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1. Introduction

The imidazole ring, as a privileged scaffold, rejemts an
important class of heterocycle which has been fretiyidound
in various natural producfsMoreover, imidazole derivatives
possess many significant biological properties sash anti-
plasmodiuntf, anti-inflammatory’ antifungaf and antibacteria.
Consequently, considerable efforts have been uwsdsrt to
develop efficient synthetic routdsor example, Wolkenberg and
co-workers introduced the construction of imidazofesm
aldehydes and 1,2-diketones under microwave iradiatXie et
al. reported the synthesis of substituted imidazoldéa
intramolecular C-N bond-forming reactiohsin addition, a-
bromoketones and N-arylbenzamidines were also erapldy
afford multisubstituted imidazolés. In spite  of many
methodologies have been already described, mdkeof needed
complex reagents or suffer from some other drawbatksis,
there is still an indispensable challenge to gdremaidazoles
from easily available starting materials.
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Scheme 1. Strategies for the Synthesis of imidazileour
group.

In the past two years, we had reported copper-catalj& +2]
cycloaddition reaction to synthesize multisubsgéitliimidazoles,
and iron(lll)-catalyzed synthesis of 1,2,4-trisutosed
imidazoles through the reactions of amidines amghaldes, as
shown in Scheme Y. Recently, the Hajra group reported the
synthesis of imidazo[1,2-a]pyridines from 2-aminogynes and
ketones, respectively Encouraged by previous works, we aim to
synthesize imidazoles by using easy-to-get reagemder mild
conditions. Hence, we develop a copper and zinc tadyzad
transformation for the synthesis of imidazoles,rtstg from
amidines and arylketones.

2. Results and discussion

To evaluate the feasibility of our strategy, we iatéd our
studies by examining N-phenylbenzamidinela)( and
acetophenone2@) as a model reaction, which was carried out in
the presence of 1.10-phenanthroliogoben) over co-catalysts of
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Table 1.Optimization of the Reaction conditiofis

H
N NH 1 catalyst, additive ©\
©)k NN
+ > — )
solvent =,
N
la 2a @L

3a

entry catalyst ligand additive solvent yield (%)
1 Cu(OAc), Znl, o-Phen DCB 48

2 CuCl, Znl, o-Phen DCB 47

3 Cul, Zn} o-Phen DCB 47

4 CuBr, Zn} o-Phen DCB 44

5 CusQ, Znl, o-Phen DCB 43

6° Cu(OAc), Znl, o-Phen LiBr DCB 59
7¢%d Cu(OAc), Znl, o-Phen LiBr, aniline DCB 66
ged Cu(OAc), Znl, o-Phen LiBr, aniline DMSO NR
9%« Cu(OAc), Znl, o-Phen LiBr, aniline DMF NR
10%¢ Cu(OAc), Znl, o-Phen LiBr, aniline Dioxane trace
11¢°¢ Cu(OAc), Znl, o-Phen LiBr, aniline Toluene 20
12%4¢€ Cu(OAc), Znl, o-Phen LiBr, aniline DCB 79
1304 Cu(OAc), Znl, LiBr, aniline DCB 52
146 ¢ Cu(OAc) o-Phen LiBr, aniline DCB trace
15%¢ Cu(OAc), Znl, LiBr DCB 44
16 ¢ Znl, o-Phen LiBr, aniline DCB trace
176 f Cu(OAc), Znl, o-Phen LiBr, aniline DCB trace
1854« Cu(OAc), ZnBr; o-Phen LiBr, aniline DCB 33
196 ¢ Cu(OAc), TfOH o-Phen LiBr, aniline DCB NR

@ Reaction conditionsta (0.2 mmol),2a (0.2 mmol), catalyst (10 mol %);Phen (20 mol %), solvent (2 mL), 120 °C, 6 h uraier
® |solated yield based dta.

 LiBr (3 equiv).

4 aniline (5 mol %).

€ The ratio ofla and2a: 1a (0.24 mmol)2a=1.2:1.

under the nitrogen atomosphere.

Cu(OAc) and Zn} in 1,2-dichlorobenzene (DCB) under air at
120°C for 6 h, and the desired product was isolatedB# 4ield

(Table 1, entry 1). Various Cu sources, includingC@, Cul, also tested, and no better results were observdile(Ta entries
CuBr and CuSQ showed the similar catalytic activities (Table 18-19).

