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Microwave-Assisted Synthesis of 2-Substituted-4,5-diarylimidazoles
from Benzoin Carboxylate Derivatives under Solvent-Free Conditions

Li, Baozhi Gu, Qiang Zhao, Tianqi He, Yuanhui Tong, Yanan Zhang, Yumin®

(College of Chemistry, Jilin University, Changchun 130012)

Abstract Benzoin carboxylate derivatives were synthesized with the aromatic aldehydes as raw material in the presence of
the catalyst VB,;. And then, benzoin carboxylate derivatives reacted with different acylating reagents under mild reaction con-
ditions, and benzoin carboxylates were obtained. Further, 2-substituted-4,5-di(aryl)imidazoles were produced from benzoin
carboxylates in the presence of solid supports Al,O; under solvent-free and microware assisted condition, and seven of them
have not been reported. The reaction possessed many advantages such as mild reaction conditions, short reaction time, and no
organic solvents consumed. Therefore, it is a facile and efficient synthetic method. Moreover, the synthesized compounds were
characterized by 'H NMR, *C NMR, IR, HRMS techniques.

Keywords 2-substituted-4,5-di(aryl)imidazoles; benzoin carboxylates; microwave-assisted synthesis; solid-support; sol-

vent-free; esterification
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J5UL, EM/Bz%EbB’J%m%UMtFTﬁEIJJﬂﬁAﬁET 17 Ff
AR AT AR . HAS R e Wl Scheme 1 TR,
V2T N AL AG, AN ), R AE o, DAtk
ATTEHRATRE ORISR, FINFI LM, &
ORI . AR RS . B BT A S it
1T T 3RAL.
1 KBS
1.1 UEBE5IRF
P 0 RN AE I 28 70 XT-4 445 55 S0 58 GRUE R AR
1E); A% Bruker500 45k Mercury-300 A% H
HARPAEAN E, TMS A AR, CDCIy Bk DMSO-d A
;o HE S A Agilent]1290-micrOTOF Q 11 743 ¥
TR FH A3 AT AR AT I 5 5 20 A e i H AR B )

Shimadzu IRAffinity-1 BU£LAMGREAGN %, R KBr &
J BB BN FH DY TR 2 IH I MCL-3 - B3 S i

A ARSI B RT3 oA 43 B il ). BOACRAB 4 i
A A %S W SCHR[15]; BES & e W SCik[ 16,
17].
1.2 FIBWWEE 3a~3q IS

TR WL, HRASFER) 100 mL =30,
A 2.12 g (0.01 mol) ZAAHLHF 0.011 mol BESL, 7F 30~35
CHIKBEAET, 4k 5 min J5 2280 INLE, W25
FRORIL SN 1 h. 3K SN IR A B LY 200 mL 2818
Kb, BERE R, dhIE, YK OBE(S mLX2). K
JK(5 mL X 3)peigk, FE-YH N, 2R)5H 95%1 £ K
VR S , BT, EECR.
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P, RNV IR 130 °C, TLC FREERONV 5. 24
RIVSERUG, R ER, B 200~300 HEERZHT
FEAR A SR R LRV V=3 ¢ D)X HIEAT 3
feal, fhezs. TG R4S H =4

2,4,5- =KLk (4a): LEEPIREAE, 775 50.7%.
m.p. 275~276 ‘C (Lit®? 277~278 °C); 'H NMR
(DMSO-d, 300 MHz) d: 12.69 (s, 1H), 8.10 (t, J=1.7 Hz,
1H), 8.08~8.06 (m, 1H), 7.56 (t, J=1.8 Hz, 1H), 7.54 (d,
J=12 Hz, 1H), 7.53~7.47 (m, 4H), 7.46~7.42 (m, 2H),
7.38 (ddd, J=8.6, 4.5, 1.4 Hz, 2H), 7.34~7.27 (m, 2H),
7.23 (ddd, J=7.2, 3.7, 1.4 Hz, 1H); °C NMR (DMSO-d,
126 MHz) 6: 145.96, 137.58, 135.65, 131.56, 130.82,
129.13, 128.93, 128.69, 128.64, 128.23, 127.53, 126.96,
125.65. HRMS caled for CyH N, [M+H]" 297.1386,
found 297.1387.

