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ABSTRACT: Two efficient transition-mental-free highly regioselective pathways for
constructing sulfonylated imidazoles via three-component reactions of amidines,
ynals and sodium sulfonates have been developed. The generations of different
sulfonylated imidazoles were simply controlled by additives. In addition, this method
features environmental friendliness, good functional group tolerance and high atom

economy, which makes it practical.

Imidazole ring is an important and highly polar five-membered aromatic heterocycle,
which was widely distributed in nature products, applied pharmaceuticals, materials
and other fields.!* Imidazole compounds have a wide range of pharmacological
activities such as antifungal, antitumor, anti-inflammatory and antibacterial. Therefore,
these compounds have received extensive concern from researchers.* Selected
examples such as Olprinone, Trifenagrel and Alpidem. Classic method for synthesis

of imidazoles was Debus-Radziszewski reaction.®> To date, a large number of
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transition-mental-catalyzed approaches were applied to produce imidazole derivatives,
such as iron catalyzed,® copper catalyzed,” zinc catalyzed,® silver catalyzed,’ gold
catalyzed,'® palladium catalyzed,!' nanocatalyzed'? and so on. However, the
formation of imidazole derivatives by metal-free'* was seldom reported. To enrich
these green synthesis methods, it is extremely important to develop metal-free
strategies for the synthesis of functionalized imidazoles, especially sulfonylated
derivatives,'* which are otherwise difficult to construct and can be used in the
synthesis of new nitrogen/sulfon-fused molecules.!> Due to their unique chemical and
biological properties, sulfonylated heterocycles!®!” have emerged over the past few
years as important synthetic targets and central pharmacophore in a large number of
biologically active medicinal agents.'® In particular, sulfonylated imidazoles were
reported to show good activities against Gram-positives bacteria and Gram-negative
bacteria that have the potential to overcome the increasing antibiotic resistance.!”
Recently, our group has reported various Ag-catalyzed strategies for the
synthesis of functionalized imidazoles (Scheme 1a).2° It was found that amidines and
ynals could go through an intramolecular dehydration to form the imine intermediate,
which was activated by the silver-complex to react with nucleophiles such as alcohol,
acid, amine and etc, giving different imidazole derivatives. Herein, we developed a
three-component reaction?! of amidines, ynals and sodium sulfinates to produce a
series of different sulfonylated imidazoles under metal-free conditions. To the best of
our knowledge, the selective construction of different imidazoles from the same

starting materials by an additive selection has not been reported before.

ACS Paragon Plus Environment

Page 2 of 50



Page 3 of 50

oNOYTULT D WN =

The Journal of Organic Chemistry

a) Our previous work: (4Ag-catalyzed)

N
H , CHO A@T(N\ 2 \ R
+N_Ar AgOAc AP\
L | —— AN | oL
NH Nu Ar!
R R Nu = OR, NHR, OCOR.
. .. ) Ar. O
b) This work: (transition-metal-free) g7R1
N 1l
AcOH /4 \ (o}
H 2 CHO AT
1N Ar o
Ar T I Ar
NH * ‘ ‘ * r1Ssong | Control N
-\ Ar
Ar TBHP A#‘le\\(
=

Ar10=S=0
R

Scheme 1. Synthesis of imidazole derivatives from amidines, ynals and nucleophilic
reagents.

With the optimized reaction conditions in hand (Table S1 in Surporting
Information, entry 8), we first probed the scope for the formation of sulfonylated
imidazoles by using different amidines?> which has been reported. The results were
showed in Scheme 2. Various N-substituted benzimidamides were employed and the
desired products 4aa-4az were obtained in 56-83% yields. Electron-rich groups on the
benzene ring of N-substituted amidines (Ar!) such as Me or OMe all worked well and
led to the corresponding imidazoles 4aa-4ae and 4ak in 66-83% yields. Electron-poor
groups on the benzene ring of N-substituted amidines (Ar') such as F, Cl or Br were
also tolerated and the yields of products ranged from 72% to 75% (4af-4aj and 4al).
Furthermore, various substrates with electron-withdrawing and electron-donating
groups on the other benzene ring of N-substituted amidines (Ar?) all worked well
(4am-4ap). In particular, multi-substituted amidines also underwent these cascade
annulations smoothly to generate the target products in 56-80% yields (4aq-4az).
Unfortunately, when alkyl amidines were used as substrates, the desired products

were not detected.
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Scheme 2. Substrate scope of amidines

Subsequently, we examined different sodium sulfinates in this reaction for the
synthesis of imidazoles, and the results are summarized in Scheme 3. A series of
sodium sulfinates reactions proceeded smoothly under the standard conditions
reaction, giving the desired products 4ba-4na in good yields. We were pleased to find
that sodium sulfinates with either electron-rich or electron-withdrawing groups on the
benzene ring all afforded the corresponding products in good yields (50-81%,
4ba-4ia). Then cyclopropyl and thienyl sodium sulfinates were tested and expected
products 4ja and 4ka were formed in 67% and 73% yields, respectively. Moreover,

multi-substituted imidazole products 4la-4na were also obtained in moderate yields of
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Scheme 3. Substrate scope of sodium sulfinates

To our delight, another kind of sulfonylated imidazole was successfully achieved
in well yields in the presence of TBHP in MeCN at 70 °C for 4 h (Scheme 4). Various
N-substituted benzimidamides were next probed. It was found that amidines with
different substitutes reacted smoothly and afforded the corresponding sulfonylated
imidazoles in good yields (5aa-5al). Subsequently, we further explored the scope of
sodium sulfinates in this MCR for the synthesis of sulfonylated imidazoles. In
perticular, reactions of sodium benzene sulfinate bearing either electron-rich or
electron-poor groups obtained the expected imidazoles in good yields (70-83%,
Sam-5av). It should be note that sodium ethyl sulfinate, sodium cyclopropane
sulfinate and sodium thiophene sulfinate were also reacted well and gave the target

products yields ranged from 67% to 87% (Saw-5ay). In addition, substituted
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phenyl-propynal successfully obtained the sulfonylated imidazoles product Saz in

80% yield.
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Scheme 4. Substrate scope of amidines and sodium sulfinates

To gain further insight into the mechanism of this reaction for the synthesis of

4ca and 5ao, control experiments were conducted to determine the dehydration

pathways (Scheme 5). First, AcOH-promoted intermolecular dehydration of 2a and 3a

has occurred to give the intermediate 6aa in 98% yield (Eqn. 1). Then 6aa was react

with 1a to generate 4ca in 66% yield (Eqn. 2). However, only trace amount of

intermediate 6aa was obtained when

2a and 3a were performed in the absence of

AcOH (Eqn. 3). In addition, when the reaction was carried out with the adding of 1

equivalent amount of AcOH and 5 equivalent amount of TEMPO or BHT in EtOH at

70 °C for 4 h, the desired product 4ca was formed with the yield of 66% or 54%,

respectively (Eqn. 4). Only trace amount of product 5ao was detected with the

6
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1
2
3
4 addition of TEMPO or BHT under optimazied condition (Eqn. 5). Therefore, the
5
6 . . .
7 above results suggested that 6aa was the intermediate for the generation of 4ca, and
8
?O the formation of Sao might involve a radical process, while 4ca is not.
1
12 CHO o]
13 . S\ON HOAc
14 " !h /©/ ) EtOH, 70 °C, 2h 082 cHo
15 2 s . &aaodl
16 2 Ph/n Ph HOAC N{g@
17 052 cHo* TN(H EtOH, 70 °C, 4 h Ph/QN\
18 PhgaaH 1a Ph 4ca, 66%
19 CHO o
20 3) . S-on EtOH/MeCN, 70 °C, 2 h
21 I /©/ ° 089 cHo
22 o 3a i
23 @ HOAC oh Sga trace
24 4) Ph/H Ph  EtOH,70°C,4h N—{SO

080 cHo+ A )
25 =4 NH TEMPO, 5.0 equiv Ph™ "N

Ph H or BHT, 5.0 equiv ph 66% (TEMPO)
26 6aa 1a 4ca, ’34% (BHT)
57 H CHO ¢ TBHP 0 \__Ph
28 9 ey Il +/©/SON6 MeON.70°C 4h T 'Qplo
29 NH TEMPO, 5.0 equiv

Ph or BHT, 5.0 equiv

30 1a 2a 3a 5ao trace
31 .
32 Scheme 5. Control experiments.
33
34 . . .
35 On the basis of all of the results and several previous references,?*>* two possible
36
37 mechanisms were proposed in Scheme 6. On one hand, for the formation of 4,
38
39 . . . oq.
40 AcOH-promoted 2 converted to active station 7 at first, which underwent nucleophilic
41
jé additon?> with 3 to acquire compound 6. Then, the nucleophilic attack of 1 to 6
44
45 produce the intermediate A, which underwent intramolecular cyclization to give the
46
47 . . . . ..
48 intermediate B. Finally, the desired product 4 was formed via intermolecular
49
50 dehydration (Scheme 6, Path i). On the other hand, the radical mechanism is
51
52 . .o .
53 recommended for the synthesis of 5 (Scheme 6, Path ii). Sodium sulfinate 2 was
54
g 2 oxidized by TBHP to give the sulfonyl radical C. At the meanwhile, intermolecular
57
58 dehydration of 1 and 2 afforded the imine intermediate D. Subsequently,
59
60
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intramolecular annulation and protonation of intermediate D generated charged
species E. Addition of sulfonyl radical C to the intermediate E followed by

aromatization led to the formation of the final sulfonylated product 5.

i) Mechanism for the formation of 4
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Scheme 6. Possible Mechanism.

In summary, we have developed a novel additive-controlled highly regioselective
strategy for the synthesis of functional imidazoles via three-component reaction of
amidines, ynals and sodium sulfinates. On one hand, the vinyl sulfone intermediate 6
was generated under AcOH-promoted condition for affording the 4-sulfonylated
imidazole product. On the other hand, in the presence of TBHP and sodium sulfinate,
the sulfonyl radical was formed and further produced the 5-sulfonylated imidazole
with the imine intermediate D. The features of this transformation are
transition-metal-free, environmentally friendly and high atom economy, which makes

it a new valuable route to synthesize good functional group tolerance imidazole
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derivatives. Further applications of this reaction are currently underway in our

laboratory, and the result will be reported in due course.

EXPERIMENTAL SECTION

General Methods

All reactions were performed in a heating mantle at 70 °C in sealed tube otherwise
noted. Analytical thin layer chromatography was carried out using silica gel GF254,
visualized under UV light (at 254 nm). Proton NMR ('H) were recorded at 400 MHz,
and Carbon NMR (13C) at 100 MHz NMR spectrometer. Multiplicities are
abbreviated as: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. TOF type of

mass analyzer was used for HRMS measurements.

General procedure

Synthesis of 1a according to the following procedure??:

Nitrile (10 mmol) is mixed with amine (10 mmol) in a 100 mL wide-mouthed flask,
AICl; (1.35 g, 10 mmol) was then added slowly during stirring. The mixture was
allowed to heat at 200 °C for 30 minutes. Concentrated hydrochloric acid (0.3 mL)
and ice-water (25 mL) was then added to the hot mixture while maintaining vigorous
stirring. After the reaction was completed, the mixture was cooled externally in the
water and filtered. The filtrate was washed a stirred solution of 3.3 g of sodium
hydroxide in 18 mL of water. The flocculation precipitate was collected under
reduced pressure, washed with water, and dried to constant weight. The residue was

then purified by recrystallization.
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Synthesis of 4aa according to the following procedure:

A 25 mL-schlenk tube was charged with a stirring bar, and N-phenylbenzimidamide
(1a, 39.2 mg, 0.20 mmol), phenyl-propynal (2a, 26.0 mg, 0.20 mmol), sodium
benzenesulfinate(3a, 32.8 mg, 0.20 mmol ), AcOH (24.0 mg, 0.20 mmol), EtOH (2
mL or 3 mL) were added. The reaction was allowed to stir at 70 °C for 4 h. The crude
product was separated by column chromatography (eluted with petroleum ether : ethyl

acetate = 3:1) to give a pure sample of 4aa in a 83% yield (74.7 mg ).

Large-scale synthesis of 4ba according to the following procedure:

A 25 mL-Schlenk tube was charged with a stirring bar, and N-phenylbenzimidamide
(1a, 196.0 mg, 1.0 mmol), phenyl-propynal (2a, 130.0 mg, 1.0 mmol), sodium
p-methoxybenzenesulfinate (3a, 194.0 mg, 1.0 mmol), AcOH (120.0 mg, 1.0 mmol),
EtOH (3 mL) were added. The reaction was allowed to stir at 70 °C for 4 h. The crude
product was separated by column chromatography (eluted with petroleum ether : ethyl

acetate = 3:1) to give a pure sample of 4ba in a 79% yield (366.5 mg).

Synthesis of 5aa according to the following procedure:

A 25 mL-schlenk tube was charged with a stirring bar, and N-phenylbenzimidamide
(1a, 39.2 mg, 0.20 mmol), phenyl-propynal (2a, 26.0 mg, 0.20 mmol), sodium
benzenesulfinate(3a, 32.8 mg, 0.20mmol ), TBHP (60.0 mg, 0.20 mmol), MeCN (2
mL or 3 mL) were added. The reaction was allowed to stir at 70 °C for 4 h. The crude

10
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product was separated by column chromatography (eluted with petroleum ether : ethyl

acetate = 3:1) to give a pure sample of 5aa in a 92% yield (82.8 mg).