1, entries 2-5). To our surprise, with 3 equiv édBrlLadded, a
59% vyield of product was obtained (Table 1, entryv@ich is

probably serves as a desiccant due to its highlyrdsgopic "
property?In addition, when amidinéa with a trace amount of Ho o @
aniline impurity was employed, higher result was resd and R©/ . _CulOAg, 2l N Nw
further study indicated that a catalytic amountaofline also s @Aj\ 0_%“‘:28 ' bes §N

played an important role in promoting this reactidable 1, 1 2a e R ) e

entry 7), which is probably, as a ligand, assistsneso —gpy R K product vield (%}
rearrangement processes in the reaction transframat The

Table 2.Reactions of Acetophenon2d) with Various
Substituted Amidined

investigation of solvents effect suggested that @B superior 4-Me, H.1b 3b 81
to dimethyl sulfoxide (DMSO)N,N-dimethylformamide (DMF), 2 4-Cl, H,1c 3¢ 77
dio_xane or toluene (Table 1, entries 8-11). M_orep@'sing the_ 3 2-ethyl, H.1d 3d 88
ratio of 1a/2a to 1.2:1, the product was obtained in 79% yield

(Table 1, entry 12). Furthermore, controlled experits for this 4 3-ClH,1e 3¢ 72
reaction confirmed that each of ZnCu(OAc), o-phen, oxygen 5 4-OMe, H1f 3f 84
and aniline was essentially needed for this transétion. (Table 6 H . 2-Clig 3g 86
1, entries 13-17). Otherwise, other Lewis and Bronsteids, ' '

such as ZnBrand trifluoromethanesulfonic acid (TfOH), were 7 H, 4-CR, 1h 3h 67



8 4-Me, 4-OMe/li 3i 83 12 o 3v 84
# Unless otherwise indicated, reactions were cawigdvith1 (0.24 mmol),

2a (0.2 mmol), Cu(OAg)(10 mol %), Znd (10 mol %),0-phen (20 mol %), om

aniline (5 mol %), LiBr (3 equiv), DCB (2 mL), thatio of1:2a= 1.2:1, 120 '

°C, 6 h, under air. 13 o 3x 39
P Isolated yield based dta. /@)K/

With the optimized conditions in hand, various aiméd 1 2p

and acetophenon@d) were examined to establish the scope andaU | therwise indicated i iechith 1 (0.24 )
F : H : H niess otherwise indicated, reactions were cap! | . mmol),
limitation of this reaction, and the results wereesanted in 2a(0.2 mmol), Cu(OAG) (10 mol %), Zrd (10 mol %).0-phen (20 mol %),

Table 2. The catalytic system was applicableltodj providing  anjline (5 mol %), LiBr (3 equiv), DCB (2 mL), thatio of 1:2a= 1.2:1, 120
the corresponding produc&b-3j in 72-88% vyields (Table 2, °c, 6 h, under air.

entries 1-9). However, the electron-deficient group ,

trifluoromethyl reduced the yields apparently foh§Table 2, Isolated yield based dh

entry 7). 2
. X . A Optimized conditions

To further investigate the reaction scope, a numbkr N + la. — -~ Noproudct
arylketone derivatives2p-2m) were employed to react with N-
phenylbenzamidinel@), as shown in Table 3. To our delight, H \u
regardless of the electron-withdrawing or -donatingugs in the ,g  Opumizedcondiions oot
aryl ring, the reactions of arylketones proceedeathly and & *
provided moderate to good yields. Notably, the sabss with N

electron-withdrawing ~ groups ~ were utilized, and the gcneme oThe experiment of substrates with heteroaryl group
corresponding products were obtained in good yiélddle 3,

enties 9 and 10), and the ones with electron-dogaioups in ) o .

the meta-position could offer better results (Table 3, estb and Disappointingly, the desired products were not fowtten
7). Additionally, the substrates with bulky aromagioups, such ~ the substrates with substituents of amino and hydsoxh as 1-
as 1-(5-methoxynaphthalen-2-yl)ethano@§ and1-(naphthalen- ~ (4-amino-phenyl)ethanone and 1-(4-hydroxyphenygetne. In
2-yl)ethanoneZm), were also tolerated and produced imidazoles @ddition, alkylketones, such as cyclohexanone artenb2-one,

