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Recent Progress in Synthesis of Polysubstituted Imidazoles by
Cyclization Reaction
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(Shaanxi Key Laboratory of Phytochemistry, College of Chemistry and Chemical Engineering, Baoji University of
Arts and Sciences, Baoji, Shaanxi 721013)

Abstract Imidazoles are a class of very important S-memeric nitrogen-containing heterocyclic compounds, which have a
wide range of applications in organic synthetic chemistry. They are widely found in natural products, applied drugs, materials
and other fields, and are also a class of important organic synthesis intermediates. Therefore, the synthetic method of imidazole
has attracted much attention. The recent progress in the synthesis of polysubstituted imidazoles by cyclization reaction is
summarized. These methods and research progress of the synthesis of imidazoles from oxime esters, 2H-azacyclopropenes,
ketones, 2-aminopyridines, azides, triazoles, alkynes, isothiocyanates, aromatic amines, amidines and nitriles are reviewed.
Finally, the prospects of the reaction with this reagent are also proposed.
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Figure 1 Some important imidazoles
1 WS RELITEYS bR

FH ] LAt IE LR A O B I (1) % 34 2 — P Bk
IR IE[1,2-a ] b BE 1 BB 7V, 7 2013 4, VLM UG IR
HUTEE AR E T — P A S B AT SRR A A R SR
ML e A0 R DK [ 1,2-a ] IE 1 77 V5.

2017 4, %A USHRIE TR AL S R R 0 5
SR HI[3 2] LA OB 1) 5, 2T TRAE
Fe(OAc), AL T, PL 1,2- & 2kt (DCE)E N IEFH,
TN E 90 C, & LL 50%~90%H I 53] 2.4-
THUR-2H-PKME 1 (Scheme 1). %7 BATE BRI EL
BoAk, S&AFRA, BAEmE, [ radttts, BRI
ERe A A, HHEH T E OB R =, HAh,
R — ANt ] B, AT 5 R A 9 AL
A, T AR RS O,

Fe(OAc); (5 mol%)

NOAc Na DCE, 90 °C

o)
R)J\F\ﬂ + R2/§ R_)TN/ R
R
1

HOAG + N,

R = Aryl, Alkyl; R" = Aryl, Alkyl; R? = Aryl

B 1 A 20 S WA & ke
Scheme 1 Synthesis of imidazole from oxime acetates and vi-
nyl azides

2019 4F, SEAESCURBAAIOTE R T — P B4 1) i
A3 + 21 I B 7 VA ORI (Scheme 2). %% M.
DL B A DY & S5 R OA SR, CuCl A AR, AT
1) CH3CN ¥, @it Py F LR e A A (TEMPO) A
S, £ 90 ‘CF/RM 12 h, LRSS [T RISCRES Ik
M=) 2. %7 m I A R, IRV
Jik 22 o B L (RIS AL A .

1% 2 N ] BEFIMLBE LN Scheme 2 AT, B 5G5S 3 4%
Ak AR A 44 4, 76 TEMPO fRI264 R, 4 715 AT
FE 3 N A () (A 6, T HHSEIZ & B AL~ E 7Tt
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R R?
N . (XN ONH _CuCl TEWPO |
A P 4A MS, CH,CN
90°C, 12 h N
R' = Aryl, Alkyl; R = MeO ‘//
R2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2
NOAc
+ Cu NH
Ph)]\
* l
/[CU]IH
N N
| . N TEMPO N| ,}l
Ph 4 5 Ph/l\ [Cu

B 2 i R DY S S v AR 5 s R A LR
Scheme 2 Plausible mechanism for the synthesis of imidazole
from ketoxime acetates and tetrahydroisoquinolines

2019 4F, VETE RIREHCHRIE 1 — MR B &
2-HUAOR TR BRI 7025, 207 IR R AE SO G AL R AR AE
N, FERTIOGARE N N-ZRIAE i I A8 TR s B AR
FRPRIE B HI R, de 2 DA R AR 77 2845 38 2-FRUAR AR I K e
8 (Scheme 3). MRIFXTALHUARHT R AH I B E L A,
WHELL 60%~63% KRG R W), 12707 FHIIL 2R
L&A IR AN JEORLEE 5 1R DL A TR IR A i) 7=

Arggn, r.t.

LG
O\N _
R1‘7\ N
T H
o)
N
/ N ge
e | = R
R' = N
H
8

B3 i N-IRELAE 5T A Rk
Scheme 3 Synthesis of imidazole from N-phenyl amidoxime
esters
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2018 4E, THRMEIEGHRMRE T S4B
W RGHR B8 RN 2 H-28 4% P TR 0 1R [3 ~+ 2 1A I s S A5

=
Ir[dF(CF3)ppyl2(dtbbpy)PFg (1 mol%)
MTBE (1 mL), 13 W white LED
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2,4- " HUARBKME 13 (Scheme 4). X7 v s v 25 A A,
AARGME ARG, P52 RIGMICE, EHT
SERHB IR, SR AT T 24 R 9 NO, 1 CF;
HUARIE B [ RiAE L, #RREIRUF MR B, 430 LA 54%FH
63%[1IUS HA3 2= 4.

NH

R N ZnCl, (10 mol%) R I
+ '’ \ \

AN ok ri” g2 MeCN 80°C Q/<

Br

H )/ ZnCI2
ZnC|2 \< %nC|2
@A

Br

/

9

Br Eto— "N NH
\ HN PN

Ph OEt

11 Br

BIX 4 FPWZER CHEA 2H-Z A UG UK e g L 28
Scheme 4 Plausible mechanism for the synthesis of imidazole
from benzimidates and 2H-azirines

% N A BEFIMLERLN Scheme 4 ffis. AESALEEH)
TERF, 3-(4-1RFR55)-2 H- 5 R PR TN T2 Js BH 5 1~ B AR B0
PR EY 9, SRIGEAY 9 A1 10 KA SEAZ IR B A
R A 11 = JCH IR IR AT 4 1 A B SR AR B
N, FERCTILCIA R 12, f)m, BB SR AL ) s
BUHEALIEIR, 193] 2,4- HURBKIE 13.

2020 4F, Kanizsai PRAZHPHRIE T 2H-% A 1
FRHER ) 13- AR SA B 1,2,4,5- DU BUACIK
14 (Scheme 5). %W UL =5 LIRVENMEALT, ZHE1E
R, 60 C RN 6h, LL83%MILREF]1,2,4,5-
VUHCARIK I =4 14, 1207 vE X IR Bt i, PR,

Z N AT REFINLEE AN Scheme 5 BT, FEER 15 A
TR 2H- 82 M 16 2R RAE 1 34BN pR & v,
TERHER 17, S, 75 =3 ORI, 17 EHONER
PR E A 18, 5 E 3T 2 T IR I K4S B B 447
) 1,2,4,5- DU HUAR K 14,

2021 4, Pelletier BRI IPHRIE T =5 LRI N5
(1) 2-SANENE A 2H-Z s R MG OBE, e ™ 28 1 Pk e
FF[1,2-a]MEBE 19 (Scheme 6). 24 R! 4 CN. COsEt, CF;.

