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Synthesis of 2-Substituted Benzimidazoles Catalyzed by
Cyclic Phosphoric Acid
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Abstract In the presence of cyclic phosphoric acid, a series of 2-substituted benzimidazoles were synthesized by the
reaction of o-phenylenediamine and aldehyde in tetrahydrofuran at room temperature. The influence of different catalysts,
catalyst amount and solvent were investigated, the optimal reaction conditions were obtained and a possible mechanism was
proposed. The reaction has the virtue of simple operation, mild reaction condition, high yield and environment friendliness.
Keywords o-phenylenediamine; aldehyde; cyclic phosphoric acid; benzimidazole
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1 WL
1.1 UE5RF

P I E AT ] WRS-1B BUEC 705 miAX, i ERE
OF; AR A 3% (400 MHZz)RI% 1% (100 MHz)K ] 56
[¥ Varian 247 INOVA-400 MHz B4R 0 2,
DMSO-d, 5%, CDCl; 45, TMS K W br. BT 24 i Ak
IR o pr A, BRORHEE . IE T E A AN AR R
T B B AT H.

1.2 2-BUREFFIKIE 3a~3w BIE R

¥ 0.5 mmol 22K %, 0.5 mmol EEFT 3 mL PUZHE
W (THE)MA 25 mL JMNIEH, SRE A 10 mol%fift
F. EULFBEER N, TLC Wi, 3 R 2 45 1k
SRV, ZERIE . LIRVEGE BT B oy 5, BT 1S EIAR Y
(1) H bR =4

2-(4-F 2R FH)-1H-ZK K M (3a): [ 8 [ 44, m.p.
291 ~292 C (1it" 290 “C); '"H NMR (400 MHz,
DMSO-dg) d: 12.99 (s, 1H), 8.19 (d, J=8.6 Hz, 2H),
7.76~7.48 (m, 4H), 7.32~7.14 (m, 2H); C NMR (100
MHz, DMSO-ds) d: 150.0, 134.4, 129.0, 128.9, 128.0,
122.2.

2-(4- 1 HE)-1H-Z5 FE 0k M (3b): 4 7% € [ 44, mup.
273~274 C (1it!"! 276~277 “C); '"H NMR (400 MHz,
DMSO-d) d: 12.80 (s, 1H), 8.07 (d, J=8.1 Hz, 2H), 7.64
(d, J=7.0 Hz, 1H), 7.51 (d, J=6.8 Hz, 1H), 7.37 (s, 1H),
7.35 (s, 1H), 7.19 (s, 2H); *C NMR (100 MHz, DMSO-d;)
9: 151.3, 143.7, 139.4, 134.8, 129.4, 127.3, 126.3, 122.2,
121.4,118.6, 111.1, 20.9.

2-(4-FR ALY - 1H- R IR K M (3e): 6 ] 44, mup.
281~283 C (lit*" 279 C); 'H NMR (400 MHz,
DMSO-dy) 6: 12.57 (br s, 1H), 10.07 (br s, 1H), 8.02 (d,
J=8.0 Hz, 2H), 7.54 (s, 2H), 7.16 (s, 2H), 6.93 (d, J=7.2
Hz, 2H); *C NMR (100 MHz, DMSO-dj) J: 159.1, 151.7,
128.0, 121.5, 120.9, 115.6.

2-(4- R )-1H- 2 IR WK e (3d): 1 €4 [ 44, mup.
252~254 C (1lit!" 250 C); 'H NMR (400 MHz,
DMSO-dy) 8: 12.93 (s, 1H), 8.25~8.20 (m, 2H), 7.60 (s,
2H), 7.44~7.37 (m, 2H), 7.23~7.18 (m, 1H); *C NMR
(100 MHz, DMSO-d) 6: 164.2, 161.7, 150.3, 128.6 (d, J=
9 Hz), 126.7 (d, J=3 Hz), 115.9 (d, J=21 Hz).