3u, 3v in 83% and 84% yield, respectively (Table 3, entid were not the_ suitaplg par.tners for the reactipn.dkzmer, the
and 12). Moreover, this strategy was performed well the substrates with pyridine ring, such as 1-(pyridigh&thanone

synthesis of tetrasubstituted imidazoles (Tablen®y 13). and N-phenyinicotinamidine, could not be apply ts ttrategy
(Scheme 2), which wgsrobablydue to the nitrogen on pyridine

Table 3 Reactions of Acetophenoa)(with Various ring coordinating to the catalyst to effect formatiof the
Substituted Amidine$ intermediates.
H
N NH Q cu©ng), znl, ©\ R3 0
, N R o
©/ * R@)k CNH, w Optimized conditions X
& o-Phen LiBr,DCB ©)k +'
1a 2 3k-x X: Cl, Br
entry R product yield (%} 2a ot oﬁsewe g
1 4-F,2b 3k 72 _ - .
Scheme 3The control experiment of reaction intermediate.
2 2-F,2¢ 3l 68
3 3-Ch, 2d 3m 73 To get further insight into our reaction, 1 equiveoradical
4 3,4,5-OMe2¢ 3n 76 scavenger (TEMPO) was added to the catalyst sysianhthe
5 3.0Me.2f 3 82 yield Q|d not reduce in our .react|on system, whidghmrule OL_Jt
a radical process. In addition, when acetophenondumied in
6 2-Me,2g 3p 7 absence of amidine under the optimized conditighg, a-
7 3-Me,2h 3q 81 halogenated product which maybe an important intdiate’
8 AMe.2i 3 20 was not observed, as shown in scheme 3. Recentlylasim
el ' works had been reported to synthesize imidazolesugr
9 4-Br,2j 3s 81 tandem imine formation-oxidative cyclizatich,™* hence, we
10 4-C1.2K at 80 supposed that the amidines in equilibrium with emasireacted
with arylketones following an analogous catalystgess based
1 0 3u 83 on those results. Further studies including thesstigation of
OO mechanism and related transformations are undertakeour
laboratory.
OMe ,2l

. a series of important imidazole skeletons in goaeldg
3. Conclusion with high regionselectivity. Moreover, the reactiarsing
air as oxidant, is economical, easy-to-operate and

In summary, an efficient copper and zicw-catalyzed . .
y kP y environmentally friendly.

method to synthesize multisubstituted imidazolesmfr
amidines and arylketones was developed. In the s§ioth
protocol, easily available materials were employeddcess
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4. Experimental section

Typical Procedure for the Preparation of multi-
substituted imidazoles 3. Synthesis of 1,2,4-triphenyl-1H-
imidazole Ba): The reaction was carried out in a round-
bottom sidearm flask (10 mL)Ya (0.24 mmol),2a (0.2
mmol), Cu(OAc) (10 mol %), Znj (10 mol %), aniline (5
mol %), 1,10-phenanthroline (20 mol %), LiBr (3.Gué/),
and DCB (2 mL) were added to the flask with a magnetic
stirring bar at 120C under air. After 6 h stirring at this
temperature, the flask was took out and cooled tomro
temperature. The mixture was filtered with ethyl atet3
x 50mL), and the filtrate was concentrated undeuced
pressure to distill ethyl acetate. Subsequentlg, ¢hude
product with DCB was dried under heat gun, which was
further purified by silica gel chromatography
(petroleum/ethyl acetate = 10/1 as eluent) to agpadduct
3a 'H NMR and™®C NMR spectra were determined on 300
MHz and 75 MHz in CDGl unknown products were
further characterized by HRMS (TOF-ESI), the melting
points of solid products3( and3v) were determined on a
microscopic apparatus. The structures of the prsd@a,

I%sb, 3¢, 3f and3i) were identified according to the literature.

1,2,4-triphenyl-1H-imidazole 3a: 0.2 mmol, 47 mg,
79%; yellow oil;"'H NMR (300 MHz, CDC})  790-7.80
(dd, J = 8.2, 1.1 Hz, 2H), 7.45-7.42 (dd= 6.5, 3.2 Hz,
2H), 7.39-7.37 (ddJ = 4.3, 3.2 Hz, 3H), 7.34 —7.30 (m,
3H), 7.25-7.15 (m, 6H)**C NMR (75 MHz, CDC)) &
146.8, 141.5, 138.3, 133.7, 130.1, 129.3, 128.6.412
128.3,128.3, 128.0, 128.0, 126.8, 125.6, 124.8,411

