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Application of Multi-component Reaction in Synthesis of Multi-
substituted Imidazoles

Xiao, Liwei™ Peng, Xiaoxia Zhou, Qiuxiang Kou, Wei Shi, Yaru
(Faculty of Chemistry and Material Science, Langfang Teachers University, Langfang 065000)

Abstract Multi substituted imidazoles including tri- and tetra-substituted imidazoles, play important roles in the field of
pharmaceutical, chemical sensing and catalysis etc. Multi-component reaction (MCR), a protocol with high atom economic
and reaction selectivity, has been applied widly on the synthesis of multi-substituted imidazoles. Based on different starting
materials and different methods, the recent advances in the synthesis of multi-substituted imidazols via multi-component reac-

tion are reviewed.

Keywords tri-substituted imidazoles; tetra-substituted imidazoles; multi-component reaction; heterogeneous catalysis
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B L AR e AR, AR DLl B 2R R (R R
JEEREG R = AR I R DY A RIBK My s S, Joi - R A
Lewis 2 tH 2 HROE £ 2 (1 — 240 770, 151 01 NaH,PO, %),
KH,PO,M X FI B KRR (p-Ts A", S5+ —de J 2 ik
2 (DBS A 45 i T B Al = AL (InCly»3H,0) . =41

A4 (InFy)™' L Z Bk 7 I 45 [Zr(acac),] ™ . 48 &AL S
(ZrOCL*8H,0)Z!, Fs AL AHI[Yb(OTH; ™. =14 fs+

(S~ Y. La-Lu 2545 MR £ [RE(OP);]™ . 7Y
1% %2 [Y(NO;3)326H,01%° Fl fi§ 2 4l # [(NH,),Ce(NO3)s,
CAN]P Lewis R, IXSefifbI7E (AL A ik 2 BUIk
A AR AT

1 TR Lewis IRIBAL G A2 BUR DKM

Table 1 Synthesis of multi-substituted imidazoles catalyzed by
proton acid and Lewis acid

1
R'_o NH0Ac  RANCN
I + RCHO —————— || Y—R?
1.-=0 proton acid or N
R Lewisacid R

1
RNz0 s NH,OAc
+ R2CHO + R°NH, :
R0 proton acid or

Lewis acid
R'= phenyl or other group

e

R3

R1

R? = phenyl or other aryl group; RS = aryl or alkyl

Entry Catalyst Yield/%  Yield”/%  Ref.
1 NaH,PO, 98~99 80~92 [16]
2 KH,PO, 88~93 — [17]
3 pTsA — 80~92  [18]
4 DBSA 71~89 73~86 [19]
5¢ InCl33H,0 54~82 47~84 [20]
67 InF, 80~92 — [21]
7° Zr(acac), 82 — [22]
8 ZrOCly»*8H,0 92~97 — [23]

2 =Ar,
73~97,
9 Yb(OTf); R2=alky, [24]
17~24
R*=Ar,
7~97,
10 Yb(OPf);*6H,0 R2=alky, [25]
10~31
11 Y(NOs), 70~98 — [26]
12 CAN 85~96 — [27]

“Yield for tri-substituted products; * Yield for tetra-substituted products;‘R'=
Ph, 4-CH3CgHy; “R'=4-FCgHy, CHls; °R'=Ph, 4-NO,CeHy, 4-FCHy; /R'=
Ph, 4-CICcH,.

AR AT 15 52 AR e o A P £ 22 O 48 — I, &
J VY BRI 5 5 i = BUARIBK IR A EE, B 17 SR 48 0
alzsh, HAbdRfERIAL mEE 1 AT, BRI Lewis
PR AL & R 2 AR B AR T B . RCR A, & HIVE
Bl B8, K2 s AN RO 1) S S ) 250 /T BAERAS R 47
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. s B HP ) BT PO s 2 2 D I, O FH R I S A
AR K (Table 1, Entry 9)2*% 78 & 1 22 BUAC BRI 1)
SRR, 1,2~ Can R AR T ) 3 mT DA 40 2 ik e a2 A
WEBAR, ZHEILT, RS NP &l Ut
WK M IE, i B i T DA% % A A, G R PR % (Table 1,
Entry 8)1*), 15|B/E%(Table 1, Entry 8)P%% DL K 223 fi%,
U EEE % (Table 1, Entry 12)P27%(Scheme 1), iX4£4)
JiK 2 HAT 8 RS .

PhIO" Q @W

Ph
)IN _/R1
\)
N \ "/

Ph
bN R' = H, 2-CHj3, 2-Cl, 4-CH30
o

_ NHOAc

CAN (10 mol%)
r.t.

HaC
Ph_o (1O NH, NH,OAc
5

o =0 L, CAN (10 mol%)

N
N R'=H, 2-CHg, 2-Cl, 4-CH;0

R2 = H, CH3, PhACH=CH;
7 R®=H, CH,
/
O0-N

BR 1 AR T Y AR
Scheme 1 Synthesis of tetra-substituted imidazoles from heter-
ocyclic amines

Ji T ERAN Lewis FRIEAL 1,2- —FR S5 ESE 4 S g . %
IS 2 20 53 OB AR R = AR S DY AR e, B 2Bl
SONALEE: BT ERFN Lewis BRIEHETHIE, RMNJEWE

A H1 B 00 HL B s B S POE R, A R N RS AL

PL InClye3H,0 HEACAARBE . i B RN 2 R4 il — B
WK e Ay B LTS RR Bk R AR R R R TR 1E
InCl3+3H,0 JEAL S, 58S 2 54 &M= A/E FIE
& —Jrhfal4A a; #% InClye3H,0 WAL HRIEZ — 5 a
TERIE 2 2 2 F IR AU Z H e by b 51
[1,5SPER HHRS =4 — B KME ¢ (Scheme 2). PUHUAR
WK (R T2 AL B 5 = UK MEZEBL: 7E InCl3e3H,0 &L
T, EESSEY I E R AR EAE TR AR a; a
AT ZEAE 25 1 2 TR BRI FE F. 763 b b
HEML 22— 777K 43 DY HUAR K. ¢ (Scheme 3).
1.2 R EEBEMEMTIEL S R 2 B BRI