2-(4- FHAAE R IR ) -1 H- DR IF K M (3e): v o €0 [ 4,
m.p. 224~226 C (lit."*" 224 C); '"H NMR (400 MHz,
CDCl3-DMSO-dg) d: 12.74 (s, 1H), 8.15~8.09 (m, 2H),
7.55 (s, 2H), 7.20~7.14 (m, 2H), 7.14~7.08 (m, 2H),
3.84 (s, 3H); C NMR (100 MHz, CDCl;-DMSO-d;) o:
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160.5, 151.2, 143.8, 134.8, 127.9, 122.6, 121.9, 121.3,
118.4,114.2,110.9, 55.2.

2-(3-fif 9 )-1H-ZK 10k M (36): 35 €6 [ 44, m.p. 213
C (1it.?* 210~212 “C); "H NMR (400 MHz, DMSO-dj)
: 13.30 (s, 1H), 9.04~9.01 (m, 1H), 8.65~8.60 (m, 1H),
7.85 (t, J=8.0 Hz, 1H), 7.73 (d, J=6.9 Hz, 1H), 7.60 (d,
J=6.0 Hz, 1H), 7.27 (s, 2H); “C NMR (100 MHz,
DMSO-dg) d: 148.9, 148.2, 143.5, 134.9, 132.3, 131.6,
130.5, 124.0, 123.1, 122.0, 120.7, 119.1, 111.6.

2-(3- R R H)-1H- 2K HF K M (3g): M 8 [l 4K, m.p.
259~261 C (lit" 264 C); 'H NMR (400 MHz,
DMSO-dg) d: 13.04 (s, 1H), 8.39~8.36 (m, 1H), 8.21~
8.16 (m, 1H), 7.72~7.65 (m, 2 H), 7.57~7.48 (m, 2H),
7.28~7.17 (m, 2H); *C NMR (100 MHz, DMSO-dj) o:
149.5, 143.5, 134.9, 132.3 (d, J=3 Hz), 131.1, 128.8,
125.3,122.8, 121.8, 119.0, 111.4.

2-(2- FHAR R )-1H- 2R IR 0K M (3h): 1 ¢4 [ 44, mup.
180~182 °C (lit.” 178~181 ‘C); "H NMR (400 MHz,
CDCLy) d: 10.70 (br s, 1H), 8.61 (dd, J=7.8, 1.8 Hz, 1H),
7.67 (br s, 2H), 7.45~7.41 (m, 1H), 7.29~7.24 (m, 2H),
7.15 (td, J=17.9, 1.0 Hz, 1H), 7.07 (d, J=8.4 Hz, 1H), 4.08
(s, 3H); *C NMR (100 MHz, CDCl;-DMSO-dj) J: 156.5,
148.9, 130.8, 129.5, 121.5, 120.6, 117.9, 111.3, 55.3.

2-(2- FIL)- 1 H-ZE K e (3i): (A 4K, m.p. 203~
205 C (it 199~202 C); 'H NMR (400 MHz,
CDCl3-DMSO-d) d: 12.39 (br, s, 1H), 7.71 (d, J=7.4 Hz,
1H), 7.62~7.56 (m, 2H), 7.39~7.30 (m, 3 H), 7.22~7.16
(m, 2H), 2.62 (s, 3H); *C NMR (100 MHz, CDCls-
DMSO-dg) d: 151.8, 136.8, 130.8, 130.0, 129.3, 128.9,
125.4, 121.5, 20.7.

2- IR HE-1H-ZE T K M (35): A8 44, mp. 287 C
(1it."! 288 “C); '"H NMR (400 MHz, DMSO-d) J: 12.92
(s, 1H), 8.22~8.15 (m, 2H), 7.75~7.65 (m, 1H), 7.58~
7.47 (m, 4 H), 7.25~7.17 (m, 2H); *C NMR (100 MHz,
DMSO-dg) d: 151.1, 143.7, 134.9, 130.1, 129.7, 128.8,
126.3, 122.4,121.5, 118.8, 111.2.