2,4-diphenyl-1-p-tolyl-1H-imidazole 3b:0.2 mmol, 50
mg, 81%; yellow oil;'H NMR (300 MHz, CDCJ) 5 7.93-
7.84 (m, 2H), 7.50-7.41 (m, 2H), 7.40-7.30 (m, 3H}67.
7.15 (m, 4H), 7.14-7.06 (ddd,= 9.6, 7.3, 0.8 Hz, 4H),
2.34 (s, 3H);*C NMR (75 MHz, CDCJ) § 146.8, 141.4,
138.0, 135.8, 133.8, 130.3, 129.9, 128.6, 128.8.212
128.0, 126.8, 125.4, 124.9, 118.5, 21.0.

1-(4-chlorophenyl)-2,4-diphenyl-1H-imidazole 3c:0.2
mmol, 51 mg, 77%; yellow oifH NMR (300 MHz, CDC})
§ 7.89-7.85 (m, 2H), 7.44-7.39(m, 2H), 7.37—7.30 (Hi), 4
7.29-7.19 (m, 5H), 7.13-7.09 (m, 2H)IC NMR (75 MHz,
CDCly) 6 146.8, 141.8, 136.8, 133.8, 133.5, 129.9, 129.5,
128.7,128.5,128.2, 127.0, 126.9, 124.9, 118.1.

1-(2-ethylphenyl)-2,4-diphenyl-1H-imidazole 3d: 0.2
mmol, 57 mg, 88%; yellow oifH NMR (300 MHz, CDC})
8 7.93-7.90 (ddJ = 5.2, 3.4 Hz, 2H), 7.49-7.45 (dd,=
6.6, 3.3 Hz, 2H), 7.41-7.35 (dd~= 10.3, 4.8 Hz, 3H), 7.34
—7.29 (m, 2H), 7.28 — 7.22 (m, 3H), 7.22-7.16Jt, 5.7,
2.6 Hz, 3H), 2.37-2.26 (ddd,= 15.0, 12.1, 7.5 Hz, 2H),
0.99-0.94 (tJ = 7.6 Hz, 3H);*C NMR (75 MHz, CDC)) &
147.2, 141.3, 140.6, 137.1, 133.8, 130.3, 129.49.312
128.5,128.2, 128.1, 127.7, 126.8, 124.7, 118.9,23.9.

1-(3-chlorophenyl)-2,4-diphenyl-1H-imidazole 3e0.2
mmol, 48 mg, 72%; yellow oifH NMR (300 MHz, CDC}))
8 7.90-7.835 (m, 2H), 7.46—7.40 (m, 2H), 7.38-7.33 {dd
= 9.2, 6.1 Hz, 3H), 7.31-7.21 (m, 7H), 7.05-7.01 (dud,
7.8, 2.0, 1.1 Hz, 1H)**C NMR (75 MHz, CDC}) & 146.8,
141.7, 136.8, 133.8, 133.5, 129.7, 129.5, 128.8.512
128.2,127.0, 126.9, 124.9, 118.1.

1-(4-methoxyphenyl)-2,4-diphenyl-1H-imidazole  3f:
0.2 mmol, 55 mg, 84%:; yellow oitH NMR (300 MHz,
CDCly) & 7.89—7.85 (m, 2H), 7.47-7.44 (m, 2H), 7.40-7.34
(dt,J = 7.8, 0.9 Hz, 3H), 7.26-7.19 (m, 4H), 7.13-7.08 (m,
2H), 6.87-6.83 (m, 2H), 3.76 (s, 3HJC NMR (75 MHz,
CDCly) 8 159.1, 146.9, 141.2, 133.8, 131.2, 130.2, 128.5,
128.4, 128.2, 128.0, 126.9, 126.8, 124.9, 118.8,4155.3;
HRMS (ESI) calcd for gHigN,O (M + H) 327.1492,
found 327.1490.

2-(2-chlorophenyl)-1,4-diphenyl-1H-imidazole 3g:0.2
mmol, 57 mg, 86%:; yellow oifH NMR (300 MHz, CDC})
8 7.92-7.87 (m, 1H), 7.55-7.49 (m, 1H), 7.40-7.34) &,
7.6 Hz, 1H), 7.30-7.20 (m, 3H), 7.16-7.10 (m, 1Hg
NMR (75 MHz, CDC}) 6 141.6, 137.6, 134.2, 133.6, 132.5,
130.5, 130.3, 129.5, 129.0, 128.4, 127.6, 126.%.612
124.9, 124.5, 124.4, 116.8.

