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1. Introduction

N-Heterocyclic compounds are of great interest fougdr

Tetrahedron

route to imidazoles. In our synthesis, the 1-, 4nd 5-
substituents of imidazoles originate from the, 1-, and 2-
substituents of iminoethanones, respectively, ahgwus to

discovery and are widely used as active componefits Qccess single isomers exclusively in contrast éoctnventional

pharmaceuticals. The high electronegativity of niteogen atom
results in polarization of the C—N bond, which alldnteractions
between the heterocycle and biomolecules such agneszand
receptors, through hydrogen bond formation with bptiilic

groups. Aromatic heterocycles can also interactuiinovan der
Waals interactions.

Among nitrogen-containing heterocycles, imidazoles af
particular interest because of their abundanceiomblecules,
including histidine, histamin®.cyano cobalamiff and bioactive
natural products such as scefrirand nagelamides %5
Furthermore, they typically appear in biologicallgctive
compounds such as anticantantibacteriaf, and antitubercular
agents. For example, dacarbazine is a chemotherapeutiot age
for the treatment of various cancers; the methyloigum ions

synthetic method for 1,4,5-substituted imidazoBsheme 1). In
other words, with an appropriate choice of startireganals, it is
possible to synthesize 1,4,5-trisubstituted triegobearing the
desired substituents at the expected positions.
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derived from its metabolism cause DNA methylation andScheme 1. Synthe5|s of heterocycles fimimino ketones

inhibition of cell proliferatio. Another example is SK&F
86002, a pyridinyl imidazole-based p38 mitogensattd
protein kinase inhibitor with anti-inflammatory agty owing to
the downregulation of inflammatory cytokine prodantin the
monocyte/macrophage cell line THP-Moreover, SK&F 86002
and its analogues have been used to treat Ebois ivifections.

Imidazoles and their salts also have many othelicgtipns,
e.g., in materials scientand synthetic organic chemistiy'* In
particular, 2-substituted imidazole derivatives,ctsuas 2-
ethylimidazole, are widely used as hardeners foxgpesins in
the materials industr{f. Moreover, N-heterocyclic carbenes
(NHCs) generated from imidazolium salts can act ganlils for
transition metal catalysts and as organocatalystsréactions
such as umpolung and homoenolate reactibirsaddition,N,N-
dialkylimidazolium salts are among the most widebed ionic
liquids, which find application as electrolytes ameaction
solvents® Because of their numerous advantages,
development of new and efficient synthetic methaadsad¢cess
imidazole derivatives is a subject of interestamious fields.

The classical methods for the construction of imada rings
include condensation of benzils with two equivalerdf
formamide!* and amination ofa-bromo ketones followed by
annulation of the resulting amino ketones with fomie™ In
addition, to date, various synthetic strategies ehdveen
developed to prepare imidazoles, such as pivalit -gqeromoted
multicomponent reaction involving the oxidation ofternal
alkynes to form benzil intermediates followed by
cyclocondensation of amidinés,and metal-catalyzed domino
reaction of propargylamines with tert-butylisongdl In
particular, a number of transition metal-catalyzsgproaches
have been reporté‘ﬁ.However, to the best of our knowledge, the
selective synthesis of arbituarily substituted rifienidazoles
from commercially available and inexpensive stgrtmaterials
remains a challenge. Recently, lla et al. reporéedne-pot
synthesis of 2,4,5-trisubstituted imidazoles fron8-hisaryl-
monothio-1,3-diketoneS. However, efficient and general
methods for the regioselective synthesis of muisituted
imidazoles have not yet been developed.

With this motivation, we investigated a straightfordia
selective route to trisubstituted imidazoles, whinbludes an
NHC-catalyzed aroylation reaction, chemoselectivaicgédn of
the imino group, and annulation between the regulgcondary
amine and formamide. Our recently reported protdool the
synthesis of pyradines and quinoxalines fraamino ketones as
versatile intermediates also urged us to developva synthetic

2. Results and discussion

First, the NHC-catalyzed aroylation was examined based
our previously reported procedure (Schemé® 2$tarting N-
arylbenzimidoyl chlorided were easily prepared by chlorination
of the correspondingl-arylbenzamides. The reaction bfwith
aromatic aldehydes (1.5 equiv) in THF for 6-9 hha presence
of the NHC derived from the 1,3-dimethylimidazoliummdide
precursor (3 mol%) and sodium hydride (1.1 equffgrded the
desired a-imino ketones (for reaction mechanism, see the
Supplementary data). As shown in the mechanism irr8els,
the NHC-catalyzed aroylation ofl proceeded through the
Breslow intermediate, which was formed from the ajdiehand
the carbene generated by abstraction of the pratothe 2-
position of the imidazolium salt and served as ayl @nion

thequivalent. The substrate scope of the reactionimweestigated,

and the results are summarized in Scheme 2. Etedeéicient
benzimidoyl chlorides and sterically hindered naght
derivatives were well tolerated to give the corresliog adducts
in moderate to high yield2l§—2e, 2j). The reaction ofN-(4-
methoxyphenyl)benzimidoyl chloride  provided arogtht
compound2h in low vyield, presumably because of the low
electrophilicity of the imino carbon atom owing teetelectron-
donating effect of th&-4-methoxyphenyl group. This effect was
confirmed by the aroylation of benzimidoyl chlorideearing an
aliphatic substituent on the imine nitrogen atomjciwhdid not
afford the corresponding-imino ketones. However, this finding
is contrary to the report by Huang et al., whichidates thaiN-
(n-octylytrifluoroacetimidoyl chloride gives the cesponding
aroylated compound under similar conditiéhs.