2-(2,4- " EURIE)- 1 H-ZEIE R M (3K): (04K, mup.
227~228 C (lit®' 227 “C); '"H NMR (400 MHz,
CDCly) 6: 12.99 (br s, 1H), 8.39 (d, J=8.6 Hz, 1H), 7.69
(s, 1H), 7.51 (s, 1H), 7.40 (d, J=8.4 Hz, 1H), 7.37~7.29
(m, 2H); C NMR (100 MHz, CDCl3) J: 147.9, 143.0,
1349, 134.6, 133.1, 132.5, 129.7, 128.7, 127.5, 122.8,
121.7, 119.0, 111.7.

2-(2-Z5FL)-1H-ZE K 31): (A 4K, m.p. 267~
269 C (1it." 270 C); '"H NMR (400 MHz, DMSO-d;)
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J: 13.04 (s, 1H), 8.38~8.36 (m, 1H), 8.21~8.17 (m, 1H),
7.75~7.64 (m, 3H), 7.59~7.48 (m, 3H), 7.29~7.16 (m,
3H); “C NMR (100 MHz, DMSO-dy) J: 149.5, 143.5,
1349, 132.3 (d, J=3 Hz), 131.1, 128.8, 125.2, 122.8,
122.1,121.8, 118.9, 111.4.

2- U T R H-ZE K (3m): (4 B4, m.p.>300
C(1it.* 321~323 C); '"H NMR (400 MHz, CDCl;-
DMSO-dy) 6: 7.53~7.46 (m, 2H), 7.14~7.09 (m, 2H),
1.46 (s, 9H); *C NMR (100 MHz, CDCl;-DMSO-dy) o:
161.9, 144.2, 134.5,122.1, 120.8, 119.1, 110.3, 32.9, 29.0.

2-FE-1H-ZR KM (3n): A A [l 44, mp. 156 C
(1it.*" 156~157 ‘C); '"H NMR (400 MHz, CDCl;) ¢:
10.00 (br s, 1H), 7.58~7.53 (m, 2H), 7.25~7.20 (m, 2H),
2.95 (t, J=7.4 Hz, 2H), 1.91 (q, J=7.4 Hz, 2H), 1.00 (t,
J=17.4 Hz, 3H); “C NMR (100 MHz, CDCl;) é: 155.4,
138.5,122.0, 114.6, 31.2,21.7, 13.9.

2-7R L HE-TH-RIFIK M (30): ([ 44, m.p. 189 C
(1it.** 187~189 °C); 'H NMR (400 MHz, CDCl;) J: 9.87
(br s, 1H), 7.57~7.51 (m, 2H), 7.27~7.23 (m, 2H),
7.23~7.16 (m, 2H), 7.14~7.10 (m, 2H), 3.27~3.21 (m,
2H), 3.21~3.14 (m, 2H); *C NMR (100 MHz, CDCl) ¢:
153.9, 140.4, 138.1, 128.7, 128.3, 126.5, 122.4, 114.6,
34.3,31.2.

2-FR -1 H-ZRFEKME3p): A EA, mp. 277~
278 C (lit* 282~283 “C); '"H NMR (400 MHz,
CDCly) d: 7.60~7.51 (m, 2H), 7.24~7.19 (m, 2H),
2.98~2.88 (m, 1H), 2.20~2.13 (m, 2H), 1.80~1.62 (m,
3H), 1.48~1.23 (m, 3H); *C NMR (100 MHz, CDCl) ¢:
158.7, 137.8, 122.3, 114.7, 38.5, 31.8, 26.0, 25.8.

5- P2 DR BE-1H- 2R K M (3q): I [ 4, mup.
239~240 C (1it”” 240 C); '"H NMR (400 MHz,
DMSO-dy) 6: 12.77 (d, J=15.7 Hz, 1H), 8.16 (d, J=7.1
Hz, 2H), 7.58~7.49 (m, 3H), 7.49~7.44 (m, 1H), 7.44~
7.30 (m, 1H), 7.08~7.00 (m, 1H), 2.44 (s, 3H); °C NMR
(100 MHz, DMSO-dg) 6: 150.5, 141.8, 135.0, 130.1, 129.5,
128.8, 126.1, 123.9, 123.1, 118.3, 110.9, 21.2.