Chin. J. Org. Chem. 2022, 42, 111~128

© 2022 Chinese Chemical Society & SIOC, CAS

R2
RZ+ 0~ W R

. N TFA (10 mol%) 1
N
+ /
| R3" R4  MeCN, 60 °C R .

R', R?, R3= Alkyl, Aryl; R*=CO,Bu, Benzyl

RZ+ O +/LA N
N™ 2_ J\(&R“ —
R N R2—N R4

§ /_\
13
RR R* H R \H"/LA

R1
15 16 17 18

3
RN HLA~OHg3
N
)\/\& R Tho | BN\
R'] \N -HZO

BN 5 AR 2H- U0 T8 0 PR I (g L 38
Scheme 5 Plausible mechanism for the synthesis of imidazole
with nitrones and 2H-azirines
CF:0 1 NO, Itf, g A R 4FHIAT 2 A L) 7 4.
IR IR 2-F e B 2- R nE A 2-SAtnE
IR T LAAS 2 AT 75 74, (ECRIR AT 2- 50 tnE.

(i) TF,0 (1.2 equiv.) R’
R _N Na,SO,, CHCl, [ R

/(/J | N 20°Ctort. \
+ \

al \N // (i) Et3N (2.0 equiv.) <N
7
2
R R R |
X 19
@ €]

B 6 2-5bEfl 2H- S AR I 4 Rvk i
Scheme 6 Synthesis of imidazole from 2-chloropyridines and
2H-azirines
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2019 4, FHIETREIAHPIRIE T —Fh DA HERR PR 2
TR AT, AR e S 1,3- S
TR SN B B T K 20 (Scheme 7). 51E4 1
TR, B — e RIS MK S AR I
WU AT, JFH RS ED 6 K. 1%k

R1 Long-chained
‘\\ NH; o o acidic ILs

JJ\/[LRs [BSHDP][OTH] (5 mol%) O: >R

CH3;CN, 120 °C
20

+2
Z>NH, R

B 7 ABH M - K
Scheme 7 Synthesis of imidazole from o-phenylenediamines
and f-diketones
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2020 4, AR ﬁﬂﬁﬂﬂ%&nij’A%ftﬂﬁiﬂﬁﬁlzﬂa
(NBSY/M T 2-2HE-1,3,5-= 5 1,3- 2 ELEMN
IR, BL 90% W2 G i 1 KPE I [1,2-a][1,3,5] =
I 21 (Scheme 8). i JEA/) 30 FEL AN E BE A1 He 75 ME W 72 K
W, p-EAREA p-FRBERHIER. ok, %7k R 1R,
JRADTEE T, IR RS, HE T R R R

..

R2

R’l
O’S/<
NBS (1.0 equiv.) -

N__NH, o o
2 N N
N(\ \Ir\|1/ ¥ R1J\/ILR2 NMP, 80°C,N, ] Ny
T N__N
NMe, h
NMe2
R' = Alkyl, Aryl

R2 = OEt, OMe, Me, Ph, NH,, NHPh, NEt,
B8 2-%Jk-1,3,5- =R A 1,3- “HRIE A G Rk ik

Scheme 8 Synthesis of imidazole from 2-amino-1,3,5-triazines
with 1,3-dicarbonyl compounds
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2020 4F, Banerji PR A4 POHRIE T AU IS — 8L
RN, BT 2 BRI 22~24 (Scheme 9). 1%/ w DL
1,2-ZBAL S sl N R, MOSREALTR), ACONE
A, M#E 70 °C, R VBT IR B 2 BUR Bk
M 25 AN AR R (07 H ek TR N R, %07
A=A T —Fh XA 1. B o & e i
W A BUER BRAER R Xk F M R AT AR
VO T AR AL BRAh, XA BT A R M N P T
TR .

I, NH;0AC

ArCHO, Water RI)\AF

I, Water
/L K2C03 I
0~ R
I, NH,OAc
- AL I
R = Aryl, Alkyl ArCHO, Ar1NH R )\Ar
Water

24

BR9 1 12- A ke

Scheme 9 Synthesis of imidazole from 1,2 diketone
3.3 KA a-TFRERE AR

HT K28 o- —HIEF AR EXE), JFHE
IR &7 A LA SRR, AR B . BT
SN SFAF NI Jo AL FRRR PP 4. R, W R R a-
P SERR AT AR - B T X A S, IR — i
TN A AR AT K P 7 2%
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2017 4F, Jeena /NHPTHRGE T — M . = R “—
Wik ZH 0 H K 2,4,5- =75 FEKRE 1) 755 (Scheme 10).
ONEAEA ST, RN 23 e ), LA
SRR B AT 2,4,5- =07 HEKE 25,

1
RL20 o) CUCL2H,0, 0, NN
+ U + NH0Ac —— 12, I\>—R3
RS DMF, 50°C, 24 h _,/~N
R2 R H
25

BR 10 o-T7 AR 57 A IR 2R B 5 DK
Scheme 10 Synthesis of imidazole from a-methylene ketone,
benzaldehyde and NH4OAc

2018 4F, ZIRAAPIBARIE 7 L/ = R
(DMSO)fieidt -V F i 5 AR I 3 A 2,4,5- =BG
W 26 #1771%(Scheme 11). IXFHIEE A LT ) L/DMSO %
2t AT DALE il A1 R SR A T MR ) s S TR Y, AR & 22 A0
TP AR R 2,4,5- = HURIKRE. t4h, 2%
SNEE FCHRTREAT A B A TR AE ) A RS A

R!_O R!_O 3
1,/DMSO f o/ R I Y—r?
100°C, 2h | N T NHOAc ,
R2 R® O] EtoH,100°C, 2h R
26

B 11 o7 R AR 5 Bl e
Scheme 11 Synthesis of imidazole from a-methylene ketone
and aldehydes

34 UFERAKRY

UTAER, LA R A s IRk, i A %
IR AL A PR 2 B i, 2013 4F, VT Ml g2 2]
R8T ML fb 5 A AN 0 A AR R A R
2 BUARIK I Fr 77 ¥

2018 4F, AR SCRIXS [E ZE IR R POHRIE T on R R
PR3 5 LT A B A AR B A R 1,2,4,5-TUEUAR
BRI 27 B7J5(Scheme 12). fEiZ N, 1F A5/
JRP e S A A S G T IX AL, R
HSERR T IS C(sp®)—H B FELA =BT C—N %
[T k.