W RN AL, 2HEHFEETER, &
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© Table 2 Synthesis of multi-substituted imidazoles catalyzed by
.InCl3-3H,0 N
o 32 INH, NHz  Ph”0--incl.3H,0 metal-free catalyst
I, o ah 1
A H +H0 AT ONH, -2H,0 Rl_O , NH,0Ac R N,
a 11 *+ RECHO o tarfree 1IN>_R
R 9] catalyst R H
Ph__N~H Ph
;g X e I\>—A’ R0 NH0Ac RN
N Ar 3 4DAC | S—re
Ph™ + RZCHO + R3NH, ———> >R
b R0 metal-free N
° catalyst R I3
R

B2 SALE A B IR ) i AT 3R
Scheme 2 The mechanism in formation tri-substituted imid-
azoles catalyzed by InCl;*3H,0

.-InCl3-3H,0
ph._0O o7
!nC|3'3H20
! Ph”™ ~O-
o NH3, RNH, NH, ~InCl3-:3H,0
PN
" H NHR -H20
a
R
—_—
Ph N Ar />—Ar
Ho)k pn” N
b c

B3 SALHR LA B U A QIR e ) s S AT
Scheme 3 The mechanism in formation tetra-substituted im-
idazoles catalyzed by InCl;*3H,0

ERAE &R ARS8 . A LA
(Organocatalysts)&5 CL 22 5[ 2 ATTHIOGVE. dEE&REA ML
AR FRTE (i A B R = EUAR K e A 7 LA BK 4 ) iz 4
7 FH bR 3, 23 TS, B2, 400 (PEG-
400)12, PU T HE AL (TBAB)PY. 1,4- % 4 —¥F[2.2.2]
3F K2 (DABCO)PY | A= Wy S 1 B & 44 1k 77 (bioglycerol-
based carbon catalyst)**, L-JHZ#2(L-Proline)™), X%
2 — Z.B&(DEP, diethyl bromophosphate) PRI EZE, X
S (A TR B A R, & YO B, PR AU
P, BAREIL AN 2 fs.

NG &8 AL A R AR T L i A BB (%)
G R BARIKME LI 5 BT T B A Lewis BRI AL AL
HRIALL. DL R A = AR AR R 1 & o 8.
TR oy e e AR IR, 72y TSGR, 5SS 2 %
Yo v & 1) 28 A E TR g i a4 a; 8 0r FIE L
RIS a fEFTZ AR b, BET 2 2 701
IKTE BRSO H G (KL ¢; ¢ &R T[1,5i R HE
HETF =4 — BRI d (Scheme 4).

FSEL A DL ) R AR IR B R AR A 2 Ak, 3B AT oA
A R B, G0 KR 2 PR EAR I 1 O 5 %
Belg 4, TERSTRIER N RBL, A2 — R FIAS R EUA
4 4-BERIE AL B PN(Eq. DPY, F2EN T1%~96%. B
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R' = phenyl or other group
R2 = phenyl or other aryl group; R® = aryl or alkyl

Entry Catalyst Yield*/% Yield”/%  Ref.
1 I 97~99 97~99 [28]
2 PEG-400 82~93 78~90 [29]
3 TBAB 72~92 — [30]
4¢ DABCO 72~92 70~82 [31]

Bioglycerol
54 based carbon 80~85 70~80 [32]
catalyst
=alkyl,
40~56;
¢ L-Proli > ~
6 roline RI=Ar, 78~86 [33]
75~90
7 DEP 90~97 — [34]
8 AcOH — 62,72 [35]

© 2015 Chinese Chemical Society & SIOC, CAS

“Yield for tri-substituted products; ® Yield for tetra-substituted products; ‘R'=
Ph, 4-CH;CH,, 3-furyl; “ R'=Ph, 4-MeC¢Hs; ¢ R'=Ph, 4-CICH,, 4-MeO-

CoHa.
2~
| O«_Ph
,2
A NH j:
. NH 2
O/ NH3 /|\2 /|\ Ph
M Ar7LTOH oo T, AT NH2
Ar H 2 2 A
I
OH /
Ph_N- H . Ph__N
Phl NHH = 1,5-H shift
NH 20 RIS S
pr TN Ar 2 PRGN A PR N
OH c d
[
b 2

B 4 TR fh B = AR DR (1 s 7 AL 2
Scheme 4 The mechanism in formation of tri-substituted
imidazoles catalyzed by iodine

E’\J%A%T/E?J%;‘%&E@%’ﬁ%%"fﬂ%?#‘iﬁ'JE/ﬁ\E%
T, Horh, 2 A 2L SR AT DA, D X AR 4l
FBRA AR I BEA RIS T — FoB U 7 ik,

Ph NH,OAC N
N + R%CHO | )—R?
R— | AcOH N N (1)
N o refux.  R— |
N~ “Ph N
Ph

R' = CgHs, 4-CHzOCgH, 4-CF5CeHy, etc. 1
R2= C6H5, 4-CH3C6H4, 4-CH3OCeH4, 4-N02C6H4, 4'C|C6H4, etc.

Chin. J. Org. Chem. 2015, 35, 1204~1215



Chinese Journal of Organic Chemistry

REVIEW

FERIRRAAAE S, B4 VEH, A2 R IRk
M, WA AR IR RN, AER SR NI A BT AR ]
i Xue SPILLITER . AR, BERREON R, FERL-
BRIRHO R R AEAC T, & AR T 8 A PREE I = HURK P (Eq.
2). BAREA ML 7 TR, HERN A5
BER A — 8B T, M, SRR T — s &
JE Bk (1 22 UK SAL S P 0 5 %

NH4OAC |2 Ph N R
Cs,CO
oH, J\ T2 T @
Ph CH3CN, 80°C  pp N 0
R =Ph, p- C|C6H4 p- CH3C6H4, etc.