The subsequent selective reduction of a functignalip can
be challenging in the presence of other functiayralups with
similar chemical reactivity, such as carbonyl andno groups.
Our preliminary studies showed that the reducing tgen
commonly used in reductive amination reactions, elgm
sodium triacetoxyborohydride, sodium cyanoborohdalri and
Hantzsch ester, were not suitable for the chemosedect
reduction of a-imino ketones (see Supplementary data). To
overcome this problem, we used 2-picoline boranechvivas
previously reported as an alternative reagent feductive
amination®* An evaluation of reduction conditions revealed that
high yields were achieved by using an equimolar arhof 2-
picoline borane at room temperature in the preseheecatalytic
amount of phenylphosphinic acid (Table 1).
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Table 1. Optimization of the chemoselective redurcti
conditions

Ph2° pic-BHg Ph:[/o
PhI\N/Ph W Ph ﬂ/Ph
2a 3a
Entry Pic-BH3 (mol%) Condition Yield (%)

| 33 6h, 0°C, AcOH (excess) 22
2 33 6h, 0°C, CsHsP(O)(OH)H® 21
] 50 8 h, rt, CsHsP(O)(OH)H" 53
a4 66 6 h, rt, CsHsP(O)(OH)H’ 74
5 100 6 h, rt, CsHsP(O)(OH)H" 84
6 100 6h,rt, C5H5P(O)(OH)Hb 84
7 100 6 h, rt, AcOH (excess) 78

2 100 mol% of phenylphosphinic acid was used.20 mol% of
phenylphosphinic acid was used.

With the optimized conditions in hand, the subststope of
the chemoselective reduction was investigated (8eh®). Imine
moieties bearing an electron-withdrawing or electionating
group were selectively reduced to afford the desgedondary
amines 8b, 3c, 3e, 3h, 3i, 3j). Substrates with a naphthyl or
heteroaryl substituent were also applicable to &aetion to give
3d, 3j or 3f, respectively. On the other hand, the reactio2gpf
was sluggish, probably because of the low reactfitthe imino
carbon owing to the push-pull structure.
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Scheme 4. Substrate scopgtafchemoselective reduction.

2 20 mol% of phenylphosphinic acid was used. 50 mol% of
phenylphosphinic acid was used, and the reactios wenducted in
MeOH/CHCI, (5/1).

Next, the annulation betweenamino ketones and formamide
to form the corresponding imidazoles was examinezbl@ 2).
The reaction conditions were optimized using compdmas a
model substrate. First, formamide solutions coimgimigh (M =
0.4) or low (M = 0.03) concentrations 8& were heated in an
open system (Table 2, entries 1, 2). However, thsiret
compound was not obtained owing to rapid self-conaléms of
3a. Thus, to prevent self-condensation, an ethylateetolution
of 3a was added over 1 h to a large excess of formantid8&
°C, and the reaction was continued at the same tatope for 7
h to afford desired imidazoka in low yield (Table 2, entries 3,
4).

When THF was used instead of ethyl acetate, the yie#la
increased up to 72% (Table 2, entry 6). Other attemyere
made to further improve the efficiency of the amtioh. A
slower addition rate of the THF solution 3d by using a syringe
pump under an argon atmosphere combined with theofise
diethyl ether as the extraction solvent insteadtbf/l acetate led
to an improved yield (Table 2, entry 7). With th@maof
accelerating the reaction, a Brgnsted acid wasdesta catalyst,
but a lower yield was observed (Table 2, entries)8V@reover,
addition of a Lewis acid or a hypervalent iodinegesat” was not
beneficial for the annulation, instead promotinge tthree-
component condensation of formamide (Table 2, entt0, 11).
These results indicate that the transformation Ishbe carried
out under an argon atmosphere, and that an aadicoeament
was detrimental to the reaction rate and yield. \doeg, the slow
addition of thea-amino ketone in THF via a syringe pump over 2
h was found to be crucial.

We next investigated the scope of the annulaticactien
using a variety ofa-amino ketones (Scheme 5). Under the
optimized conditions, both electron-rich and elestdeficient
aromatic substrates afforded the corresponding arulds in
good yields. Notably, the reaction of nitro subs@ituia-amino
ketones3e and 3g did not proceed at all, probably because of
their instability and the low nucleophilicity oféhamino group,
and the corresponding oxidation products, ieimino ketones
2e and2g, were obtained.
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Table 2. Optimization of the annulation conditions

Ph

Ph Jo) N
z NH,CHO ‘ \>
_Ph > N
Ph’ co-solvent Ph \
H
Ph
3a 4a
Entry NH,CHO (mL) Co-solvent Condition Yield (%)
1 5(M=0.4) 140 °C n.d.
2 35 (M =0.03) - 200 °C n.d.
37 30 (M =0.04) AcOEt 180°C 10
4° 50 (M =0.02) AcOEt 180 °C 55
57 30 (M =0.05) THF 180°C 51
6’ 50 (M =0.03) THF 180°C 72
7’ 50 (M =0.02) THF 180 °C 83
8° 50 (M = 0.02) THF 180 °C, AcOH 77
9° 50 (M = 0.02) THF 180 °C, HCl 59
10° 50 (M =0.03) THF 120 °C, BF; * Et,0 21
11° 50 (M = 0.02) THF rt, PIFA® trace

@ Addition over 1 h using a dropping funnel, andeaation time of 7
Addition over 2 h using a syringe pump under aroargtmosphere, and a
reaction time of 8 H. PIFA: [bis(trifluoroacetoxy)iodo]benzerfe.
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Scheme 5. Substrate scope of the annulation reactio

In summary, we have developed a regioselective sgigtof
1,4,5-triaryl imidazoles from easily accessiblertstg materials.
The key reactions are NHC-catalyzed aroylation ofdoyi
chlorides with aromatic aldehydes, chemoselectigiggon of
the aroylated compounds, and annulation of theltregua-
amino ketones with formamide. This methodology alloasid
access to imidazole derivatives, paving the way fthe
construction of chemical libraries that will be afegt value in
the pharmaceutical and agrochemical industries. thEor
derivatization of the resulting imidazoles, suchregioselective
functionalization, is in progress and will be repdrtin due
course.