1,4-diphenyl-2-(4-(trifluoromethyl)phenyl)-1H-
imidazole 3h: 0.2 mmol, 49 mg, 67%; yellow oitH NMR
(300 MHz, CDC}) § 7.90- 7.86 (dJ = 7.4 Hz, 2H), 7.58—
7.54 (d,J=8.4 Hz, 2H), 7.51-7.47 (d,= 8.4 Hz, 2H), 7.45
— 7.36 (m, 6H), 7.30 — 7.21 (m, 3HJC NMR (75 MHz,
CDCly) & 145.2, 142.1, 138.0, 133.6, 133.5, 131.3, 129.7,
128.7, 128.6, 128.5, 127.2, 125.8, 125.1, 125.15.12
125.0, 119.9, 119.3; HRMS (ESI) calcd fozl8,¢F:N, (M
+ H)" 365.1260, found 365.1263.

2-(4-methoxyphenyl)-4-phenyl-1-p-tolyl-1H-imidazole
3i: 0.2 mmol, 56 mg, 83%; yellow oitH NMR (300 MHz,
CDCl,) 6 7.89-7.85 (m, 2H), 7.40-7.34 (dddz= 8.3, 5.2,
1.6 Hz, 5H), 7.25-7.15 (ddd, = 7.1, 6.1, 1.2 Hz, 1H),
7.14-7.07 (dtJ = 8.3, 4.7 Hz, 4H), 6.80—-6.724 (m, 2H),
3.71 (s, 3H), 2.35 (s, 3H)?C NMR (75 MHz, CDC)) &
159.5, 146.8, 141.1, 137.9, 135.9, 133.9, 123..92
128.4,126.7,125.5, 124.8, 122.9, 118.1, 113.9),58..0.

1,4-diphenyl-2-p-tolyl-1H-imidazole 3j: 0.2 mmol, 48
mg, 77%; yellow oil:'*H NMR (300 MHz, CDC)) & 7.49—
7.44 (m, 2H), 7.00-6.85 (m, 8H), 6.83—6.73(m, 3H)36.6
6.60 (d,J = 8.4 Hz, 2H), 1.85 (s, 3HJ°C NMR (75 MHz,
CDCly) & 146.9, 141.4, 138.4, 138.1, 133.8, 129.2, 128.7,
128.5, 128.4, 127.9, 127.3, 126.7, 125.6, 124.8,2.21.1.

4-(4-fluorophenyl)-1,2-diphenyl-1H-imidazole 3k:0.2
mmol, 45 mg, 72%:; yellow oifH NMR (300 MHz, CDC))
§ 7.89-7.79 (m, 2H), 7.47—7.39 (m, 2H), 7.37—7.34 {dd,
5.1, 1.9 Hz, 4H), 7.27-7.17 (m, 5H), 7.10-7.03 (m, 2fQ);
NMR (75 MHz, CDC}) 6 163.6, 160.3, 146.9, 140.7, 138.2,
130.1, 130.0, 130.0, 129.4, 128.6, 128.4, 128.16.612
126.5, 125.7, 118.1, 115.5, 115.2; HRMS (ESI) cdhd
CoiH16FN, (M + H)* 315.1292, found 315.1295.

4-(2-fluorophenyl)-1,2-diphenyl-1H-imidazole 3l: 0.2
mmol, 43 mg, 68%:; yellow oifH NMR (300 MHz, CDC))
6 8.39-8.33 (ddd) = 7.7, 3.9, 2.5 Hz, 1H), 7.66-7.63 (d,
= 4.0 Hz, 1H), 7.50-7.43 (m, 2H), 7.40-7.33 (m, 3H}9Z.
7.20 (m, 7H), 7.13-7.04 (m, 1H}’C NMR (75 MHz,
CDCly) 6 159.1, 146.9, 141.2, 133.8, 131.2, 130.2, 128.5,
128.4,128.2, 128.0, 126.9, 126.8, 124.9, 118.8,41 B5.3;
HRMS (ESI) calcd for GHFN, (M + H)" 315.1292,
found 315.1294.