% B ] BEFIALER 40 (Scheme 5): fESRBHAEAE R,
KOS MUYERTE R a-BUACR 8 a; AR AL
BRI AR, R AR Tk 5 T TR e 70 A TS T A 2B oL
WAL G b; SO EYS a-AK ZBER, &
T HAS R, KA T SRR R B L e S K
RWAEY o W PIEMAN T RERS RN %
HUACK M d.

I 0
—>Ph)k/ ! 0
a

(0]

Ph)k
tho I PhIONH@AcP"INH
P SOH Ph” 7O Ph bNH
PhIN Ph Ph

PGS H S I Y

o N O

d c

NH,
DLIRAR AR B 2 2T N ) -Er A = BUAR DR 1) 2 B2 AL

B 5
bl
Scheme 5 The mechanism in formation of tri-substituted im-
idazoles from benzoin and acetophenone

1.3 UBFRAEAELTIE K S EUCRRME

BT AR R L =0T 2IES . B
FHES T2 Rt 2h, ROl h. B ik A 2%
RIEAR . VRS T s 1A L, SR Z AN AL &)
BB AR, 2 — P R R B/ BRI Ak 7).
UTAESR, 152 BUARPKMERA AP A B, SR &1
RAVE AT . SR8 15 A 1-2.38-3-
FH L DK A A TR ([EMIM ] Oac)* . DUGALH 1- T S mkms
£ ((Hbim]BF,)P? . U4 A6 B 1- FF 35 -3- i 25k ok nes 25
([HeMIM]BF,)%  N- FF 3k -2 it i o il 1 2 S0, 6 ((NMIP -
HSO,)M, 1,3-MnE — R AR AT FR S 5 ([Dsim]HSO,), 1
FH IR 1 = 450 2% 25 ((Hmim | TFA)™), DLK 38 A B 1
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AR SILLPM™WAE . 35 8 ik e 1 FoR. &
TR T AL B Rl 22 BUAR DK P ) VR 17 0 L3R 3.
N\ Ac
[EMIM]OAC: 3C/N@N‘C Hs

BF;

[HeMIM]BF 4 JfN@NM
N

*

SILLP: -CH
(AK)JS
[Dsim]HSOy4:

[NMP]HSO,:

CHs
E1 #0984l

Figure 1 The structure of some ionic liquids

K3 E TR & R Bk
Table 3 Synthesis of multi-substituted imidazoles catalyzed by
ionic liquids

R N
R! NH,O0Ac

IO + RPCHO ioniz liquid 1IN\%R2
RO e RN
.

R N

X
N

1
R\0 . NH;0Ac
+ R2CHO + RNHy, ————
R0 ionic liquid R ‘
R3

R'= phenyl or other group
R? = phenyl or other aryl group; RS = aryl or alkyl

Entry Catalyst Yield/%  Yield®/% Ref.
1 [EMIM]OAc 71~96 — [38]
2¢ [Hbim]BF, 85~98 — [39]
3 [HeMIM]BF, 74~83 — [40]
4 [NMP]JHSO, 80~98  80~98 [41]
5 [Dsim]HSO, — 75~100 [42]
6 [Hmim]TFA 90~95 — [43]
7 SILLP — 85~90 [44]

© 2015 Chinese Chemical Society & SIOC, CAS

7a

“ Yield for tri-substituted products; * Yield for tetra-substituted products; ¢
Ph, o-furyl, p-tolyl.

BT WRAMAE R —Fhm R, SRR N, LA
E It 2 7 52, {%wxﬁzi*f—ﬁm, RMNEER G, A
IRZS ) DR BiAR R A 4y B ok, BB . 75 3 ik
ALK S S, 4 LAEE S 3 (Table 3, Entries 1, 7)P%*Eg
TR S (Table 3, Entry 3)10, £ KM 2 45 5 S A (7]
WA N JERL, TERE AR ST 2~6 min, 7EHMEE TR
YA [HeMIM]BF, & i W = BUAR Bk e A7 4= #14°)(Scheme
6). EIIELRE T R BB A A p A A,
SNETG A% SRR e AR R AL

H 2 BRI, S 7 JE A7) o 2R A T B R AR A 2
Ab, A HARAE ZERA A Y. W 9,10-4F 3E Bk —
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Ph o NHLOAG RS 1,2 —RML AR R, SOk 10~
pg;*mw<j%womﬁmﬁ 20 min, 27545 7 K IR 1O 3 I R & 43 AL 4

MW, 4 min

H
Ph N N—_Ph
T oA~
N N
Ph H Ph

65%
Ph 0
o NH,OAc
12 e Do
o [HeMIMIBF,
Ph MW, 2.5 min
Ph N
o
P~ N

90%
B 6 I ek B TR AL A B BURIR IS AL 5 1
Scheme 6 Synthesis of multi-substituted imidazoles catalyzed
by ionic liguid under microwave irradiation

B, FE U B TR SILLP 4L R, DAZRABEEE
9,10-20 3 2 Wk 6 Ay — el S S JECH), R RS A A AR
T R H(89% ~ 94%) Hi B Ak T = HUAR K B 2R 4k & W)
(Eq. 3).

O H
‘ O+ ArCHO —»SILLP O N
rCHO + NH,0A —
4 EtOH, 50 °C ‘ A B)
0 N
Ultrasound

Ar= CGH5, 4-C|CGH4, 4-F3CGH4,
4-(1,3-diphenyl-1H-pyrazole), etc.

1.5 PAZZER A TIE B Z B pRme

KEZBRHPAE AT, BAMEMASER, H5E
RUFEEAR A, Hod, Keggin M4 2 W8 /& B L) — 28 2
L. I, %% R Ha[PMoy,VOu] ™%t a1 HUAR Ik
M HA R AL VE FI(Eq. 4), [N JERHE 2.0 b B
5~33 min, FEFIE 68%~90%. ZMEALFE T, A
VMR W 3 2 75 & e ¥y ] LGRS 2] B bR =9, (B52 55
iz LY g s e 7= 4 B 2 .