3. Experimental

3.1. Materials & methods

performed under argon and stirring unless otherwiséed.
Proton nuclear magnetic resonanceél (NMR) spectra were
recorded on a JEOL JNM-ECX (300 and 500 MHz)
spectrometer. Chemical shifts were recorded in gatamillion
(ppm, d) relative to tetramethylsilang 0.00)."H NMR splitting
patterns are designated as singlet (s), doublettrfd)et (t), dd
(doublet of doublets), dt (doublet of triplets),(multiplets), etc.
Carbon nuclear magnetic resonané¥ (NMR) spectra were
recorded on a JEOL JNM-ECX (75 and 125 MHz) spectremet
Mass spectra were recorded using a TOF (ESI) amabrze
magnetic sector (FAB) analyzer, and IR spectra wexerded on

a JASCO FT-IR 4100 spectrometer. Melting points were
measured using an ATM-02, AS ONE melting point apparatu
Medium-pressure liquid chromatography was performsidg a
Yamazen YFLC W-Prep 2XY system. For slow addition of
solutions, a SIMDOS® 02 diaphragm dosing pump (KNpadd
was used. Column chromatography was performed ugiitica
Wako-gel 300 (45-7fm) by Wako Chemicals. For thin-layer
chromatography (TLC) analysis, Merck TLC platedidai gel
60G F254 0.25 mm) were used. The TLC plates were lizeda
by fluorescence under a UV lamp (254 or 365 nm).

3.1.1. General procedure for synthesis of a-imino ketones

To N-arylimidoyl chlorides (10.4 mmol) in two-neckedask
equipped with a magnetic stir bar, 1.5 equiv. of naatc
aldehyde (16.1 mmol), 3 mol % of 1.3-dimethyimidaam
iodide (0.0701 g, 0.313 mmol) and THF (60 mL) wasldet,
then 1.1 equiv. of sodium hydride (0.458g, 11.4 Minveas
added at 0 °C, and the resulting solution was stiae reflux
temperature for 6 - 9 hours. After completion of thaction, the
solution was poured into ice water (50 mL), extradtede times
with AcOEt. The organic layer was washed with brine, dmed
over NaSQ,. After filtration and concentration under reduced
pressure, the residue was purified by silica gelurol
chromatographynthexane: AcOEt = 24: 1) to afford-imino
ketonesa — 2j.

3.1.1.1. 1,2-Diphenyl-2-(phenylimino)ethanone (2a*). Yellow
solid (recrystallized from AcOHtthexane); 70% yield (1.50 g),
R = 0.51 (9:1n-hexane/AcOEt)'H NMR (300 MHz, CDCJ)): 6
= 7.89 (dt,J = 6.4, 1.7 Hz, 2H), 7.76 (d§, = 7.7, 1.2 Hz, 2H),
7.51-7.42 (m, 4H), 7.34 (§ = 7.6 Hz, 2H), 7.13 () = 7.7 Hz,
2H), 6.95-6.87 (m, 3H)"°C NMR (125 MHz, CDGJ): 6 = 197.6,
177.5, 166.2, 149.2, 135.1, 134.6, 134.3, 131.6.8,2128.6,
128.1, 124.6, 120.4.

3.1.1.2.  2-(3-Chlorophenyl)-1-phenyl-2-(phenylimino)ethanone
(2c®). Yellow solid (recrystallized from AcOHt/hexane); 73%
yield (1.51 g);R = 0.49 (9:1n-hexane/AcOEt)!H NMR (300
MHz, CDCk): 6 = 7.98 (t,J = 1.6 Hz, 1H), 7.74 (dt) = 8.4, 1.6
Hz, 2H), 7.68 (dtJ) = 7.8, 1.6 Hz, 1H), 7.52-7.45 (m, 2H), 7.39-
7.32 (m, 3H), 7.14 (1) = 8.4 Hz, 2H), 6.97-6.86 (m, 3HJ*C
NMR (75 MHz, CDC}): 6 = 196.9, 164.7, 148.7, 136.7, 135.01,
134.47, 134.2, 131.6, 130.0, 129.2, 128.8, 1284,71 126.4,
125.0, 120.3.

3.1.1.3. 2-(Naphthalene-2-yl)-1-phenyl-2-(phenylimino)ethanone
(2d). Yellow solid (recrystallized from AcOHithexane); 45%
yield (0.949 g); mp 151 - 153 °CR = 0.44 (9:1 n-
hexane/AcOEt); IR (FT): cth = 1666 (C=0),"H-NMR (300
MHz, CDCk): 6 = 8.25 (ddJ = 8.6, 1.7 Hz, 1H), 8.11 (s, 1H),
7.94 (d,J = 8.6 Hz, 1H), 7.88-7.78 (m, 4H), 7.58-7.45 (m, 3H),
7.34 (t,J = 7.8 Hz, 2H), 7.15 (t) = 7.8 Hz, 2H), 6.94 (t) = 8.4

Reagents and solvents were purchased from commercibiz. 3H); “C-NMR (125 MHz, CDC): 6 = 197.6, 166.3, 134.9,

sources and used without further purification. Allagons were

134.8, 134.3, 132.8, 132.5, 130.0, 129.3, 129.8B.812128.6,
127.9, 127.8, 126.7, 124.7, 123.7, 120.5; HRMS (FARB)z



[335.1310] calcd. for @H;eNO (M+H): 336.1388; found:
336.1389.

