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Syntheses of Benzoimidazole Derivatives Containing Carbazole Unit

Zeng, Xiangchao™ He, Ru Luo, Chuanglong
(Department of Chemistry, Jinan University, Guangzhou 510632)

Bian, Lei Lin, Zhiqiang

Abstract Two series of novel benzoimidazole derivatives containing carbazole unit were synthesized via condensa-
tion-cyclization of N-alkylcarbazole-3-formaldehyde with 1,2-diaminobenzene in “one pot” reaction without catalyst. The
effects of temperature, selection & amount of solvents and molar ratio of the two reagents on the reactions have been investi-
gated; significantly, one of these two series of benzoimidazole derivatives could be prepared as the major products selectively

by changing the molar ratio of the two reagents.
Keywords benzoimidazole; carbazole; organic synthesis
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SR ARG, A7 28 g B A i BT, 2R R
TERARE R 2 0718, HDASRAR i SR &9 4 IR
B, EEALFIIn DDQ!, Me,S BrBr U8, B 4k 71 4
Co(OH), F1 CoOM", Ce(NH,),(NO;)s 2", ZEfifk R4
HTFa A lE & . R, XFy il —L
A4, WA . Tt e R E A
F, VP2 RONIE F= A2 B 1 KBS PR R = . A
SCUARME Ry skl Zebi it RN, & L N-JR
e 3-FEREE, SRS LAJC/K FRE AR, Bl 410 N-J&
BRI 3-F I 5 400Kl fr 45 °CL b AAEAE T4
AiG-Ab “—87 RV R T P s 25 4 1) R
WKM7 AE4) 2 F1 3 (Scheme 1).
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wo(jfw AL 0 1 e PRS2 I 7 40 6 20 7
DMF
R R

NH,

SEMM 3RS 1.0 mmol AP T 45 CRV 7 h,
WA 2¢ 77F N 78.6%, A 3¢ 77 F N 18.5%(FK 1,
1 Entry 1). ¥ 2586 F8 AR AHEAT RN, 74 2¢
FIF= 3R A 35.7%, 1 3¢ IF=RBE KN 36.3%((FK 1,
Entry 6); [N, & NOR G b4 KRB N
IR -3 FR S S IV, B 26 S 30 T o 1 P 4
T AR E Bl S Ab, U I R ke
WA R T TR A S 52, el R T
HI LI AR T % T, B, 20 ha AR
2 L R, 2¢ 197 AT 40 0F R R My 0 R R,
B P P SN2 15 588 20 mL, W 2¢ f= & AHSk
R e R 2 (CHgas o R = Chp=CHCHy N, 1 3e P FARE N, EL SR II T 1, Entry 1
1] 97.1%(% 1, Entries 2, 3). ¥#FH8EHIN, SNk S
Scheme 1 WRAEE, AT e I =00 i, # 2¢ 72 R
ABHE R, 28T TS ER A IR M R 1) 5 LRI, AR T B R T Tk et o )
th, FHZAAH 0, EARE S - BURIEIFRIERT P I 3e.
). TR SRR, 4- PR PR G A RN Hede i T P 4LR. W3 1 Entry |
MR 10 1 RN, [ R WO KRB 7o, NS Ll o3 P 5 A0 e 25 A
U TP IR AL T PR E DR AT A, IRAE I b 2.2 0 1 IRV, LA 2¢ (077 %3 i TALA ) 3¢,
GEBL N-FRIEMEME3- I AR IR MR AR IR LSO 1 1.2, 45 C R 2.0
PR IR A (1T RS I LI Scheme 2), T mmol FEM 8 mL JE/K FYBEFAAZEI2 5 N %) 2.4 mmol 4%
eI B B P S A A R SR SR RN Sl 2 m JoAK AT, 40 min SNEE, fRiE
4 AT 5 E I 1),

KM, L 10 mL Jo/K I %5 2.2 mmol N-45 1A
POCl,

CH3OH

NH, .