1,2-diphenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole 4aa (83%).

Yellow oil, 74.7 mg. IR (em™): 3080, 3032, 1590, 1560, 1130, 1085, 698 cm™'. 'H
NMR (400 MHz, CDCl;) 6 7.68-7.66 (m, 2H), 7.61 (s, 1H), 7.56-7.51 (m, 3H),
7.41-7.37 (m, 5H), 7.30-7.28 (m, 3H), 7.25-7.17 (m, 7H), 5.63 (s, 1H). 3C {1H}
NMR (100MHz, CDCl;) ¢ 147.8, 137.6, 135.7, 133.8, 130.7, 130.5, 130.3, 130.3,
129.9, 129.8, 129.7, 129.7, 129.5, 129.5, 129.2, 128.8, 128.8, 128.8, 128.8, 128.6,
128.6, 128.2, 128.2, 128.2, 128.2, 128.1, 126.1, 67.3. HRMS ESI (m/z): calcd for

CysH3N,0,S [M + H]": 452.1506, found: 452.1510.

2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1-(o-tolyl)-1H-imidazole 4ab (80%).

Yellow oil, 74.3 mg. IR (em™): 3071, 3032, 1503, 1444, 1314, 1152, 770 cm™". 'H
NMR (400 MHz, CDCLy) § 7.79-7.67 (m, 2H), 7.63-7.53 (m, 3H), 7.46-7.27 (m,
10H), 7.24-7.14 (m, 5H), 5.67 (s, 1H), 1.90 (s, 3H). ¥C {1H} NMR (100 MHz,
CDCLy) 6 146.6, 137.4, 134.9, 133.4, 133.4, 131.4, 130.6, 130.6, 129.9, 129.4, 129.4,
129.4, 128.8, 128.8, 128.6, 128.5, 128.4, 128.2, 128.2, 128.2, 127.8, 127.7, 127.6,
127.5, 127.5, 127.2, 122.9, 71.8, 17.6. HRMS ESI (m/z): calcd for CaoHysN>0,S [M

+ H]": 465.1631, found: 465.1632.

2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1-(m-tolyl)-1H-imidazole 4ac (79%).

11
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Yellow oil, 73.3 mg. IR (em™): 3063, 3016, 1513, 1506, 1306, 1052, 687 cm™'. 'H
NMR (400 MHz, CDCl;) J 7.68-7.66 (m, 2H), 7.59 (s, 1H), 7.54-7.51 (m, 3H),
7.40-7.36 (m, 2H), 7.32-7.27 (m, 4H), 7.25-7.14 (m, 6H), 7.07 (s, 1H), 6.95 (d, J =
7.6 Hz, 1H), 5.63 (s, 1H), 2.34 (s, 3H). 3C {1H} NMR (100 MHz, CDCl;) ¢ 146.2,
139.8, 138.1, 138.0, 133.7, 133.5, 132.3, 130.5, 130.5, 129.8, 129.4, 129.4, 129.3,
129.2, 128.7, 128.7, 128.7 128.6, 128.6, 128.6, 128.5, 128.5, 128.1, 128.1, 126.3,
123.1, 1229, 71.8, 21.3. HRMS ESI (m/z): calcd for C,0H,sN,O,S [M + H]*:

465.1631, found: 465.1637.

2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1-(p-tolyl)-1H-imidazole 4ad (78%).

White solid, bp. 96.4-97.2 °C. 72.4 mg. IR (em™): 3063, 3032, 1513, 1506, 1318,
1152, 787 em™'. '"H NMR (400 MHz, CDCl;) § 7.69-7.67 (m, 2H), 7.59 (s, 1H),
7.57-7.52 (m, 3H), 7.41-7.37 (m, 2H), 7.34-7.26 (m, 5H), 7.25-7.18 (m, 5H), 7.09 (d,
J = 8.4 Hz, 2H), 5.64 (s, 1H), 2.39 (s, 3H). 13C {IH} NMR (100 MHz, CDCl;) §
146.2, 138.5, 138.1, 135.6, 133.6, 133.5, 132.3, 130.5, 130.5, 130.1, 130.1, 129.8,
129.4, 129.4,128.7, 128.7, 128.7, 128.6, 128.5, 128.5, 128.5, 128.5, 128.2, 128.2,
125.7, 125.7, 123.0, 71.8, 21.2. HRMS ESI (m/z): calcd for C2oHsN>0,S [M + HJ*:

465.1631, found: 465.1631.

1-(2-methoxyphenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole
4ae (66%).

Yellow oil, 63.4 mg. IR (em™): 3035, 3016, 1527, 1507, 1341, 1286, 1144, 1081, 694

cm™!. 'TH NMR (400 MHz, CDCl;) 6 7.74-7.69 (m, 2H), 7.60-7.53 (m, 4H), 7.43-7.38

12
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(m, 3H), 7.34-7.30 (m, 3H), 7.24-7.14 (m, 6H), 7.01-6.95 (m, 2H), 5.67 (s, 1H), 3.59
(s, 3H). 3C {1H} NMR (100 MHz, CDCl;) § 149.2, 142.2, 133.4, 128.6, 128.6,
127.2, 125.9, 125.9, 125.6, 124.7, 124.7, 124.0, 124.0, 123.7, 123.7, 123.7, 123.7,
123.4, 123.4, 1233, 1233, 123.1, 123.1, 1222, 118.6, 116.2, 107.7, 66.9, 50.8.

HRMS ESI (m/z): calcd for C0H»sN,O5S [M + H]*: 481.1580, found: 481.1584.

1-(3-chlorophenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole 4af
(75%).

White solid, bp. 163.8-165.1 °C. 72.6 mg. IR (em™): 3055, 3030, 1543, 1515, 1373,
1152, 782, 703 cm™'. "H NMR (400 MHz, CDCl;) 6 7.68-7.65 (m, 2H), 7.61 (s, 1H),
7.57-7.49 (m, 3H), 7.42- 7.26 (m, 11H), 7.25-7.21 (m, 2H), 7.08-7.05 (m, 1H), 5.61 (s,
1H). 13C {IH} NMR (100 MHz, CDCL3) § 146.3, 139.1, 137.9, 135.2, 134.2, 133.5,
132.2, 130.6, 130.5, 130.5, 129.3, 129.3, 129.3, 129.0, 128.8, 128.7, 128.7, 128.7,
128.6, 128.6, 128.5, 128.5, 128.4, 1284, 126.0, 124.3, 122.5, 71.7. HRMS ESI

(m/z): calcd for C,3H,,CIN,O,S [M + H]": 485.1085, found: 485.1090.

1-(3-bromophenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole 4ag
(72%).

White solid, bp. 190.3-190.8 °C. 76.0 mg. IR (em™): 3057, 3031, 1543, 1514, 1303,
1152, 789, 585 cm™!. 'H NMR (400 MHz, CDCl) 6 7.69-7.65 (m, 2H), 7.60 (s, 1H),
7.57-7.37 (m, 8H), 7.36-7.27 (m, 5H), 7.26-7.21 (m, 3H), 7.11-7.09 (m, 1H), 5.61 (s,
1H). 3C {IH} NMR (100 MHz, CDCL3) § 146.3, 139.2, 137.9, 134.2, 133.5, 133.5,
132.2, 131.6, 130.8, 130.5, 130.5, 129.5, 129.5, 129.3, 128.9, 128.8, 128.8, 128.8,

13

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

128.6, 128.6, 128.5, 128.5, 128.3, 128.3, 124.8, 122.9, 122.5, 71.7. HRMS ESI

(m/z): calcd for CosH»,BrN,O,S [M + H]*: 529.0580, found: 529.0576.

1-(4-fluorophenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole 4ah
(74%).

Yellow solid, bp. 178.6-179.7 °C. 69.3 mg. IR (em™): 3059, 3032, 1543, 1515, 1373,
1252, 1152, 782 cm™'. "H NMR (400 MHz, CDCl3) § 7.70-7.65 (m, 2H), 7.61-7.60
(m, 1H), 7.57-7.50 (m, 3H), 7.42-7.27 (m, 8H), 7.23-7.19(m, 4H), 7.13-7.08 (m, 2H),
5.64 (s, 1H). 3C {IH} NMR (100 MHz, CDCl;) 5 162.17 (d, J = 248.8 Hz), 146.4,
137.9, 134.12 (d, J = 3.2 Hz), 133.8, 133.5, 133.5, 132.2, 130.5, 130.5, 129.3, 129.3,
128.8, 128.8, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5, 128.3, 128.3, 127.8, 127.72 (d,
J=8.7Hz), 122.8,116.7, 116.5, 71.7. HRMS ESI (m/z): calced for CosH»,»FN,0,S [M

+ H]": 469.1381, found: 469.1384.

1-(4-chlorophenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole 4ai
(75%).

Yellow solid, bp. 109-110 °C. 72.6 mg. IR (em™): 3056, 3033, 1541, 1517, 1370,
1157, 768, 702 cm™'. "H NMR (400 MHz, CDCl) 6 7.68-7.64 (m, 2H), 7.60 (s, 1H),
7.56-7.50 (m, 3H), 7.41-7.35 (m, 4H), 7.30-7.27 (m, 4H), 7.26-7.20 (m, 4H),
7.16-7.14 (m, 2H), 5.61 (s, 1H). 3C {1H} NMR (100 MHz, CDCl;) § 146.3, 137.8,
136.5, 134.4, 133.5, 133.5, 132.2, 130.4, 130.4, 129.8, 129.8, 129.3, 129.3, 129.0,

129.0, 128.8, 128.8, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4, 127.1, 127.1, 122.5,
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122.5, 71.6. HRMS ESI (m/z): calcd for C,3H,,CIN,O,S [M + H]*: 485.1085, found:

485.1089.

oNOYTULT D WN =

1-(4-bromophenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole 4aj
(72%).

16 White solid, bp. 189.4-190.2 °C. 76.0 mg. IR (cm™): 3056, 3031, 1543, 1514, 1303,
18 1152, 789, 588 cm™!. 'H NMR (400 MHz, CDCl;) J 7.67-7.66 (m, 2H), 7.60 (s, 1H),
21 7.57-7.48 (m, 5H), 7.41- 7.38 (m, 2H), 7.31-7.27 (m, 5H), 7.25-7.24 (m, 3H),
7.12-7.10 (m, 2H), 5.60 (s, 1H). 13C {IH} NMR (100 MHz, CDCL3) 6 146.3, 137.9,
26 137.1, 134.1, 133.5, 132.8, 132.8, 132.2, 130.4, 130.4, 129.4, 129.3, 129.3, 128.9,
29 128.8, 128.8, 128.8, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4, 127.4, 127.4, 122.4,
31 122.3, 71.7. HRMS ESI (m/z): calcd for CosH»,BrN,O,S [M + HJ*: 529.0580, found:

34 529.0576.

39 1-(4-methoxyphenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole
41 4ak (79%).

43 White solid, bp. 96.1-96.8 °C. 75.9 mg. IR (em™): 3033, 3016, 1547, 1517, 1348,
16 1216, 1144, 1085, 683 cm™!. 'H NMR (400 MHz, CDCl3) ¢ 7.70-7.65 (m, 2H),
48 7.55-7.51 (m, 4H), 7.40-7.36 (m, 2H), 7.30-7.26 (m, 4H), 7.25-7.24 (s, 1H), 7.23-7.17
51 (m, 3H), 7.14-7.11 (m, 2H), 6.90-6.88 (m, 2H), 5.62 (s, 1H), 3.81 (s, 3H). 13C {1H}
NMR (100 MHz, CDCl3) J 159.4, 146.3, 138.0, 133.5, 133.5, 132.3, 131.1, 130.5,

56 130.5, 129.81, 129.3, 129.3, 128.8, 128.6, 128.6, 128.6, 128.6, 128.5, 128.5, 128.5,
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128.2, 128.2, 127.1, 127.1, 123.2, 114.6, 114.6, 71.9, 55.6. HRMS ESI (m/z): calcd

for C29H25N203S [M + H]+: 4811580, found: 481.1584.

1-(3,4-dichlorophenyl)-2-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole
4al (74%).

White solid, bp. 127.6-128.0 °C. 76.7 mg. IR (cm™): 3039, 3024, 1550, 1507, 1341,
1176, 793 cm™'. '"H NMR (400 MHz, CDCl;) ¢ 7.67-7.64(m, 2H), 7.62 (s, 1H),
7.57-7.53 (m, 1H), 7.50-7.45 (m, 3H), 7.4-7.37 (m, 3H), 7.34-7.27 (m, 8H), 7.05-7.02
(m, 1H), 5.66 (s, 1H). BC {1H} NMR (100MHz, CDCl;) J§ 146.3, 137.7, 137.1,
134.1, 133.7, 133.6, 133.0, 132.1, 131.2, 131.2, 130.4, 130.4, 129.3, 129.3, 128.9,
128.8, 128.8, 128.6, 128.6, 128.5, 128.5, 128.5, 127.5, 127.5, 125.3, 125.3, 122.3,
71.3. HRMS ESI (m/z): calcd for CygH,,CLN,0,S [M + HJ": 519.0695, found:

519.0695.