3.1.14. 2-(4-Methoxyphenylimino)-2-(4-nitrophenyl)-1-
phenylethanone (2g). Orange solid (recrystallized from AcOR#/
hexane); 77% vyield (1.31 g); mp 128 — 129 Rg;= 0.22 (9:1n-
hexane/AcOEt); IR (FT): cth= 1662 (C=0), 1521, 1504, 1362,
1343 (NQ); 'H NMR (300 MHz, CDCJ): ¢ = 8.27 (dt,J = 9.2,
2.2 Hz, 2H), 8.05 (dt) = 9.2, 2.2 Hz, 2H), 7.75 (d,= 7.4 Hz,
2H), 7.52 (ttJ = 7.4, 1.4 Hz, 1H), 7.37 (6, = 7.4 Hz, 2H), 6.96
(dt, J = 9.6, 2.8 Hz, 2H), 6.71 (d§, = 9.6, 2.8 Hz, 2H), 3.70 (s,
3H); *C NMR (125 MHz, CDCJ)): § = 198.0, 162.3, 157.9,
149.2, 141.4, 140.8, 134.8, 133.9, 129.2, 129.8.8,2123.9,
122.7, 114.1, 55.3; HRMS (FAB)Wz [360.1110] calcd. for
C,:H1/N,0, (M+H): 361.1188; found: 361.1199.

3.1.15. 1-(4-Chlorophenyl)-2-(4-methoxyphenylimino)-2-
phenylethanone (2h). Orange solid (recrystallized from
CH,Cly/n-hexane); 22% vyield (0.154 g); mp 146 — 147 Rcr
0.39 (9:1n-hexane/AcOEt);H NMR (500 MHz, CDC)): § =
7.84 (d,J=6.9 Hz, 2H), 7.70 (di = 8.8, 2.1 Hz, 2H), 7.49-7.41
(m, 3H), 7.31 (dJ = 8.6 Hz, 2H), 6.88 (di] = 9.7, 2.7 Hz, 2H),
6.69 (dt,J = 9.7, 2.7 Hz, 2H), 3.70 (s, 3H)'C NMR (125 MHz,

3.1.2.1. 1,2-Diphenyl-2-(phenylamino)ethanone (3a%). Yellow
solid (recrystallized from CKCl,/n-hexane); 84% yield (0.705
g); R = 0.35 @-hexane: AcOEt = 8 : 1)H NMR (300 MHz,
CDCly): § = 8.00 (dt,J = 6.8, 1.5 Hz, 2H), 7.54 (1§ = 7.3, 1.6
Hz, 1H), 7.46-7.40 (m, 4H), 7.31-7.10 (m, 5H), 6.7056(n,
3H), 6.02 (dJ = 6.4 Hz, 1H), 5.40 (d] = 6.4 Hz, 1H);*C NMR
(125 MHz, CDC)): 6 = 197.0, 146.1, 137.7, 135.1, 133.5, 129.2,
129.0, 128.9, 128.7, 128.4, 128.1, 117.8, 113.5,.62

3.1.2.2. 2-(4-Chlorophenyl)-1-phenyl-2-(phenylamino)ethanone

(3b). Yellow solid (recrystallized from C}€l,/n-hexane); 82%
yield (0.685 g); mp 112 - 114 °CR = 0.34 (8:1 n-

hexane/AcOEt); IR (FT): cth= 3417 (N-H), 1669 (C=O)'H

NMR (500 MHz, CDC}): 6 = 7.97 (dJ = 7.4 Hz, 2H), 7.56 (1]

= 7.4 Hz, 1H), 7.45 (t) = 7.4 Hz, 2H), 7.38 (dt] = 9.0, 2.3 Hz,
2H), 7.23-7.25 (m, 2H) , 7.13 @,= 7.6 Hz, 2H), 6.70 (t) = 7.6
Hz, 1H), 6.64 (d,) = 7.6 Hz, 2H), 6.00 (d] = 5.5 Hz, 1H), 5.42
(d, J = 5.5 Hz, 1H);"*C NMR (125 MHz, CDGJ): § = 196.6,
145.8, 136.3, 134.8, 134.0, 133.7, 129.4, 129.29,2b, 128.8,
128.8, 118.1, 113.5, 61.9; HRMS (FABJvz [321.0920] calcd.
for C,gH17,CINO (M+H): 322.0999; found: 322.0993.

3.1.2.3. 2-(3-Chlorophenyl)-1-phenyl-2-(phenylamino)ethanone

CDCly): 6 = 197.5, 164.8, 157.1, 142.1, 141.0, 135.1, 132.8(3c). Yellow oil; 86% yield (0.634 g);R = 0.33 (8:1n-

131.5, 130.5, 129.3, 128.8, 127.9, 122.2, 114.03;58RMS
(FAB): m/z [349.0870] calcd. for GH.,CINO, (M+H):
350.0948; found: 350.0953.