Ph 0 NH,0Ac  Ph N
I + R'CHO + RNH, —— | >—R' )
P S0 HPA N
EtOH/reflux Ph \R2

R' = Ph, 4-CH3CgHj, 4-BrCgHy; R? = CH3, Ph, PhCH;

Felth, RARHE. M. DL REE IR R NAE =K E
SR (PDTC, KsCoW ,0403H,0) AL T, 7E T 1A 7
R RS BB 2 min, & RYEARBKMEAL A, 72
HRIK 85%~95%0). S 87 A 4 SRR FH SR AR AR A S B A,
ST REMRIEAT, (H 2 I BB TR AR A, 72 28 i
FEAG. b4, 2010 4F, Fantini 257050 o B 480 B B AT 5 Jik
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(Scheme 7), 773k 75%~90%. % J7EER & S A bR
HA 2 A HAA B . LR N R A
A FREAT, PR AT 50%~85%, S i A [ U] 5 %
16~24 h, &R TSR 3.

S
ol
N B
'
N™” ™A
[e] OCH T o
\ 3
N B H B_O o—/(N B
o - X0
N™™a O Ao NN
A, B= H, CH3, n-CHchchg, Ph

B 7 S OKmEE R S R
Scheme 7 Synthesis of fused ring compounds containing imid-
azole frames

1.6 TBRLIESHS FMRGHEEELTECERS
ER4X g s

S5 R A R — R Y M R A1 BB ML AL
o TR BT B S B B A, AR AR
N, AR B S HEAAR R 5, A2 S ]
WCIEEAME A, B2 T AR 2. ik, AR
BRI AL T T A Al = EA Ik A T G B A IR e
Rk, Flhn, BMEEAES 7R AL (ALOs.
NiCl,*6H,0)*), f 38+ K10 B4k L AI(K10-Ti) ),
Tk JB2 A7 38K v IR (SI0,-HC10,)P L Fik Jie 47 5 B R A0
(Si0,-NaHSO0,)P"),  3-WR B -N- 7 FE /i ot (3-PNPS) f1 3 &
fitf {2 (SBPPSA)? | o P E I 1 8k (1 K ) AR
(mercaptopropylsilica, MPS)® | ¥k £ f #% B4 B 4
[Zeoliet-Cu(NO;),]° . i 1k & #y ml ik fist £ 378 AICI,
[CSC-star-SOs-AICL]P . 4 T 2 3 /B &9 poly-
(AMPS-co-AA)® H A R RIS 78 G 3 R A A 5 A,
T 1 B A3 AN A 2 ) PR AR B FE B AT DA T R A B
WP, 3T U Ik Ak SR AR . 5040 S B A A 7 1) 4
I 2 R, fil, VEE Sl T St TR S &AL
BR(MAC-FeCly)®, 33T 21 7P 6 1 A I 2 B0 i ek 3 2
5 FeCly Z [MAFEERIIICAAEH, £0E MAC- FeCls
TS &R N 2.1 mmol/g, EALTRINT A B2 B K
AARGHIMEIER, 7231k 79%~91%. 7EAf#1L
FIHE AL B 22 BUA QIR M PR T 4175 00 UL 3K 4.

MF 4 ATLLE H, SRR S A RIS
il J% iz o SRR B 22 AR K e 24y LA ¢ A P 4 Ak A
TE A B 2 BUAR IR M 4] JirRh o, 68 248 £ T 4 P R A3 408 e
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SBPPSA DEgES'/\/\N/\
AN

o “SO;3H
O—Si
DEO/ SH

CONHC(CHj),CH,SO3H

«—FH,C
CO,HNHCOCH,CONH—HC
poly(AMPS-co-AA)

I/

B2 & eI aii

Figure 2 The structure of some supported catalyst

R4 AT G R BAK
Table 4 Synthesis of multi-substituted imidazoles catalyzed by
supported
RS0

supported catalyst
1
RNGN
Nl
1 N
catalyst R H

RL_0O NH,OAC
]i + RCHO ————~
;
RL__O NH,0Ac  RN_N
2640 + RNH I N R2
I + R“CHO 2 supported ‘ N>7

RS0 catalyst R’ R3
R' = phenyl or other group
R? = phenyl or other aryl group; R = aryl or alkyl
Entry Catalyst Yield“/% Yield”/% Ref.
2 ALOs-NiCl, 86~94 — [48]
3 KI0-Ti — 71~84 [49]
4°  Si0,-HCIO, —  75~96 [50]
. 88~89 (Benzi)
5 Si0y-NaHSO, 20~30 (Benzoinl) 1)
6  SBPPSA —  72~92 [52]
79 MPS 65~96 84~93 [53]
. 63~92 (Benzil)
8  Zeolite-Cu(NO3),  71~98 43~84 (Benzoinl) [54]
9  CSC-star-SO3-AICl, — 82~96 [55]
10 Poly(AMPS-co-AA) — 85~90 [56]
11 SiO, — 82~93 [57]
12 MAC-FeCly 79~91 81~90 [58]

“Yield for tri-substituted products; b Yield for tetra-substituted products; ‘Rl=
Ph, CH;; IR! =Ph, CHj, phenanthryl.