R1_O 84 KHCO
R™ONH+ R7ONH, * - : \>_R
2 2 cyclohexane, 120 °C R?

R? 0,,36h R
27

B 12 b o7 IR e Rk
Scheme 12 Synthesis of imidazole from benzylamines and aryl
ketones

2019 4F, Pilli BRAAPHRIE T —F “—80E" Ak
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2,4- ZHUARRIE ) 7530, %7V LA FE R . RN TR B
IR, 8RR SO AR, — AR AL
), DL 3R 3/A8 T 2,4- HUBKM: 28 (Scheme 13).
TR R SRR 5 45 HLRE G T IR 3 .

i
HBrag. ' o ! @ H N
ﬁ\ (10 mol%) ! J\ ; (1 equiv.) JI @
®) DMSO, 85 °C ® Il i NH40Ac (5 equiv.) ® N
4~18h .01 MeOH,rt H
3~24h 28

B 13 O SN AN 75 Rk
Scheme 13 Synthesis of imidazole from aryl ketones and alde-
hyde

2020 4F, RZ G EHPIHRIE T AR 3E(CHOH) i Bl
] L/FeCls FLEMEIFERI[2+2+ 1PN 1% 5 v K

o} R e S URR B (TosMIC) A CINT “XUE T 1k
T, DAIOFEHEEAA 2-F R R NIRY), DRSS
A=A T 1,4-ZHURBKE 29 (Scheme 14). %
RN IE FH T 50 AR I A

%N AT BEFINLIE BN Scheme 14 . ¥, 1E L
I DMSO HIFFAE R, 2K LT 30 485 AL A Kornblum %
I N R 31732, 32 R oK, 31 F1 2-F L 75 FH RS K A2 34K
SN AR 33, RN, 3408 5 SR AR ) HT AR 3 (R 7K i A
R AR 35, B S, HE TR A4 35 F0 33 kAR T 1]
it K 46 A 73 2 rh ()44 36. AR5 AI1A 36 FAtb 193 37,
37 &5 T W SEZIN Y A )44 38. 38 i i R
T TsH $R45 H al4A 39. Ffif5, fEBRPESAE T RAETFHL
FRAE R 40. 5 fa, HlEfE 40 5G] T m e
FI724) 1,4- —BUAQ KM 29,

2020 4E, AAIZE R B PROE T — R 2 H ik
A A B ROME R, BT 1,2,4- = HURBREE 41
16 B (Scheme 15). %77 V%3E T2 B9 05 BE B A0z
A 2430 05 A BRAE AR AT, LA 75% 7= 193 T A
MIFEY). AR, IRMEAGES 5 RN, 2 RPN
LS, L 2% RS B M B =), SAh, X R T
R AR ANAE B AT AT A5 S A 7 Bt I 4 e A A 5] F) 1
B SEIL, OB A R A R kAR PR

v R
@ o N2 P I, FeCls NN
TR on* T “C' DMsO, 110 °C A) / \ )
Al = s r
yen 29 assisted group
0 OH
I2
Hi Ph)J\ N"y—Ph
% 30 2 T
o)
M OH
Ph +
DMSO NQ/Ph
DMS%/ 40 =N
O \
Ph)J\/Oﬁ Ph OH +
32 OH ©\/\OH
NH, N Ph
=N
-H,O OH 39
-TsH
Ly
N | Ph ©\/\O
H /S/
FeCl N Ph
3 Ts” NG -

BRI 14 FFREFEEE . 2-ZHE K FHRE A TosMIC & 3R R AL 2

Scheme 14 Plausible mechanism for the synthesis of imidazole from aryl methyl ketones, 2-aminobenzyl alcohols and TosMIC

Chin. J. Org. Chem. 2022, 42, 111~128

© 2022 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 115



BIKE

0 R

PUHIPLE) (1= 9mA) A

+ 1> + R2 -R2

Ar)J\ RTNH, 2 LiCIO,, MeCN, rt, 10n I N7R
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B 15 J7HER . AL S K

Scheme 15 Synthesis of imidazole from aryl ketones, benzyla-
mine and amine
3.5 L a,p-AiaFnERK K4

2018 4, Somappa PREIAPHRIE 1 —FT Y ) fa] B
[P RR 1,2,4- = HUR-1H-PKP 42 [ 75 1%(Scheme 16). 1%
Jrid st Cu(OTH /I AL B R BRI % K A C—C BT
B/ S S SE IR . 2% T 57 JE R 2% 57 e B R 2 7 i
AR EAEAZ S RS e S AL, A 45 e 12 T AR i
EEIR HE T R AR R I B BE = R eAb, 0T
& T e A R A

Ph
Cu(OTh)y, I \[:\%W

Toluene, 70 °C

0
Ph)&‘?{/\Ph RN,

R1
42

B 16 2 AR A 5 K

Scheme 16 Synthesis of imidazole from chalcones and amine

4 M 2-FEMIEN SIS Rk

2017 4F, Telvekar ¥4 /@ 4 B3 14E 1 7E /K 71 B NBS 4
T “—HE” A RRIKIEIE[1,2-a]ERE 43 (Scheme 17).
%N AEIEE NBS /% 1,3- Fiak p-FRS 5 AR a-
TR TR, SR 5 % (A S AZ AR T 2- 2 JE I B il
3R, DLR I RARTF KM & XA &4, 2448 3L
A SRR AR TR 0 2- I mE e | 2- SR SE MR 2- S LR I
BERERS, HEELL 61%~70%M17= RAFBIM I =4, 1%
7R s AR AN BRER R, R R SR
AT S TFER . T 5 7 B LR R .

- 0 NBS, H,0 AN
L » 112
RiC | v g 2RO, R{\Nr Pt
N”°NH, R 80°C
2
R = CHg; R" = Alkyl, Aryl 43 R

R2 = CO,Et, CO,Me, COMe

B 17 2- SRR e AR A vk
Scheme 17 Synthesis of imidazole from 2-aminopyridine and
ketones

2018 4F, BAHESCRIXS E ZE RS ZHPOURIE T —FonER
TRACHER 2-S RN e AR I A A AL OB, 2R BEAE TG
SRR T, VB I 2 A i T DRI 1,2-a] Mt
¢ 44 (Scheme 18). HAFERAIZ, ZHIEEA RITERE
P AE, Br TSR CESN, BRI D 5 %4k RAHE.
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NH N
S 2 S Z Nz
R1ﬁ + RTCHO ———o———~ R1—/\|/ p
LN cyclohexane/DMSO &N
R = alkyl or Ar 120°C, 1h R
44

B 18 2-ZURE ML nE A UK
Scheme 18 Synthesis of imidazole from 2-aminopyridines and
aldehydes

2019 4, Chuah @ HBRIE T —FhZr (o & Rk e
W5, ALt T, mid 13- b &M s 2-
ZIEMENE FIREE, DL RLFI = 2808 7 KM IR 1,2-a] it
WE 45 (Scheme 19). FRAT D GuklARe£4L B FIEG
AT, KBr FIE BRI 1) = A7, % ik 7 7E
AT OGRS R B AR, AR A R E T
R EEY R, 5% RO — PR AU I AR
.