3.1.1.6. 2-(4-Chlorophenylimino)-1-(4-methoxyphenyl)-2-
phenylethanone (2i). Yellow solid (recrystallized from AcORt
hexane); 67% yield (1.48 g); mp 120 — 122 Rg= 0.29 (9:1n-
hexane/AcOEt); IR (FT): cth= 1663 (C=0);'"H NMR (300
MHz, CDCk): 6 = 7.87 (dt,J = 7.3, 2.2 Hz, 2H) , 7.73 (df, =
9.4, 2.4 Hz, 2H), 7.50-7.41 (m, 3H), 7.11 (dt= 9.4, 2.4 Hz,
2H), 6.86-6.81 (m, 4H), 3.82 (s, 3H}*C NMR (125 MHz,

hexane/AcOEt); IR (FT): cth= 3400 (N-H), 1683 (C=O)'H

NMR (500 MHz, CDCY): 6 = 7.98 (d,J = 7.4 Hz, 2H), 7.57 ()

= 7.4 Hz, 1H), 7.44-7.48 (m, 3H), 7.34 (s 7.4 Hz, 1H), 7.13-
7.23 (m, 4H), 6.65-6.72 (m, 3H), 5.99 (= 6.1 Hz, 1H), 5.43
(d, J = 6.1 Hz, 1H);"*C NMR (125 MHz, CDG)): § = 196.4,
145.7, 139.9, 134.9, 134.7, 133.8, 130.2, 129.8,82 128.77,
128.3, 128.0, 126.3, 118.1, 113.4, 62.0; HRMS (FABJz

[321.0920] calcd. for gH;.CINO (M+H): 322.0999; found:
322.0991.

3.1.2.4. 2-(Naphthal ene-2-yl)- 1-phenyl-2-(phenylamino)ethanone

CDCly): 6 = 195.3, 190.8, 167.1, 164.6, 147.9, 135.0, 131.8(3d). Yellow solid (recrystallized from Cj€l,/n-hexane); 87%

129.9, 128.8, 128.7, 128.1, 127.6, 121.8, 114.35;58RMS
(FAB): m/z [349.0870] calcd. for GH.,CINO, (M+H):
350.0948; found: 350.0959.

3.1.1.7. 2-(4-Chlorophenylimino)-2-(naphthal ene-2-yl)-1-
phenylethanone (2j). Yellow solid (recrystallized from AcOEt
hexane); 73% yield (1.36 g), mp 140 - 141 R 0.45 (9:1n-
hexane/AcOEt); IR (FT): cth= 1661 (C=0):"H NMR (300
MHz, CDCk): 6 = 8.22 (ddJ = 8.6, 1.7 Hz, 1H), 8.09 (s, 1H),
7.94 (d,J = 8.6 Hz, 1H), 7.87 (d] = 8.6 Hz, 1H), 7.83-7.78 (m,
3H), 7.58-7.46 (m, 3H), 7.36 @,= 7.7 Hz, 2H), 7.12 (df] = 9.2,
2.5 Hz, 2H), 6.87 (dt) = 9.2, 2.5 Hz, 2H)*C NMR (125 MHz,

yield (0.684 g); mp 133 — 135 °CR = 0.34 (8:1n-
hexane/AcOEt); IR (FT): cth= 3407 (N-H), 1677 (C=O)'H
NMR (300 MHz, CDCJ): 6 = 8.03 (dtJ = 6.9, 1.6 Hz, 2H), 7.93
(d, J = 1.4 Hz, 1H), 7.80-7.73 (m, 3H), 7.56-7.39 (m, 6HY27
(tt, J = 8.0, 1.9 Hz, 2H), 6.73-6.64 (m, 3H), 6.19 Jc&k 6.2 Hz,
1H), 5.51 (d,J = 6.2 Hz, 1H);*C NMR (125 MHz, CDCJ): 6 =
197.0, 146.1, 135.2, 135.0, 133.5, 133.4, 133.®.212129.0,
128.9, 128.7, 127.9, 127.6, 126.3, 125.4, 117.8.5,162.8;
HRMS (FAB): m/z [337.1467] calcd. for GH,NO (M+H):
338.1545; found: 338.1551.

3.1.25.  2-(4-Nitrophenyl)-1-phenyl-2-(phenylamino)ethanone

CDCly) 0 = 197.2, 167.0, 147.8, 135.0, 134.6, 134.5, 132.7(3¢e). Yellow solid (recrystallized from Cj€l,/n-hexane); 91%

132.2, 130.2, 130.0, 129.3, 129.2, 129.0, 128.8.112127.8,
126.8, 123.5, 121.9; HRMS (FAB)Wz [369.0920] calcd. for
C,4H1,CINO (M+H): 370.0999; found: 370.1020.

3.1.2. General procedure for synthesis of a-amino ketones

For most of g-iminoketones Zd — 2j): A mixture of a-
iminoketones (3.02 mmol), 2-picolineborane (0.333 302
mmol), and phenylphosphinic acid (0.0876 g, 0.61 afynin
MeOH and CHCI, (24 mL, 5/1) was stirred at room temperature
for 6 - 9 hours. For otheo-imino ketones Za — 2¢): The
reaction was carried out in MeOH. Then, 20 mL of wates
added and the mixture was evaporated to remove iorgalvent.
Subsequently, the product was extracted three tmithsAcOEt
and the organic layer was washed with brine, and dviest
N&SQ,. After concentration under reduced pressure, thielue
was purified by silica gel column chromatograpmyhéxane:
AcOEt = 9: 1) to affordr-aminoketone8a — 3j.

yield (0.485 g); mp 58 — 60 °®; = 0.18 (8:1n-hexane/AcOEt);

IR (FT): cmi* = 3378 (N-H), 1679 (C=0), 1521, 1342 (NO'H-
NMR (500 MHz, CDC}): § = 8.13 (d,J = 8.6 Hz, 2H), 7.98 (d]

= 8.0 Hz, 2H), 7.59-7.64 (m, 3H), 7.48 Jt= 7.4 Hz, 2H), 7.15
(t, J = 8.0 Hz, 2H), 6.73 (t) = 7.4 Hz, 1H), 6.64 (d] = 7.4 Hz,
2H), 6.14 (dJ = 6.1 Hz, 1H), 5.53 (d] = 6.1 Hz, 1H):*C-NMR
(125 MHz, CDCJ): § = 195.7, 147.6, 145.4, 145.3, 134.5, 134.2,
129.4, 129.0, 128.9, 124.2, 118.5, 113.5, 77.31;6BIRMS
(FAB): m/z [332.1161] calcd. for GH1;N,0; (M+H): 333.1239;
found: 333.1216.

