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1. Introduction

Imidazoles are of highly importance in natural prod and
pharmaceuticals. Compounds with the imidazole carssgss
various biological  activities, such as antitumor?
antimicrobial$”**and antioxidants® And the substituents on the
imidazole ring have a huge impact on the chemicdllzological
properties of the resultant molecuté¥. Therefore, some
strategies have been developed for the synthesis
polyfunctional imidazoles, such as C-H aminationNoRlkyl
enamines, ® ZnChlicatalyzed [3 + 2] cycloaddition of
benzimidates and Hazirines, ® copper-mediated three-
component reaction of ketones, aldehydes, angBME™ and et
al. Despite enormous attentions have been focuseeffeative
construction of polyfunctional imidazoles, the wsmisal
biological activities make the pursue of new appheacfrom
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2. Results and discussion

Initially, vinyl azide 1d and benzamidin@a were selected to
optimize the reaction conditions (Table 1). It wasrfd that the
desired imidazole3d was obtained with the yield of 49% in
MeCN at 80°C (Table 1, entry 1). However, additives {tand
K,COs) were not favour for this transformation (Tableehfries
2-3). Only a trace of thad was obtained in the presence off\Et

@nd the reaction failed to proceed wheyCR); was used as the

additive. This is much different from our previouerk.*

Table 1. Optimization of the reaction conditiohs

EtOOC.

NH

|
QI v
Br 3d

NH

N COOEt R
N * N
Br 3 H

1d

additive

solvent/temperture

2a

easily available reagents for the synthesis of anides. Entry  Additive R Solvent TC)  Yield(%)
Vinyl azide is a well-developed three-atom synthod plays 1 _ Boc MeCN 80 49
a significant role in the construction of aza-hetgrcles in recent
years. Our group and others have developed a rdrgjeategies 2 E&N Boc MeCN 80 trace
i : ey 3a
for the aga-heterppyol&s synthes!s including 4-acpynd|nes, 3 KoCOs Bok MeCN 80 nr
polyfunctional anilines;” polyfunctional pyrazoles® pyrrolo [1,
2-o] pyrazine* thiazole&® and otherg' 4 — Boc MeCN 100 62
Our previous work 5 — Boc MeCN 120 81
R;
(o] NH K,CO; DMF N/gN 6 — Boc MeCN 60 21
R /\AR + _— |
1 Ny 2 Ry~ "NH, r.t\ RH\/LRZ 7 — Boc MeCN 25 n.r
N, NH; 8 — Boc EtOH 80 nr
Other group's work 9 _ Boc DMF 80 21
10 — Boc Toluene 80 19
N; NH H
+JC mo DBY MecN pe 11 — 14-Dioxane 80 53
Rf R;~ "NH, AN R/[N/ Ry Boc ;
! 12 — Boc DCE 80 71
Nz, NH;
This work 13 _ CBz MeCN 120 68
14 _ Ts MeCN 120 10
R
R NH 2
RONTE _ MeCN | 15 H MeCN 120 n.r

N3

xz RS
2/ —Ar
Ar” ONHBoc  4o00¢, 1% RN

BocNH,

Scheme 1. The reactivity between vinyl azides and amidines

#Unless otherwise noted, the reactions were cawigdwith vinyl
azidela (0.3 mmol) and amidin@ (0.3 mmol) heating in solvent (1.0
mL) in the presence or absence of the additive (Ardol) for 12 h
(sealed tubesYIsolated yields.

Previously, we have developed an approach for théhegis
of 5-aminopyrimidines from a-azidovinyl ketones adidines’
In this work, the intramolecular Michael addition afidine to
the azidovinyl ketone occurred in the presence £3®.The N\
group was not involved in the formation p§rimidine ring and
transferred to amino group. Others also reportedsyhéhesis of
disubstituted imidazoles from vinyl azides and @mgdwith the