4,5- TR BE-2-(4- 2R J ) K M (4b): L EUEIR A
&, 7P7% 58.1%. m.p. 230~231 C (Lit.* 230~232 C);
'H NMR (DMSO-d, 500 MHz) ¢: 12.60 (s, 1H), 8.00 (d,
J=17.5 Hz, 2H), 7.54 (dd, J=26.8, 6.6 Hz, 4H), 7.43 (d,
J=6.4 Hz, 2H), 7.37 (d, J=6.4 Hz, 1H), 7.29 (d, J=7.5
Hz, 4H), 7.23 (d, J=6.4 Hz, 1H), 2.35 (s, 3H); *C NMR
(DMSO-d,, 126 MHz) 0: 146.15, 138.13, 137.41, 135.75,
131.65, 129.71, 129.09, 128.89, 128.63, 128.41, 128.19,
128.14, 127.54, 126.92, 125.65, 21.36. HRMS calcd for
CxH 5N, [M+H]" 311.1543, found 311.1542.

2-(4- KR I )-4,5- R BRI (4e): TG EEIR B
&, 7P7E 66.6%. m.p. 267~268 C (Lit.*) 264~265 C);
'H NMR (DMSO-d, 500 MHz) ¢: 12.78 (s, 1H), 8.10 (d,
J=8.6 Hz, 2H), 7.58~7.52 (m, 4H), 7.50 (d, J=7.4 Hz,
2H), 7.45 (t, J=17.5 Hz, 2H), 7.39 (t, J=7.2 Hz, 1H), 7.31
(t, J=7.6 Hz, 2H), 7.23 (t, J=7.3 Hz, 1H); “C NMR
(DMSO-d,, 126 MHz) o: 144.88, 137.77, 135.47, 133.21,
131.39, 129.67, 129.23, 129.13, 128.89, 128.66, 128.33,
127.54, 127.30, 127.07. HRMS calcd for CyH;sCIN, [M+
H]" 331.0997, found 331.0998.

2-(4-TH HE IR KL )-4,5- IR SFEIK M (4d): B BRI
&, 7P5E 76.5%. m.p. 237~238 C (Lit.*" 235~238 C);
'H NMR (DMSO-d,, 500 MHz) ¢: 13.11 (s, 1H), 8.35 (d,
J=2.7 Hz, 4H), 7.55 (d, J=17.4 Hz, 4H), 7.26~7.46 (m,
6H); *C NMR (DMSO-d,, 126 MHz) &: 147.03, 145.96,
143.87, 136.60, 135.66, 131.56, 130.83, 129.14, 128.98,
128.65, 127.53, 126.23, 125.66, 124.74. HRMS calcd for
Cy1H sN;0, [M+H]" 342.1237, found 342.1239.

3-(4,5- R BE K EL I IE (4e): T T AR ALK,
F7 % 60.6%. m.p. 240~241 ‘C; 'H NMR (DMSO-dg, 500
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MHz) 6: 12.90 (s, 1H), 9.26 (s, 1H), 8.57 (d, J=4.7 Hz,
1H), 8.40 (d, J=8.0 Hz, 1H), 7.56 (d, J=7.9 Hz, 2H), 7.52
(d, J=7.8 Hz, 3H), 7.46 (t, J=7.5 Hz, 2H), 7.40 (t, J=7.0
Hz, 1H), 7.32 (t, J=7.6 Hz, 2H), 7.24 (t, J=7.3 Hz, 1H);
BC NMR (DMSO-di;, 126 MHz) 6: 149.48, 146.90,
143.43, 138.01, 135.35, 132.77, 131.31, 129.29, 129.19,
128.69, 128.44, 127.57, 127.15, 126.70, 124.23; IR (KBr)
v: 3030, 2960, 1600, 1500, 1450, 1260, 958, 764, 696, 602
cm . HRMS caled for CyH;sN; [M+H]" 298.1339,
found 298.1350.