Ar Ar H A H
@i N=C_ N=c{ NP I A
NH AN _ + N r

3 2 H Ar—CHO H H H
Ar-CHO — L —_— H — r H
-H,0 NH, -H0 N=Cc_ N=C~

—c N TH
| |
. \ N
Ar = [O] @[ Ar
N Ly 2 L S N
R N N L
H H Ar
3 2
Scheme 2

R WEIRIERE TR SN BN A e L X s 5 i

Table 1 Effects of selection & amount of solvents, mole ratio of reagents, and temperatures on the reactions

Entry Solvent n(1c) : n(Diamine)  Temp./C Yield®/% of product 2¢ Yield®/% of product 3¢
1 Methanol (10 mL) 2201 45 78.6 18.5
2 Methanol (15 mL) 2201 45 69.2 24.6
3 Methanol (20 mL) 2201 45 53.0 32.1
4 Methanol (10 mL) 2201 65 71.7 243
5 Methanol (10 mL) 1.0:1.2 45 34.6 55.7
6 Acetonitrile (10 mL) 2201 45 35.7 36.3

“ Reaction procedure: all Entries except Entry 5, 9-allyl-9H-carbazole-3-carbaldehyde (1¢) dissolved in solvent, then the diamine was added; for Entry 5, diamine dis-
solved in methanol, then 1¢ in methanol was added dropwise. ” Isolated yield. ¢ Purified by recrystallization or column chromatography.
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KN 6.5 h, BT LAY 2¢ 720N 34.6%, 1EH) 3¢ 7=
g 55.7%((F 1, Entry 5). S R BN, &
IS )T A IS SRk TR A B LR A 3e,
EBARE T — e A& 2e.

Fh i RN, AR R AEY) 3¢ 1, Entry
4). [N, TS AR IR GG A A I AR SN A R T
PRZRIEKIRIER, 5 #5425 S I Oy A B i &4 3e,
PAR AR o I K A = WA

2 Zig

TAEWFIAEAE S, LUK FRE R, N-RERE e -
3-HEE HAR A G-I 8 RNV ERCT
2T I 5 R e 5 ) B TT IR R I K AT A2 ) 2a~2e FlI
3a~3e. GV, RIVYIBCLG . G R I
o I I3 45 S B RE AR, 7 — 5 3 ] A e S 0T N (1) 5%
WD AE X /N i I AR e W ) D PR O B T e Pk A 2
DU o — 2RI K T A0 0 00720 ARG i iR
VAR FAERE 7 S AR 858 R U 25
A=
3 KEIHN
3.1 UEHIKF

X-6 WA AL AL R A IR AR, WAEARE
KIE); Eqinox55 ZLAMGHEAX(FEE Bruker A H]); Inova
300NB # i AR (& [H Varian 23 &]); 4000QTRAP J5iilt
1% (& AB Sciex 24 7]); CHNS/O 2400 G HLICE H1X
(%5 Perkin Elmer 2 7).

BT FHAR ) A T 45 o A el sl A2 2Bk, R0
alifh; Su T IR O 2 K.

3.2 ZWHE
3.2.1 N-EIRoFed 3-F EBE 4 AR

N-JEHE -3 - AR (1) IR B 1 LA Bl A L
3.2.2 e ORSTeReR AT A 2 Fo 3 49K

A B E: 25 mL AN 2.2 mmol N-JEJEr:
e 3-FEE (1), 10 mL Jo/K I, THEA 45 CAl[E A
AV, NN 1.0 mmol 228 %, REFRSE 45 °C, W
TR T RN —E N T(TLC FRER RN, RV EE, 758
i, PSRRI, DUC/K FREE S 4, g, BaE
Y 2; BB ENT B, LR LRV,
ka5 3. Hoh &k 3a~3¢ [V 7 h, &% 3d F1 3e
SV 6 h.