.
R3 R3 N
L erythrosine B (5 mol%) =< =
2 \
U R2 ﬁ \ KBr (10 mol%) @Nr )R
R x7 * Ns MeCN, rt.
air (0,), 24 h X
X=C,NorO NH; o
R" = Aryl, Alkyl: R? = Alkyl; R3 = Alkyl 45 R

B 19 13-Z3RIEAM AV 2-Z BENEE & Bk
Scheme 19 Synthesis of imidazole from 1,3-dicarbonyls and
2-aminopyridines

5 HERALXEYIE R
2017 4F, Adimurthy PEZHBSIHGE T —Fh7E TS ML
AT, HEFRIERBM GRS R EWET

321U N B 2,4- —HURIBKIE 46 1757%(Scheme
20). ZTTIERA R R M E R B, S

NH;
N Hel  R2 N, DBU HN=)
)\ + T \ /k\ R2

R™ NH, \ CH4CN, 80 °C N

2 46

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SR B

_/N
Ph\n/N 2
HN
NH o ppu N 49 NH _>._Ph
Ph” “NH, ) _Ph” NH, Ph” N
47 N 48 N,
e J
Ph N PhyN(ﬁHz
. b YPh
HN—/ { 5
46 NHs H

B 20 ZRH IKERER S50 206 2 B A FUDK M (11 34
Scheme 20 Plausible mechanism for the synthesis of imidazole
from benzimidamides and vinyl azides
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Wi R P HURIE QT 4-ZIE AN 4-F2JE (12K R ER TR
ERAE RIS, 43 L T0%H1 33% [ 77 245 B AH DL =
W, BRI IR A BE S 5 Z RV

%8 A] BEIHLER AN Scheme 20 Fizs. H %, f8H
ZIR[4.3.0]-1,5- Z -5 4 (DBU) AR R R IR
47 15K H K 48, 48 5(1-B & LIHHE)FKA9) kK A58
RO L, FlEbt 2R 25 No 45 21 a4 50. HrlaliE 50 25
ST, Bl JE B REAS B B AR 2,4- R IR
46.

2017 4F, TR ECUR R A POMRIE T — R R A 2L
()« —4R3E 7 A 1,2,4,5- DU BRIk 51 £ 757%:(Scheme
21). i%J7 ¥ 11 Staudinger/aza-Wittig/ Ag(D) AL b/ 57
P Ak B B i B SEE IR 7E A R AR A 4- — H A 2 i g
(DMAP)MIAFTE R, SRMRAESFEHEMIKIKE =
RIS RIRER G SN, LRI 24533 1,2,4,5-
DY E AR,

(1) PPhg
Ar, (2) R?NCO 132
\ (3) HNR®R* N NROR
X (4) AQNO;, DMAP Ar/\&h/
N3 Jd 3 N
R one pot R 51

B 21 RS EASY . SR NI & ok
Scheme 21 Synthesis of imidazole from propargylazide deriva-
tives, isocyanates and amines

[F4F, Kamal BRAHEOHRGE 728 F g ES 50 A
YITESIE AN T R L-F R B, T8I [3 4+ 2 /4
WIT R R RN, LR 2 2 AR S 7= 15 3 6,7- =&
SH-MEIE FE[1,2-a]BK I 52 (Scheme 22).

o 0 NQ
N3 O< EtsN |
* N COOH toluene, reflux Ph A N
H 24 h 0

Ph
52

B 22 R H R SRSV LR & UK
Scheme 22 Synthesis of imidazole from phenacyl azides with
L-proline

2019 %, Giustiniano PR@ZHHHRIE T —Fh 4-F 250
T k- 1- 0 JE ke 53 11 22 20 43 & 7 72 (Scheme 23). 7E
WL, 2 DA W H R D 7 2 B A N R
I, RN ARE R, A A0 s R AV, RN
WEEIRAF AT, AEMR, EITRE RN . CHEE
SR TIRRS AN A F 2RI S WA A E T
PIRNL. AZ TR0 R AE T A T BT S B2 I 8] 3
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o= S (0]
t-BuOK N
DMF, O°Cto rt. =d_
30 min =0

B 23 JTESEA YA TosMIC £ K M:
Scheme 23 Synthesis of imidazole from aryl azides and Tos-
MIC

[F4E, Handlon B4R sl We S R0%
PR, RS AT 1) LR N, il 2SR
E RN FEF NI R B, PR FE A R T — &R
B 2-Z KWK 54 (Scheme 24). 24 NAE 125 C bkt
ITHE, RRNAE 20 min N 5ERL, JEHPLE AL 1),
TR 96%. A NWVFIIE, M WLIETE 456 nm
HEG 2R FEBE Y 2 h, HATRLLL 50% 7= 545 2=
.

R1
-
HoN™
54

Blue light
or microwave 125 °C
cat. KOAc, 20 min

N
RN HN—=N
R2

R' = Aryl, Alkyl
R%=CO,R, H

BRX 24 LGSR SV EIERG & ik m
Scheme 24 Synthesis of imidazole from vinyl azides and cy-
anamide

2020 4F, KB IREAICHRIE T — R CuCl N
AL, i NH %5 OEESEA AR +3F
B, DLHEE AL R 7 2R A % O IR Y 2H-BK
M 55 (RS2 7 (Scheme 25). 7Ei% M, PRI A LT
) O Wl F AR I — (R AR, No Al HaO A M — (R R =42,
UbAh, L RR R FE . S RAET I AR
AR S, ELARE T 58 JOMRR A 7.