2-(4- SR HL)-5- R L H- 28 35k e 3r): A (0, [ 44
m.p. 222~223 C (1it?Y 225~228 C); '"H NMR (400
MHz, DMSO-dg) d: 12.69 (s, 1H), 8.17 (d, J=8.7 Hz, 2H),
7.62 (d, J=8.7 Hz, 2H), 7.50 (d, J=7.9 Hz, 1H), 7.39 (s,
1H), 7.04 (d, J=8.2 Hz, 1H), 2.43 (s, 3H); *C NMR (100
MHz, DMSO-dy) d: 149.7, 134.1, 131.4, 129.1, 128.9,
127.9, 123.7.

5- - 2-FOR BV H-R I EIK e (3s): T EREA, mup.
180~182 C (lit.*" 190~191 °C); '"H NMR (400 MHz,
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CDCly) d: 10.42 (br s, 1H), 8.05 (d, J=8.2 Hz, 2H), 7.47
(d, J=8.2 Hz, 1H), 7.33 (s, 1H), 7.11 (d, J=8.1 Hz, 2H),
7.02 (d, J=8.2 Hz, 1H), 2.39 (s, 3H), 2.29 (s, 3H); "°C
NMR (100 MHz, CDCly) o: 152.4, 140.1, 139.0, 137.9,
132.5,129.7, 127.3, 126.8, 124.2, 115.0, 114.4,21.7, 21 4.

5,6- — F L 2- KL -1 H- 2R K M (3t): 1 £ ] 4,
m.p. 251~253 C (lit®? 253~254 “C); '"H NMR (400
MHz, DMSO-dg) d: 12.63 (br s, 1H), 8.12~8.16 (m, 2H),
7.56~7.51 (m, 2H), 7.50~7.44 (m, 1H), 7.37 (s, 2H),
2.33 (s, 6H); *C NMR (100 MHz, DMSO-d;) d: 150.2,
130.4, 130.3, 129.3, 128.7, 126.1, 19.9.

2-(4-F IR IE)-5,6- — F L1 H- R FEIKME(Bu): [ ([
&, mp. 259~261 C (1it"?*! 259~263 C); 'H NMR
(400 MHz, DMSO-d;) d: 12.69 (br s, 1H), 8.15 (dt, J=9.0,
2.5 Hz, 2H), 7.60 (dt, J=8.6, 2.5 Hz, 2H), 7.37 (s, 2H),
2.33 (s, 6H); *C NMR (100 MHz, DMSO-d;) &: 149.1,
133.9, 130.7, 129.2, 128.8, 127.8.

5,6- " F I 2- FH RS- 1 H- 2R IR M) 00 [ 44K
m.p. 240~241 C (1it"?* 244 C); '"H NMR (400 MHz,
DMSO-dg) d: 12.54 (br s, 1H), 8.03 (d, J=8.2 Hz, 2H),
7.37~7.31 (m, 4H), 2.38 (s, 3H), 2.32 (s, 6H); *C NMR
(100 MHz, DMSO-d) 6: 150.4, 139.0, 130.2, 129.3, 127.6,
126.0,20.8, 19.9.

5-GF e -2- IR - L H- 2R FE K M (Bw): 2 [ 44, mup.
159~160 C (1it.* 147~149 °C); "H NMR (400 MHz,
DMSO-d) 6: 8.47 (d, J=2.0 Hz, 1H), 8.22~8.19 (m, 2H),
8.12 (dd, J=8.8, 2.2 Hz, 1H), 7.76 (d, J=8.9 Hz, 1H),
7.61~7.56 (m, 3H); *C NMR (100 MHz, DMSO-dj) o:
155.6, 142.6, 130.9, 129.0, 128.8, 126.8, 117.9.