1-(9- £ -3 M1 H I )-2-(9- £ FE I -3 36 ) R T
WKM(2a): Vi (AR, 7% 73.4%. mp. 153.3~154.1
‘C; '"H NMR (CDCls, 300 MHz) : 8.53 (d, J=1.2 Hz, 1H,
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ArH), 8.02~7.87 (m, 5H, ArH), 7.51~7.13 (m, 12H,
ArH), 5.72 (s, 2H, CH,), 4.39~4.34 (m, 4H, CH,-Me),
1.49~1.43 (m, 6H, CH;); IR (KBr) v: 3049, 1631, 1601,
1491, 1455, 1440, 1345, 1331, 748, 732 cm™'; MS (ESI)
m/z: 519.5 (M+H)". Anal. calcd for C3sH3N,: C 83.37, H
5.83, N 10.80; found C 83.18, H 5.91, N 10.90.

9- £ F-3-(ZR IR Mg -2-FE ) I s (3a): ¥ ot £ 1 A4
77 20.4%. m.p. 283.9~285.8 ‘C; '"H NMR (DMSO-dj,
300 MHz) J: 12.84 (d, J=0.9 Hz, 1H, NH), 8.97 (d, J=
1.2 Hz, 1H, ArH), 8.30~8.20 (m, 2H, ArH), 7.76 (d, J=
8.7 Hz, 1H, ArH), 7.64 (d, J=8.4 Hz, 1H, ArH), 7.58 (dd,
J=5.9, 3.2 Hz, 2H, ArH), 7.49 (t, J=7.6 Hz, 1H, ArH),
7.26 (t, J=7.5Hz, 1H, ArH), 7.28~7.14 (m, 2H, ArH),
449 (q, J=7.1 Hz, 2H, CH,), 1.35 (t, J=7.1 Hz, 3H,
CHs); IR (KBr) v: 3049, 1622, 1600, 1471, 1441, 1407,
1370, 1346, 750, 731 cm™'; MS (ESI) m/z: 312.4 (M+
H)". Anal. caled for C,H;;N5: C 81.00, H 5.50, N 13.49;
found C 81.13, H 5.45, N 13.40.

1-(9- 7 P FEE IR -3 37 FF 356 )-2-(9- 7t PR i I -3 - 556 )
ARIEIKMe(2b): FRBLEE AR, 73 60.2%. mp. 141.0~
142.2 °C; '"H NMR (CDCls;, 300 MHz) §: 8.54 (d, J=1.5
Hz, 1H, ArH), 8.01~7.84 (m, 5H, ArH), 7.54~7.12 (m,
12H, ArH), 5.72 (s, 2H, CH,), 5.04~4.94 (m, 2H, CH),
1.73(d, J=6.9 Hz, 6H, CHj), 1.71 (d, J=6.9 Hz, 6H,
CHs); IR (KBr) v: 3050, 1626, 1599, 1489, 1456, 1422,
1385, 1380, 747, 731 cm '; MS (ESI) m/z: 547.6 (M+
H)". Anal. caled for CisHyNy: C 83.48, H 6.27, N 10.25;
found C 83.65, H 6.16, N 10.18.

Q- P FE-3-(IR T K ME-2-J ) HE W (3b): ¥ Aot €00 i1 44,
7% 29.1%. m.p. 289.5~290.9 ‘C; 'H NMR (DMSO-dj,
300 MHz) §: 12.84 (s, 1H, NH), 8.97 (d, J=1.2 Hz, 1H,
ArH), 8.28~8.20 (m, 2H, ArH), 7.85 (d, J=8.7 Hz, 1H,
ArH), 7.72 (d, J=8.4 Hz, 1H, ArH), 7.59 (dd, J=5.9, 3.2
Hz, 2H, ArH), 7.45 (t, J=7.8 Hz, 1H, ArH), 7.24 (t, J=7.4
Hz, 1H, ArH), 7.20~7.14 (m, 2H, ArH), 5.22~5.08 (m,
1H, CH), 1.65 (d, J=6.9 Hz, 6H, CH;); IR (KBr) v: 3049,
1629, 1600, 1471, 1439, 1403, 1369, 1340, 747 cm”'; MS
(ESI) m/z: 326.3 (M+H)". Anal. caled for C,,HoN;3: C
81.20, H 5.89, N 12.91; found C 81.43, H 5.76, N 12.82.