" /g, 3+ HO + Ny
RSNRE Gen soeC CH3CN 80°C R1+ R 2

B 25 WS ENE YR IE & K
Scheme 25 Synthesis of imidazole from vinyl azides and imines
6 H=MARULEYIE RrEE
2018 4, Beier i@l 2H RS 1 ERE AR, J@it
BEAMEAL N-(2) e R 1,2,3- =P, BEE S
AR ) i B 243 31 N-(42) sbe 2 AR WK 56 (Scheme
26). FEIZJ M, 25 o BUAR ) = M iS4 B IR FE T X
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BT

RIEIE PR, AT, AR 7 EtR A R
B et R M S, LA, B 0 4 i O
3 Hﬁé [45] > — MR 3N
= AR A P TR, S LSRR T R 2017 4, Sharada REAIHE R 7 —HIBAL Clsp)
i ' JERI SRR cepd—H BRI S R, T
TLIR CHEPKIE 57 14 g5 N HE B KL 58, A R4 e, et
L S A 7 g e g P FIRIDKREScheme 27). 851 BT AL
- e - B AL IRAL R R SRR B IS C—N . %R R 5 T

P HEMBLRACHITRRE 59 71 60 Bl I FLAERIN 4P T AT, JEAD, %07 % T bl
. FAF A4 5 (NHC) TR 25 R
T;"N_RF o RO tmory 25 T RS HLER B Scheme 27 . BT
R! OOl MW, 140%C, 20min_ Lm0 = (SR 2 RR)BUR(PIFA)H ) = 9 2 B T A P
Teu) cat Re=CoForr (1=1,2,9) W, B A BB IR AU AL 61 [
ReNg + =R e BT 62, TEBME N I B FAEAE T, 6244561 1 T
R2 = Allyl A e 63, ST TMSN: AT MBIk 64. [FI
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff * 64 HEATERIEAL R A B A 65, AL 1TE
” ph o ) BRMEAILIE G BB 6.
1 N-crycrs N= [FI4E, JIACBTRBEALEHRIE T 75 THNH 777 1
m o SN OROROR R 5 e (3 2P R R, DL
Meo 37 58 ) Z A S 07 % A PR R DK 67, 3 ELTA3 ) N-Me =4
] A AHE— A0 0 B N—H Z KM (Scheme 28).

Ph Ph
N\AN _ng Q )N\iji WeAb, OTE T S BB A 7, I HIE B K4
Ph
mQF 7 0] F

-

N'”g TR TR T . R0 FBL 32 A R M
60 © J 2018 4, 2SS eh iR T — b sk i Ak
\ - BT R, BUr Y KRR . 2 ELE AR,
B 26 A N-()IEIIUCHY 1,0,3-= M 3 K WETTEEBLN S s M9 A4 R, LRSS %S 4 5 f 72

Scheme 26 Synthesis of imidazole from nitrile and N-(per)-
fluoroalkyl-1,2,3-triazoles

EWG X
N EWG N—& RN
, PIFA (2 equiv.)
“ | + EWG—=—EWG 2 .) @I or R1@ EWG or p EWG
o D TMSN; (4 equiv.) N N N
N DCE, -5 °C, air EWG R2 EWG
PhI(OCOCF3),
TMSNsJ -TMSOCOCF3 o © - TMS
N3 ®N°N
Py © (
O EtO,C—==—CO,Et O F c')coCF3 N H Ph -HN; O\P
NH  hydroamination N ot Cl; _I~0COCF; —’e_Phl N COZEt—»
CO,Et @Y TCOEt -OCOCF; CH,O,Et
61 CO,Et
Q 62 63
-OCOCF;
JTMS

NEY

®.N)

N H

N’ N -N ~N N =N

\ TMSOCOCF, o — Cf co,et PhIN(OCOCFy) | )—COEt
N —— N<d 2 N oxidation N

Z > CO,LEY

-HN3;, -CF3COOH
CO,Et S CO,Et
COzEt COzEt 65 2 -Phl 66 2
64

B 27 . HUERH TMSN; 4 Bk me i L

Scheme 27 Plausible mechanism for the synthesis of imidazole from amines, alkynes and TMSN3
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N R2
0,
Ri— . R/Q )Q Tf,NH (15 mol%) i
N ) A Toluene, 90 °C R/k R
67
Ts\
Ne o NHBn
R
N,& Na/Naphthalene, THF N«§\
/
Ph/(N Ph rt, 1h ph/@N Ph
| H
Me

B 28 W IR R i Bk e
Scheme 28 Synthesis of imidazole from oxadiazolones with
ynamides

A BUE BeA IR IR A % 4P 68 (Scheme 29). 1%
I AR A A TR BN AL ISR 8 S 06 SRR 5 15

| e s 5w

Li,COj3 (30 mol%)

Cu(OTH), (10 mol%)
0, (101 kPa) YW{F@

R! ]
TEMPO (30 mol%) R
toluene, 100 °C, 12 h 68
R' = Aryl, Alkyl; RZ = Aryl, Alkenyl
N
S—__N
> N
</\I// R2 \l// R2 Z - R2
N N
R’ R 1
R
(0] . 0O d
N = N
(\r p R2 7 NF R2
NQ/ N \N, N /
R 1
O e} R

B 29 Bl 2-F AR E IR H/ M A SR A vk
Scheme 29 Synthesis of imidazole from alkyne, 2-amino-N-
heterocycle, benzyl or allylic bromide

2019 4, WA MR SR E T — PR M Ak R X
SR PRI ) =2 A R RROBE, T R 2- 2 BRI e i A
(IR IE[1,2-a] M IE 69 (Scheme 30). %M LA 2-F F
MLk W R P BRI A A, PivOoH 1E AL, CH.CL 1EN

CHO
ﬂ/NHZ NH2 I PivOH
& & CH,Cly, 60 °C, Ny, 8 h
= CHj, I, CF3; R? = Alkyl R
R Aryl, CH3CH,CH,CH,CH,
R! S
WSS
&N]AN P
\ H

N
69

B 30 B 2-5 FEILE B Rk

Scheme 30 Synthesis of imidazole from alkyne and 2-amino-
pyridine
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WA, AE 60 TR LA AR AP R G 1 KM
[1,2-a]MEWEATAEDD. 2R N BAT T2 (A v .
[Fl4FE, Hashmi JREZHOHRE 7 — M S AEALHT 1,318
IR RS L. 2 S N A NG I ik ot IV fle M P e oy
J&A), Wi - WA e R s AR, LS SO0
HA T BKIAL G 70 (Scheme 31). ZVER KL 15,
EANA G R O & SN RS g AR RN

@J\ é, . l PicAuCI, (5 mol%) _ C
7O toluene, 80 °C
PG~ "R!
R'= Alkyl, Allyl, Benzyl, Aryl
R? = Alkyl, Aryl

BIZX 31 VM fl T IV AT R Tk i 45 Pl ok e
Scheme 31 Synthesis of imidazole from N-pyridinyl sul-
filimines and ynamide

A4, Rk RIREACOHRIE T — P 2 e it
MG = 22 K i B IR AL RO, 12 RO TE IR AN 264
FH 18] 5 ) 49 U I AT B8 AR AR BRFA AL )
DAA A A S 1 7= 2 5 il = HURIKIE 71 (Scheme 32).
%S N B I R A A 1 R PR A A A
TEUTE. MhAh, 1% N E ] DLE A SR S LT

cyclohexane
100 °C, 11 h, Ar
then acid silica gel

5 min gram scale

R T ST 75 RRDK A P B SR
Scheme 32 Plausible mechanism for the synthesis of imidazole
from alkynes, nitriles and ‘BuOK

B 32 M.
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BIKE

SIS AR AL, (1S RN B R ER G g T, I
HA T8 ab2: 4.