1-phenyl-4-(phenyl(phenylsulfonyl)methyl)-2-(o-tolyl)-1H-imidazole 4am (80%).

White solid, bp. 145.3-146.0 °C. 74.3 mg. IR (em™): 3071, 3032, 1503, 1434, 1314,
1152, 780 cm™'. '"H NMR (400 MHz, CDCl;) § 7.74-7.70 (m, 2H), 7.68 (s, 1H),
7.63-7.58 (m, 2H), 7.54-7.51(m, 1H), 7.42-7.27 (m, 7TH), 7.26-7.25 (m, 1H), 7.21-7.17
(m, 1H), 7.09-7.02 (m, 5H), 5.65 (s, 1H), 1.90 (s, 3H). 3C {1H} NMR (100 MHz,
CDClLy) 6 146.2, 138.2, 137.8, 137.6, 133.6, 133.5, 132.0, 130.8, 130.8, 130.6, 130.6,
130.3, 129.8, 129.3, 129.3, 129.3, 129.3, 128.8, 128.7, 128.7, 128.6, 128.6, 127.9,
125.5, 124.6, 124.6, 121.0, 71.8, 19.9. HRMS ESI (m/z): calcd for CaoHysN>0,S [M

+ H]": 465.1631, found: 465.1634.
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1-phenyl-4-(phenyl(phenylsulfonyl)methyl)-2-(p-tolyl)-1H-imidazole 4an (78%).

Yellow oil. 72.4 mg. IR (em™): 3063, 3037, 1535, 1516, 1314, 1148, 767 cm™\. 'H
NMR (400 MHz, CDCly) 6 7.70-7.66 (m, 2H), 7.60 (s, 1H), 7.56-7.52 (m, 3H),
7.41-7.37 (m, SH), 7.31-7.27 (m, 3H), 7.23-7.20 (m, 2H), 7.15-7.14 (m, 2H),
7.02-7.00 (m, 2H), 5.63 (s, 1H), 2.28 (s, 3H). 3C {1IH} NMR (100 MHz, CDCl;) §
146.4, 138.6, 138.2, 138.0, 133.6, 133.5, 132.3, 130.5, 130.5, 129.5, 129.5, 129.3,
129.3, 128.9, 128.9, 128.7, 128.6, 128.6, 128.5, 128.5, 128.5, 128.5, 128.4, 126.8,
125.9, 125.9, 122.6, 71.8, 21.3. HRMS ESI (m/z): calcd for C2oH>sN>0,S [M + HJ*:

465.1631, found: 465.1634.

2-(4-methoxyphenyl)-1-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole
4a0 (73%).

Yellow oil. 70.1 mg. IR (em™): 3033, 3016, 1527, 1507, 1348, 1226, 1144, 1083, 693
cm!. "TH NMR (400 MHz, CDCls) 6 7.68-7.66 (m, 2H), 7.58-7.51 (m, 4H), 7.40-7.36
(m, SH), 7.30-7.28 (m, 3H), 7.22-7.17 (m, 4H), 6.74-6.71 (m, 2H), 5.61 (s, 1H), 3.74
(s, 3H). 3C {1H} NMR (100 MHz, CDCl;) § 159.9, 146.2, 138.2, 138.1, 133.4,
133.4, 132.3, 130.5, 130.5, 130.1, 130.1, 129.5, 129.5, 129.3, 129.3, 128.7, 128.7,
128.5, 128.5, 128.5, 128.5, 128.4, 125.9, 125.9, 122.4, 122.2, 113.6, 71.8, 55.2.

HRMS ESI (m/z): calcd for C,9H»sN,O3S [M + H]": 481.1580, found: 481.1583.

2-(4-fluorophenyl)-1-phenyl-4-(phenyl(phenylsulfonyl)methyl)-1H-imidazole 4ap
(75%).

17
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Yellow solid, bp. 154.8-155.0 °C.70.2 mg. IR (em™): 3045, 3036, 1542, 1505, 1373,
1232, 1142, 786 cm™'. '"H NMR (400 MHz, CDCL3) 5 7.69-7.64 (m, 2H), 7.61 (s, 1H),
7.57-7.50 (m, 3H), 7.43 -7.37 (m, 5H), 7.31- 7.27 (m, 3H), 7.24-7.16 (m, 6H), 5.60 (s,
1H). 3C {1H} NMR (100 MHz, CDCl3) § 146.37 (d, J = 235.0 Hz), 137.89 (d, J =
5.5 Hz), 134.7, 134.0, 133.5, 132.21 (d, J = 2.3 Hz), 130.5, 130.5, 129.9, 129.9, 129.8,
129.8, 129.4, 129.4, 128.8, 128.8, 128.6, 128.6, 128.6, 128.5, 128.5, 128.5, 128.2,
128.2, 125.9, 125.9, 123.2, 71.8. HRMS ESI (m/z): calcd for CosH»,FN,0,8 [M +

H]": 469.1381, found: 469.1385.

2-(4-chlorophenyl)-4-(phenyl(phenylsulfonyl)methyl)-1-(o-tolyl)-1H-imidazole
4aq (72%).

Yellow solid, bp. 82.6-83.1 °C. 71.7 mg. IR (ecm™): 3063, 3039, 1547, 1511, 1306,
1152,797 cm™'. "TH NMR (400 MHz, CDCl;) 6 7.74-7.67 (m, 2H), 7.58-7.56 (m, 3H),
7.47-7.28 (m, 10H), 7.24- 7.13 (m, 4H), 5.67 (s, 1H), 1.90 (s, 3H). 3C {1H} NMR
(100 MHz, CDCL) ¢ 137.0, 137.0, 134.8, 134.8, 134.0, 133.8, 133.6, 133.5, 133.4,
131.5, 131.5, 130.6, 130.6, 129.7, 129.4, 128.9, 128.9, 128.6, 128.6, 128.6, 128.4,
128.2, 128.1, 127.5, 127.4, 127.4, 123.1, 71.5, 17.5. HRMS ESI (m/z): calcd for

Cy9H,4CIN,,O,S [M + H]": 499.1242, found: 499.1246.

4-(phenyl(phenylsulfonyl)methyl)-1,2-di-m-tolyl-1H-imidazole 4ar (80%).

Yellow oil. 72.7 mg. IR (em™): 3063, 3035, 1542, 1506, 1316, 1052, 685 cm™!. 'H

NMR (400 MHz, CDCly) 6 7.71-7.68 (m, 2H), 7.60 (s, 1H), 7.56-7.52 (m, 3H),
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7.42-7.38 (m, 2H), 7.31-7.27 (m, 3H), 7.26-7.22 (m, 2H), 7.21-7.19 (m, 1H),

7.08-7.02 (m, 3H), 6.97- 6.96(m, 1H), 6.93- 6.89 (m, 1H), 5.65 (s, 1H), 2.36 (s, 3H),

oNOYTULT D WN =

9 2.25 (s, 3H). BC {1H} NMR (100MHz, CDCl;) ¢ 146.3, 139.7, 138.1, 138.1, 138.0,
12 133.5, 133.5, 132.3, 130.5, 130.5, 129.6, 129.5, 129.4, 129.3, 129.3, 129.2, 129.2,
128.7, 128.6, 128.6, 128.5, 128.5, 127.8, 126.3, 125.6, 123.1, 122.7, 71.8, 21.3, 21.3.

17 HRMS ESI (m/z): calcd for C30H»7N,0,S [M + H]*: 479.1788, found: 479.1791.

1-(3-chlorophenyl)-4-(phenyl(phenylsulfonyl)methyl)-2-(m-tolyl)-1H-imidazole
23 4as (76%).

Yellow oil. 75.7 mg. IR (em™): 3063, 3035, 1542, 1507, 1318, 1152, 1085, 793 cm!.,
28 'H NMR (400 MHz, CDCl3) ¢ 7.68-7.66 (m, 2H), 7.60 (s, 1H), 7.56-7.54 (m, 1H),
31 7.53-7.50 (m, 2H), 7.41 -7.36(m, 4H), 7.32-7.28 (m, 4H), 7.23 (s, 1H), 7.10-7.04 (m,
33 3H), 6.91-6.89 (m, 1H), 5.62 (s, 1H), 2.26 (s, 3H). 3C {1H} NMR (100 MHz, CDCl,)
36 5 146.5, 139.1, 138.2, 138.0, 135.1, 134.1, 133.5, 132.2, 130.5, 130.4, 130.4, 129.7,
129.5, 129.3, 129.3, 129.2, 128.8, 128.6, 128.6, 128.6, 128.5, 128.5, 128.0, 125.9,
41 125.7, 124.3, 122.4, 71.8, 21.4. HRMS ESI (m/z): calcd for CooHpyCIN,O,S [M +

44 H]": 499.1242, found: 499.1244.

49 1-(3-chlorophenyl)-2-(4-methoxyphenyl)-4-(phenyl(phenylsulfonyl)methyl)-1H-i
midazole 4at (74%).

53 Yellow oil. 76.1 mg. IR (em™): 3067, 3039, 1550, 1511, 1342, 1148, 845, 687 cm™".
>> TH NMR (400 MHz, CDCl;) 6 7.67-7.65 (m, 2H), 7.57 (s, 1H), 7.54-7.49 (m, 3H),

58 7.41-7.36 (m, 4H), 7.33-7.31 (m, 1H), 7.30-7.28 (m, 3H), 7.20-7.18 (m, 2H),
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7.08-7.06 (m, 1H), 6.77-7.74(m, 2H), 5.59 (s, 1H), 3.76 (s, 3H). 13C {1H} NMR (100
MHz, CDCly) J 160.1, 146.3, 139.2, 137.9, 135.1, 133.9, 133.5, 132.2, 130.5, 130.5,
130.5, 130.1, 130.1, 129.3, 129.3, 128.8, 128.6, 128.6, 128.6, 128.5, 128.5, 128.4,
126.0, 1243, 122.1, 121.8, 113.8, 71.7, 55.3. HRMS ESI (m/z): caled for

Cy9H,4CIN,O5S [M + H]*": 515.1191, found: 515.1189.

1-(3-bromophenyl)-4-(phenyl(phenylsulfonyl)methyl)-2-(m-tolyl)-1H-imidazole
4au (77%).

Yellow oil. 83.5 mg. IR (em™): 3063, 3034, 1542, 1506, 1315, 1142, 587 cm™\. 'H
NMR (400 MHz, CDCly) 6 7.69-7.65 (m, 2H), 7.60 (s, 1H), 7.57-7.49 (m, 4H),
7.46-745 (m, 1H), 7.42-7.38 (m, 2H), 7.31-7.29 (m, 3H), 7.25-7.21 (m, 2H),
7.12-7.06 (m, 3H), 6.93-6.89 (m, 1H), 5.63 (s, 1H), 2.27 (s, 3H). 3C {1H} NMR (100
MHz, CDCLy) 6 146.4, 139.2, 138.2, 137.9, 134.0, 133.5, 132.2, 131.6, 130.7, 130.4,
130.4, 129.8, 129.5, 129.1, 129.3, 129.0, 128.8, 128.7, 128.6, 128.6, 128.5, 128.5,
128.1, 125.7, 124.8, 122.8, 122.4, 71.6, 21.4. HRMS ESI (m/z): caled for

Cy9H,4BrN,O,S [M + H]*: 543.0736, found: 543.0746.

1-(3-bromophenyl)-2-(4-methoxyphenyl)-4-(phenyl(phenylsulfonyl)methyl)-1H-i
midazole 4av (71%).

Yellow oil. 72.2 mg. IR (em™): 3063, 3036, 1548, 1508, 1312, 1138, 1082, 587 cm .
H NMR (400 MHz, CDCL3) 6 7.68-7.64 (m, 2H), 7.57 (s, 1H), 7.55-7.48 (m, 4H),
7.46-7.45 (m, 1H), 7.41-7.37 (m, 2H), 7.31-7.27 (m, 3H), 7.25-7.18 (m, 3H),
7.12-7.09 (m, 1H), 6.78-7.75(m, 2H), 5.60 (s, 1H), 3.77 (s, 3H). 13C {1H} NMR (100

MHz, CDCL) J 160.1, 146.3, 139.3, 137.9, 133.8, 133.5, 132.2, 131.5, 130.7, 130.4,
20
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130.4, 130.2, 130.2, 129.3, 129.3, 128.8, 128.8, 128.6, 128.6, 128.5, 128.5, 124.8,
122.9, 122.1, 121.7, 113.8, 113.8, 71.7, 55.3. HRMS ESI (m/z): calcd for

Cy9H,4BrN,O3S [M + H]*: 559.0686, found: 559.0688.

1-(3-bromophenyl)-2-(4-chlorophenyl)-4-(phenyl(phenylsulfonyl)methyl)-1H-imi
dazole 4aw (75%).