3.1.2.6. 2-Phenyl-2-(phenylamino)-1-(thiophene-2-yl)ethanone
(3f). Light yellow solid (recrystallized from CEl./n-hexane);
89% vyield (0.442 g); mp 138 — 140 °®& = 0.32 (8:1n-
hexane/AcOEt); IR (FT): cth= 3397 (N-H), 1645 (C=O)'H
NMR (500 MHz, CDC}): 6 = 7.89-7.88 (m, 1H), 7.65-7.64 (m,
1H), 7.51 (dtJ = 8.4, 1.7 Hz, 2H), 7.33 (§,= 7.4 Hz, 2H), 7.26-
7.27 (m, 1H), 7.15-7.11 (m, 3H), 6.69-6.65 (M, 3Hy95(s, 1H),
5.25 (s, 1H);"*C NMR (125 MHz, CDCJ): § = 189.7, 146.0,
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141.2, 137.9, 134.6, 133.2, 129.2, 129.0, 128.8.212128.0,
118.0, 113.5, 64.1; HRMS (FAB)Wz [293.0824] calcd. for
CygH16NOS (M+H): 294.0953; found: 294.0977.

3.1.2.7. 2-(4-Methoxyphenylamino)-2-(4-nitrophenyl)-1-
phenylethanone (3g). Red solid (recrystallized from GHI./n-
hexane); 70% vyield (0.241 g); mp 119 — 121 RCs 0.12 (8:1n-
hexane/AcOEt); IR (FT): cth= 3383 (N-H), 1685 (C=0O)H

chromatography (n-hexane: AcOEt = 2: 1) to afforddazoles
da — 4.

3.1.3.1. 1,4,5-Triphenyl-1H-imidazole (4a*). 1,2-Diphenyl-2-
(phenylamino)ethanon&a (0.542 g, 1.90 mmol) was reacted
with formamide according to general procedure 3.1ABite
solid (recrystallized from CKCl,/n-hexane); 84% vyield (0.280
g); R= 0.32 (2:1n-hexane/AcOEt)'H NMR (500 MHz, CDCJ):

NMR (500 MHz, CDCJ): 6 = 8.12 (dt, J = 9.0, 2.0 Hz, 2H), 7.96 & = 7.78 (s, 1H), 7.54 (dd] = 8.6, 1.1 Hz, 2H), 7.33-7.24 (m,

(d, J = 7.8 Hz, 2H), 7.62-7.57 (m, 3H), 7.47 {t= 7.8 Hz, 2H),
6.73 (dt,J = 9.7, 2.9 Hz, 2H), 6.60 (di,= 9.7, 2.9 Hz, 2H), 6.07
(d, J = 5.4 Hz, 1H), 5.21 (dJ = 5.4 Hz, 1H), 3.70 (s, 3H}C

NMR (125 MHz, CDCJ): 6 = 196.2, 152.8, 147.6, 145.6, 139.4,

134.6, 134.1, 129.0, 128.9, 128.8, 124.2, 115.04,98, 63.1,
55.7; HRMS (FAB):m/z [362.1267] calcd. for §H.eN,O4 (M):
362.1267; found: 362.1267.

3.1.28. 1-(4-Chlorophenyl)-2-(4-methoxyphenylamino)-2-
phenylethanone (3h). Yellow solid (recrystallized from
CH,Cly/n-hexane); 81% vyield (0.143 g); mp 138 — 140 R
0.29 (8:1n-hexane/AcOEL); IR (FT): cth= 3399 (N-H), 1674
(C=0): *H NMR (500 MHz, CDCJ): § = 7.92 (d,J = 8.6 Hz,
2H), 7.41-7.21 (m, 7H), 6.72 (d,= 9.4 Hz, 2H), 6.62 (dd] =
9.4, 2.9 Hz, 2H), 5.90 (s, 1H), 5.03 (s, 1H), 3.713Hd); °C

NMR (125 MHz, CDCJ): 6 = 196.3, 152.5, 140.2, 139.9, 137.6,

133.4,130.2, 129.2, 129.0, 128.2, 128.1, 115.4,9,564.0, 55.7;
HRMS (FAB): m/z [351.1026] calcd. for §H,4CINO, (M+H):
352.1104; found: 352.1099.