And the reaction temperature is another importaatofafor
this reaction. The reaction yields would be incrdase 81%
when the reaction was performed in a seal tube af@ZTable
1, entry 5), while the reaction did not proceeded wélen the
reaction temperature lowered to ®Dand 25°C (Table 1, entries
6-7). Furthermore, the reaction solvents includitt®@H, DMF,

addition of DBU? The reaction undergoes cyclization by the losstoluene, 1, 4-dioxane and DCE were screened (Taldetlies 8-

of N, of vinyl azides and a subsequent elimination ofremia
giving the desired product. And ttfeposition substitution of
vinyl azides did not tolerate in this reaction. Faurther
understanding the promising chemical reactivityiofyl azides,
we study the possible reaction between vinyl azidear{ng with
an ester group at the, position) and amidine. Surprising, the
reaction gave the formation of polyfunctional inEdées as the
major product and the Ngroup did involve in the formation of
imidazole ring along with the leaving of NH-Boc. Moxer, the
affording imidazoles possess the functional growtere that
would be capable for further modification with divetsiological
activities Scheme 1). *"

12). And MeCN shows the best one with the highest yiéld
81%. As the proposed mechanism, we also tested #winte
capability of other substitutions, including NHCBzdalNHTs

(Table 1, entries 13-14). The reaction could beped although
with a lower reaction yield, 68% and 10% respectivélie

reaction failed to proceed when benzamidine was used
substrate, thus indicating the importance of ,Nptotection

(Table 1, entry 15). In all, we have obtained theinojed

reaction conditions in MeCN at 12Q without any additives.

Next, the generality of the synthesis of polyfunetib
imidazoles was explored using a series of vinyl ezitl and
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NHBoc-amidines2. As shown in table 2, various substituted To validate the process for scale-up studies, wéopeed

vinyl azides worked well

electronegativity effects were also investigated.

Table 2. Substrate scope of vinyl azides and NHBoc-amidin
a

Rz

S

RN " “NHBoc
Ns RI-

%

1

NH

2

H
MeCN RZIN>_®
> 7N\ #
7
R{” N R
3

120°C,12h

to provide the correspondingthe reaction ofla with 2a under optimal conditions and obtained
imidazoles in moderate to excellent yields. Theristand

the corresponding produ@a in 59% vyield (Scheme 2). This
study indicates the feasibility of the method fordustrial

é)roduction.

EtOOC

COOEt i NH
N | )
* NHBoc N
N3 MeCN 120°C
1a 3

10 mmol 1.73g
59% Yield

10 mmol
21749 229

EtOOC - E00C_ E00C__ Scheme 2. Gram scale preparation
K [ Y, ! 7 . . . . 4 .
©IN>\© /@IN@ /@IN@ To gain insight into the reaction mechanism for the
. EtO formation of3a, we conducted the control experiments using
3a (81%) 3b (78%) 3c (79%) 2H-aziridine in the replacement of vinyl azida (Scheme
Ero0C EOOC, E100C__, 3). The formation of B-aziridines from thermolysis of vinyl
; “}H\Q o B / /)\Q azides has been reported befofes expected, the reaction
N N N of 2H-aziridine and2a went smoothly to give the desired
Br Br product3a with 83% yield.
3d (70%) 3e (63%) 3f (n.r) NH
E100C,_ EtOOC. Etooc N [j/ “NHBoc EtOOC
Q)’:N/ ( > /@IN/ ( > MeO N < > mCOOEt 2a @/\EEFH < :>
Ne ON MeO N3 " heen 120°c
OMe 1a 3a
39 (72%) 3h (trace) 3i (60%) MeCN
120°C
EtOOC. EtOOC i
EtOOC. NH NH NH 83% Yield
P ! ) NH
F3°\©IN>\© C;N)\Q od Torege COOEt -
lo) S A 0oC
3 (62%) 3K (43%) 3 (52%) Q/A § 2
EtOOC. H
t , hg'\@ EtOOC. ‘ :/ EtOOC 'jH 2H-azirine (A)
X N .
o N : Scheme 3. Control reactioh
3m (51%) 3n (67%) 30 (76%) Based on these observations, a possible mechamism f
E00C,_, E100C__, E000,_ the formation of3 is proposed irBcheme 4. Under thermal
/)\@ - /N)\Q MeO. IN»\Q\ conditions, vinyl azides was first transformed intioe
N L Moo corresponding H-aziridines by an elimination of NThe
Br 3p (43%) . oMe £ imino carbon of Bl-aziridine undergoesiucleophilic attack
P e 3q (49%) 3r 353 by NHBoc-amidine 2 to generate intermediaté. A
EtOOC_\y EtOOC, _\y EtOOC subsequent intramolecular nucleophilic attack amlrby
)~ N)\Qu L )-a the loss of BocNl Finally, the strained three-membered
ring of intermediatél is opened to obtain the imidazde
3s(70%) 3t (58%) 3u (61%)

#Reaction conditions: vinyl azidgs(1.0 mmol), NHBoc-amiding (1.0
mmol) in MeCN (2 mL) heated in a sealed tube (120 22 h). Yields
shown are those of the isolated products.