2 -4, 5- IRFEDK M (4f): AR A, PR
66.4%. m.p. 202~203 C (Lit.”?* 200~201 ‘C); 'H NMR
(CDCls, 300 MHz) §: 7.53 (d, J=7.0 Hz, 4H), 7.46 (s,
1H), 7.38~7.27 (m, 6H), 7.02 (d, J=3.3 Hz, 1H), 6.56~
6.49 (m, 1H); *C NMR (DMSO-d;, 126 MHz) J: 146.16,
143.53, 139.05, 137.46, 135.43, 131.27, 129.13, 128.81,
128.67, 128.27, 127.99, 127.58, 127.08, 112.30, 107.91.
HRMS caled for CoH;N,O [M+H]" 287.1179, found
287.1174.

4,5- " IRFL2-(2-MRIR HE £ 47 3L ) DKk M (4g): VR (k]
IRFAE, P2 83.3%. mp. 194~196 ‘C; 'H NMR
(CDCls, 500 MHz) §: 7.51 (d, J=7.2 Hz, 4H), 7.39 (d, J=
1.1 Hz, 1H), 7.32 (t, J=7.3 Hz, 4H), 7.28 (d, J=7.2 Hz,
2H), 7.22 (d, J=16.1 Hz, 1H), 6.85 (d, J=16.1 Hz, 1H),
6.41 (dd, J=3.2, 1.8 Hz, 1H), 6.38 (d, J=3.3 Hz, 1H); "°C
NMR (DMSO-ds, 126 MHz) o: 152.29, 145.16, 142.80,
132.50, 129.15, 128.56, 127.84, 127.47, 119.36, 113.69,
111.87, 110.39; IR (KBr) v: 3060, 2960, 1600, 1580, 1480,
1450, 1320, 1260, 1200, 1070, 1010, 968, 883, 764, 696,
592 e¢cm '. HRMS caled for CyH;N,O [M+ H] ™
313.1335, found 313.1334.

4,5- "R 2- DR LR HE KM (4h): B AR A,
FEET7.6%. mup. 227~229 “C; 'H NMR (DMSO-d;, 500
MHz) 6: 12.60 (s, 1H), 7.60 (d, J=7.4 Hz, 2H), 7.48 (d,
J=22.8 Hz, 5H), 7.44~7.18 (m, 9H), 7.10 (d, J=16.5 Hz,
1H); *C NMR (DMSO-d,, 126 MHz) &: 145.71, 136.91,
130.45, 129.37, 128.92, 128.48, 128.03, 126.93, 117.68; IR
(KBr) v: 3030, 2960, 1600, 1500, 1450, 1200, 1070, 1030,
958, 764, 696, 602 cm'. HRMS calcd for Co3H N, [M+
H]" 323.1543, found 323.1543.

2-FHEE-4,5- T RFLBK M (4i): TCEERIR A, PR
38.5%. m.p. 242~243 C (Lit.”®! 240~241 "C); 'H NMR
(DMSO-ds, 500 MHz) d: 12.06 (s, 1H), 7.45~7.18 (m,
10H), 2.34 (s, 3H); *C NMR (DMSO-d,, 126 MHz) §:
144.53, 128.83, 127.72, 14.22. HRMS calcd for C,¢H 4N,

http://sioc-journal.cn/ 1461
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[M+H]" 235.1230, found 235.1227.