1-(9- 455 P i I -3 I T 356 )-2-(9- 45 TA) ik I -3 -
ARIFBKIE(2¢): e a4, 7% 78.6%. m.p. 143.5~
144.8 “C; '"H NMR (CDCls;, 300 MHz) 6: 8.51 (d, J=1.5
Hz, 1H, ArH), 8.00~7.85 (m, 5H, ArH), 7.49~7.13 (m,
12H, ArH), 6.07~5.92 (m, 2H, CH=), 5.72 (s, 2H, CH,),
5.19 (d, J=10.2, Hz, 1H, CH=CH,), 5.17 (d, J/=10.2 Hz,
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1H, CH=CH,), 5.07 (d, J=17.1, Hz, 1H, CH=CH,),
5.04 (d, J=17.1 Hz, 1H, CH=CH,), 4.92 (d, J=6.0 Hz,
4H, NCH,); IR (KBr) v: 3047, 1629, 1602, 1491, 1455,
1435, 1346, 1330, 746, 731 cm'; MS (ESI) m/z: 543.5
(M+H)". Anal. caled for CsgH3Ny: C 84.10, H 5.57, N
10.32; found C 84.02, H 5.61, N 10.40.

O- 475 A HE-3-(OR K M- 2- ) IHE M (Be): ¥R Ao £ i1 44,
P % 18.5%. m.p. 235.6~236.7 “C; '"H NMR (DMSO-d;,
300 MHz) d: 12.83 (d, J=0.9 Hz, 1H, NH), 8.98 (d, J=
1.2 Hz, 1H, ArH), 8.29~8.22 (m, 2H, ArH), 7.72 (d, J=
8.7 Hz, 1H, ArH), 7.62~7.52 (m, 3H, ArH), 7.48 (t, J=
7.6 Hz, 1H, ArH), 7.27 (t, J=7.4 Hz, 1H, ArH), 7.20~
7.14 (m, 2H, ArH), 6.07~5.95 (m, 1H, CH=), 5.12 (d,
J=12.6 Hz, 1H, =CH,), 5.11 (d, J=16.5 Hz, 1H,
=CH,), 5.00 (d, J=17.1 Hz, 1H, CH,), 4.98 (d, J=17.1
Hz, 1H, CH,); IR (KBr) v: 3050, 1630, 1602, 1472, 1448,
1418, 1404, 1374, 1318, 747 cm™'; MS (ESI) m/z: 324.4
(M+H)". Anal. caled for C»,H;7N5: C 81.71, H 5.30, N
12.99; found C 81.60, H 5.35, N 13.06.

1-(9-1F T BEMe M3 J)-2-(9-1F T Fk He -3 )
AR M 2d): I ER, 2E 77.1%. mp. 1024~
103.6 ‘C; '"H NMR (CDCl;, 300 MHz) 6: 8.51 (d, J=1.2
Hz, 1H, ArH), 8.00~7.87 (m, 5H, ArH), 7.50~7.11 (m,
12H, ArH), 5.72 (s, 2H, CH,), 4.32 (t, J=7.2 Hz, 4H,
CH,), 1.93~1.85 (m, 4H, CH,), 1.47~1.37 (m, 4H,
CH,-Me), 0.97 (t, J=7.2 Hz, 3H, CH3), 0.95 (t, J=7.2 Hz,
3H, CH;); IR (KBr) v: 3052, 1630, 1601, 1491, 1456,
1439, 1347, 1331, 748, 731 cm'; MS (ESI) m/z: 575.6
(M—+H)". Anal. caled for C4H3sNy: C 83.59, H 6.66, N
9.75; found C 83.49, H6.71, N 9.81.

