz, Chloroformd) ¢ 9.69 (s, 1H), 8.13 (s, 1H), 7.49 @,
= 8.4 Hz, 1H), 7.20 () = 7.2 Hz, 1H), 7.10 (d] = 7.2 Hz, 1H),

Yellow solid (44.8 mg, 95%); Spectral data3i 'H NMR 5 &5 “3/1130 MR (100 MHz. Chiorofornt) 6 140.4, 137.8,
(400 MHz, Chloroformd) 5 9.16 (s, 1H), 8.14 (s, 1H), 7.68 &, 137 0 126.0, 123.4, 123.1, 112.7, 17.3. HRMS (E8lxd for

= 2.8 Hz, 2H), 7.31 () = 3.2 Hz, 2H).”C NMR (100 MHz, < \\'\ TM+H1*133.0760. found- 133.0758
Chloroformd) 6 140.6, 137.6, 123.2, 115.7. HRMS (ESI) calcd O Nz [M+H]" 133.0760, found: 133.0758.

for C;H;N, [M+H] *119.0604, found: 119.0603. 4.12.5,6-Dimethyl-1H-benzo[d]imidazol&jj***

4.4, 6-Fluoro-1H-benzo[d]imidazole3p)*** Yellow solid (29.2 mg, 50%): Spectral data 3 ‘H NMR
Yellow solid (44.6 mg, 82%); Spectral data3if: ‘H NMR (24:)0 ;\4:62@0?3;?;‘8%@&; ?188 I(\jHi-H():h?ocr)gfo(rsrrd%Hé)lzlg% (s,

(400 MHz, Chloroforme) 6 9.13 (s, 1H), 8.16 (s, 1H), 7.58 (d, 136’5 1391 115.6. 20.5. HRMS (ES)) calcd fogHGN,

= 8.8, 4.8 Hz, 1H), 7.32 (dd, = 8.8, 1.2 Hz, 1H), 7.05 (td, = [M+H]’+147 0917, found: 147.0919

8.8, 1.2 Hz, 1H)*C NMR (100 MHz, Chlorofornd) 6 159.9 (d, ' ’ T '

J=237.6 Hz), 141.9, 137.7 (= 13.6 Hz), 134.5, 116.4 (d=  4.13.6-Methoxy-1H-benzo[d]imidazol&8K)***

10.3 Hz), 1116 (d) = 25.5 Hz), 101.6 (d] = 25.8 Hz). HRMS | o .
(ESI) caled for GHFN, [M+H] *137.0510, found: 137.0509. vellow solid (24.3 mg, 41%); Spectral data®f: 'H NMR
(400 MHz, Chloroformd) ¢ 9.38 (s, 1H), 8.05 (s, 1H), 7.56 (#,

4.5.6-Bromo-1H-benzo[d]imidazole¢)*** = 8.8 Hz, 1H), 7.10 (d] = 1.6 Hz, 1H), 6.93 (dd] =8.8, 1.6 Hz,
1H), 3.82 (s, 3H)**C NMR (100 MHz, Chlorofornd) 6 157.0,

H . 1
vellow solid (63.1 mg, 80%); Spectral datadsf H NMR 1,45 1373 1323 116.5, 113.3, 97.6, 56.0. HRES) calcd
(400 MHz, Chloroformd) & 8.55 (s, 1H), 8.15 (s, 1H), 7.82 (S, tor C{1.N,O [M+H]" 149.0709, found: 149.0711.,
1H), 7.53 (dJ = 8.4 Hz, 1H), 7.40 (d] = 8.8 Hz, 1H)*C NMR ’
(100 MHz, Chloroformd) ¢ 141.7, 139.0, 136.7, 126.4, 118.6, 4.14.1-Methyl-1H-benzo[d]imidazole3()