Rs\”/NHBoc

NH
2 <
R N R3YNHBoc
R 2 A R—< !
/\/ - ﬂ N y
N 2 R4 N
1 - Re
2H-aziridine

I R

Vinyl azides with either aryl or alkyl substituentsuéd work
well in the reaction conditions in moderate to gguoelds. And
electron-donating groups (Me and OEt) and electron- R, R,
withdrawing groups (Br, CN and G)Fon aryl ring of R are well N R —— =N
tolerated in the transformation. It seems tis&ong electron- I { NE@KH HE:%\ Ri
withdrawing group such as N@nay have detrimental effect on BocNH, R Ra
the formation of unstable intermediatgh). The heterocyclic t 8
substitutions on Rwere also tolerated in the reaction thoughscheme 4. A possible reaction mechanism
with lower yields. For example, furyl3K), thienyl @) and .
pyridyl (3m) substitutions affords the desired imidazoles with ~ Conclusions
yields of 43%, 52% and 51%, respectively. Moreotee, scopes In conclusion, we have demonstrated an efficierthow
of NHBoc-amidine2 were also investigated. It was found that¢g, the synthesis of 2, 4, 5-trisubstituted imidasofrom
either electron-donating (Me) or electron-withdraw{@) group  yiny| azides andNHBoc-amidines without any additives. This
on aryl ring of R,is compatible. The desired products wereansformation involved a thermolysis formation atiridine
obtained as expecte8a-3u) with isolated yields of 43-76%. from vinyl azides and a leaving of NHBoc group. Mareg the

method could easily construct an imidazole scaffmdring the
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functional ester group that would be capable forthier: ' (ESI): m/z caled for (GHyN,Os+H) " 337.1552; found:
modification. 337.1552.

4. Experiment sections 4.2.4. Ethyl 4-(4-bromophenyl)-2-phenyl-1H-imidazol e-5-
carboxylate (3d)

White solid, 259 mg, yield: 70%. m.p.: 158.0-158G *H

Unless Ic’the”"’li.se ”Ot‘zd' al foagents were O.tf’.ta"t‘.z‘n ™ NMR (500 MHz, CDC) & 10.33 (s, 1H), 7.97 (d] = 6.3 Hz,
commercial suppliers and used without any purifarati 2H), 7.88 (d. J = 8.1 Hz, 2H), 7.54 @= 8.2 Hz, 2H). 7.50 —

solygnts_were purified a_ccording to standard mettpxq'[dx to use. 7.43 (m, 3H), 4.35 (q) = 7.0 Hz, 2H), 1.34 (U = 7.0 Hz, 3H).
Purifications of reaction products were carried ohy 13C NMR (125 MHz, CDCJ)  160.5, 148.2, 147.3, 132.5, 131.3
chromatography using silica gel (200-300 mesh).tiMglpoints 131.2, 1303, 129"2’ 128.9. 126.’3, 12'2"9’ 1.15.96,61’4.50.. '

were recorded on a melting point apparatus. NMR specére . iy .
recorded foPH NMR at 500 MHz and foP'C NMR at 125 MHz. E')Fjr'\]/'ds. 3(7Elsé)?;gg’/ z caled for (HisBrN,Oy+H) = 371.0395;