B, R TA) R R K, T 7 R 2 A BT D (Table 4,
Entries 5, 8). KFHBEM Z A, Aor=AREisd, &
— PRERAE RIS TS REVR. KK FH AR 51 A 1b 2% )R B H ((Table
4, Entry 11)P7, 755256 =5 SLHK PH B )4k 2 6 10 6 1k,
AR — R, BABENNHME. &R
Ik 2 A Tk R AR A 2 4, 3 AT LA Al AT i 281k &
W, W1 9,10-3E F LRt RE R 1 BB EE MPSz A
A3, It 9,10-3E FH . D5 | 5 R S B R 1) ] B,
FERHA R T S HURS DUEURBK SR S (B, 5). %
TTERNFFAT R AN, el RE 2 IR AT A, AT IR R L
T PR AL TG 12k
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O CHO NH,
o

‘ NH,OAc
+ +

0 MPS, r.t.

O NCHy, 1 o0 MeOH

1.7 HARAET R A FLARHE L7 48 1L & A 22 BURRR
(i

H T 9k PR B A 55 % W40 5 308 S 114) 3 T 288 1 A
AINGERNSERE, BARRRIE. B WL AL SEE
e ARSI BN GR ML 0 W2, BIGR IR A B
VEMEAGTI AN KA B} 47 B PR R PR AL 7). 2013 4F,
Safari 555G 1 — RANVGUKPPRMA BT, L iR
Fe; O, GH KRR £ 302 T4 1-H1 25-3-(3- F AR R ek 2R TN
FY KM R FR Eh (IL-MNPs)P? . Wi FesO, 4K UKL 114
FUEFR(SA-MNPs) . 9K IRk MgALO 0145 ix syl
KMEATNT A R 2 BUARIK M3 &, A R AP
V. BEAh, IEH 9K EIRER R B (Zr(S0,)) . 2Lk
FEY KA R A HLUER(PSNP-CA)®), 7K & AL AR K 8
NG FRL AIOOH NPs!'®Y| gk Sio, f1#% TiC1,'*! 3t
FIRAY) FesOq YK ORI H45 90 KA A 701 () 5 44
3 FR. BR T 9URMEATAE, BB FLIR S5 R A
FUMEHE A TG i 2 BURIKIE, 11 SBA-15 F12,2,2-
AR AR 4 R A A A SR (SBA-15/TFE) %7,

HHE 5 WAL, ToiR g KM BEA S 1 (A TR BRAN KA
REABIEE R TR, BEF RS, 76

0 cl’
MNPs-IL: &OE&MN?\N—CW
0 "/

PSNP-CA : QSESiMS—é—COOH
H
O
SA-MNPs : 8;S|/\/\NHSO3H

~., 0O
AIOOHNPs: Al Al Al
L0 .0 O
H
\_/

AT

0
1

Nano SiO,-TiCly: ‘[o—§i\o1L
o)

n

-

B3 AR SR

Figure 3 The structure of some nano catalyst
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S5 DKM A R IR BRI
Table 5 Synthesis of multi-substituted imidazoles catalyzed by
nano-catalyst

1
RL_0O NH©OAc  RN-N
2 A N 2
11 * R%CHO Nano catalyst 1IN>_R
R o R H
R'_O RN
NH4OAc
I + R2CHO + RONH, ————» I >—R?
R0 Nano catalyst R1 N\
R' = phenyl or other group R?

RZ= phenyl or other aryl group; RS = aryl or alkyl

Entry  Catalyst Yield/%  Yield"/% Ref.

1 IL-MNPs — 80~98 [59]

2° SA-MNPs 90~98 — [60]

3 MeAlOy — 89~95  [61]
nano-crystaline

4 ZrS0z 82~93 73~93 [62]
nano-crystalin

57 PSNP-CA — 78~97 [63]
AIOOH

6 NPs nanoparticle 79798 7890 [64]

7 Nano SiO,-TiCl, — 60~90 [65]
Fe;O tecti

8¢ €31 cutectic 60~80  68~90 [66]

nano particle

9 SBA-15/TFE — 80~90 [67]
“Yield for tri-substituted products; ®Yield for tetra-substituted products; ‘R’ =
Ph 4- MCOC6H4, 4- FC()H4, R Ph 4- C1C6H4, 4- M€C6H4 using (NH4)2CO3 as
nitrogen source; ‘R'= Ph, 4-CIC¢Hy4, 4-MeOCg¢Hy.

KA SR, 8 L BOs 45 47 (Table 4, Entry
1)0al 8 75 304 4% 5 (Table 4, Entries 2, 3)1%0%0, 5 7=%
MY, 2RI T 45 B

2 H-ERTTEMARYIE S BRI

AR U 4R A AL A 51 R A AR B R
R, BT A2 5%0E. Bk, Rajaguru 257 1
WAV =FIF BRI T, B o-SRERE. 5
Nl it 22 40y — AR A T B B 1 2 TR T
(1) 22 BUAC IR Sk B WD 2R FE (1,2,4- = ZR FE K -5 R L ]
(Eq. 6), 1% iEEHT5 ARRBURKE R R, ¥R 2]
BRI (61%~82%).

IR SN AT RERIALIR I R s AE = g R LR R AR (4
FR, AN E) 05 B A0 05 B4 O TR, o- B BT
IRBAZE I 37 9 A Bk, i 2s—A Ny o FIE R
Tl a, RO HL 0 O e fb A 1 S
OB EHA] b, [ I A X SO IE ) o fr
TERR AR ¢, H)e, £ SAER P EER T
HArr= ) BUARIK 4 d (Scheme 8).
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Er OTf
+ +
/ = MeCN, 1~3 h
reflux

R' = p-MeO, p-NO,, p-Cl; R? = p-Cl, m-Cl, p-NO;
3= p-Cl, m-Cl, p-NO,, p-CHg; R* = p-MeO, p-CF3, p-Cl, p-Br

Er(OTh;
PhCHO + PhNH, PhC=NPh o _pn
Q Q Ph
o Ph ™—Ph  Ph Ph Ph /
Ph_ H——(  Heshift N (N EfFs
PH N=N=N NN N a Ph
0 0 !
o)
N N-Ph  ~— 7 Ph
/ N N )
. EfF
Ph N/)\Ph Ph \N)\Ph >*N/ 3
d PR |
c Ph
b

B8 =5 MR AR (ke Ak B i DU B ARIDK P 1) Js S ATLEE
Scheme 8 The mechanism in formation of tetra-substituted
imidazoles catalyzed by Er(OTf),