White solid, bp. 92.0-92.6 °C. 84.3 mg. IR (cm™): 3031, 3015, 1530, 1511, 1349,
1050, 730, 568 cm™'. "H NMR (400 MHz, CDCly) 6 7.66-7.63 (m, 2H), 7.57-7.52 (m,
1H), 7.57-7.53 (m, 2H), 7.50-7.46 (m, 3H), 7.41-7.37 (m, 2H), 7.33-7.27 (m, 4H),
7.25-7.22 (m, 4H), 7.12-7.09 (m, 1H), 5.58 (s, 1H). BC {IH} NMR (100MHz,
CDCLy) 6 145.2, 139.0, 137.8, 135.1, 134.3, 133.6, 132.1, 131.9, 130.9, 130.4, 130.4,
129.9, 129.9, 129.3, 129.3, 128.9, 128.8, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5,
127.8, 124.8, 123.1, 122.9, 71.6. HRMS ESI (m/z): calcd for CosHy CIBIN,0,S [M +

H]": 563.0190, found: 563.0191.

1-(4-fluorophenyl)-4-(phenyl(phenylsulfonyl)methyl)-2-(o-tolyl)-1H-imidazole
4ax (79%).

Yellow solid, bp. 80.7-81.2 °C. 76.2 mg. IR (em™): 3045, 3031, 1536, 1507, 1336,
1248, 1144, 703 cm™'. '"H NMR (400 MHz, CDCL3) 6 7.69-7.65 (m, 2H), 7.60 (s, 1H),
7.56-7.50 (m, 3H), 7.41-7.37 (m, 2H), 7.31-7.28 (m, 3H), 7.22-7.18 (m, 3H),
7.11-7.06 (m, 4H), 6.91-6.87 (m, 1H), 5.65 (s, 1H), 2.25 (s, 3H). 3C {1H} NMR (100
MHz, CDCl;) § 162.13 (d, J = 249.1 Hz), 146.5, 138.06 (d, J=21.1 Hz), 134.16 (d, J

=3.2 Hz), 133.7, 133.5, 132.2, 130.4, 130.4, 129.6, 129.5, 129.3, 129.3, 129.2, 128.9,
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128.8, 128.8, 128.7, 128.6, 128.6, 128.5, 128.0, 127.71 (d, J = 8.7 Hz), 125.7, 122.7,
116.6, 116.4, 71.7, 21.3. HRMS ESI (m/z): calcd for CyyH,,FN,O,S [M + H]*:

483.1537, found: 483.1543.

1-(4-fluorophenyl)-4-(phenyl(phenylsulfonyl)methyl)-2-(p-tolyl)-1H-imidazole
4ay (80%).

Yellow oil. 77.2 mg. IR (em™): 3041, 3028, 1524, 1503, 1324, 1238, 1128, 753 cm™".
TH NMR (400 MHz, CDCl;) 6 7.68-7.65 (m, 2H), 7.58-7.50 (m, 4H), 7.41-7.36 (m,
2H), 7.31-7.27 (m, 3H), 7.22-7.18 (m, 2H), 7.15-7.07 (m, 4H), 7.04-7.02 (m, 2H),
5.63 (s, 1H), 2.29 (s, 3H). 1*C {1H} NMR (100 MHz, CDCl;) 6 162.11 (d, J = 249.1
Hz), 146.6, 138.38 (d, J = 88.0 Hz), 137.9, 134.24 (d, J= 3.2 Hz), 133.7, 133.5, 133.5,
132.3, 132.3, 130.5, 130.5, 129.3, 129.0, 128.8, 128.6, 128.6, 128.6, 128.6, 128.5,
128.5, 127.8, 127.7, 126.5, 122.6, 116.6, 116.4, 71.7, 21.3. HRMS ESI (m/z): calcd

for CyoH24FN,O,S [M + H]™: 483.1537, found: 483.1542.

1-(4-bromophenyl)-4-(phenyl(phenylsulfonyl)methyl)-2-(o-tolyl)-1H-imidazole
4az (56%).

Yellow oil. 60.7 mg. IR (em™): 3063, 3034, 1542, 1506, 1315, 1142, 587 cm™\. 'H
NMR (400 MHz, CDCl;) § 7.69-7.67 (m, 2H), 7.58-7.53 (m, 4H), 7.40-7.38 (m, 2H),
7.30-7.28 (m, 3H), 7.24-7.12 (m, 6H), 7.10-7.08 (m, 2H), 5.65 (s, 1H), 2.38 (s, 3H).
13C {1H} NMR (100 MHz, CDCl;) 6 146.2, 138.6, 138.0, 135.5, 133.5, 133.5, 132.3,

130.5, 130.5, 130.2, 130.2, 129.7, 129.4, 129.4, 128.8, 128.7, 128.7, 128.6, 128.6,
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128.6, 128.5, 128.5, 128.2, 128.2, 125.7, 125.7, 123.0, 71.7, 21.2. HRMS ESI (m/z):

caled for CyoH24BrN,O,S [M + H]": 543.0736, found: 543.0746.

1,2-diphenyl-4-(phenyl(o-tolylsulfonyl)methyl)-1H-imidazole 4ba (79%).

Yellow oil. 366.5 mg. IR (em™): 3059, 3036, 1511, 1503, 1310, 1148, 640 cm™'. 'H
NMR (400 MHz, CDCly) 6 7.70-7.68 (m, 1H), 7.65 (s, 1H), 7.53-7.51 (m, 2H),
7.44-7.38 (m, 4H), 7.30-7.28 (m, 3H), 7.25-7.15 (m, 9H), 5.72 (s, 1H), 2.64 (s, 3H).
13C {1H} NMR (100 MHz, CDCL;) 6 146.2, 139.2, 138.1, 136.1, 133.7, 133.5, 132.3,
132.1, 131.6, 130.5, 130.5, 129.7, 129.6, 129.6, 128.8, 128.7, 128.7, 128.6, 128.5,
128.5, 128.5, 128.2, 128.2, 126.0, 125.9, 125.9, 122.8, 71.1, 20.7. HRMS ESI (m/z):

caled for CyoHysN,O,S [M + H]™: 465.1631, found: 465.1636.

1,2-diphenyl-4-(phenyl(tosyl)methyl)-1H-imidazole 4ca (66%).

Yellow oil. 61.3 mg. IR (em™): 3056, 3034, 1515, 1501, 1311, 1132, 616 cm™\. 'H
NMR (400 MHz, CDCly) 6 7.62 (s, 1H), 7.57-7.52 (m, 4H), 7.42-7.38 (m, 3H),
7.32-7.27 (m, 4H), 7.26-7.25 (m, 1H), 7.24-7.17 (m, 7H), 5.62 (s, 1H), 2.38 (s, 3H).
13C {1H} NMR (100 MHz, CDCL3) 6 146.2, 144.4, 138.1, 135.1, 133.9, 132.4, 130.5,
130.5, 129.6, 129.6, 129.6, 129.4, 129.4, 129.2, 129.2, 128.7, 128.7, 128.7, 128.7,
128.5, 128.5, 128.5, 128.2, 128.2, 125.9, 125.9, 122.7, 71.8, 21.7. HRMS ESI (m/z):

caled for CyoHysN,O,S [M + H]"™: 465.1631, found: 465.1633.

4-(((3-fluorophenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole 4da
(80%).
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Yellow oil. 74.9 mg. IR (em™): 3035, 3015, 1554, 1507, 1310, 1144, 698 cm™'. "H
NMR (400 MHz, CDCl3) J 7.59-7.55 (m, 3H), 7.51-7.49(m, 1H), 7.43-7.35 (m, 6H),
7.32-7.30 (m, 3H), 7.25-7.23 (m, 3H), 7.22-7.18 (m, 4H), 5.63 (s, 1H). BC {1H}
NMR (100 MHz, CDCl;) J 162.06 (d, J = 251.5 Hz), 146.5, 140.1, 140.1, 138.0,
133.5, 131.8, 130.5, 130.5, 130.33 (d, J = 7.5 Hz), 129.6, 129.6, 129.0, 128.7, 128.7,
128.7, 128.6, 128.6, 128.6, 128.2, 128.2, 125.9, 125.9, 125.21 (d, J = 3.3 Hz), 123.1,
120.73 (d, J = 21.2 Hz), 116.83 (d, J = 24.4 Hz), 71.9. HRMS ESI (m/z): calcd for

ngszFNzOzS [M + H]+: 4691381, found: 469.1385.

1,2-diphenyl-4-(phenyl((3-(trifluoromethyl)phenyl)sulfonyl)methyl)-1H-imidazol
e 4ea (78%).

Yellow oil. 80.8 mg. IR (em™): 3063, 3028, 1550, 1503, 1334, 1133, 773 cm™'. 'H
NMR (400 MHz, CDCls) § 7.96-7.94 (m, 1H), 7.88 (s, 1H), 7.82-7.76 (m, 1H),
7.62-7.56 (m, 4H), 7.44-7.31 (m, 7H), 7.25-7.18 (m, 6H), 5.64 (s, 1H). *C {1H}
NMR (100 MHz, CDCLy) 5 163.4, 160.9, 148.0, 139.8, 135.6, 130.7, 130.6, 130.6,
130.5, 130.3, 130.3, 129.8, 129.8, 129.8, 129.4, 128.9, 128.9, 128.6, 128.5, 128.3,
128.3, 128.2, 128.2, 128.0, 125.6, 125.29 (q, J = 16.1 Hz), 121.2, 116.6, 67.4. HRMS

ESI (m/z): calcd for C,0H»,F3N,0,S [M + H]*: 519.1349, found: 519.1350.

4-(((4-methoxyphenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole 4fa
(50%).

Yellow oil. 48.0 mg. IR (em™): 3067, 3031, 1547, 1503, 1302, 1140, 1030, 762 cm™".
IH NMR (400 MHz, CDCl;) 6 7.62 (s, 1H), 7.58-7.26 (m, 2H), 7.54-7.51 (m, 2H),
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7.41-7.39(m, 4H), 7.31- 7.28 (m, 4H), 7.24-7.21(m, 5H), 6.86-6.84 (m, 2H), 5.59 (s,
1H), 3.83 (s, 3H). 3C {1H} NMR (100 MHz, CDCL;) § 163.6, 146.2, 138.1, 134.1,
132.6, 131.5, 131.5, 130.5, 130.5, 129.7, 129.6, 129.6, 129.5, 128.7, 128.7, 128.7,
128.6, 128.5, 128.5, 128.5, 128.2, 128.2, 125.9, 125.9, 122.7, 113.7, 113.7, 71.9, 55.6.

HRMS ESI (m/z): calcd for C0H»sN,O5S [M + H]*: 481.1580, found: 481.1582.

4-(((4-bromophenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole 4ga
(81%).

Yellow oil. 85.5 mg. IR (em™): 3063, 3030, 1545, 1501, 1321, 1134, 562 cm™". 'H
NMR (400 MHz, CDCls) § 7.59-7.56 (m, 3H), 7.52 (s, 3H), 7.38-7.36 (m, 4H),
7.33-7.29 (m, 3H), 7.25-7.18 (m, 7H), 5.63 (s, 1H). *C {IH} NMR (100 MHz,
CDCly) § 147.2, 146.4, 138.0, 137.1, 133.6, 132.0, 131.8, 131.8, 131.0, 131.0, 130.6,
130.6, 129.6, 129.6, 129.0, 128.9, 128.7, 128.7, 128.7, 128.7, 128.7, 128.6, 128.3,
128.3, 125.9, 125.9, 123.0, 71.9. HRMS ESI (m/z): calcd for CosHp,BrN,0,S [M +

H]": 529.0580, found: 529.0582.

1,2-diphenyl-4-(phenyl((4-(trifluoromethyl)phenyl)sulfonyl)methyl)-1H-imidazol
e 4ha (80%).

Yellow oil. 82.9 mg. IR (em™): 3063, 3032, 1534, 1505, 1334, 1123, 783 cm™". 'H
NMR (400 MHz, CDCl;) 6 7.85-7.83 (m, 2H), 7.70-7.67(m, 2H), 7.61-7.56(m, 3H),
7.46-7.30 (m, 7H), 7.24-7.17 (m, 6H), 5.68 (s, 1H). *C {IH} NMR (100 MHz,
CDCly) § 146.5, 141.8, 137.9, 135.14 (d, J = 8.9 Hz), 135.02 (d, J = 43.0 Hz), 133.4,
131.6, 130.6, 130.6, 130.1, 130.1, 129.6, 129.6, 129.30 (d, J = 4.5 Hz), 128.9, 128.8,
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128.7, 128.7, 128.6, 128.6, 128.6, 128.3, 128.3, 125.9, 125.58 (q, J = 243.6 Hz), 124.6,
123.2,121.9, 71.8. HRMS ESI (m/z): calcd for Cy90H»,F3N,0,S [M + H]™: 519.1349,

found: 519.1352.

4-(((4-chloro-3-(trifluoromethyl)phenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1
H-imidazole 4ia (72%).