SR Al RE BIALEE 4N Scheme 32 fion. B 4G, 1E
BuOK MIFE T, W& —A C—H B E, MW
BORIEB S 72, REE T 72 SR S
NSRRI HEA 73, ik 73 Sl o TR A K
HHE A 74, TEAFE T2 5T, ‘BuO B & 7 3E 20 R 44
T4 IR R 75, e R VEREIR AL EE, 133 B brr=4
—HUARK M 71,

8 HMREMEEREITEIS Aprn

2020 4F, FARRRBAPHRIE T — M 8UF 200
SIS SR ) 0 S R A 1 N e R D 4% - oK s - B Tk 97 2
V. 1% RN 2 38 e U 2 AR A 3t S B R R AT AR 1)
HHEHEAT K (Scheme 33). A2 R 6 AN
R AT T &5 1.

% N/R xylene, 140 °C

R3
R3 RS x—N
NS 20 molo csA N |\ s
I S 3 Z N
2 | P %S\ or
N\ R2 \(;/
R’ ‘

B 33 O 5L b R 5 UKL ) LR
Scheme 33 Plausible mechanism for the synthesis of imidazole
from aryl isothiocyanates

S B BERIHLEE AN Scheme 33 fTz~, A PR A REH)
BRI A SRR ER B T A UK 7]
BRI 77T NIRRT = m ik 76, B fdEATH"
WEHE, BRFTRFEY 77, &2 B: Z4P a4 76
PR EL 6 Jot S P8 W DA i il B2 (CSA) I BB BR #h T T, A&
FSCJE 25 il R Ak A IA) AR 78, i i A A DR A 2k e, JE o
7-exo-tet ML FRIS B B 4779 77.
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9 HAFREREUENE BKRE

2018 4F, FREFUREAPHRIE T —FE AR R,
AR 22 AT (ID-NNN- (NNN =2,6-X0(1 H-BKMe-2-3L)
MERE )R 1,2-X0( 2RI B I Ik ) £ bt (dppe) L . M4k
P 2] LA R AL S AT BE RN S0 K — e &, DML
BI7= A B 2-HURI 1-2RFHF [d] K PEATAED) 79 (Scheme
34). ZJE R HEE DA R LH- 2RI [d]KPAT A, BE
AN R AT A AL 2 I O, R — b
STk

NH,
@[ + HO_R
NH,

Ru(ll), NaBPh,

H

L= 2

U —— ,»—R+ 2H,
165 °C, 24 h, -H,0 N

,,,,,,,,,,,,,,,,,,,,,,,, 79
h +

: X S ler

CH H

N N/ N

LI Net p
1&Wﬂﬁ‘/

1 ///N |N|

: ‘ Cat.

B 34 fARERISEIR et pUmk e
Scheme 34 Synthesis of imidazole from primary alcohol and
o-phenylenediamines

2019 4F, Wang BREAHSHRIE | 7E TsOHH,O f71E
T, BAARIR AR, Op 1ENFRES AUF AT, BA
T4% ~88% 17 Ay i, | H-2R H [ )KL R A4 80 11 77 1
(Scheme 35). 1% J7VAM B E R QFEMETE . RSA.
JERL G AR 2 (1 R RE 25

NH . H

;\ 2 TsOHH,0O (1.0 equiv.) R—'\ >

R _ NH 2-Methoxyethanol/H,0 LA~
2 (V:v=9:1,0.25mollL), O, 80

110°C, 7~ 15h
R = Me, Cl, NO,, CO,Me

B 35 BRI ke

Scheme 35 Synthesis of imidazole from o-phenylenediamines

[F]4F, Sarkar PREEZHRE T — Mk AL 1 2K FFK
MR S F B BTV, 1207 0l S AR S ) T VR AR A
BEZK e 5 B A B (Scheme  36). %7 V& IR 55 2 1 FH 7
A F AT SRAFII BRI Co(acac), HEALF, @& H sh%:
FoRA T BB 2-BUIRIF IR 81, 1AM AT
AT EA I R S R R B B AT A

SN A] REFIHLEE LN Scheme 36 FIT7. 1 82 1B B
R RS 83 FI[Col-H HPIRIA, B 54 SR AH HE A%
A " 84. 84 F1 83 KA T4 G AR A RIE
WK 85, fie AT EALTT AL AT 274 81.
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NH,
= N —
NO
. 2 R117 \

LT o 9L +PhCHO 81
R P
NH,
NH,
reduction

CL,
NH,

N
81 H T reduction
oxidation
i:ﬁH ::?m
H NH,
85 84

B 36 AT i 2 e NI 5 UK PO LR
Scheme 36 Plausible mechanism for the synthesis of imidazole
from o-nitroanilines and alcohols

2020 4, Senadi M@ ARG T —FEERFM . LA
J& [ LA R I R S A6, L D=1 % BB AE I
LR, AR T SE A IR SRS, 75 R TR] Y AR
B 57 077 R A AR IR KL A 86 15 1:(Scheme
37). TR SR B R A A KR AR A A
VITEA . N2 2R s NI R) i DA B K AR R SR A 5

K
O s =
R R
NH
\\ 2 (@] X N
OH
| "o @E ?
A SNH OH Z N
‘ TfOH (20 mol%) \
R! aq. TBHP (1.0 equiv.) 86 R
R = Alkyl H20 (0.2'mol/L)
R' = Aryl, alkyl 100°C, 1h

Po— 3

B 37 AR R D-AE S K
Scheme 37 Synthesis of imidazole from o-phenylenediamines
and D-glucose

[FJ4E, PRYEFIA 5 U A SR8 T — Fh BRI 5
13 G ERIRE L Y AR, DAARIR ARG A
JEk}, FEAAHHE S B 3L SN B R IR eAL A
Y 87 [1)J77%(Scheme 38). %A Z %1 g Wi i Al 25 24 301
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A &R R REE .
R’ 2
7 >NH, Z

R{\ N _
87

EosinY
CuCl,/1,10-Phen, Cs,CO3

H,0, 25 W LED, TBAB

Bz 38 AR ARG A Rk
Scheme 38 Synthesis of imidazole from o-phenylenediamines
and benzonitriles

10 HBRELEME IR

10.1 DABRRUESMMEEEIE L SRR

2017 4F, R IR HSHRE T —F0 R 7 4 5 R
RIRREE 75, I BHARELE C—H SRR A
Bl 88. Bl HUAL S TR I G K HOCARTE (%) 5 42
FHHTAE IR B, A A B AR 1 R AR B 2 B
ZFEN) 2 A 2R R WK AIEE IE FERKPE 89 (Scheme 39). 1%
WaREA iKY W 3ok /) BN | P R A= 25 vivk = C =TT T
T30 CAEAT 5n SRR 1 A .