4,5- (4 FEIR L) -2- R LK e (4)): FL A EERIR
&, P7E 52.0%. m.p. 291~293 C (Lit.*) 290~291 C);
'H NMR (DMSO-d,, 500 MHz) ¢: 12.79 (s, 1H), 8.07 (d,
J=8.1 Hz, 2H), 7.57~7.51 (m, 6H), 7.49 (t, J=7.9 Hz,
2H), 7.40 (dd, J=7.2, 5.1 Hz, 3H); *C NMR (DMSO-d,
126 MHz) o: 146.49, 136.82, 134.25, 132.96, 131.66,
130.60, 130.53, 130.03, 129.28, 129.19, 128.96, 128.84,
127.84, 125.75. HRMS caled for CpH4CLN, [M+H]"
365.0607, found 365.0608.

2,4,5- = (4-FIEIRIL) K M (ak): oA IR S AR, 7F
# 62.8%. m.p. 261~262 C (Lit.* 263~264 C); 'H
NMR (DMSO-d,, 500 MHz) 6: 12.87 (s, 1H), 8.08 (d, J=
8.5 Hz, 2H), 7.57~7.50 (m, 8H), 7.39 (d, J=8.4 Hz, 2H);
BC NMR (DMSO-d;, 126 MHz) o: 145.39, 137.00,
134.08, 133.48, 133.07, 131.77, 130.58, 129.87, 129.39,
129.30, 129.23, 128.87, 128.14, 127.41. HRMS calcd for
CoH3CIN, [M+H]" 399.0217, found 399.0226.

3-(4,5- . (4- L IREL) DK P L ILEE (41): ot ERIR
1K, 2% 61.6%. m.p. 278~279 ‘C; '"H NMR (DMSO-dj,
500 MHz) d: 13.00 (s, 1H), 9.25 (s, 1H), 8.58 (d, J=4.1
Hz, 1H), 8.38 (d, J=7.7 Hz, 1H), 7.53 (s, 7H), 7.40 (s,
2H); “C NMR (DMSO-d,, 126 MHz) §: 149.71, 146.97,
143.97, 137.22, 133.97, 133.18, 132.91, 131.87, 130.59,
129.82, 129.33, 128.90, 128.40, 126.46, 124.26; IR (KBr)
v: 3070, 2990, 1660, 1600, 1570, 1480, 1400, 1330, 1190,
1090, 1010, 970, 831, 704, 604 cm'. HRMS calcd for
CaoH3CLN; [M+H]" 366.0559, found 366.0563.

4,5- — (4- A A HL)-2- R W JE 0K 4 (4m): FLE A5
R, P2 E 67.6%. mp. 269~270 C; 'H NMR
(DMSO-ds, 500 MHz) §: 12.94 (s, 1H), 7.82 (s, 1H), 7.50
(q, J=8.4 Hz, 6H), 7.38 (d, J=8.5 Hz, 2H), 6.98 (d, J=
3.2 Hz, 1H), 6.66 (dd, J=3.0, 1.6 Hz, 1H); “C NMR
(DMSO-d,, 126 MHz) 0: 145.88, 143.74, 139.48, 136.73,
134.03, 132.99, 131.77, 130.53, 129.76, 129.28, 128.87,
127.14, 112.38, 108.27; IR (KBr) v: 3400, 3070, 2930,
1660, 1590, 1480, 1400, 1290, 1220, 1170, 1090, 1010,
970, 899, 835, 741, 592 cm ~'. HRMS caled for
C1oH,CLN,O [M+H]" 355.0402, found 355.0399.

4,5- " (4- 5 FHE IR HE)-2-(2- WK I FE 2955 FE ) K 4 (4m):
W OAEDIR SR, 77 78.7%. mp. 230~231 C; 'H
NMR (DMSO-ds, 500 MHz) 6: 12.64 (s, 1H), 7.73 (d, J=
1.5 Hz, 1H), 7.44 (d, J=52.0 Hz, 8H), 7.31 (d, J=16.3
Hz, 1H), 6.81 (d, J=16.3 Hz, 1H), 6.67 (d, J=3.3 Hz,
1H), 6.58 (dd, J=3.3, 1.8 Hz, 1H); *C NMR (DMSO-d,

1462 http://sioc-journal.cn/
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126 MHz) 6: 152.40, 145.83, 144.04, 134.20, 131.81,
130.04, 129.35, 127.32, 118.87, 114.92, 112.73, 110.97; IR
(KBr) v: 3050, 2960, 1910, 1640, 1600, 1500, 1420, 1320,
1260, 1190, 1100, 1010, 970, 949, 833, 737, 592 cm .
HRMS caled for C, H,4CLN,O [M+H]" 381.0557, found
381.0556.