Yellow oil. 79.5 mg. IR (em™): 3063, 3035, 1538, 1507, 1310, 1148, 702 cm™'. 'H
NMR (400 MHz, CDCl;) J 7.89-7.88 (m, 1H), 7.84-7.81 (m, 1H), 7.62- 7.57 (m, 3H),
7.55 (s, 1H), 7.44-7.34 (m, 7H), 7.24-7.20 (m, 6H), 5.63 (s, 1H). 13C {1H} NMR (100
MHz, CDCl,) 6 148.2, 138.6, 136.7, 135.4, 133.6, 132.1, 130.6, 130.2, 130.2, 130.00
(d, J=42.8 Hz), 129.84 (d, J = 4.5 Hz), 129.59 (d, J = 7.8 Hz), 129.4, 129.1, 129.0,
129.0, 128.7, 128.46 (q, J = 240.6 Hz), 128.2, 128.2, 128.2, 128.2, 128.2, 128.2, 127.9,
125.0, 123.0, 120.3, 67.6. HRMS ESI (m/z): calcd for C,H,F3CIN,O,S [M + H]*:

553.0959, found: 553.0958.

4-((cyclopropylsulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole 4ja (67%).

Yellow oil. 55.5 mg. IR (em™): 3063, 3032, 1511, 1480, 1306, 1148, 840, 695 cm™".
TH NMR (400 MHz, CDCly) 6 7.77-7.75 (m, 2H), 7.52 (s, 1H), 7.43-7.35 (m, 9H),
7.29-7.27(m, 1H), 7.25-7.22 (m, 3H), 5.61 (s, 1H), 2.59-2.52 (m, 1H), 1.24-1.16 (m,
2H), 1.00-0.93 (m, 2H). 3C {IH} NMR (100 MHz, CDCL;) § 146.4, 138.0, 134.5,
132.5, 130.3, 130.3, 129.6, 129.6, 129.6, 128.9, 128.8, 128.8, 128.8, 128.7, 128.7,
128.5, 128.3, 128.3, 125.9, 125.9, 122.7, 69.3, 28.7, 5.5, 5.2. HRMS ESI (m/z): caled

for C,5H,3N,0,S [M + H]*: 415.1475, found: 415.1480.
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1,2-diphenyl-4-(phenyl(thiophen-2-ylsulfonyl)methyl)-1H-imidazole 4ka (73%).

Yellow oil. 66.6 mg. IR (em™): 3043, 3020, 1534, 1499, 1325, 1144, 766 cm™\. 'H
NMR (400 MHz, CDCly) 6 7.66 (s, 1H), 7.63-7.58 (m, 3H), 7.49-7.47(m, 1H),
7.44-7.40 (m, 3H), 7.37-7.34(m, 3H), 7.32-7.27 (m, 3H), 7.25-7.20 (m, 4H), 7.05-7.02
(m, 1H), 5.75 (s, 1H). BC {IH} NMR (100 MHz, CDCl;) 6 146.3, 138.8, 138.0,
135.5, 134.6, 133.6, 132.1, 130.4, 130.4, 129.9, 129.6, 129.6, 129.0, 128.8, 128.8,
128.8, 128.6, 128.6, 128.6, 128.2, 128.2, 127.4, 125.9, 125.9, 122.9, 72.8. HRMS

ESI (m/z): calcd for C,sH;N,O,S; [M + HJ": 457.1040, found: 457.1040.

4-(((4-ethylphenyl)sulfonyl)(phenyl)methyl)-2-phenyl-1-(p-tolyl)-1H-imidazole
4la (68%).

Yellow oil. 66.9 mg. IR (em™): 3043, 3023, 1522, 1511, 1306, 1140, 829 cm™!. 'H
NMR (400 MHz, CDCl;) 6 7.60-7.52 (m, 5H), 7.37-7.28 (m, 4H), 7.27-7.19 (m, 8H),
7.11-7.09(m, 2H), 5.61 (s, 1H), 2.68 (q, J = 7.6 Hz, 2H), 2.40 (s, 3H), 1.22 (t,J=7.6
Hz, 3H). 3C {1H} NMR (100 MHz, CDCl3) 6 150.5, 146.1, 138.5, 135.5, 135.2,
133.7, 132.4, 130.5, 130.5, 130.1, 130.1, 129.7, 129.5, 129.5, 128.7, 128.7, 128.7,
128.6, 128.5, 128.5, 128.1, 128.1, 128.0, 128.0, 125.7, 125.7, 122.9, 71.8, 28.9, 21.2,
15.2. HRMS ESI (m/z): calcd for C3;HpN,O,S [M + HJ]": 493.1964, found:

493.1964.

1-(4-chlorophenyl)-2-phenyl-4-((phenylsulfonyl)(p-tolyl)methyl)-1H-imidazole
4ma (78%).
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Yellow solid, bp. 108.5-109.1 °C. 77.7 mg. IR (em™): 3036, 3021, 1524, 1507, 1305,
1145, 759 cm™'. "H NMR (400 MHz, CDCl;) 6 7.69-7.66 (m, 2H), 7.58-7.52 (m, 2H),
7.42-7.37 (m, 5H), 7.36-7.35 (m, 1H), 7.26-7.21 (m, SH), 7.16-7.09 (m, 4H), 5.58 (s,
1H), 2.31 (s, 3H). 3C {1H} NMR (100 MHz, CDCL;) § 146.3, 138.8, 138.0, 136.6,
134.3, 134.3, 133.5, 130.3, 130.3, 129.8, 129.8, 129.3, 129.3, 129.2, 129.2, 128.8,
128.8, 128.8, 128.6, 128.6, 128.3, 128.3, 128.2, 127.1, 127.1, 125.9, 122.5, 71.5, 21.2.

HRMS ESI (m/z): calcd for Cy0Hp4CIN,O,S [M + H]*™: 499.1242, found: 499.1245.

1-(4-chlorophenyl)-4-((3,4-dimethylphenyl)(phenylsulfonyl)methyl)-2-phenyl-1H-
imidazole 4na (60%).

Yellow oil. 61.5 mg. IR (em™): 3039, 3024, 1534, 1511, 1306, 1149, 770 cm™". 'H
NMR (400 MHz, CDCls) 6 7.70-7.68 (m, 2H), 7.58-7.53 (m, 2H), 7.43-7.36 (m, 5H),
7.25-7.22 (m, 6H), 7.16-7.13 (m, 2H), 7.07-7.05 (m, 1H), 5.54 (s, 1H), 2.22 (s, 3H),
2.20 (s, 3H). 3C {1H} NMR (100 MHz, CDCL3) 5 146.2, 138.2, 137.4, 136.8, 136.6,
134.5, 134.3, 133.4, 131.5, 129.8, 129.8, 129.8, 129.4, 129.3, 129.3, 128.8, 128.7,
128.7, 128.5, 128.5, 128.3, 128.3, 128.1, 127.7, 127.1, 127.1, 122.4, 71.5, 19.8, 19.6.

HRMS ESI (m/z): calcd for C30H,cCIN,O,S [M + H]*™: 513.1398, found: 513.1400.

1,2-diphenyl-5-(phenyl(phenylsulfonyl)methyl)-1H-imidazole Saa (92%).

Yellow oil. 82.8 mg. IR (em™): 3067, 2987, 1534, 1499, 1325, 1140, 770 cm™'. 'H
NMR (400 MHz, CDCl;3) 0 7.89 (s, 1H), 7.56-7.53 (m, 3H), 7.45-7.42 (m, 1H),
7.39-7.31 (m, 9H), 7.25-7.22 (m, 2H), 7.18-7.11 (m, 3H), 6.83-6.81 (m, 1H),

6.53-6.51 (d, J = 7.6 Hz, 1H), 4.94 (s, 1H). 13C {1H} NMR (100 MHz, CDCL;) &
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147.8, 137.6, 135.7, 133.8, 130.7, 130.5, 130.3, 130.3, 129.9, 129.8, 129.7, 129.7,
129.5, 129.5, 129.2, 128.8, 128.8, 128.8, 128.8, 128.6, 128.6, 128.2, 128.2, 128.2,
128.2, 128.1, 126.1, 67.3. HRMS ESI (m/z): calcd for C3H,3N,O,S [M + HJ™:

451.1475, found: 451.1480.

1-phenyl-5-(phenyl(phenylsulfonyl)methyl)-2-(p-tolyl)-1H-imidazole 5ab (82%).

Yellow oil. 76.1 mg. IR (em™): 3067, 3059, 1503, 1440, 1322, 1152, 829 cm™\. 'H
NMR (400 MHz, CDCly) 6 7.85 (s, 1H), 7.57-7.52 (m, 3H), 7.46-7.42 (m, 1H),
7.40-7.31 (m, 9H), 7.13-7.11(m, 2H), 6.96-6.94(d, J = 8.0 Hz, 2H), 6.84-6.81 (m, 1H),
6.53-6.51 (m, 1H), 4.94 (s, 1H), 2.23 (s, 3H). 3C {1IH} NMR (100 MHz, CDCL;) 5
148.0, 138.5, 137.7, 135.8, 133.8, 130.8, 130.4, 130.3, 130.3, 129.9, 129.7, 129.6,
129.4, 129.4, 129.2, 128.9, 128.9, 128.8, 128.8, 128.8, 128.8, 128.6, 128.1, 128.1,
128.1, 127.0, 125.8, 67.3, 21.2. HRMS ESI (m/z): calcd for C2oH>sN>0,S [M + HJ*:

465.1631, found: 465.1636.

2-(4-chlorophenyl)-1-phenyl-5-(phenyl(phenylsulfonyl)methyl)-1H-imidazole Sac
(90%).

Yellow oil. 87.1 mg. IR (em™): 3067, 3049, 1533, 1446, 1342, 1152, 789 cm™\. 'H
NMR (400 MHz, CDCly) 6 7.87 (s, 1H), 7.55-7.52 (m, 3H), 7.47-7.44 (m, 1H),
7.38-7.34 (m, SH), 7.30-7.28 (m, 4H), 7.18-7.15 (m, 2H), 7.12-7.09 (m, 2H),
6.82-6.79 (m, 1H), 6.58-6.54 (m, 1H), 4.92 (s, 1H). BC {1H} NMR (100 MHz,
CDCLy) 6 146.7, 137.6, 135.4, 134.6, 133.9, 130.7, 130.5, 130.2, 130.2, 130.1, 129.9,

129.9, 129.4, 129.4, 129.4, 1294, 129.2, 1289, 128.9, 128.8, 128.8, 128.5, 128.5,
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128.5, 128.4, 128.0, 126.4, 67.3. HRMS ESI (m/z): calcd for CysH,,CIN,O,S [M +

H]": 485.1085, found: 485.1081.

2-phenyl-5-(phenyl(phenylsulfonyl)methyl)-1-(p-tolyl)-1H-imidazole Sad (90%).

Yellow oil. 83.5 mg. IR (em™): 3067, 3039, 1533, 1511, 1322, 1151, 769 cm™\. 'H
NMR (400 MHz, CDCly) 6 7.87 (s, 1H), 7.57-7.51 (m, 3H), 7.39-7.32 (m, 7H),
7.26-7.23 (m, 2H), 7.16-7.08 (m, 5H), 6.71-6.68 (m, 1H), 6.35-6.33 (m, 1H), 4.95 (s,
1H), 2.39 (s, 3H). 3C {1H} NMR (100 MHz, CDCl;) § 147.8, 139.8, 137.7, 133.8,
132.9, 130.8, 130.5, 130.4, 130.3, 130.3, 130.3, 130.0, 129.4, 129.4, 129.2, 128.8,
128.8, 128.8, 128.8, 128.5, 128.2, 128.2, 128.2, 128.1, 128.1, 127.8, 126.2, 67.3, 21.3.

HRMS ESI (m/z): calcd for C,9H»5N,O,S [M + H]": 465.1631, found: 465.1636.

1-(4-methoxyphenyl)-2-phenyl-5-(phenyl(phenylsulfonyl)methyl)-1H-imidazole
Sae (88%).

White solid, bp. 89.1-91.3 °C. 84.5 mg. IR (cm™): 3067, 3043, 1574, 1487, 1357,
1156, 1085, 845 cm™'. '"H NMR (400 MHz, CDCl;) § 7.86 (s, 1H), 7.57-7.52 (m,
3H), 7.39-7.26 (m, 9H), 7.20- 7.13 (m, 3H), 6.86-6.80 (m, 2H), 6.73-6.71 (m, 1H),
6.46-6.43(m, 1H), 4.96 (s, 1H), 3.83 (s, 3H). 3C {1H} NMR (100 MHz, CDCL;) §
160.2, 147.9, 137.7, 133.9, 130.9, 130.3, 130.3, 130.3, 130.0, 129.6, 129.4, 129.4,
129.2, 129.2, 128.9, 128.9, 128.8, 128.8, 128.5, 128.2, 128.2, 128.2, 128.2, 128.0,
126.4, 115.1, 114.7, 67.3, 55.6. HRMS ESI (m/z): calcd for C2oHsN,05S [M + HJ*:

481.1580, found: 481.1584.
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1-(4-fluorophenyl)-2-phenyl-5-(phenyl(phenylsulfonyl)methyl)-1H-imidazole Saf
(73%).