1,2-diphenyl-4-(3-(trifluoromethyl)phenyl)-1H-
imidazole 3m: 0.2 mmol, 53 mg, 73%; yellow oiftH NMR
(300 MHz, CDC}) 8 8.17 (s, 1H), 8.09 — 8.02(m, 1H),
7.52-7.42 (m, 5H), 7.42-7.34 (m, 3H), 7.29-7.21 (ddd,
9.7, 3.9, 2.5 Hz, 5H)**C NMR (75 MHz, CDCJ) § 147.3,



140.3, 138.2, 134.7, 130.0, 129.5, 129.0, 128.%.612
128.3, 128.2, 128.0, 125.7, 123.42, 123.37, 121247,

121.6, 119.1; HRMS (ESI) calcd for,®l1sF:N, (M + H)

365.1260, found 365.1263.

1,2-diphenyl-4-(3,4,5-trimethoxyphenyl)-1H-
imidazole 3n:0.2 mmol, 59 mg, 76%; yellow oitH NMR
(300 MHz, CDCY) § 7.49-7.41 (m, 3H), 7.41-7.36 (dt=
4.1, 2.2 Hz, 3H), 7.29-7.22 (m, 5H), 7.14 (s, 2H), 383
6H), 3.88(s, 3H);"*C NMR (75 MHz, CDCJ) & 153.3,
146.7, 141.4, 138.2, 137.2, 123.0, 129.5, 129.8.72
128.4, 128.1, 125.6, 118.2, 102.1, 60.8, 56.0; HRHESI)
caled for GH,N,05 (M + H)" 387.1703, found 387.1705.

4-(3-methoxyphenyl)-1,2-diphenyl-1H-imidazole 3o:
0.2 mmol, 53 mg, 82%; yellow oitH NMR (300 MHz,
CDCly) 6 7.54—-7.50 (m, 1H), 7.47-7.41 (ddi= 4.1, 2.0,
0.9 Hz, 3H), 7.41-7.39 (d = 1.0 Hz, 1H), 7.37-7.31 (m,
3H), 7.31 — 7.26 (m, 1H), 7.26-7.18 (m, 5H), 6.85-6.78
(ddd,J = 8.2, 2.3, 1.0 Hz, 1H), 3.83 (s, 3HJC NMR (75
MHz, CDCk) 6 159.9, 146.7, 141.4, 138.2, 135.2, 130.1,
129.4, 129.3, 128.6, 128.3, 128.0, 125.6, 118.6/.411
113.0, 110.0, 55.1; HRMS (ESI) calcd foz8;gN,0 (M +
H)" 327.1492, found 327.1490.

1,2-diphenyl-4-o-tolyl-1H-imidazole 3p:0.2 mmol, 48
mg, 77%; yellow oil;'H NMR (300 MHz, CDCJ) 5 8.02—
7.98 (d,J = 7.8 Hz, 1H), 7.50-7.44 (m, 2H), 7.40-7.35 (dd,
J = 6.9, 2.5 Hz, 3H), 7.30— 7.17 (m, 9H), 2.56 (s, 3£0;
NMR (75 MHz, CDC}) & 145.9, 141.0, 138.4, 134.9, 133.1,
130.7, 130.2, 129.4, 128.7, 128.6, 128.3, 128.18.012
126.9, 125.9, 125.8, 120.9, 21.8; HRMS (ESI) calod f
CoH1oN, (M + H)* 311.1543, found 311.1541.

1,2-diphenyl-4-m-tolyl-1H-imidazole 3qg:0.2 mmol, 50
mg, 81%; yellow oil;H NMR (300 MHz, CDC})) 6 7.77 (s,
1H), 7.67—7.63 (dJ = 7.7 Hz, 1H), 7.46-7.42 (dd,= 6.8,
2.8 Hz, 2H), 7.39 (s, 1H), 7.38-7.30 (m, 3H), 7.30-{rhp
6H), 7.09-7.04 (dJ = 7.5 Hz, 1H), 2.38 (s, 3HJ*C NMR
(75 MHz, CDC}) & 146.7, 141.7, 138.3, 138.0, 133.6,
130.2, 129.3, 128.7, 128.3, 128.26, 128.0, 127197,7,
122.0, 118.5, 118.4, 21.4; HRMS (ESI) calcd fgsHzoN>
(M + H)" 311.1543, found 311.1539.