',X ’ ',X H &
LI‘/’L Ptﬁ_o_iRVC L/T[ J‘\
NS NS
N™ ™ EtNPFs (1 equiv.) 'I‘ ¢
l MeOH, reflux
88
v XN
N\
(L) -ee
\
89

BIR 39 kS mmkme

Scheme 39 Synthesis of imidazole from amidines

F4E, MRARAERRRH S OE T “— 8k ” Ak 1,2,5-
= 5 HE- L H-BK M) 77 72:(Scheme 40). %718 F L/t 4
L2 H R AU T i (TBPB) A 3 1 75 5 215 5 Bk i B 4k
B2 B, RGBT R 55 1,2,5-=
J5 BV H-KE 90. 1% 5 A0 B e T JERL 50 19 B AE T B
TEA TR BRAN AN B 2 A R

SN AT BERINLIE AN Scheme 40 FioR. ), N-ZE3E
Ik 91 52K 4T 92 455 [ S AE AR 93, B S,
[E R 93 Bl L B BUE Rtk &4 94, RN H' . #
Tk, WALAY) 94 KA ST AL, @R T E T
TERH (144 95, [F]I RS 4 TBPB U0 W ILER 5t i3k A T
TEACTER. BT, 95 B AT 2B 75 1974 90.
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BHLE
NH ) N
I,/TBPB, dioxane l—g\
_R? 3 < -, 1 R3
R1JJ\N ¥ R¥ CHO "gpec 5h REON
H R2
R', R? R%=Aryl 90
NH \H Ph” > CHO NP Ph
PGP N
o H/ Ph/l§N/Ph Ph/iév
91 H20 ;’;

ﬂ;ph j

/>—Ph
)\ s \.N (PPN
h I2 I Ph

90 95 < 94

PhCOOH + BuO~ TBPB

B 40 N-JREERPRAR 2 5 ORI AL 2R
Scheme 40 Plausible mechanism for the synthesis of imidazole
from N-phenylbenzamidine with phenylacetaldehyde

2019 4, ZFHIIRAHRIE T — i RE sk
WAEWIRITT i, %771 DLk I 8 31 i AP i o4 e 420,
KOH Jyfil, VYZWM(THF) ¥, @il 1,2- 38 M3t
B RL, PA & AL S 1 7= R A UK AT A 96
(Scheme 41). J7EAR s 2 o ¥ & @ ok 1 5 T4lifk.
AR B AL 22 R

_OH R'-—=——I—0
KOH (1.5 equiv.)
+ _— >
- O "THF, reflux, 0.5 h
2
R2 = Aryl
1
ol o.
IS es
RN 7 N
N" R
%

B 41 BRI T RILER DRI A e mk e
Scheme 41 Synthesis of imidazole from alkynylbenziodox-
olones and amidoximes

10.2  DABKFNIREE IR

2017 4, HARREZHOOHRIE T — FhERAE AL PR R B
O[3+ 21 LS N AR RIS C—N 8. 25158
O, 1E NEALF, HoO A1 DMSO 1E 3L 7], Db s |
UT A 7= 2 A TR -5 - FR % 97 (Scheme 42). BKI-5- FiS
SRS A AL A P UL R )4k

H CHO  AcOH (5 mol%)
I AgOTf (5 mol%) k

DMSO/H,0 (V:V =2:1) Ar?
Ph 0,,120°C, 10 h Ar
97

Ph

Ar1/

B 42 PRAIGREE 5 pumk e

Scheme 42 Synthesis of imidazole from amidines and ynals
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[FAF, ZEREAHCRE T —FAR M =H 2
KR SN R i 2% %% Pl DK M AT A2 ) (Scheme 43). %%
PUBK « BB RN/ By e NI, DA E RIF R R4S
FILKMEATAEY) 98, DABK. JREEFIKAE NIRRT, R R
(CHa)4CH; 153 2| L FE KL AT A4 99; R 4 Ar I 7E IS 4
BT B (TBHP) IAEAE T 13 B FRIEBKIEAT A4 100.

2
Y CHO Ar\rN 1
N__AP ! AgOAC_ /4_>\(R
Ar! + | At | | TRoR AP \
= R! A !
AgOAc |H,0
= (CH2)4CH; R'= AF\TBHP
N N
/M(CH2)3CH3 o\ Ar
A|r2/QN Arz/kN \
| 1 | o
Ar'
99 100

B 43 PR, BREEAEE/ B/ 7K G UK
Scheme 43 Synthesis of imidazole from amidines, ynals and
alcohols, phenols, or water
[F4E, ZURMANRIE TR “—WE” G Rk
MR AR T, 2 OTVETE No 26 0F T, DAk, BREEANR
PR NIEY), CH.CL fERIE, £ 60 CREIHhEER
LR 2 A BT KT AE A 101 A1 102 (Scheme 44).

CHO OCOR
H
N__AP ) AgOAc (2.0 mol%) N7
ATt I+ RJKOH CHyClp, 60°C, Ny )N 1
NH 2 A
Ph AT A
R = Aryl, alkyl 101
R2
TsOH (5.0 mol%) \N/R1
H CHO AgOAc (2.0 mol%)
oy N PN I H  DABCO (10.0 mol%) N\\ oh
+ +
m R TRZ CH,Cl,, 60 °C, N, )—N\
Ph Ph Ph
102

B 44 k. BRI AR IR B & Rk e
Scheme 44 Synthesis of imidazole from amidines, ynals and
carboxylic acids or amines

2019 4F, HARRBACGHRE T MR E)E
C—B #WR L, Z 5L BR . s F R
=AM, fE 80 C FIECkelE N, PLRZEE
SR RA BT S KR =05 ZEHBE 103 (Scheme 45).
%% = 5 FE W e A VF 2 EE L) AR DTS AL A v ) O B
SEMTT. M, TR RA BRI A AR R XK
TR BT 5 S SRR (1) 4 A
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(a0

CHO
H 3¢
NAZ 4]+ Ar—B(OH)y o AR

PivOH (5.0 mol%)
n-hexane, 80 °C N N~p/"