2014 4E, Pandya %Ll Cu(OAc),*H,O NAELLI,
TBHP A%, L A5, £ DMA H, ¥ C—H
B, BEIMIERBKIEIR(Eq. 7), P2RAN T6%. &k
SR GEARIRAN, [ SLEARLE R 545, & — R R G Rk
EAFEE R 1,2,4,5-2 BURBRIE IR 7 7%, % N AT
REFBLEE N, ZEBRIIVER T, JEORNR AR IR AL 3 A N T
Gah i), FERAE RARAE R A a; BJS a HAEKRAE
FAZHAR N b; 7R AT TBHP /EF R b EE
RO i 454 ¢; [AIE, ¢ 76 Lewis FR Cu® VL R &1
WERZ R B AR d; 5, d A 4= DY B
ki e (Scheme 9).

opr

R'=Cl, MeO
R? = CHg, CH,CHj, C4Hg, etc.
R®=Cl,F

R1

Cu(OAc), H,0, I,

TBHP, NaHCO3
DMA, r.t.
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o

Ph_
Base ‘N
j Base /\ Base M P
I2
S (i HN
[\ O

a —Ph Ph b
cu? | TBHP
© © /\
e {V e g)k .

NO H

N N ‘o1

\ Ph

PH ph p

e c

B9 FEERAR (AL A pl U H A QIR e ) s AT 3R
Scheme 9 The mechanism in formation of multi-substituted
imidazoles catalyzed by Cu(OAc),

Mamedov ZE7S%H 3-55 LML IR-2-Fi 5 5 . 4
REAEH, £ 4B- W B, a7 2-773-4-2-2K
FEIKME)-5-ZRFE BRI (Eq. 8), MBKMEIRNG 4-NiAFAELR AR
TEEERIN, N AT e AT, SR IR kT
PAA BRI 1,5 00] P W5 R4 12 5 R B 1T B P B 4
Gy, A A R AR R AL T — P
177V

NH4OAc A
* AICHO —— \?{
MeOH, reflux

Ar = Ph, 4-NO,CgHy, 4-FCgHy, pyridin-3-yl, etc.

2012 48, Li 20753 5 gy 5k S T B A 9 32 i
RERL PR AR TR MBS R N B, 75 TR IR
BRHTAAEN, AR T PRI EU R KRR A A (Eq. 9),
PR 49%~90%. A Ik & B MR ROt
ek, %5 R B A(5~ 10 min)%H, #EAE5E, NE
BCE B E IR T R iR 4E

) /] o CHsCOONH,
o =/ Rcocl © o T~ %
HG Syriding N g g MW, 130 °C

=

Solvent-free
R: Alkyl, Aryl, Substituted ar: yI

BN
o yr )
= N
\_ 0O H

Miloston 257251 F 4 HE K B-28 FE-0- = 98 PP 2L
SR PRI M REEAEF, A R T MBI & =5 21 =
HUARIKIE(Eq. 10). a2z aling J5orkcan S )3T Lik
SNE, AT DIIGR] A e e e i) = BRI =) (an S
A, FEE T — RGBS A S PR R B = UK
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MSRAL SN A BT
o
Me.__NOH Me N*
EtOH N 10
I + [N s ool Y (10
reflux
® CF3
Ar = C6H5, 4- MGOCGH4 Ar

3 HRREEBMRKFTHREARIEREZI
(Ad 8

Liu PR ARG RA S S N-J7 52K F ke
RERL, LT, /£ DMF Hin#iaE| 90 C,
23 342 AN, AT 1,3,5- = HURIKIESE AL
HEWEq. 11), FEREEATIE 86%. %5 iEEAE T (H,
B R, XSt s, 2Rl G 2 PRk ek
WEIA RO 5. RN AT RERINLEE N N-J5 562K
FPKTE Lewis iR FeCly ik N ARG IR AR £
Michael IR B 844 a, a 78 FeCl /B T K44+
HSER IR AE B R AR b, 3T 2k K —4 T IR B AN
— 43T KA B = AR BRI ¢ (Scheme 10).

Ph
NH FeCls, DMF N
P ANO T R j (11)
Ph
RN 90°C, 4 h N

H ly

R
= C6H4, 4-CH3CGH4, 4-N02C6H4, 3-Pyr|dy|
R2 = 4-CH3CGH4, 3-C|CGH4, 4-CH3006H4, etc.

Ph

/FeCI3
o N Ph Michael addition /g
Ph{/

% A
i i OH
NH NO, AF
Ar a FeCly
Ph N—_-Ph
P i -HNO_ Ph—( ]/
\VN - 20 N
Ar OH Ar
b [

R 10  FeCls AL Al 1,2,4- = BUAR BRI ) [ LA L ER
Scheme 10 The mechanism in formation of 1,2,4-trisub-
stituted imidazoles catalyzed by FeCl;

Tang Z5UNE T N-ZREIK K S RS 355 206 N R
HE, ALY AR - BRI A &R, TEESAEET, 8
It 342 AU N AR T 1,2,4,5-TUEUARIBKIE, 7=
58%~75% (Eq. 12). BAY VAR —IATE e A4 2 8 AL RIOR 5
re FLEBEVE LT, 12 SR FH AU R A T BE 42 5 JCER
R, 5 7GR G150 5ok R R % 2 B BRIE 1 77
k.

FAUH, Guo ZE WL I 5 2- B3k -3- F kb g
VBRI AE O 2R RO 246 TR ), 7RSI 5 3-IRIN TR
LERRMNER T 1,2,4-=HULBKIE(Scheme 11), 7% ix

http://sioc-journal.cn/ 1211
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e AT 85%. FTAHAL S 0 EL A T ok O 4 1) 240 L 5 Ol R i
3 .