For 'H NMR, tetramethylsilane (TMS) served as internal
standard §=0) and data are reported as follows: chemical ,shift4.2.5.  Ethyl 4-(3-bromophenyl)-2-phenyl-1H-imidazol e-5-
integration, multiplicity (s = singlet, d = douhldt= triplet, g = carboxylate (3e)
— H H 13
quartet, m = multiplet), and coupling constant(s)z. For "C White solid, 233 mg, yield: 63%. m.p.: 140.7-143@ H
NMR, TMS (©=0) or CDC} (6=77.26) was used as internal -
: : NMR (500 MHz, CDC}) 3 10.32 (s, 1H), 8.16 (J = 1.7 Hz,
standard and spectra were obtained with completeomrot _ -
: . ; . 1H), 7.99 (dJ = 1.8 Hz, 1H), 7.98 (d] = 1.3 Hz, 1H), 7.95-7.92
decoupling. HPLC analysis and the HRMS of all biotadly
. . (m, 1H), 7.52 — 7.45 (m, 4H), 7.30 {t= 7.9 Hz, 1H), 4.37 (q)
evaluated compounds was confirmed on a Agilent 129DCHP 13
. : . = 7.1 Hz, 2H), 1.37 () = 7.1 Hz, 3H).”°C NMR (125 MHz,
6224 Time of Fight Mass Spectrometer using Phenexiama
51 C18, 100 A, 150 x 4.60 mm 5 micron column at a ftate of CDCl) 8 160.6, 148.3, 146.7, 135.6, 132.7, 131.6, 13®9.6,
' ’ 129.3, 128.9, 128.3, 126.3, 122.0, 119.3, 61.74.1BHRMS

0.5 mL/min using liner gradients buffer B in A (B:HgOH 8 iy ; .
containing 0.1 % formic acid, A: J containing 0.1% formic gﬁ%sggz calcd for (GeH:sBrN.O;+H) ™ 371.0395; found:

acid). Mobile phase B was increased linearly from &/95%
over 7 min and 95% over the next 2 min, after whighcolumn  4.2.6.  Ethyl 4-(4-cyanophenyl)-2-phenyl-1H-imidazole-5-
was equilibrated to 5% for 1 min. The starting matet and2  carboxylate (3g)

were prepared according to literature methods.
brep g White solid, 228mg, yield: 72%. m.p.: 148.2-146@®. 'H

4.2 General Procedure for the Synthesi8 of NMR (500 MHz, CDCJ) § 10.34 (s, 1H), 8.16 (d] = 8.3 Hz,
2H), 8.05 — 7.95 (m, 2H), 7.71 (@~ 8.3 Hz, 2H), 7.53-7.43 (m,
3H), 4.38 (qJ = 7.1 Hz, 2H), 1.36 (t) = 7.1 Hz, 3H)*C NMR
(125 MHz, CDC}) & 160.1, 148.4, 146.2, 138.1, 131.9, 130.6,
130.2, 129.3, 128.7, 126.3, 119.8, 119.3, 111.98,614.5.

extracted three times with EtOAc. The combined oigydayer HRMS (ESI): m/z calcd for (GH1sN30,+H) : 318.1243; found:

was collected and washed with brine, dried over Mg&ad 318.1247.

concentrated. The crude product was purified byrolatography — 4.2.7.Ethyl 2-phenyl-4-(3, 4, 5-trimethoxyphenyl)-1H-imidazole-
using PE / EtOAc to affor8a-3u. 5-carboxylate (3i)

4.2.1.Ethyl 2, 4-diphenyl-1H-imidazol e-5-carboxylate (3a) White solid, 229 mg, yield: 60%. m.p.: 203.2-204& H
White solid, 237 mg, yield: 81%. m.p.: 156.2-158Q *H NMR (500 MHz, CDCY) 8 10.06 (s, 1H), 7.98 (dJ = 7.0 Hz,
NMR (500 MHz, CDCY) 3 10.26 (s, 1H), 7.97 (s, 4H), 7.56 — 2H): 7-56 —7.44 (m, 3H), 7.38 (s, 2H), 4.381q; 7.1 Hz, 2H),
7,52 (e 6H). 434 () = 7.0 Ha, 21, 132 (6, SHFC NMR 393 (5, 6H), 3.89 (5, 3H), 1.36 Jt= 7.1 Hz, 3H).°C NMR (125
(125 M1z, COGD § 160.5. 14856, 193.6. 1302, 120.7, 120.2MHZ CDCl) § 1602, 152.9, 148.4, 147.6, 1387, 1303, 129.2,
128.7, 128.0, 126.3, 118.8, 61.4, 14.5. HRMS (ESIg caled 1290 127.7, 126.2, 118.5, 106.9, 61.3, 61.2,.5547. HRMS
for (CysH1eN,O,+H) *:293.1290; found: 293.1291. (ESI): m/z calcd for (GHxN,Os+H) ™ 383.1607; found:

383.1606.
213%)2 Ethyl  2-phenyl-4-(p-tolyl)-1H-imidazole-5-carboxylate 428 Ethyl  2-phenyl-4-(3-(trifluoromethyl)  phenyl)-1H-