2 #R5HE
2.1 PIEEMIRIE

Fifs Hbrb &4 3a~3w 2855, '"H NMR F1 °C
NMR 5 307, UESE T BT H Astb & 438 5 Sk o
HHEARE. LAY 3a A6 mp.h 291~292 C, X
BR[19]3RIE h 291~293 C; £ 'H NMR 43#7, 24k
S 12.99 AbWR g Ky side SR H b 1, KU
(N—H) ISP R, 2= 0% 6 8.19~7.14 il
P I 5 S — R R B 2 % 0, S5 N 8 A,
HEMBECH 9, TFENAED 2-(4-FRIE)-1 H-ZK IR K
& AN, 4 PC NMR 2308, iR b &AM I ()
PR E S ZE A3 % LTk, (& 3a s
Mt 5L L8556, RFISERIAED R Hbr b
“Y).
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22 REEHBMHL
221 MEARFAR KT R 697500

M, CADYSRmE R A, SOVINRLA 6 h,
I EA 10 mol%IE Il T, 42T 5 MAFfEAL 70
RV IFIFM(Eq. 1). g5 1, 45508, AR 5 Fhi
TR R AR AT P, (BT 4a HIMELRRE B
F(F 1, Entry 1). X FHEAFAR 4, ZET LR
AT AT HEAN ], AL ORI ) A s 1
=R R 1, Entries 1~4). BEZEMY & %K BER
5 0F I s N ARAT SR I A, 8% L 2R AL K
AUl 25 PR A 2y Rt B S LA AGTE P, WOk da RN S
J8 2-BAR IR I 10K M f e A4 7).

NH,
(;I + OHC cl
NH
1 2 )
N
o0
N
3
Ar
N o 99
-
orh »

_P
‘ Tyt
Ar'
4
4a: Ar' = 4-CH3C6H4802 5
4b: Ar' = 4-H3COC6H4SOZ
4c: Ar' = CgH5SO,
4d: Ar' = 4-N02C6H4SOZ
R RFEHEA IR =350 @
Table 1 Effects of different catalysts on reaction yield

Cat. (10 mol%)

- =

THF, r.t.

Entry Cat. Time/h Yield”/%
1 4a 6 97
2 4b 6 90
3 4c 6 84
4 4d 6 62
5 5 6 88

“ Reactions were carried out in 3 mL of THF at room temperature with 10
mol% of catalyst, using o-phenylenediamines (0.5 mmol) and 4-chloroben-
zaldehyde (0.5 mmol). * Isolated yields after silica gel column chromatogra-
phy.

222 FEALF A B3R 67 R
FAAAEE, CADYS A R 50, 5T e A
SRRV, g5 2. ATLUE Y, e
A 10 mol%Mf, F=Zn] =ik 97%(3K 2, Entry 1), 1M
15 4a HIE R 5 mol% A IAELL I, =2 BB FEAIG
(3% 2, Entries 2, 3). FrLA, ARSI E LTI EN 10
mol% X fi 88 [ N AT 5.
223 BRI R 6 R A
AR, LL10 mol% AL FIFH &, HET
Et,0, DCM, EtOH, CH;CN, 1,4- 4 /NFFF1 THE/H,0 %

2184 http://sioc-journal.cn/
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Table 2 Reaction conditions evaluation for 2-substituted ben-
zimidazoles synthesis

Entry Cat. loading Solvent Time/h Yield®/%
1 10 mol% THF 6.0 97
2 5 mol% THF 6.0 77
3 — THF 6.0 44
4 10 mol% THF 3.5 83
5 — THF 35 29
6 10 mol% Et,O 6.0 67
7 10 mol% DCM 6.0 65
8 10 mol% EtOH 6.0 81
9 10 mol% CH;CN 6.0 50
10 10 mol% 1,4-Dioxane 6.0 74

11 10mol% WTHF): V(H,0)=1:1 60 76

© 2012 Chinese Chemical Society & SIOC, CAS

“ Reactions were carried out in 3 mL of solvent at room temperature with
catalyst 4a, using o-phenylenediamines (0.5 mmol) and 4-chlorobenzaldehyde
(0.5 mmol).” Isolated yields after silica gel column chromatography.