NH R1

\ N
R2

R' = 4-CF3, 2-Cl, 2,4-(OMe),, 4-Me
R? = H, Me

Cul, blpy
0O,, 90 °C DMF

(12)

NH g Q
NH, NG g r
@J{ </:\£N NaN(SiMe); | P
_ NaHCO;,
0
o—/ CN 0
o—/
N O
%Q%<:] 24%{
QJ Z
o °

R = amino, isopropylamino, morpholino

B 11 DA A R A 1,2,4- Z BRI
Scheme 11 Synthesis of 1,2,4-trisubstituted imidazoles from

amine and nitrile

2014 4E, Pusch VR J& T —Fh R o-Z NG AN 57
WER T S AL HE R A 1-Tk F 2 - DY BUAR K ek 54
HI 18, P3N 24%~83% (Eq. 13). JEd % iz s H# ig
(DFT)iE 5 R B i 8 ot (3 U8 25 ()3 A e FH 5557 T =5
RIS LI R ) O B 0 RS B A7 B T R S R
MERRW R C—C (LR, DL 28 R
M IR E DL R 4- R R R TR S S 9 ), AR
OV RIS HSLF DFT yEIF S gs 8, ar DAHERZ %
VT RE IR S NATL RGN R SRR SR AN IR T TR
A SR I T s, 05 S S B A G AR T i A
T BRI M 5 0 e ik 7 85 1 R A SR N A s 47
FELAAT AT TRV @y a 2R 20 P SEAZ NG B D FR A B
T EA b, b BT T AE A A ¢; 7E5
TEETR, e BZE—FKE R S+ ik d; Bi)S, d
P = JGFRIK C2-C BRI T 1 5 0 e 670 8 T RO KRR e
e e i EE g M 4 I B AR S A B A R IR 5
(Scheme 12).

1212 http:/sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

(1) HOAc, MeCN, 40 °C

0-N R3YNH2 .
\ + + R*CHO
R1’§)\R2 CN (2) KOBu-t, hv
MeCN, r.t., 6 h

R3 N
0 —
R1JI\J\,/ %‘R“ (13)

R' = Ph, p-F-CgHg; R? = Ph, p-i-Pr-CgHy; R® = Ph, p-F-CgH,4, Me, Cy
R4 p- F- C6H4 p- N02 CGH4 p- NC- CGH4 p- F3CC6H4 4- pyrldyl

hv )‘W
Ph

Ar
)—Me—> _\

/Z

-NC Me

m
NC_ Me

>< Me 0 .
N i W W—
N ———
%H W OH PH >
Ph Ar
d

Ph Ar
c

ArCHO +
H

N Ar

o

Ph Me Me— I

\(\\ H,0 N

NN —— Ph

)_( -OH" Sﬁo

PH A Ph

e

B 12 RAMGIREE M T lE M i DY B QIR e 1) 5 AT 3
Scheme 12 The mechanism in formation of tetra-substituted
imidazoles from isooxazole promoted by ultraviolet rays

4 B 2-pEaEARME A% BRI

Mehdi Z770L a-1R4RT5 00 Al 75 RS RIS PR #%
RERL, FELHEREMET, T130 CRM2h, AT —
24 1,2,4-=BURPKME(Eq. 14), 77F AN 84%~95%. %
J7E R B 5 15, T i AT, RO E [E)
PR, S FRERAR A Ih RE AL KRR I T v %R
FINLECDN IR (G SR 5 A LR, WES 2-34%
55 LA R AE RO E 251 a; a 58K AE IR N AR ik
YilENE b; B, b RS 5 A0 R R AR AR
N, B2 PRI R A KR R (A e, HE— B AES
SAEAET, IEAS 1,2,4-=HULBKEME d (Scheme 13).

RU__N
NH4OAc \[ \>—R3 (14)
Solvent-free N
130°C, 2 h 2
R! = CgHs, 4-BrCgHy; R? = Ph, Bn, n-Pr;
R3 CBHS 4- C|C6H4 4- CH3CBH4 4- N0205H4 etc

o)
i A B R’NH, + R’CHO

5 MBS ARYE S TR

2006 4, Siamaki %5 Y7E [ I AL RALTIE R T, B
FE P 53T AR B e (— AN R 0 R R i ot 5

Chin. J. Org. Chem. 2015, 35, 1204~1215
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Ph
\
PhNH,* PhCHO —= N= NH;OAc— NHgz+HAc

) Ph NH;
Q R (RS
LB N — 9

3
R = a ~R2

HZNYRS R \ R
-H,O = H 3
R1)K/ ~R2 — \[N>7R3 : \[N\>7R
\ \R2
c R d
EHR 13 DURAST TR A S 1,2,4- =3RRI 5
HLEE

Scheme 13 The mechanism in formation of 1,2,4-trisubstituted
imidazoles from bromoarylethanone

PR, AR, £ k1) — Sk
FAETS, BT ZHUCBRIE, %08 60%~T76%. 1Z/%
S E A AR e PRI PR L S rh i B A I 5 1
S RE, TR B R A & S AR, R B it
SRt S S A BIAAE L. 1207 P R JEORE I & A 141 i
FEVETT, 9 R AR TT i DL S B D RE 7 Tt T
FEEERI & ROE. B, —F p38 MAP JF BEUL A1)
FM(Eq. 15), H 2,4,5 RL= MBI A, LA
W5 RS 53R4T, (BRAIAT i, AR fa 507

fif.
404 kPa CO, LiCI. kPa CO oG

Q) ¥ O) y deprodect: PhS|H3

H3CO Pd(PPhs)4, HBr

Pd cat., P(oTol)3

N

F

SIS FEINLER R Wi S SR A SR BUR
SR SO i T a4 g H A a 2xfE N EEH B R
REEBEFATAE N AERREY) g A1 h, SBUPREK. %
8 FIIT Jig 5 v [ 4 23 i o 30 ) S R A, DRI e et e
R PBEREE, ¥4 CO ByE Ay, 15 ZH0H| &SRR H .
b, FER AR FR T IMABEBCAE P(o-Tol);, 234 nfiAL,
AR, R, IIATEHLER a0 LiCl 1 §e 520 i
SR E AR A R ) S, A A2 R B, AR AR a
LA AL IO AL T B SRR by — S aR B
AW B B RC AR S AR EC AL AR B A ¢; ¢ &0 — RAIAR
eIt 2 —7rF HCL, [FIN B2 PACEETIEAEIN) T RS
WA R A £ 5 Ts BRI AR, & — 43+ CO,
A1 Ts TE =4 22 BUARK I (Scheme 14).
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LR e R
R® :
2 14N 1
" RETINTIRIHTONTRY
R® 7 LR |
’ o} OZ(,Q/R3 gk h
| + - Cl by- product
2) R1J\C] 2J\ 3
R R H R
Cl~ >LN
Ts Pd\O)_R‘l
; - HCI ! b co
i R4H o OYR1 ( L
RENSN —r |- 4
-TsH 5 N 3 R2 R3
R2 R4 -COQ f R H R2 H N
Y( R
L: P(o-Tol) Cl,Pd\
Pq )\R1