White oil. 68.3 mg. IR (em™): 3067, 3036, 1554, 1447, 1327, 1148, 1045, 746 cm ™.
'H NMR (400 MHz, CDCL3) 6 7.85 (s, 1H), 7.59-7.53 (m, 3H), 7.41-7.31 (m, 2H),
7.35-7.29 (m, 5H), 7.26-7.15 (m, 5H), 7.08-7.04 (m, 2H), 6.85-6.79 (m, 1H),
6.67-6.64 (m, 1H), 4.91 (s, 1H). 1¥C {1H} NMR (100 MHz, CDCl;) 5 162.77 (d, J =
250.8 Hz), 152.5, 148.1, 137.5, 133.9, 131.69 (d, J = 2.1 Hz), 130.8, 130.55 (d, J =
7.1 Hz), 130.2, 130.2, 130.0, 129.7, 129.5, 129.5, 129.3, 128.9, 128.9, 128.9, 128.7,
128.3, 128.3, 128.3, 128.3, 126.1, 117.1, 116.9, 116.7, 67.5. HRMS ESI (m/z): calcd

for C,3H»,FN,,O,S [M + H]": 469.1380, found: 469.1396.

2-phenyl-5-(phenyl(phenylsulfonyl)methyl)-1-(p-tolyl)-1H-imidazole Sag (85%).

Yellow solid, bp. 114.7-115.0 °C. 82.3 mg. IR (em™"): 3071, 3035, 1545, 1502, 1337,
1015, 766 em™'. "H NMR (400 MHz, CDCl;) § 7.86 (s, 1H), 7.56-7.52 (m, 3H),
7.39-7.29 (m, 9H), 7.24- 7.16 (m, SH), 6.76-7.74 (m, 1H), 6.59-6.58 (m, 1H), 4.90 (s,
1H). BC {IH} NMR (100 MHz, CDCl;) 6 148.0, 137.5, 135.8, 134.2, 134.0, 130.7,
130.2, 130.2, 130.2, 123.0, 129.9, 129.7, 129.4, 129.4, 129.3, 128.9, 128.9, 128.9,
128.9, 128.9, 128.8, 128.8, 128.3, 128.3, 128.3, 128.3, 126.0, 67.4. HRMS ESI

(m/z): calcd for C,3H,,CIN,O,S [M + H]*: 485.1085, found: 485.1087.

1-(4-bromophenyl)-2-phenyl-5-(phenyl(phenylsulfonyl)methyl)-1H-imidazole Sah
(84%).
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White solid, bp. 148.1-149.5 °C. 88.7 mg. IR (ecm™): 3067, 3025, 1525, 1501, 1327,
1055, 566 cm™!. '"H NMR (400 MHz, CDCl3) J§ 7.80 (s, 1H), 7.53-7.41 (m, 6H),
7.35-7.29 (m, 4H), 7.22- 7.11 (m, 7H), 6.65-6.64 (m, 1H), 6.48-6.46 (m, 1H), 4.85 (s,
1H). 3C {1H} NMR (100 MHz, CDCl;) ¢ 148.0, 137.4, 134.7, 134.0, 133.2, 133.0,
130.7, 130.7, 130.2, 130.2, 129.7, 129.6, 129.4, 129.4, 129.3, 128.9, 128.9, 128.9,
128.9, 128.8, 128.3, 128.3, 128.3, 128.3, 128.3, 125.9, 123.8, 67.4. HRMS ESI (m/z):

caled for CygH»,BrN,O,S [M + H]": 529.0580, found: 529.0584.

1-(4-fluorophenyl)-5-(phenyl(phenylsulfonyl)methyl)-2-(m-tolyl)-1H-imidazole
Sai (80%).

White solid, bp. 205.8-207.6 °C. 77.1 mg. IR (ecm™): 3071, 3041, 1516, 1503, 1321,
1134, 1068, 836 cm™!. 'TH NMR (400 MHz, CDCl;) 6 7.84 (s, 1H), 7.58-7.54 (m, 3H),
7.40-7.36 (m, 2H), 7.34 -7.29 (m, 5H), 7.25 (s, 1H), 7.07-6.99 (m, 4H), 6.85-6.78 (m,
2H), 6.66-6.61 (m, 1H), 4.91 (s, 1H), 2.22 (s, 3H). BC {1H} NMR (100 MHz,
CDCly) 0 162.73 (d, J = 251.3 Hz), 148.2, 138.1 (d, /= 3.2 Hz), 137.5, 133.9, 131.74
(d, J=3.3 Hz), 130.7, 130.54 (d, J = 8.8 Hz), 130.4, 130.2, 130.2, 129.98 (d, J = 8.7
Hz), 129.5, 129.4, 129.4, 129.3, 129.3, 128.9, 128.9, 128.8, 128.8, 128.0, 126.0, 125.1,
117.1,116.9, 116.6, 67.4, 21.3. HRMS ESI (m/z): calcd for C,oH,4FN,O,S [M + H]*:

483.1537, found: 483.1538.

1-(4-fluorophenyl)-5-(phenyl(phenylsulfonyl)methyl)-2-(p-tolyl)-1H-imidazole
Saj (87%).
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Yellow oil. 83.9 mg. IR (em™): 3075, 3040, 1515, 1448, 1321, 1148, 1032, 817 cm™.
'H NMR (400 MHz, CDCl;) ¢ 7.83 (s, 1H), 7.56-7.52 (m, 3H), 7.40-7.29 (m, 7H),
7.13-7.11 (m, 2H), 7.07 -7.02 (m, 2H), 6.99-7.97 (m, 2H), 6.82-6.77 (m, 1H),
6.65-6.59 (m, 1H), 4.90 (s, 1H), 2.24 (s, 3H). 13C {1H} NMR (100 MHz, CDCl;) o
162.71 (d, J = 251.2 Hz), 148.2, 138.7, 137.5, 133.9, 131.78 (d, J = 3.3 Hz), 130.8,
130.54 (d, J = 8.8 Hz), 130.2, 130.2, 129.98 (d, J = 8.7 Hz), 129.4, 129.4, 129.2,
129.0, 129.0, 128.9, 128.9, 128.8, 128.8, 128.2, 128.2, 126.9, 125.8, 117.1, 116.9,
116.7, 67.4, 21.2. HRMS ESI (m/z): calcd for C,oH,4FN,O,S [M + H]*: 483.1537,

found: 483.1542.

1-(4-bromophenyl)-5-(phenyl(phenylsulfonyl)methyl)-2-(o-tolyl)-1H-imidazole
Sak (71%).

White solid, bp. 76.5-76.8 °C. 77.0 mg. IR (em™): 3067, 3036, 1516, 1456, 1341,
1068, 536 cm™'. "H NMR (400 MHz, CDCL;) 6 7.86 (s, 1H), 7.58-7.52 (m, 3H),
7.40-7.32 (m, 7H), 7.24 (s, 1H), 7.17-7.11 (m, 5H), 6.71-7.69 (m, 1H), 6.37-7.35 (m,
1H), 4.95 (s, 1H), 2.40 (s, 3H). *C {1H} NMR (100 MHz, CDCl3) § 147.8, 139.9,
137.7, 133.8, 132.9, 130.8, 130.5, 130.3, 130.3, 130.3, 123.0, 129.4, 129.4, 129.2,
128.8, 128.8, 128.8, 128.8, 128.5, 128.2, 128.2, 1282, 128.2, 128.2, 1282, 127.8,
126.2, 67.3, 21.3. HRMS ESI (m/z): calcd for CyH,BrN,0,S [M + HJ*: 543.0736,

found: 543.0746.

1-(4-bromophenyl)-5-(phenyl(phenylsulfonyl)methyl)-2-(p-tolyl)-1H-imidazole
Sal (72%).
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Yellow oil. 75.5 mg. IR (em™): 3057, 3026, 1546, 1426, 1321, 1068, 586 cm™'. H
NMR (400 MHz, CDCl;) 6 7.86 (s, 1H), 7.57-7.54 (m, 3H), 7.45-7.43 (m, 1H),
7.40-7.32 (m, 8H), 7.14-7.11 (m, 2H), 7.01-6.95 (m, 2H), 6.84-6.82(m, 1H), 6.54-6.52
(m, 1H), 4.94 (s, 1H), 2.24 (s, 3H). 3C {1H} NMR (100 MHz, CDCl3) J 147.9,
138.7, 137.7, 135.7, 133.8, 130.7, 130.3, 130.3, 130.1, 129.9, 129.7, 129.7, 129.4,
129.4, 129.2, 128.9, 128.9, 128.8, 128.8, 128.8, 128.8, 128.6, 128.1, 128.1, 128.1,
126.8, 125.9, 67.3, 21.2. HRMS ESI (m/z): calcd for Cy0H,4BrN,O,S [M + H]*:

543.0736, found: 543.0736.

5-(((3-fluorophenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole Sam
(83%).

Yellow oil. 77.7 mg. IR (em™): 3067, 3031, 1597, 1499, 1325, 1144, 1021, 769 cm™".
'"H NMR (400 MHz, CDCl3) ¢ 7.89 (s, 1H), 7.50-7.33 (m, 10H), 7.26-7.12 (m, 7H),
6.86-6.84 (m, 1H), 6.65-6.63 (m, 1H), 4.97 (s, 1H). 3C {1H} NMR (100 MHz,
CDCly) 0 162.16 (d, J=252.7 Hz), 148.0, 139.72 (d, J = 6.5 Hz), 135.6, 130.7, 130.6,
130.5, 130.3, 130.3, 130.0, 129.79 (d, J = 2.0 Hz), 129.4, 128.9, 128.9, 128.6, 128.5,
128.3, 128.3, 128.2, 128.2, 128.0, 125.6, 125.30 (d, J = 3.4 Hz), 121.2, 121.0, 116.6,
116.4, 67.4. HRMS ESI (m/z): calcd for CosH»,FN,O,S [M + H]*: 469.1381, found:

469.1382.

1,2-diphenyl-5-(phenyl((3-(trifluoromethyl)phenyl)sulfonyl)methyl)-1H-imidazol
e 5an (80%).
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Yellow oil. 82.9 mg. IR (em™): 3071, 3055, 1582, 1499, 1325, 1152, 1031, 774 cm™.

IH NMR (400 MHz, CDCl;) 6 7.90 (s, 1H), 7.82-7.74 (m, 3H), 7.56-7.52 (m, 1H),

oNOYTULT D WN =

9 7.48-7.45 (m, 1H), 7.40 -7.32 (m, 7H), 7.24-7.14 (m, 5H), 6.87-6.65 (m, 1H),
1 6.48-6.46 (m, 1H), 4.97 (s, 1H). ¥C {IH} NMR (100 MHz, CDCl,) 5 148.1, 138.9,
135.5, 132.9, 131.73 (d, J = 33.2 Hz), 131.61 (d, J = 3.7 Hz), 130.7, 130.4 (d, J=3.5
17 Hz), 130.3, 130.3, 130.06 (d, J = 2.7 Hz), 129.9, 129.8, 129.7, 129.6, 129.6, 129.0,
20 129.0, 128.7, 128.3, 128.3, 128.2, 128.2, 128.0, 126.29 (q, J = 253.8 Hz), 125.4, 124.3,
22 121.6, 67.5. HRMS ESI (m/z): calcd for C,9H,,F3N,0,S [M + H]*: 519.1349, found:

25 519.1354.

30 1,2-diphenyl-5-(phenyl(tosyl)methyl)-1H-imidazole 5ao (75%).

32 White solid, bp. 184.0-184.9 °C. 69.6 mg. IR (cm™): 3065, 3036, 1553, 1512, 1345,
3s 1044, 711cm™". '"H NMR (400 MHz, CDCl;) § 7.82 (s, 1H), 7.46-7.43 (m, 3H),
37 7.37-7.30 (m, 8H), 7.24-7.23(m, 1H), 7.19-7.12 (m, 5H), 6.82-6.81 (m, 1H), 6.66-6.64
40 (m, 1H), 4.94 (s, 1H), 2.37 (s, 3H). BC {1H} NMR (100 MHz, CDCl;) 5 147.8,
42 144.9, 135.8, 134.6, 131.1, 130.3, 130.3, 129.9, 129.7, 129.7, 129.4, 129.4, 129.4,
45 129.4, 129.1, 128.7, 128.7, 128.6, 128.5, 128.5, 128.4, 128.2, 128.2, 128.2, 128.2,
48 126.6, 126.3, 67.4, 21.7. HRMS ESI (m/z): caled for CaoHsN,0,S [M + HJ*:

50 465.1631, found: 465.1635.

55 5-(((4-methoxyphenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole Sap
57 (70%).
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Yellow oil. 67.2 mg. IR (em™): 3094, 3035, 1566, 1530, 1349, 1144, 1021, 766cm .
H NMR (400 MHz, CDCL3) 6 7.82 (s, 1H), 7.48-7.44 (m, 3H), 7.40-7.36 (m, 2H),
7.33-7.29 (m, 5H), 7.27 -7.26 (m, 1H), 7.25-7.24 (m, 1H), 7.21-7.14 (m, 3H),
6.86-6.82 (m, 3H), 6.74-6.72 (m, 1H), 4.93 (s, 1H), 3.82 (s, 3H). *C {1H} NMR (100
MHz, CDCly) J 163.9, 147.7, 135.8, 131.7, 131.7, 131.2, 130.3, 130.3, 130.1, 129.9,
129.8, 129.7, 129.7, 129.1, 128.9, 128.7, 128.7, 128.7, 128.6, 128.2, 128.2, 128.2,
128.2, 1282, 126.5, 114.0, 114.0, 67.5, 55.7. HRMS ESI (m/z): caled for

Cy9H,sN,O5S [M + H]™: 481.1580, found: 481.1584.