Ar'
NH Ard

Ar?
103

B 45 k. BRPEFITIER £ ok e

Scheme 45 Synthesis of imidazole from amidines, ynals and
boronic acids

A 4R, 1Z R RS T i I < R AL =
DB FEPETT 58, HI T Bk e AR R A = 417>
SN KAL) AT AL K 104 1 105 (Scheme 46). %% M
AL A 7SR Hl) AN TR B A R I ) ZE B 72 AcOH i
BER) 25 A2 4-RIBE AL BRI 4 104; TI/E TBHP £
TE T3] S-BEBEILBRME 105, BhAh, 2R SR
BiRE SR AT AR RIFE R A B

B 46 fIk. bR AR R B BRI
Scheme 46 Synthesis of imidazole from amidines, ynals and
sodium sulfinates

2020 4F, ZURBHCIGKSIRIE T A A [F R b
HUAR AWK 106 1 107 1) /5% (Scheme 47). A —FhJy
1572 1E TsOH 1 NaSO.CF; E AU INFIMIAAAE TR, BABK.
JREEFN KRR, DA S5 2 AR 5 (1) 72 3R A i 4-Fa b S L
FRIERE 106, 1M 575 7 — P 7E — B, 80 CF,

R
. _f‘OH
TsOH
_1son ;o\
NaSO,CF5 Arz’k,l\l
Ar’

CHO
H Ar?
™ ]+ o — s
NH
R N
;o\ R
R = Aryl, CsHyy | cu Arsz
Al OH
107

B 47 k. BRIEAIK S Rk
Scheme 47 Synthesis of imidazole from amidines, ynals and
water
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HI Cul AR, DLm = 23R 45 5-52 e S IR R e
107. ZI7VEMSAE T RA R R i X B 2
B [ 7% 2 1 R s 9L 4514
11 AR EYE Rk

2017 4, Maulide HAOHRIE T 5 HUR 4-K
SR (B ROV, 12T IR RAERS AEE R, = &UH
i PR T %o T g A 5 FRLVE A, DA FP 45 1 7 3245 31 58 42 L
R 4-Z K 108 (Scheme 48).

Tf,0, MeCN, 0 to 23 °C, 2 h R3\N)§N

R' = NR®SO,R* ={

o)
RK)LNRZQ

108
Nl chzgr’\ng)Ntozz_Z{c " N=— Ts H*
N LHsCN, O0to 23 7C —N /) ———
— \)L'Il/ \=CzN\+ /N N~
109 110 M1
(0]
o g L
. S \+, N N ™
ot 0% "
S/ N \ o NS -~
Ar” \\o | /N = 'I‘/ ~ t'}h
111 112 113
O Ar
s +>/\N
~ NN =N
O% - HX\N/;> —N |
N -
N3/ /' _5=0| 7/kN
+\\/kN/ base ©O 2 Ts |
| Ar
114 115 116

Bz 48 e 5 ke g L BE
Scheme 48 Plausible mechanism for the synthesis of imidazole
from amides

SN AT BERIHLIR U Scheme 48 Ai7n. %6, =% T
BRI G IR R 109, Fi)5, JBWRET 110 5 40
SN AS R R AR L. B2, A aA 1 i T R T
B oEAZ s B B Lo A 112, TERGHT) C—O 4.
BfE S—N FEBIZIE B A 113, )5, oo a4k
114 £)j; 7[2,3]-c EHIESF A 115, &5, Sk
115 Beh 2 71k, 0 5 A R 2479 116.

[F 4, VG BOURRRZE RS 1 — e i A 1) 4
A2+ 31 S A AR BRSNS AE: DA H R AT
AR S-E S SEREME N R, On 1E N, 782K
90 ‘CF, LA EEZAL R 177 215 2| DU R 4,5- 30k
FEDKME 117 (Scheme 49). %A EEEI SR, BAET 20
JRPIE R . BEAl, %7 AT DA DL 2 AR iR b A
K =47,
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o R2 RZ
H /<
N/
N\)LR1 +
@ §< CuCl, (15 mol%) @ )/\
OR3 toluene, 90 °C R!

B 49  HEBRATAMIA 5-Jt A IENEME 5 K
Scheme 49 Synthesis of imidazole from glycine derivatives and
S-alkoxyoxazoles

12 EBBRREUEIE R

2017 4R, TR SRS T —Fh A il = U
BRI e 735, 07 VE L, N-Le B0 e ), 16 A
PhI(OAc), 1E N4 FIA TMSN; /E B EIH, Cu(OAc),
VERMEALT, DU T Bmfb AR N, 2Ll R
PR EALGE] 2,4,5- = HURBKIE 118 (Scheme 50).

(Sps) H amination PhI(OAc); (3.0 equiv.)

. Oxidative azidation TMSNj, (3.0 equiv.) R
“H CF; ’

) Cu(OAc), (10 mol%) |
‘)\ TBAI (2.0 equiv.) N7 NH
RTONTYY Y Y
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Scheme 51 Synthesis of imidazolium salts from enamines and
iodine
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Scheme 50 Synthesis of imidazole from N-alkyl enamines .
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o) Me  Zn(BF,)yxH,0 (10mol%)  R%_N
D Me I R
RN RS R*CN, 60 °C, 3 h N
H R’
R'=CO,Me, CO,Et 120 127
RZ=Aryl; R®= Me
R* = Me, "Bu, Bn
o
I O
Me
Me
125

N
F——0 . .
e RZJ\( NHAG R2J§/ NHAC "¢

Zn(BF,), R! R’ R'
126 |
120 l
2 H
© Me RN
H3C CH3 HAG LA\ (0] Me | />—Me
e @ R TN
Q CoNo H Y R' 427
LA—F--I R2 )
121 RiNHAC
R2 LA—F.® Ar / 124
|
j\ NHAC
R'00OC /‘ COOR
122 H3C-CN 123

B 52 il Ok AL R
Scheme 52  Plausible mechanism for the synthesis of imidazole from enamines
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SN Al RERIMLER AN Scheme 52 fiis. B 5G, Fa AT
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B 53 M RN i & Rk e

Scheme 53 Synthesis of imidazole from enamines and amines
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(Scheme 54).
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Scheme 54 Synthesis of imidazole from boronic acids and N-
substituted-2-amino-acetonitriles
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Scheme 55 Synthesis of imidazole from benzylamines and
ntriles
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Scheme 56 Synthesis of imidazole from azomethine ylides and
isocyanides
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Scheme 57 Synthesis of imidazole from isocyanides, 2,2,2-
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Scheme 59 Synthesis of imidazole from polycyclic aromatic
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