3.1.2.9. 2-(4-Chlorophenylamino)- 1-(4-methoxyphenyl)-2-
phenylethanone (3i). Yellow solid (recrystallized from C}&l,/n-
hexane); 90% vyield (0.486 g); mp 131 — 133 R3; 0.23 (8:1n-
hexane/AcOEt) IR (FT): cm® = 3398 (N-H), 1673 (C=0)'H
NMR (500 MHz, CDCJ): 6 = 8.03 (dtJ = 9.4, 2.3 Hz, 2H), 7.46
(d, J = 7.4 Hz, 2H), 7.32-7.27 (m, 2H), 7.23 {tF 7.4 Hz, 1H),
7.08 (dt,J = 9.6, 2.7 Hz, 2H), 6.92 (di,= 9.4, 2.3 Hz, 2H), 6.60
(dt,J = 9.6, 2.7 Hz, 2H), 5.96 (d,= 6.9 Hz, 1H), 5.51 (d] = 6.9
Hz, 1H), 3.84 (s, 3H)"C NMR (125 MHz, CDGJ)): § = 194.9,
163.9, 144.7, 137.7, 131.2, 129.02, 128.97, 12R7,9, 127.5,
122.2, 114.5, 113.9, 62.1, 55.4.; HRMS (FAB)z [351.1026]
calcd. for G;HsCINO, (M+H): 352.1104; found: 352.1070.

3.1.2.10. 2-(4-Chlorophenylamino)-2-(naphthal ene-2-yl)-1-
phenylethanone (3j). Light yellow solid (recrystallized from
acetoneai-hexane); 89% vyield (0.464 g); mp 156 — 158 RG;
0.37 (8:1n-hexane/AcOEL); IR (FT): cth= 3398 (N-H), 1673
(C=0); 'H NMR (500 MHz, CDCJ): 4 = 8.03 (d,J = 8.0 Hz,
2H), 7.90 (s, 1H), 7.74-7.79 (m, 3H), 7.41-7.54 (m, 6H)5 (d,
J = 9.2 Hz, 2H), 6.63 (dJ = 9.2 Hz, 2H), 6.14 (dJ = 6.3 Hz,
1H), 5.55 (d,J = 6.3 Hz, 1H);"*C NMR (125 MHz, CDCJ) 6 =
196.5, 144.6, 134.8, 134.7, 133.7, 133.3, 133.8.212129.1,
128.9, 128.7, 127.9, 127.70, 127.68, 126.4, 12512,6, 62.8;
HRMS (FAB): m/z [371.1077] calcd. for £H;sCINO (M+H):
372.1155; found: 372.1174.

3.1.3. General procedure for synthesis of imidazoles

Two-necked flask attached with a condenser was changgkd
formamide (50 mL), which was heated to 180 °C witlriaty. A

solution of a-amino ketone in THF (15 mL) was then added

dropwise over 2 h using a syringe pump and the tiaguhixture
was reacted for 6 h with stirring at 180 °C. After laug, the
dark brown reaction mixture was treated with an egaklme of
water and 20 mL of 15 % aqueous NaOH. Then, the mixtase

8H), 7.21-7.10 (m, 5H)*C-NMR (125 MHz, CDCJ): 5 = 138.9,
137.4, 136.4, 134.4, 130.8, 130.1, 129.2, 128.88,56, 128.2,
128.1,127.9, 127.2, 126.7, 125.8.

3.1.3.2. 5-(4-Chlorophenyl)-1,4-diphenyl-1H-imidazole (4b). 2-
(4-Chlorophenyl)-1-phenyl-2-(phenylamino)ethanoBie (0.228
g, 0.690 mmol) was reacted with formamide accordingeneral
procedure. White solid (recrystallized from &Hb/n-hexane);
65% vyield (0.411 g); mp 171 - 172 °®& = 0.29 (2:1n-
hexane/AcOEt)*H NMR (500 MHz, CDC)): 6 = 7.78 (dJ = 1.1
Hz, 1H), 7.52 (dJ = 8.6 Hz, 2H), 7.37-7.35 (m, 3H), 7.29-7.21
(m, 5H), 7.12-7.06 (m, 4H)*C-NMR (125 MHz, CDCJ): § =
139.4, 137.7, 136.2, 134.1, 132.0, 129.4, 128.8.6,2128.3,
128.2, 127.3, 126.9, 125.8; HRMS (FAB)z [330.0924] calcd.
for C,;H16CIN, (M+H): 331.1002; found: 331.1009.

3.1.3.3. 5-(3-Chlorophenyl)-1,4-diphenyl-1H-imidazole (4c). 2-
(3-Chlorophenyl)-1-phenyl-2-(phenylamino)ethanoBe (0.334
g, 1.01 mmol) was reacted with formamide accordingdneral
procedure. White solid (recrystallized from &Hb/n-hexane);
75% yield (0.321 g); mp 139 - 141 °®& = 0.33 (2:1n-
hexane/AcOEt)!H NMR (300 MHz, CDCJ): § = 7.78 (s, 1H),
7.53 (dt,J = 6.3, 1.7 Hz, 2H), 7.37-7.35 (m, 3H), 7.31-7.10 (m,
8H), 7.03 (dtJ = 7.6, 1.4 Hz, 1H)**C NMR (125 MHz, CDG)):
0 =139.6, 137.7, 136.1, 134.3, 134.0, 132.0, 13116,8, 129.4,
129.0, 128.3, 128.2, 127.3, 127.1, 127.0, 125.8; ISRAB):
m/z [330.0924] calcd. for §H;6CIN, (M+H): 331.1002, found:
331.0979.

3.1.3.4. 5-(Naphthalen-2-yl)-1,4-diphenyl-1H-imidazole (4d). 2-
(Naphthalene-2-yl)-1-phenyl-2-(phenylamino)ethan8d €0.378
g, 1.09 mmol) was reacted with formamide accordingdperal
procedure. White solid (recrystallized froncH.cl./n-hexane);
50% vyield (0.184 g); mp 202 — 204 “®& = 0.31 (2:1n-
hexane/AcOEt)’H NMR (500 MHz, CDCJ): § = 7.83-7.80 (m,
2H), 7.73 (dJ = 8.6 Hz, 1H), 7.65 (d] = 6.6 Hz, 2H), 7.56 (dd,
J = 6.6, 1.4 Hz, 2H), 7.50-7.44 (m, 2H), 7.31-7.13 gH); °C
NMR (125 MHz, CDC)): 6 = 139.3, 137.6, 136.4, 134.4, 133.2,
132.7, 130.1, 129.3, 128.5, 128.21, 128.15, 12®R27,9, 127.7,
127.6, 127.3, 126.7, 126.5, 126.3, 125.8; HRMS (FAR)
[346.1470] calcd. for &H;oN, (M+H): 347.1548, found:
347.1538.