4,5- (-SRI 2-HKHE IR B K e (o) B (A%
IR G, P7E 71.6%. mp. 228 ~229 °C; 'H NMR
(CDCls, 500 MHz) 8: 7.47 (d, J=17.7 Hz, 2H), 7.41 (d, J=
8.3 Hz, 5H), 7.34 (t, J=7.4 Hz, 2H), 7.30 (d, J=8.3 Hz,
5H), 7.01 (d, J=16.5 Hz, 1H); *C NMR (CDCl;, 126
MHz) 6: 145.80, 135.86, 133.64, 132.50, 130.42, 129.08,
128.92, 128.81, 128.63, 126.75, 115.38; IR (KBr) v: 3030,
2960, 1600, 1500, 1430, 1280, 1100, 1070, 970, 829, 754,
687, 588 cm '. HRMS caled for Cap3H;cCLN, [M+H]"
391.0763, found 391.0757.

4,5 (A G L )2 (A- il L R DK 4 (dp): 4
AR SR, P7F 748%. 276 ~278 C; 'H NMR
(DMSO-ds, 500 MHz) d: 13.23 (s, 1H), 8.34 (dd, J=24.0,
9.0 Hz, 4H), 7.55 (s, 6H), 7.42 (d, J=17.5 Hz, 2H); °C
NMR (DMSO-ds, 126 MHz) §: 147.22, 144.36, 138.09,
136.30, 133.73, 133.45, 132.10, 130.72, 129.60, 129.51,
129.39, 129.33, 128.97, 126.38, 124.77; IR (KBr) v: 3400,
2930, 1600, 1510, 1480, 1450, 1340, 1250, 1090, 1020,
966, 833, 758, 710, 696, 673, 604 cm™'. HRMS calcd for
CH3CLN;O, [M+H]™ 410.0458, found 410.0456.

4,5- " (4-FIE ORI )-2-(4- R IE ) Kk M (4q): oLk
REE, P7% 60.5%. m.p. 263~265 C (Lit.> 263~264
‘C); '"H NMR (DMSO-d, 500 MHz) &: 12.69 (s, 1H), 7.96
(d, J=8.1 Hz, 2H), 7.53 (m, 6H), 7.38 (d, J=8.4 Hz, 2H),
729 (d, J=28.0 Hz, 2H), 2.35 (s, 3H); “C NMR
(DMSO-d,, 126 MHz) o: 146.66, 138.45, 136.66, 134.35,
132.87, 131.61, 130.56, 130.12, 129.76, 129.27, 129.22,
128.83, 127.88, 127.54, 125.73, 21.37. HRMS calcd for
CyH sCLN, [M+H]" 379.0762, found 379.0763.

2 RSN

FEAWIIE, B 5E LR IAT A DAL SO IR
TN S BEAAT R B B T 17 AR AR AR A A 4
Ak &4 3a~3q(ILH 15 FlR MLARIE)(Scheme 2). 95
SURTENER 1. AR 1 ATRUE Y, A i s i A
88.5%~96.2% 2 ). (EHR T LLIR AR I8 5 MG AT A2 0 A Jit
R = BRI, 8 B8 HTR-2- 584X 1,2- 0K
£ TE(2-0x0-1,2-diphenylethyl benzoate) I I A J5t
FHEMR G T FIAAE T E L 2,4,5- = K- 1-4-
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WK, BRI E] T H AR, AR BT I SO I AR
(2 h), BCREBHE. SN, 7ET ARS8 LUK S
BRI, IR 1 h, BULTAHSE R (40% A5 47)
SRAS H RSP AR R pak 4 00200 p s |3k
G RAAE AR b, DU SR A R T 2-H-4,5-—
W IR FEWE AT AR 4. AEFRATTIOR I h, AEAE AT
FIRZAET, ARG PR el SRR IR s . ISR L
A=A AR 7R IR A WS S s in ke 5 58 10 min,
ALk 38.5%~83.3% I F 3k A H bR =¥ 4a~4q (Eq. 1,