) imidazol e-5-carboxylate (3j)
i i ield: 789 : -
White solid, 239 mg, yield: 78%. m.p.: 229.2-230G. H White solid, 223 mg, vield: 62%. m.p.: 189.3-191G 'H
NMR (500 MHz, CDCJ) 5 10.21 (s, 1H), 7.96 (s, 2H), 7.87 (s,

= T NMR (500 MHz, CDC}) 5 10.55 (s, 1H), 8.26 (s, 1H), 8.17 (1,
2H), 7.4 (s, 3H), 722 ()= 7.5 Hz, 2H), 434 (@) = 7.0 Hz, N0~ O90 Mz £DCH 01955 (8 17, 820 (8, 2H1), 8.7 &0
2H), 2.39 (s, 3H), 1.33 (4 = 6.5 Hz, 3H)°C NMR (125 MHz, . /-7 HZ, 1H),8.09 —7.95(m, 2H), 7.63 §d 7.7 Hz, 1H), 7.

CDCl,) 5 160.7, 147.9, 138.7, 130.0, 129.5, 129.3, 12@8,a  (bJ = 7.8 Hz, 1H), 7.52-7.39 (m, 3H), 4.36 (i 7.1 Hz, 2H),
1262 612 216 145 HRMS (ESI). miz caled forl:32 (6= 7.1 Hz, 3H’C NMR (125 MHz, CDC)) 5 160.7,

y . . 148.5, 146.7, 132.9, 130.4, 129.2, 128.9, 128.%.712126.7,
(CaeH1gN0+H) - 307.1447; found: 307.1447. 126.4, 125.3, 125.3, 119.4, 61.8, 14.3. HRMS (E®l calcd
4.2.3. Ethyl 4-(4-ethoxyphenyl)-2-phenyl-1H-imidazol e-5- for (CigH1sFsN,O+H) *: 361.1164; found: 361.1168.

carboxylate (3c)

4.1 General Information:

A mixture of vinyl azidel (1.0 mmol) andNHBoc-amidine2
(2.0 mmol, 1.0 equiv.) was stirred in MeCN (2 mL)arsealed
tube at 120°C (the temperature of oil bath) for 12.0 h. The
reaction mixture was quenched with water (25 mL), #meh

4.2.9. Ethyl 4-(furan-2-yl)-2-phenyl-1H-imidazol e-5-carboxylate
White solid, 299 mg, yield: 89%. m.p.: 176.3-177@ '"H  (3k)
NMR (500 MHz, CDC) 6 10.23 (s, 1H), 7.95 (d = 5.4 Hz, Pale yellow solid, 121 mg, yield: 43%. m.p.: 221243 °C.

4H), 7.43 (s, 3H), 6.92 (s, 2H), 4.33 (db= 8.2, 3.4 Hz, 2H),
4.0)7 @] :(7.0 H)Z’ 2H). (1.43 (t)J _ 60 &Z, 3H). 132 (0 = 6.7) 'H NMR (500 MHz, CDCJ) & 10.16 (s, 1H), 8.00 (s, 1H), 7.95
Hz, 3H). “C NMR (125 MHz, CDG) 5159.6, 1477, 130.9, (& 1H), 7.58 (s, 1H), 7.50 — 7.35 (m, 4H), 6.54 4), 449 —

; ' ’ e - =’ 4.37 (m, 2H), 1.43 (tJ = 7.1 Hz, 3H)."*C NMR (125 MHz
130.0, 129.3, 129.1, 126.2, 114.2, 63.7, 61.1,,1K415. HRMS e & : » S ’



CDCly) 6 159.8, 143.1, 142.6, 130.3, 129.8, 129.1, 12625,9,
113.2, 112.8, 112.1, 111.7, 61.4, 14.6. HRMS (E®Ig calcd
for (CeH14N,O5+H) *: 283.1083; found: 283.1083.