3.1.3.5. 1,5-Diphenyl-4-(thiophen-2-yl)-1H-imidazole (4f). 2-
Phenyl-2-(phenylamino)-1-(thiophene-2-yl)ethan@h€0.426 g,
1.41 mmol) was reacted with formamide according toegal
procedure. White solid (recrystallized from Hb/n-hexane);
75% vyield (0.264 g); mp 127 — 129 °®& = 0.38 (2:1n-
hexane/AcOEt)!H NMR (300 MHz, CDC)): § = 7.74 (s, 1H),
7.34-7.25 (m, 8H), 7.16-7.09 (m, 3H), 6.97 (dd 3.9, 1.2 Hz,
1H), 6.89 (t,J = 3.9 Hz, 1H):®*C NMR (125 MHz, CDG)): 6 =
137.9, 137.1, 136.2, 134.6, 131.0, 129.5, 129.8.6,2128.0,
127.6, 127.2, 125.5, 123.8, 122.8; HRMS (FABJz [302.0878]

extracted three times with &, washed with brine, and dried calcd. for GgH;5N,S(M+H): 303.0956, found: 303.0972.
over NaSQ,. After filtration and concentration under reduced
pressure, the residue was purified by silica gelurol



3.1.3.6. 4-(4-Chlorophenyl)-1-(4-methoxyphenyl)-5-phenyl-1H-
imidazole (4h). 1-(4-Chlorophenyl)-2-(4-methoxyphenylamino)-
2-phenylethanonesh (0.595 g, 1.70 mmol) was reacted with
formamide according to general procedur@/hite solid
(recrystallized from CECl,/n-hexane); 52% yield (0.0319 g); mp
180 — 181 °CR = 0.27 (2:1n-hexane/AcOEt)!H NMR (500
MHz, CDCk): 6 = 7.72 (s, 1H), 7.46 (dl = 8.6 Hz, 2H), 7.25-
7.30 (m, 3H), 7.21 (dJ = 8.6 Hz, 2H), 7.13 (dd] = 6.6, 1.4 Hz,
2H), 7.03 (d,J = 8.6 Hz, 2H), 6.82 (dJ = 8.6 Hz, 2H), 3.79 (s,
3H); °C NMR (125 MHz, CDCJ): § = 159.1, 137.6, 137.5,
133.1, 132.3, 130.7, 129.9, 129.2, 128.6, 128.8.2,2127.1,
114.3, 55.4; HRMS (FAB): m/z [360.1029] calcd. for
C,H1CIN,O (M+H): 361.1108, found: 361.1088.

3.1.3.7. 1-(4-Chlorophenyl)-4-(4-methoxyphenyl)-5-phenyl-1H-
imidazole (4i). 2-(4-Chlorophenylamino)-1-(4-methoxyphenyl)-
2-phenylethanonesi (0.440 g, 1.22 mmol) was reacted with
formamide according to general procedur@/hite solid
(recrystallized from CkCl,/n-hexane); 65% vyield (0.144 g); mp
206 — 208 °CR; = 0.24 (2:1n-hexane/AcOEt)’H NMR (500
MHz, CDCk): 6 = 7.73 (s, 1H), 7.45 (dfl = 9.5, 2.6 Hz, 2H),
7.31-7.26 (m, 5H), 7.15-7.13 (m, 2H), 7.04 @t 9.5, 2.6 Hz,
2H), 6.80 (dtJ = 9.5, 2.6 Hz, 2H), 3.79 (s, 3HY'C NMR (125
MHz, CDCk): 6 = 158.6, 139.1, 137.0, 135.1, 133.8, 130.8,
130.0, 129.4, 128.7, 128.4, 128.2, 127.6, 126.8.71155.2;
HRMS (FAB): m/z [360.1029] calcd. for §H;gCIN,O (M+H):
361.1108, found: 361.1105.

3.1.3.8.  1-(4-Chlorophenyl)-5-(naphthalen-2-yl)-4-phenyl-1H-
imidazole (4j). 2-(4-Chlorophenylamino)-2-(naphthalene-2-yl)-1-
phenylethanone3j (0.417 g, 1.20 mmol) was reacted with
formamide according to general procedur@/hite solid
(recrystallized from CkCl,/n-hexane); 53% vyield (0.241 g); mp
249 — 251 °CR, = 0.37 (2:1n-hexane/AcOEt);H NMR (500
MHz, CDCk): 6 = 7.84-7.75 (m, 3H), 7.68-7.65 (m, 2H), 7.55-
7.45 (m, 4H), 7.28-7.17 (m, 6H), 7.08 (dt= 9.4, 2.6 Hz, 2H);
*C NMR (125 MHz, CDGJ)): ¢ = 139.6, 137.4, 135.0, 134.2,
133.9, 133.2, 132.8, 130.2, 129.5, 128.5, 128.4.3,2128.1,
128.0, 127.7, 127.2, 126.89, 126.86, 126.7, 126RMS (FAB):
m/z [380.1080] calcd. for gH1¢CIN, (M+H): 381.1159, found:
381.1178.
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