1,2-diphenyl-4-p-tolyl-1H-imidazole 3r: 0.2 mmol, 43
mg, 70%; yellow oil;'H NMR (300 MHz, CDCJ) 5 7.80-
7.76 (d,J = 8.1 Hz, 2H), 7.47-7.41 (m, 2H), 7.38-7.32 (m,
4H), 7.25-7.17 (m, 7H), 2.34 (s, 3HJC NMR (75 MHz,
CDCl,) 5 146.7, 141.7, 138.4, 136.5, 131.0, 130.3, 129.3,
129.2,128.7, 128.3, 128.1, 128.0, 125.7, 124.8,0,21.2.

4-(4-bromophenyl)-1,2-diphenyl-1H-imidazole 3s0.2
mmol, 61 mg, 81%; yellow oifH NMR (300 MHz, CDC})
8 7.77-7.70 (m, 2H), 7.50-7.44 (m, 2H), 7.44-7.39 (m,
2H), 7.39-7.31 (m, 4H), 7.25-7.16 (ddt= 6.0, 2.5, 2.1
Hz, 5H); **C NMR (75 MHz, CDCJ) § 147.0, 140.4, 138.1,
132.8, 131.5, 129.9, 129.4, 128.6, 128.4, 128.18.112
126.4, 125.6, 120.4, 118.6.

4-(4-chlorophenyl)-1,2-diphenyl-1H-imidazole 3t:0.2
mmol, 53 mg, 80%; yellow oifH NMR (300 MHz, CDC})
§ 7.85-7.76 (m, 2H), 7.45-7.40 (m, 2H), 7.38-7.28 (m,
6H), 7.26-7.17 (m, 5H)**C NMR (75 MHz, CDC)) &
147.0, 140.5, 138.1, 132.3, 130.0, 129.4, 128.@8.412
128.1, 128.1, 126.1, 125.6, 118.5.

4-(5-methoxynaphthalen-2-yl)-1,2-diphenyl-1H-
imidazole 3u: 0.2 mmol, 62 mg, 83%; yellow solidnp

188-191°C; *H NMR (300 MHz, CDCJ) & 8.37 (s, 1H),
7.94-7.88 (ddJ = 8.5, 1.7 Hz, 1H), 7.81-7.72 (dbi= 13.0,
8.6 Hz, 2H), 7.52-7.44 (m, 3H), 7.40-7.35 (m, 3H)0%.3
7.21 (dtdJ = 6.2, 3.3, 1.2 Hz, 5H), 7.16-7.11 (m, 2H), 3.88
(s, 3H);"*C NMR (75 MHz, CDC)) § 157.4, 147.0, 141.7,
138.4, 133.7, 130.2, 129.6, 129.4, 129.2, 129.18.812
128.4, 128.1, 128.1, 126.9, 125.7, 124.2, 123.18.811
118.4, 105.8, 55.2; HRMS (ESI) calcd fosd8,:N,0 (M +
H)*377.1648, found 377.1651.

4-(naphthalen-2-yl)-1,2-diphenyl-1H-imidazole ~ 3v:
0.2 mmol, 58 mg, 84%; yellow solignp 202-203 °C; 'H
NMR (300 MHz, CDCJ) § 8.45 (s, 1H), 7.93-7.81 (m, 3H),
7.54 (s, 1H), 7.51-7.34 (m, 7H), 7.31-7.20 (m, SHG
NMR (75 MHz, CDC}) 6 147.2, 141.6, 138.4, 133.8, 132.7,
131.1, 130.2, 129.4, 129.0, 128.8, 128.5, 128.8.112
127.6, 126.1, 126.0, 125.8, 125.4, 123.6, 123.9.(t1
HRMS (ESI) calcd for GHyoN, (M + H)" 347.1543, found
347.1545.

5-methyl-1,2-diphenyl-4-p-tolyl-1H-imidazole 3%
0.2mmol, 25mg, 39%; white solid, mp 188-194 °C; 1H
NMR (300 MHz, CDC}) 6 7.7-7.65 (d, J = 8.1 Hz, 2H),
7.47-7.43 (dt, J = 5.8, 2.9 Hz, 3H), 7.41 — 7.36 2id),
7.27 — 7.17(m, 7H), 2.39 (s, 3H), 2.25 (s, 3H). 13C NMR
(75 MHz, CDCI3)é 145.9, 137.4, 136.0, 132.1, 130.6,
129.5, 129.0, 128.6, 128.3, 128.0, 127.9, 127.8.112
125.8, 120.1, 21.2, 11.1; HRMS (ESI) calcd fogHGiN,

(M + H)* 325.1699, found 325.1696.
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