4.2.10. Ethyl
carboxylate (31)

White solid, 156 mg, yield: 52%. m.p.: 148.6-148Q. 'H
NMR (500 MHz, CDCJ) & 10.19 (s, 1H), 8.10 (s, 1H), 7.97 ,
= 6.6 Hz, 2H), 7.50-7.38 (m, 3H), 7.39 (dds 5.1, 1.0 Hz, 1H),
7.12 (ddJ = 5.0, 3.8 Hz, 1H), 4.44 (d,= 7.1 Hz, 2H), 1.43 (§]
= 7.1 Hz, 3H)*C NMR (125 MHz, CDCJ)) & 160.4, 147.9,
142.6, 136.6, 130.3, 129.2, 128.8, 128.5, 127.7,.2,2126.4,
117.3, 61.5, 14.7. HRMS (ESI): m/z calcd ford,,N,O,S+H)
*:299.0854: found: 299.0855.

4.2.11. Ethyl
carboxylate (3m)

White solid, 149 mg, yield: 51%. m.p.: 204.4-2082 *H
NMR (500 MHz, CDC}) 5 11.51 (s, 1H), 8.86 (d] = 7.6 Hz,
1H), 8.53 (s, 1H), 7.96 (d} = 6.8 Hz, 2H), 7.80 (t) = 7.4 Hz,
1H), 7.44 — 7.38 (m, 3H), 7.26 — 7.17 (m, 1H), 4.48)(¢ 6.8
Hz, 2H), 1.46 (tJ = 6.5 Hz, 3H).*C NMR (125 MHz, CDG)) 5
164.1, 148.8, 147.2, 146.5, 137.4, 136.5, 130.8.9,2129.1,
126.2, 124.5, 123.6, 61.4, 14.6. HRMS (ESI): m/zcctalor
(CiH1N;O,+H) *: 294.1243; found: 294.1245.

4.2.12.Ethyl 2-phenyl-4-propyl-1H-imidazol e-5-carboxylate (3n)

White solid, 173 mg, yield: 67%. m.p.: 167.5-168CL 'H
NMR (500 MHz, CDC}) § 7.92 (d,J = 5.9 Hz, 2H), 7.36 (s, 3H),
451 - 4.21 (m, 2H), 2.89 (8, = 7.0 Hz, 2H), 1.48 — 1.12 (m,
5H), 1.00 — 0.79 (m, 4HY*C NMR (125 MHz, CDGCJ) § 164.9,
147.2, 129.6, 129.5, 129.0, 126.1, 61.4, 60.8,,28392, 14.6,
14.1. HRMS (ESI): m/z calcd for (@4,5N,0,+H) ":259.1447;
found: 259.1444.

4.2.13. Ethyl
(30)

White solid, 233 mg, yield: 76%. m.p.: 203.2-208® H
NMR (500 MHz, CDC}) 6 10.14 (s, 1H), 7.96 (s, 2H), 7.85 (s,
2H), 7.39 (m, 3H), 7.26 (s, 2H), 4.34 (©=7.0 Hz, 2H), 2.40 (s,
3H), 1.32 (t,J = 6.7 Hz, 3H)."®C NMR (125 MHz, CDCJ) §
160.7, 148.3, 140.3, 129.9, 129.6, 128.7, 128.5.412126.1,
61.2, 21.7, 14.5. HRMS (ESI): m/z calcd fordd;sN,O,+H) *:
307.1447; found: 307.1446.

4.2.14. Ethyl
carboxylate (3p)

White solid, 165 mg, yield: 43%. m.p.: 181.2-182@ 'H
NMR (500 MHz, CDCJ) & 10.14 (s, 1H), 7.85 (d] = 8.0 Hz,
4H), 7.54 (dJ = 8.5 Hz, 2H), 7.28 (s, 1H), 7.26 (s, 1H), 4.35 (q
J = 7.1 Hz, 2H), 2.41 (s, 3H), 1.34 {t= 7.1 Hz, 3H)*C NMR
(125 MHz, CDC}) & 161.4, 148.2, 147.4, 140.6, 131.3, 131.2
129.9, 126.2, 126.1, 122.9, 61.4, 21.7, 14.5. HRESI) m/z
caled for (GgH;7BrN,O,+H) :385.0555; found: 385.0552.

4.2.15.  Ethyl 4-(pyridin-2-yl)-2-(p-tolyl)-1H-imidazol e-5-
carboxylate (3q)

White solid, 150 mg, yield: 49%. m.p.:175.3-177@. 'H
NMR (500 MHz, CDC}) & 11.45 (s, 1H), 8.84 (s, 1H), 8.53 (s,
1H), 7.85 (dJ = 7.9 Hz, 2H), 7.80-7.77 (m, 1H), 7.22 Jt- 6.4
Hz, 3H), 4.46 (dJ = 5.4 Hz, 2H), 2.36 (s, 3H), 1.44 (s, 3HC
NMR (125 MHz, CDC)) 6 164.1, 148.8, 147.4, 146.7, 140.0,
137.3, 129.7, 126.3, 126.1, 124.5, 123.5, 61.4,204.6. HRMS
(ESI): m/z caled for (GHiN;O,+H) *: 308.1399; found:
308.1396.