9-1F T HE-3-CR FF R Me-2-J ) s (3d): v (0 ] 44,
% 19.1%. m.p. 290.3~291.5 “C; '"H NMR (DMSO-d;,
300 MHz) d: 12.82 (s, 1H, NH), 8.97 (d, J=1.2 Hz, 1H,
ArH), 8.30~8.20 (m, 2H, ArH), 7.75 (d, J=8.7 Hz, 1H,
ArH), 7.64~7.52 (m, 3H, ArH), 7.48 (t, J=7.7 Hz, 1H,
ArH), 7.25 (t, J=7.3 Hz, 1H, ArH), 7.20~7.14 (m, 2H,
ArH), 4.43 (t, J=7.0 Hz, 2H, CH,), 1.82~1.72 (m, 2H,
CH,), 1.38~1.22 (m, 2H, CH,), 0.88 (t, J=7.3 Hz, 3H,
CH;); IR (KBr) v: 3047, 1629, 1600, 1467, 1442, 1401,
1367, 1351, 748, 734 cm™'; MS (ESI) m/z: 340.5 (M+
H)". Anal. caled for Co3Hy Ns: C 81.39, H 6.24, N 12.38;
found C 81.53, H 6.15, N 12.22.

1-(9-1F CL AL -3 FHEE)-2-(9- 1F L Ak e m-3- 5L
RIF IR M (2e): VR AE AR, 7E 78.5%. mp. 91.5~
92.6 °‘C; '"H NMR (CDCls, 300 MHz) 0: 8.57 (s, 1H, ArH),
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8.02~7.90 (m, 5H, ArH), 7.52~7.15 (m, 12H, ArH), 5.71
(s, 2H, CH,), 4.29 (t, J=6.9 Hz, 4H, CH,), 1.94~1.83 (m,
4H, CH,), 1.42~1.27 (m, 12H, CH,), 0.91 (t, J=6.6 Hz,
3H, CH,), 0.89 (t, J=7.2 Hz, 3H, CH;); IR (KBr) v: 3053,
1630, 1601, 1491, 1456, 1444, 1346, 1332, 746, 733 cm ';
MS (ESI) m/z: 631.7 (M+H)". Anal. calcd for CyqHyoNy:
C 83.77, H 7.35, N 8.88; found C 84.00, H 7.23, N 8.78.

9-1F CL3E-3-(CR WK M- 2- L) IHE M (Be): e Ao € W] 42,
FEE 15.3%. mup. 269.7~270.9 C; '"H NMR (DMSO-dj,
300 MHz) J: 12.82 (d, J=1.2 Hz, 1H, NH), 8.97 (d, J=
1.2 Hz, 1H, ArH), 8.30~8.20 (m, 2H, ArH), 7.74 (d, J=
8.7 Hz, 1H, ArH), 7.65~7.53 (m, 3H, ArH), 7.47 (t, J=
7.6 Hz, 1H, ArH), 7.25 (t, J=7.5 Hz, 1H, ArH), 7.20~
7.14 (m, 2H, ArH), 4.41 (t, J=6.9 Hz, 2H, CH,), 1.82~
1.72 (m, 2H, CH,), 1.28~1.13 (m, 6H, CH,), 0.78 (t, J=
6.9 Hz, 3H, CH;); IR (KBr) v: 3049, 1625, 1600, 1467,
1442, 1406, 1369, 1351, 748, 735 cm '; MS (ESI) m/z:
368.5 (M—|—H)+. Anal. caled for CysHysN3: C 81.71, H
6.86, N 11.43; found C 81.60, H 6.91, N 11.50.

B Akl (Supporting Information) $2{/t 7 N-JEHEM:
e 3-FREE (T &9 DIYE 5 bl tb &1 MS. IR
A TH NMR 545 LK 'H NMR 38 5. 328 bbeb ] LG 2k
AT P 335 (http://sioc-journal.cn/) | 2%,
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