B 14 AR B S A BT B R e ) S R ATL 2R
Scheme 14 The mechanism in formation of tetra-substituted
imidazoles from imines and acid chlorides

6 PURRWAYIARYIE S Bk

2012 4§, Jiang ZEVF H bR A BE % BB B AL S
Ao JFRL, 7E Cul/Et;N Al Cs,CO3/MeCN A £ f
R, Eid PP —ERTE” , G Il I % (ketenimine)
LN PR, A BT OB BRI, = 2Rk
39%~83% (Eq. 16). BEA I Nk FE 2R AN, A
. N AWS AT B, M EE SN, Bk
B BB YR g e H 22 3 B 0 (CuACC, copper cata-
lyzed azide-alkyne cycloaddition)it 2, wliHhAE i V- bk
vl TRIA - S (1K NP T (T SN B Y S N WA R (P S
%I P BUR IR % a (R OB SR R A by Bl S,
TERRTRE(VE B IVE TR, b HR bR T8 5350 20 e A o TR

IR ¢, c B UEAT IR d Fl e B, e
S BERE I 1,3-1EH T8 A 4 DY HUAR K P (Scheme
15).

R4 (1) CU'/Et3N, N2
I o MeCN, 25 °C, 6 h
] *R—SNs
R3 X (2) Cs,CO3, MeCN
R? 80°C, 4 h
H 2

R
s O YNH R

R\S// />-\/ (16)
O// N

R1

2013 4, Chen ZEPEAT MU AL IR IR (= H 2 2
AT, B ZHR ZH 5l BN LRSS —
AT ZHURFI DY HUAR B, 7= 008 72%~87%
(Scheme 16). & MILFEH, 7E4FER A DMSO [I/71E
T, Wb E R B A, S5 RSO RS 4R
B R G R 22 BRI M, 1716 56 A ] 1) S R
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Ph
Ph——=
‘ ‘ + TsN Cul N=C HN—Ph
SN3 —— = :\
%
L EN 1 . Ph
oh o _Ph
Ph—=—  cs,co, HC=C= PhMNtPh
N-Ph —— N-Ph—™ _ N
TSNIQ; TsN:<> Ts \&
b Ph ¢ —Ph d Ph

!

o Ph  ph Ph - pp
\\ . .
S/k(( 1,3-shift K(h
% N-Ph =— N-Ph
ISR A
Ts—
Ph € —Ph

B 15 M. B Rk S A & 0 B = HACR I
SR

Scheme 15 The mechanism in formation of tri-substituted im-
idazoles from propargyl amines, sulfonyl azides and alkynes

R H

NH,OAc IN 3
>R

pivOH, 140 °C g2 N

DMSO:H,0

R'—=—R? + R%CHO

N
NH,OAc 3
RI—=—R2 + R%CHO +RNH, — . >R
pivOH, 140 °C R2 N\
DMSO:H,0 R4
R' or R? = Ph, 4-MeOCgHy, 3,4,5-(MeO)3CgHs
R® = Ph, CH30CgHy, 2-furyl, H, CoHs, (CH3),CH
R* = Ph, 4-BrCgH,, CHy

B 16 AR AL IE IR A Bl 22 A QR I

Scheme 16 Synthesis of multi-substituted imidazoles from in-

R!
\

ternal alkynes promoted by metal-free catalyst

H AR FE W Schemes 2~3. Z AR T PAAE B N &
LA G % 2 BUARBK L (R YE L, 7] DA A (R 45 14 1 22
HUARIK AL A, K F D5 AR SRR 22.(83% ~ 87%)
Eb i 7 i (68 %%~ 74%) I 755

7 REMRE

ARSI T LA 1,2- B o-FR LR . ERAT A
PRECEIENS . s AR BESRAENE, DL &5
NI 12 BARIKIE (R T LR, Ferpadiad 1,2-
TR B o-F2 5 R DY IR bR AL A K T A A
Z. NRMFBEE, B TSN CIAN, TOBEES
7 P R A B A K FH O I S 45 T BUTE 5 1l 2 AR e
AR ERR LML, 12 BUFRK e Y 5 A2 1S 5
I skt AL RN, JC R R N B T A
VRS B NE S 2 UK IR (5 1, e ik 1A% 4t
RIAHUET IR A5 HRET. GRS, 2
AR 5 CE AT S DA HLE R B

R BRI BT FH AR AL BT IR < Lewis &2+
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B TR S AL, R B OB R R A EALT. fa
WA B SO O 7T DUEMAE SR 3, Bk
8 3t P T 22 BRI R 5 Fl R . A 8 ) S bR
RIS TR, T SEM R AL A R A,
S S AR A 0, 2 B R RG> B B A i
PERRAR. (ER ORI B, o028 7 X F i, X
F B T GAORA A7 AE A5 R B 2 T SA R AN/ RS 28082, A
TR KB T AR DK IR, oS )5
AN EREZER R GRS —. I, TR, NEE
JE KA R A MU, BHAREE . R e,
1 22 TR ) 5 ol o A TBOR B i 2 g 7

gR Lk, 2203 R NAE AL 2 HURIEZE A (1 2%
AL E PN R AT OB ZE AL, MR REE
KA TAEFE RIS )1, B2 G E. mRCH R R N T
T AT DAB S B T B Bk 2 17 A 1 22 Bk
MEIRAL S .
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