R
o 1
R'coc

% 2). EACE WD R LR E! O A R R
2 WTLLE Y, ORI R I IR TR I R e S A i —
AR I My 247 H AR 2 HE IR I, SR IR (3€ 2, Entry
9). 70X BB A0 T H R R 2R AR QA B A SR B — X
AWK, R A1 2] HbRr=). ke 207 OGS 2
WA UL, WIORER . WRRGER . I e PR AN 2R PR B g
W b e LR A i e . JF H R I Bu 4 i
M3 IN(ER 2, Entries 1, 6~8 8¢ 10, 13~15), KTt 5.
T 2 DT kg 2R AR G P IR AT A 0 R TS PR 8 52 R o i e A

o)
Py R
R S0
/©/CHO Vitamin By O
NaOH O X
R R OH \ ‘ 0
1 = R
2 N 3a~3q R=H,CI
Scheme 2
R BB AN S R
Table 1 Synthesis of benzoin carboxylates
Entry Acylating reagent Product Yield/% m.p./C
o]
1 §CI 3a“ 93.6 121~122
o]
2 Q)%I 3b 93.9 95~97
HsC
o]
3 dm 3¢ 95.1 126~127
cl
o]
4 Q)kCI 3d 93.2 117~118
O,N
o]
5 | X7 el 3e 92.5 94~95
N/
o]
6 0, cl 3f 89.5 131~132
\
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BilikE HRIEX
Entry Acylating reagent Product Yield/% m.p./C
O
7 O " 3g 96.2 99~101
\ |
o}
8 wC| 3h 95.9 97~99
(6] (6]
9 3i“ 92.9 81~82
)kok
o}
10 §CI 3j 93.1 104~105
(0]
11 /dku 3k 94.4 153~155
Cl
O
12 Yo 3l 91.7 115~117
N/
(0]
13 O cl 3m 88.5 202~204
\
(6]
14 O "¢ 3n 94.8 187~189
\ |
(0]
15 w0| 30 95.2 220~222
(0]
16 Q)%l 3p 92.6 181~183
(0]
17 Q)kCl 3q 92.1 107~108
HsC
“SCHRL18] TR A,
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PN SR AL RSN, W HL R A A A 45 4
(R 38 In b vy 1 BRI 1K 2% P AL S I RRE T )
I, A S NI A I PR B 52 R ik 7 PR IR I TR e 9 B i
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Table 2 Synthesis and yields of 2-substituted-4,5-diarylimidazoles
Entry R R! Time/min Product Yield/%
1 H ©/ 5 4a° 50.7
2 H O/ 5 4b° 58.1
HC
3 H /©/ 5 4¢° 66.6
Cl
4 H O/ 5 4d° 76.5
X
5 H | 10 4¢° 60.6
N
o)
6 H @/ 5 4f 66.4
ENEN
7 H @/\/ 5 4g 83.3
A
8 H ©/\/ 5 4h 77.6
9 H HyC™ 5 4i 38.5
10 4-Cl ©/ 5 4j“ 52.0
11 4-Cl Q/ 5 4K° 62.8
cl
=
12 4-Cl | 10 4 61.6
N
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Entry R R' Time/min Product Yield/%
o
13 4-Cl QJ/ 4m 67.6
O~
14 4-Cl Q]/\/ 4n 78.7
NN
15 4-Cl [;f\/ 40 716
16 4-Cl Jij/ 4p 70.8
O,N
17 4-Cl /J::::I// 4q° 60.5
HsC

AR TR IS R E AL A .

3
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