116.8, 116.2. HRMS (ESI) calcd for #BrN, [M+H]" , 1
. Yellow solid (16.4 mg, 31%); Spectral data 3f "H NMR
196.9709, found: 196.9714.
. o " (400 MHz, Chloroformd) ¢ 10.39 (s, 1H), 8.09 (s, 1H), 7.56 (s,
4.6.5,6-Difluoro-1H-benzo[d]imidazole3() ™™ 1H), 7.45 (s, 1H), 7.11 (s, 1H), 2.47 (s, 3HT NMR (100 MHz,
. Chloroformd) ¢ 140.6, 137.6, 136.4, 132.9, 124.5, 115.6, 114.9,
Yellow solid (34.5 mg, 56%); Spectral data3sf: ‘H NMR +H1 .
(400 MHz, DMSOdy) 5 12.67 (s, 1H), 8.29 (s, 1H), 7.65 Jt= %'386;'6?'\/'5 (ESH) caled for #l,N, [M+H] " 133.0760, found:
8.4 Hz, 2H),*C NMR (100 MHz, DMSOd) § 147.9 (d,J = ' '
16.7 Hz), 1455 (dJ = 16.6 Hz), 144.1, 103.0. HRMS (ESI) 4.15.3H-imidazo[4,5-c]pyridine §m)
caled for GHsFN, [M+H]* 155.0415, found: 155.0421. . 1
Yellow solid (21.9 mg, 46%); Spectral data3vh: "H NMR

4.7.5,6-Dichloro-1H-benzo[d]imidazole3¢)*** (400 MHz, DMSO#d) o 8.94 (s, 1H), 8.39 (s, 1H), 8.30 (s, 1H),
7.59 (s, 1H)°C NMR (100 MHz, DMSOd) 6 144.3, 141.2,

1l4a

1l4a



139.8, 109.4. HRMS (ESI) calcd forgldsN; [M+H] " 120.05586,
found: 120.0555.

4.16.Benzo[d]thiazole gn)**

Light yellow liquid (44.8 mg, 83%); Spectral data 3f: 'H
NMR (400 MHz, Chloroformd) 6 8.99 (s, 1H), 8.15 (d] = 7.6
Hz, 1H), 7.96 (dJ) = 7.2 Hz, 1H), 7.52 (t) = 6.8 Hz, 1H), 7.44
(t, J= 7.2 Hz, 1H).*C NMR (100 MHz, Chlorofornd) ¢ 154.0,
153.3, 133.8, 126.3, 125.6, 123.7, 122.0. HRMS (ESl¢d for
C;HoNS [M+H]" 136.0215, found: 136.0221.

4.17.2-Methyl-1H-benzo[d]imidazole36)*

Yellow solid (37.5 mg, 71%); Spectral data3tf ‘H NMR
(400 MHz, Chloroformd) ¢ 8.58 (s, 1H), 7.56 (s, 2H), 7.23 (s,
2H), 2.66 (s, 3H)*C NMR (100 MHz, Chlorofornd) 6 151.4,
138.4, 122.4, 114.6, 15.0. HRMS (ESI) calcd fgiHg, [M+H] "
133.0760, found: 133.0766.

4.18.2-Methyl-6-nitro-1H-benzo[d]imidazolesg)*

Yellow solid (41.1 mg, 58%); Spectral data3g: ‘H NMR
(400 MHz, Chlorofornd) ¢ 8.35 (d,J = 2.0 Hz, 1H), 8.05 (dd]
= 8.8, 2.4, Hz, 1H), 7.62 (d, = 8.8 Hz, 1H), 2.56 (s, 3HJ’C
NMR (100 MHz, Chloroformd) ¢ 156.7, 142.1, 117.2, 113.8,
111.3, 14.9. HRMS (ESI) calcd forgdsN;O, [M+H] " 178.0611,
found: 178.0612.

4.19.Spectral data of the intermediate

Spectral data of: '"H NMR (400 MHz, Chlorofornd) ¢ 7.76
(d,J=7.6 Hz, 1H), 7.54 (s, 1H), 7.44 @z 6.8 Hz, 1H), 7.36 (t,
J=7.2 Hz, 2H), 6.86 (t] = 7.2 Hz, 2H), 4.79 (N,, s, 2H), 3.01
(NCHs, s, 6H).*C NMR (100 MHz, Chloroform-d) 152.9,
1405, 134.7, 128.0, 123.5, 118.9, 118.1, 77.4. HRMSI)
calcd for GHyN; [M+H]* 164.1182, found: 164.1177.
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