TN NI, 45 0 W3R 2, Entries 1, 6~11. 1L
t, PUSRRAE RIS, =288 97%, 1fiAESAb I 7]
o, RN PR AR B A, DR, ARSI s DU SR IR Ok
BT A R NV

R DL BRI, RN R N AT N AR
AR, HEALF] 4a FIEH 10 mol%, 572k THF, TLC
PREZ NI S N AT R, e IO I R), T L7 iR
Fe 7 1) 2-HUAR IR IR e i
2.3 RNERYIMEEEFR

TESARAT RN AAE R, BATINS 12 5 0 1 87 i 4
ITTWITE, @WK 3. NSEI 45 LT LUE H, SR
FREEI 5 7 A RER) 15 482K — jeibAT O, I DA
= A3 B H MG Y. D53 BRI i 72808 %
MM /N, ANGE TR 3 A F - AR AR A R
MRV E R A Y. A, 2,4- 5K ISR 2- 25
WS REF IR, 540K e N A BESRAFAR I 1) = 2
(3 3, Entries 11, 12). 534b, TMNIEHEE T AFALE K
HUAREE XS I N s, 4 R BH, BURIE A 0] e b
PSR, SEaG 25 AR, g D7 et nT DLEATIX K
Z U BN, H5 5 FREAR LG, JL7 2 0 PR
(% 3, Entries 13~16). fi, AT AN FBARABA
HEHEAT TAIESE, RIS 5505 A B AT I, LA i)
7 AAF R ARBK (K 3, Entries 17~23).
2.4 RNHIFE

LERT NP SRE IR I XUy fit (8 14 B . 1 i il
b, AR T Bronsted FRFI Lewis B bl fEALHLEE
(Scheme 1). i i 10 Job S0 B8 ) BN VG AL AR 2R R RIS, 4K
JEiE A T S SRR AT SRR IR Y, B 25— 431K
REaE 4, RIGERER AR E N R A1
WML A — G 2 H b &4 6.
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Table 3  Synthesis of 2-substituted benzimidazoles under catalysis of cyclic phosphoric acid

NH
A 2 Cat. 4a (10 mol% XN
L reae S, O
= THF, r.t. Z N

NH, N

2
1 3
Entry R! R’ Product Time/h  Yield”/% m.p./C Lit./'C Ref.
1 H 4-C1-C¢H, 3a 6.0 97 291~292 290 [19]
2 H 4-CH;-CgH, 3b 6.0 91 273~274 276~277  [19]
3 H 4-HO-CgH, 3¢ 6.0 83 281~283 279 [21]
4 H 4-F-C¢H, 3d 6.0 81 252~254 250 [19]
5 H 4-MeO-C¢H, 3e 6.0 84 224~226 224 [19]
6 H 3-NO,-CeH, 3f 6.0 88 213 210~212  [22]
7 H 3-Br-C¢H, 3g 6.0 81 259~261 264 [19]
8 H 2-MeO-C¢H, 3h 6.0 82 180~182 178~181  [23]
9 H 2-Me-CH, 3i 6.0 80 203~205 199~202  [24]
10 H CeHs 3j 6.0 82 287 288 [19]
11 H 2,4-(C1),-C¢Hs 3k 55 98 227~228 227 [25]
12 H 2-Naphthyl 31 7.0 93 267~269 270 [19]
13 H (CH3),C 3m 10 70 >300 321~323  [26]
14 H CH;CH,CH, 3n 75 36 156 156~157  [27]
15 H C¢HsCH,CH, 30 6.0 37 189 187~189  [28]
16 H Cyclohexyl 3p 6.0 51 277~278 282~283  [29]
17 4-CH, CeHs 3q 10 85 239~240 240 [30]
18 4-CH, 4-C1-C¢H, 3r 7.0 78 222~223 225~228  [30]
19 4-CH, 4-CH;-CgH, 3s 10 84 180~182 190~191  [31]
20 4,5-(CHs), CeHs 3t 9.0 71 251~253 253~254  [32]
21 4,5-(CHs), 4-C1-C¢H, 3u 8.0 73 259~261 259~263  [33]
22 4,5-(CHs), 4-CH;-CgH, 3v 8.0 65 240~241 244 [34]
23 4-NO, CeHs 3w 9.0 65 159~160 147~149  [35]

“ Reactions were carried out in 3 mL of THF at room temperature with 10 mol% of catalyst, using phenylenediamines (0.5 mmol) and aldehyde (0.5 mmol).
® Isolated yields after silica gel column chromatography.
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