5-(((4-chlorophenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole Saq
(81%).

Yellow oil. 78.4 mg. IR (em™): 3064, 3035, 1543, 1521, 1331, 1061, 776cm™". 'H
NMR (400 MHz, CDCL3) 6 7.86 (s, 1H), 7.49-7.46 (m, 3H), 7.42-7.32 (m, 10H),
7.28-7.27 (m, 1H), 7.22-7.14 (m, 3H), 6.85-6.84 (m, 1H), 6.75-7.73 (m, 1H), 4.96 (s,
1H). 13C {1H} NMR (100 MHz, CDCL3) 5 148.1, 140.7, 136.1, 135.7, 130.8, 130.8,

130.6, 130.4, 130.3, 130.3, 130.0, 129.8, 129.8, 129.8, 129.4, 129.1, 129.1, 128.9,

128.9, 128.7, 128.5, 128.5, 128.3, 128.3, 128.2, 128.1, 125.8, 67.5. HRMS ESI (m/z):

caled for CygH»CIN,O,S [M + H]*: 485.1085, found: 485.1090.

5-(((4-bromophenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole Sar
(83%).

White solid, bp. 62.3-63.0 °C. 87.7 mg. IR (em™): 3067, 3036, 1553, 1512, 1341,

1023, 576cm™". '"H NMR (400 MHz, CDCL) § 7.85 (s, 1H), 7.52-7.50 (m, 2H),
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7.46-7.44 (m, 1H), 7.41-7.37 (m, 4H), 7.36-7.30 (m, SH), 7.27-7.26 (m, 1H),
7.25-7.24 (m, 1H), 7.20-7.13 (m, 3H), 6.84-6.83 (m, 1H), 6.74-7.72 (m, 1H), 4.95 (s,
1H). 3C {1H} NMR (100 MHz, CDCLy) 6 148.1, 136.6, 135.7, 132.1, 132.1, 130.9,
130.9, 130.6, 130.4, 130.3, 130.3, 130.1, 129.8, 129.8, 129.8, 129.4, 129.3, 128.9,
128.9, 128.7, 128.5, 128.3, 128.3, 1282, 128.2, 128.1, 125.7, 67.5. HRMS ESI

(m/z): calcd for C,3H,,BrN,O,S [M + H]*: 529.0580, found: 529.0583.

1,2-diphenyl-5-(phenyl((4-(trifluoromethyl)phenyl)sulfonyl)methyl)-1H-imidazol
e Sas (76%).

Yellow oil. 78.8 mg. IR (em™): 3071, 3020, 1534, 1511, 1322, 1056, 774cm™!. 'H
NMR (400 MHz, CDCl;) J 7.88 (s, 1H), 7.79-7.76 (m, 1H), 7.68-7.63 (m, 4H),
7.49-7.45 (m, 1H), 7.39-7.31 (m, 7H), 7.25-7.24 (m, 1H), 7.21-7.14 (m, 3H),
6.86-6.84 (m, 1H), 6.69-6.67 (m, 1H), 5.00 (s, 1H). ¥C {1H} NMR (100 MHz,
CDCly) 6 148.3, 141.2, 135.6, 135.3, 130.8, 130.3, 130.3, 130.3, 130.0, 130.0, 130.0,
129.9, 129.8 (d, J=4.0 Hz), 129.6 (d, J = 43.8 Hz), 129.0, 129.0, 128.8, 128.7, 128.4,
128.3, 128.3, 128.2, 128.2, 128.0 (d, J = 2.7 Hz) , 125.9 (q, J = 252.6 Hz), 125.3,
121.7, 119.0, 67.5. HRMS ESI (m/z): calcd for Cy90H»,F3N,0,S [M + H]™: 519.1349,

found: 519.1352.

5-(((3,4-dimethylphenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole Sat
(72%).

Yellow oil. 68.9 mg. IR (em™): 3059, 3040, 1542, 1495, 1326, 1133, 770cm™!. 'H

NMR (400 MHz, CDCl;) § 7.83 (s, 1H), 7.47-7.43 (m, 1H), 7.38-7.27 (m, 9H),
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7.24-7.12 (m, 6H), 6.85-6.83 (m, 1H), 6.56-6.54 (m, 1H), 4.94 (s, 1H), 2.28 (s, 3H),
2.20 (s, 3H). 3C {1H} NMR (100 MHz, CDCL3) 5 143.5, 137.6, 135.8, 134.8, 131.0,
130.3, 130.3, 130.3, 130.1, 129.9, 129.7, 129.7, 129.6, 129.1, 128.7, 128.7, 128.6,
128.5, 128.3, 128.2, 128.2, 128.2, 128.2, 128.2, 128.1, 127.1, 126.4, 67.3, 20.1, 19.6.

HRMS ESI (m/z): calcd for C30H,7N,0,S [M + H]™: 479.1788, found: 479.1788.

5-(((4-chloro-3-(trifluoromethyl)phenyl)sulfonyl)(phenyl)methyl)-1,2-diphenyl-1
H-imidazole 5au (78%).

Yellow solid, bp. 79.8-81.2 °C. 86.1 mg. IR (em™): 3071, 3040, 1535, 1526, 1306,
1123, 1030, 797cm™". "H NMR (400 MHz, CDCls) 5 7.88 (s, 1H), 7.72-7.71 (m, 1H),
7.69-7.66 (m, 1H), 7.55 -7.52 (m, 1H), 7.51-7.45 (m, 2H), 7.42-7.33 (m, 6H), 7.26 (s,
1H), 7.28-7.26 (m, 1H), 7.25-7.24 (m, 1H), 7.19-7.14 (m, 2H), 6.88-6.86 (m, 1H),
6.66-6.63 (m, 1H), 4.97 (s, 1H). 3C {1H} NMR (100 MHz, CDCl;) § 148.3, 138.6,
136.7, 135.5, 133.7, 132.2, 130.7, 130.3, 130.3, 130.1 (d, J = 40.7 Hz), 129.9 (d, J =
4.5 Hz), 129.7, 129.7 (d, J = 7.8 Hz), 129.4, 129.1, 129.1, 128.8, 128.5 (q, J = 246.6
Hz), 128.3, 1283, 1283, 1283, 128.3, 128.3, 128.0, 125.1, 123.1, 120.4, 67.7.

HRMS ESI (m/z): calcd for CyoH, F;CIN,O,S [M + H]*: 553.0959, found: 553.0961.

5-(((4-ethylphenyl)sulfonyl)(phenyl)methyl)-2-phenyl-1-(p-tolyl)-1H-imidazole
Sav (79%).

White solid, bp. 183.0-184.0 °C. 77.8 mg. IR (em™): 3067, 3040, 1609, 1534, 1388,
1144, 821cm™'. '"H NMR (400 MHz, CDCL) 6 7.83 (s, 1H), 7.48-7.46 (m, 2H),
7.34-7.33 (m, 4H), 7.28-7.26 (m, 1H), 7.25-7.24 (m, 1H), 7.22-7.10 (m, SH),
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6.72-6.69 (m, 1H), 6.41-6.36 (m, 1H), 4.94 (s, 1H), 2.67 (q, J = 7.6 Hz, 2H), 2.41 (s,

3H), 1.20 (t, J = 7.6 Hz, 3H). *C {1H} NMR (100 MHz, CDCl;) § 151.1, 147.7,

oNOYTULT D WN =

9 139.8, 134.9, 133.0, 131.0, 130.4, 130.3, 130.3, 130.2, 130.0, 129.6, 129.6, 129.1,
12 128.7, 128.7, 128.4, 128.3, 128.3, 128.2, 128.2, 128.2, 128.2, 128.1, 128.1, 127.8,
126.4, 67.3, 28.9, 21.3, 15.3. HRMS ESI (m/z): calcd for C;;Hy9N,O,S [M + H]":

17 493.1944, found: 493.1945.

22 5-((ethylsulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole Saw (67%).

24 Yellow oil. 53.9 mg. IR (em™): 3071, 3039, 1534, 1507, 1313, 1128, 770cm™". 'H
27 NMR (400 MHz, CDCl;) § 7.86 (s, 1H), 7.53-7.48 (m, 3H), 7.40-7.36(m, 5H),
29 7.33-7.29 (m, 3H), 7.23-7.18 (m, 3H), 6.83-6.81 (m, 1H), 4.97 (s, 1H), 2.90 (q, J =
32 3.6 Hz, 2H), 1.22 (t, J = 7.6 Hz, 3H). BC {1H} NMR (100 MHz, CDCl;) § 148.3,
3s 135.9, 130.8, 130.2, 130.2, 130.2, 129.8, 129.8, 129.8, 129.7, 129.4, 129.1, 129.1,
37 128.7, 128.5, 128.4, 128.4, 128.4, 128.2, 128.2, 126.1, 63.5, 45.7, 6.5. HRMS ESI

40 (m/z): calcd for C,4H,3N,0,S [M + H]": 403.1475, found: 403.1479.

45 5-((cyclopropylsulfonyl)(phenyl)methyl)-1,2-diphenyl-1H-imidazole Sax (87%).

47 Yellow oil. 72.1 mg. IR (em™): 3071, 3035, 1531, 1499, 1322, 1137, 888cm™". 'H
NMR (400 MHz, CDCl3) & 7.88 (s, 1H), 7.52-7.47 (m, 2H), 7.39-7.29 (m, 9H),
52 7.21-7.14 (m, 3H), 6.83-6.81 (m, 1H), 4.96 (s, 1H), 2.26-2.20 (m, 1H), 1.11-0.79 (m,
. 4H). 13C {1H} NMR (100 MHz, CDCl;) 6 148.1, 136.0, 131.3, 130.1, 130.1, 130.1,

>7 129.9, 129.8, 129.8, 129.8, 129.2, 128.9, 128.9, 128.6, 128.6, 128.3, 128.3, 128.3,
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128.2, 128.2, 126.3, 64.9, 28.5, 5.5, 5.2. HRMS ESI (m/z): calcd for C,sH»3N,0,S

[M + H]": 415.1475, found: 415.1480.

1,2-diphenyl-5-(phenyl(thiophen-2-ylsulfonyl)methyl)-1H-imidazole Say (78%).

Yellow solid, bp. 80.2-80.5 °C. 71.2 mg. IR (em™): 3099, 3020, 1507, 1487, 1302,
1022, 774cm™'. "H NMR (400 MHz, CDCls) 6 7.93 (s, 1H), 7.64-7.62 (m, 1H),
7.48-7.44 (m, 1H), 7.40-7.34 (m, 8H), 7.30-7.28 (m, 1H), 7.27-7.26 (m, 1H),
7.21-7.14 (m, 3H), 7.03-7.00 (m, 1H), 6.87-6.85 (m, 1H), 6.63-6.61(m, 1H), 5.04 (s,
1H). BC {IH} NMR (100 MHz, CDCL;) 6 146.4, 138.8, 138.1, 135.4, 134.6, 133.8,
132.2, 130.4, 130.4, 129.7, 129.6, 129.6, 128.9, 128.7, 128.7, 128.7, 128.6, 128.6,
128.5, 128.2, 128.2, 127.3, 125.9, 125.9, 122.9, 73.1. HRMS ESI (m/z): caled for

Cr6H21N20,S, [M + H]*: 457.1039, found: 457.1044.

1-(4-chlorophenyl)-2-phenyl-5-((phenylsulfonyl)(p-tolyl)methyl)-1H-imidazole
Saz (80%).

White solid, bp. 146.9-147.2 °C. 79.7 mg. IR (em™): 3095, 3051, 1507, 1499, 1306,
1144, 774cm™'. "H NMR (400 MHz, CDCls) 6 7.84 (s, 1H), 7.57-7.53 (m, 3H),
7.41-7.30 (m, SH), 7.23-7.17 (m, 6H), 7.14-7.12 (m, 2H), 6.80-6.75 (m, 1H),
6.57-6.51 (m, 1H), 4.87 (s, 1H), 2.33 (s, 3H). 3C {1IH} NMR (100 MHz, CDCL;) §
147.9, 139.4, 137.6, 135.7, 134.2, 133.9, 130.7, 130.2, 130.1, 130.1, 129.9, 129.9,
129.7, 129.6, 129.6, 129.4, 129.4, 129.4, 128.9, 128.9, 128.7, 128.3, 128.3, 128.3,
128.3, 127.5, 126.1, 67.1, 21.2. HRMS ESI (m/z): calcd for CagH4CIN,0,S [M +

H]": 499.1242, found: 499.1249.
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3-phenyl-3-tosylacrylaldehyde 6aa (98%).