2-phenyl-4-(thiophen-2-yl)-1H-imidazol e-5-

2-phenyl-4-(pyridin-2-yl)-1H-imidazole-5-

4-phenyl-2-(p-tolyl)-1H-imidazol e-5-carboxyl ate

4-(4-bromophenyl)-2-(p-tolyl)-1H-imidazole-5-
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4.2.16. Ethyl = 2-(p-tolyl)-4-(3, 4, 5-trimethoxyphenyl)-1H-
imidazole-5-carboxylate (3r)

White solid, 178 mg, yield: 45%. m.p.: 220.3-22%@ 'H
NMR (500 MHz, CDC}) § 10.23 (s, 1H), 7.88 (d] = 7.7 Hz,
2H), 7.34 (s, 2H), 7.27 (s, 1H), 7.26 (s, 1H), 4.35)(g,7.1 Hz,
2H), 3.92 (s, 6H), 3.88 (s, 3H), 2.40 (s, 3H), 1.33 &, 7.0 Hz,
3H). ®C NMR (125 MHz, CDCJ) § 160.5, 152.9, 148.3, 147.9,
140.5, 138.6, 129.9, 129.7, 129.0, 126.2, 118.8,91(61.3, 61.1,
56.4, 21.7, 14.7. HRMS (ESI): m/z calcd for4@,,N,Os+H) *:
397.1763; found: 397.1763.

4.2.17 Ethyl 2, 4-di-p-tolyl-1H-imidazol e-5-carboxylate (3s)

White solid, 224 mg, yield: 70%. m.p.: 228.8-236@& 'H
NMR (500 MHz, CDC)) 6 10.13 (s, 1H), 7.84 (d] = 7.1 Hz,
4H), 7.26 — 7.09 (m, 4H), 4.33 (@= 7.1 Hz, 2H), 2.39 (s, 3H),
2.39 (s, 3H), 1.32 () = 7.1 Hz, 3H)."*C NMR (125 MHz,
CDCl;) 5 160.5, 148.3, 140.2, 138.6, 129.8, 129.5, 1288,4]
126.1, 61.2, 21.7, 21.6, 14.50. HRMS (ESI): m/z dafor
(CoH20N,0,+H) *: 321.1603; found: 321.1600.

4.2.18. Ethyl
carboxylate (3t)

White solid, 189 mg, yield: 58%. m.p.: 182.9-184@ *H
NMR (500 MHz, CDCJ) & 10.57 (s, 1H), 7.92 (s, 3H), 7.79 —
7.25 (m, 6H), 4.32 (dJ = 6.0 Hz, 2H), 1.30 (s, 3H}*C NMR
(125 MHz, CDCJ) 5 160.8, 148.7, 147.1, 136.2, 133.4, 129.7,
129.4, 128.8, 128.1, 127.6, 119.0, 61.5, 14.3. HRESI): m/z
caled for (GgH1sCIN,O,+H) *: 327.0900; found: 327.0903.

4.2.19. Ethyl
carboxylate (3u)

White solid, 208 mg, yield: 61%. m.p.: 190.5-19@G *H
NMR (500 MHz, CDC}) § 10.52 (s, 1H), 7.90 (s, 2H), 7.81 (s,
2H), 7.40 (s, 2H), 7.20 (s, 2H), 4.30 (s, 2H), 2.38K), 1.30 (s,
3H). **C NMR (125 MHz, CDG)) § 161.1, 147.0, 138.6, 136.0,
130.9, 129.8, 129.4, 129.3, 128.8, 128.2, 127.7,.5,2126.1,
61.3, 21.6, 14.4. HRMS (ESI): m/z calcd for,d@,;CIN,O,+H)
*:341.1057; found: 341.1056.

2-(4-chlorophenyl)-4-phenyl-1H-imidazol e-5-

2-(4-chlorophenyl)-4-(p-tolyl)-1H-imidazole-5-
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