Yellow oil. 56.1 mg. IR (em™): 3019, 2929, 2821, 1325, 1152, 707cm™!. 'H NMR
(400 MHz, CDCl;) 6 9.43 (d, /= 7.6 Hz, 1H), 7.51-7.43 (m, 3H), 7.37-7.33 (m, 2H),
7.23-7.20 (m, 4H), 7.08 (d, J = 7.6 Hz, 1H), 2.40 (s, 3H). 3C {1H} NMR (100 MHz,
CDCl;) 0 191.7, 160.1, 145.6, 134.0, 131.8, 130.7, 130.7, 130.6, 129.8, 129.8, 129.1,
129.1, 128.5, 128.5, 127.9, 21.7. HRMS ESI (m/z): calcd for C;¢H;505S [M + H]™:

287.0736, found: 287.0739.

SUPPORTING INFORMATION
Copies of 'H and '3C NMR spectra, and X-ray crystallaographic data of 4ai (CDCC:
1903819) and Sav (CDCC: 1903875). This material is available free of charge via the

Internet at http://pubs.acs.org

Corresponding Author:

*E-mail: yuyue@gdpu.edu.cn; cachua@gedpu.edu.cn.

ORCID: Yue Yu: 0000-0002-0807-8713; Hua Cao: 0000-0001-8825-0175.
Notes:

The authors declare no competing financial interest.

ACKNOWLEDGMENT

This work was supported by the National Natural Science Foundation of China
(21302023), the Science and Technology Planning Project of Guangzhou
(201806040009, 201804010349), Provincial Experimental Teaching Demonstration

Center of Chemistry & Chemical Engineering.
41

ACS Paragon Plus Environment


http://pubs.acs.org
mailto:yuyue@gdpu.edu.cn
mailto:caohua@gdpu.edu.cn

oNOYULT D WN =

The Journal of Organic Chemistry

REFERENCES
(1) (a) Banerjee, S.; Gnanamani, E.; Lynch, S. R.; Zuniga, F. Z.; Jimenez-Vargas, J.
M.; Possani, L. D.; Zare, R. N. An alkaloid from scorpion venom: chemical structure
and synthesis. J. Nat. Prod. 2018, 81, 1899-1904. (b) Rothlisberger, P.; Levi-Acobas,
F.; Sarac, I.; Marliere, P.; Herdewijn, P.; Hollenstein, M. Towards the enzymatic
formation of artificial metal base pairs with a carboxy-imidazole-modified nucleotide.
J. Inorg. Biochem. 2019, 191, 154-163. (¢) Reddy, S. S.; Cho, W.; Sree, V. G.; Jin,
S.-H. Multi-functional highly efficient bipolar
9,9-dimethyl-9,10-dihydroacridine/imidazole-based materials for solution-processed
organic light-emitting diode applications. Dyes. Pigm. 2016, 134, 315-324.
(2) (a) Cao, H.; Lei, S.; Li, N. Y.; Chen, L. B.; Liu, J. Y.; Cai, H. Y.; Q1u, S. X,;
Tan, J. W. Cu-Catalyzed selective C3-formylation of imidazo[1,2-a]pyridine C-H
bonds with DMSO wusing molecular oxygen. Chem. Commun. 2015, 51,
1823-1825. (b) Lei, S., Cao, H., Chen, L. B., Liu, J. Y., Cai, H. Y., Qiu, S. X,,
Tan, J. W. Regioselective oxidative homocoupling reaction: an efficient
copper-catalyzed synthesis of biimidazo[ 1,2-a]pyridines. Adv. Synth. Catal. 2015,
357, 3109-3114. (c¢) Lei, S., Mai, Y. Y., Yan, C. J., Mao, J. W., H. Cao. A
carbonylation approach toward activation of C-sp?>-H and C-sp3-H bonds:
cu-zatalyzed regioselective cross coupling of imidazo[ 1,2-a]pyridines with methyl
hetarenes. Org. Lett. 2016, 18, 3582-3585.
(3) (a) Vlasenko, Y. A.; Postnikov, P. S.; Trusova, M. E.; Shafir, A.; Zhdankin, V. V_;
Yoshimura, A.; Yusubov, M. S. Synthesis of five-membered iodine-nitrogen
42

ACS Paragon Plus Environment

Page 42 of 50



Page 43 of 50

oNOYTULT D WN =

The Journal of Organic Chemistry

heterocycles from benzimidazole-based iodonium salts. J. Org. Chem. 2018, §3,
12056-12070. (b) lida, H.; Demizu, R.; Ohkado, R. Tandem flavin-iodine-catalyzed
aerobic oxidative sulfenylation of imidazo[1,2- a]pyridines with thiols. J. Org. Chem.
2018, 83, 12291-12296. (c¢) Kolaczkowski, L.; Barkalow, J.; Barnes, D. M.; Haight,
A.; Pritts, W.; Schellinger, A. Synthesis of (R)-Boc-2-methylproline via a memory of
chirality cyclization. application to the synthesis of veliparib, a poly(ADP-ribose)
polymerase inhibitor. J. Org. Chem. 2019, 84, 4837-4845.
(4) (a) Luczak, J.; Jungnickel, C.; Lacka, I.; Stolte, S.; Hupka, J. Antimicrobial and
surface activity of 1-alkyl-3-methylimidazolium derivatives. Green. Chem. 2010, 12,
593-601. (b) Narasimhan, B.; Sharma, D.; Kumar, P. Biological importance of
imidazole nucleus in the new millennium. Med. Chem. Res. 2010, 20, 1119-1140. c)
Sharma, S. H.; Pablo, J. L.; Montesinos, M. S.; Greka, A.; Hopkins, C. R. Design,
synthesis and characterization of novel
N-heterocyclic-1-benzyl-1H-benzo[d]imidazole-2-amines as  selective =~ TRPCS5
inhibitors leading to the identification of the selective compound, AC1903. Bioorg.
Med. Chem. Lett. 2019, 29, 155-159.
(5) (a) Debus, H. Ueber die einwirkung des ammoniaks auf glyoxal. Ann. Chem.
Pharm. 1858, 107, 199-208. (b) Radziszewski, B.; Dtsch, B. Br. radziszewski: Ueber
die constitution des lophins und verwandter verbindungen. Chem. Ges. 1882, 15,
1493-1496.
(6) (a) Monir, K.; Bagdi, A. K.; Ghosh, M.; Hajra, A. Unprecedented catalytic activity
of Fe(NO3);9H,0: regioselective synthesis of 2-nitroimidazopyridines via oxidative
43

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

amination. Org. Lett. 2014, 16, 4630-4633. (b) Tanaka, T.; Tanaka, T.; Tsuji, T.;
Yazaki, R.; Ohshima, T. Strategy for catalytic chemoselective cross-enolate coupling
reaction via a transient homocoupling dimer. Org. Lett. 2018, 20, 3541-3544. (c)
Nishiguchi, S.; Izumi, T.; Kouno, T.; Sukegawa, J.; Ilies, L.; Nakamura, E. Synthesis
of esomeprazole and related proton pump inhibitors through iron-catalyzed
enantioselective sulfoxidation. ACS. Cataly. 2018, 8, 9738-9743.
(7) (a) Chernyak, N.; Gevorgyan, V. General and efficient copper-catalyzed
three-component coupling reaction towards imidazoheterocycles: one-pot synthesis of
alpidem and zolpidem. Angew. Chem. Int. Ed. 2010, 49, 2743-2746. (b) Xie, J.;
Huang, Y.; Song, H.; Liu, Y.; Wang, Q. Copper-Catalyzed aerobic oxidative [2 + 3]
cyclization/aromatization = cascade  reaction:  atom-economical access to
tetrasubstituted 4,5-biscarbonyl imidazoles. Org. Lett. 2017, 19, 6056-6059. (c)
Jayram, J.; Jeena, V. Copper-catalyzed aerobic benzylic sp? C-H oxidation mediated
synthesis of 2,4,5-trisubstituted imidazoles via a domino multi-component reaction.
Green. Chem. 2017, 19, 5841-5845.
(8) (a) Nakatake, D.; Yazaki, R.; Matsushima, Y.; Ohshima, T. Transesterification
reactions catalyzed by a recyclable heterogeneous zinc/imidazole catalyst. Adv. Synth.
Catal. 2016, 358, 2569-2574. (b) Wang, M.; Li, L. H.; Lu, J. M.; Luo, N. C.; Zhang,
X. C.; Wang, F. Photocatalytic coupling of amines to imidazoles using a Mo-ZnIn,Sy
catalyst. Green. Chem. 2017, 19, 5172-5177. c) Shi, S.; Xu, K.; Jiang, C.; Ding, Z.
ZnCl,-Catalyzed [3 + 2] cycloaddition of benzimidates and 2H-azirines for the
synthesis of imidazoles. J. Org. Chem. 2018, 83, 14791-14796.

44

ACS Paragon Plus Environment

Page 44 of 50


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Jayram,%20J&ut=10962116&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Wang,%20M&ut=1470443&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Li,%20LH&ut=14305&pos=2&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Lu,%20JM&ut=391593&pos=3&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Luo,%20NC&ut=2782847&pos=4&excludeEventConfig=ExcludeIfFromFullRecPage

Page 45 of 50

oNOYTULT D WN =

The Journal of Organic Chemistry

(9) (a) Wang, C.; Jiang, H.; Chen, W.; Dong, J.; Chen, Z.; Cao, H. Silver-catalyzed [3
+ 2] domino reaction: an efficient strategy to synthesize imidazole-5-carbaldehydes.
Org. Biomol. Chem. 2017, 15, 6463-6466. (b) Hu, Z. Y.; Dong, J. H.; Xu, X. X.
Silver-catalyzed [3+2] cycloaddition of azomethine ylides with isocyanides for
imidazole synthesis. Adv. Synth. Catal. 2017, 259, 3585-3591. (¢) Kok, G. P. Y.;
Shao, P. L.; Liao, J. Y.; Ismail, S.; Yao, W.; Lu, Y.; Zhao, Y. Divergent,
enantioselective synthesis of pyrroles, 3H-pyrroles and bicyclic imidazolines by Ag-
or P-catalyzed [3+2] cycloaddition of allenoates with activated isocyanides. Chem.
Eur. J. 2018, 24, 10513-10520.

(10) (a) Kumar, A.; Li, Z. H.; Sharma, S. K.; Parmar, V. S.; Vander-Eycken, E. V. An
expedient route to imidazo[l,4]diazepin-7-ones via a post-ugi gold-catalyzed
heteroannulation. Org. Lett. 2013, 15, 1874-1877. (b) Garzon, M.; Arce, E. M,;
Reddy, R. J.; Davies, P. W. General entry into o-,0'-heteroatom-linked N-(hetero)
aryl-imidazole motifs by gold-catalysedformal [3+2]-dipolar cycloaddition. Adv.
Synth. Catal. 2017, 359, 1837-1843.

(11) (a) Siamaki, A. R.; Arndtsen, B. A. A direct, one step synthesis of imidazoles
from imines and acid chlorides: A palladium catalyzed multicomponent coupling
approach. J. Am. Chem. Soc. 2006, 128, 6050-6051. (b) Hiebel, M.-A.; Fall, Y.;
Scherrmann, M.-C.; Berteina-Raboin, S. Straightforward synthesis of various
2,3-diarylimidazo[1,2-a]pyridines in PEG400 medium through one-pot condensation
and C-H arylation. Eur. J. Org. Chem. 2014, 2014, 4643-4650. (¢) Xu, F.; Shuler, S.
A.; Watson, D. A. Synthesis of N-H bearing imidazolidinones and

45

ACS Paragon Plus Environment


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Van%20der%20Eycken,%20EV&ut=102305&pos=5&excludeEventConfig=ExcludeIfFromFullRecPage

oNOYTULT D WN =

The Journal of Organic Chemistry

dihydroimidazolones using aza-heck cyclizations. Angew. Chem. Int. Ed. 2018, 57,
12081-12085.
(12) (a) Dekamin, M. G.; Arefi, E.; Yaghoubi, A. Isocyanurate-based periodic
mesoporous organosilica (PMO-ICS): a highly efficient and recoverable nanocatalyst
for the one-pot synthesis of substituted imidazoles and benzimidazoles. RSC. Adv.
2016, 6, 86982-86988. (b) Khazaei, A.; Nik, H. A. A.; Ranjbaran, A,
Moosavi-Zare, A. R. Synthesis, characterization and application of Ni0.5Zn0.5Fe,0,
nanoparticles for the one pot synthesis of triaryl-1H-imidazoles. RSC. Adv. 2016, 6,
78881-78886. c¢) Khan, M. U.; Siddiqui, Z. N. Ce@STANPs/ZrO, as nanocatalyst
for multicomponent synthesis of isatin-derived imidazoles under green reaction
conditions. ACS. Omega. 2018, 3, 10357-10364.
(13) (a) Chen, C. Y.; Hu, W. P.; Yan, P. C.; Senadi, G. C.; Wang, J. J. Metal-free,
acid-promoted synthesis of imidazole derivatives via a multicomponent reaction. Org.
Lett. 2013, 15, 6116-6119. (b) Zhang, L.; Xiao, K.; Qiao, Y.; Li, X.; Song, C.; Chang,
J. Base-promoted cycloisomerization for the synthesis of oxazoles and imidazoles.
Eur. J. Org. Chem. 2018, 2018, 6913-6918. (¢) Chen, X. G.; Wang, Z.; Huang, H. W_;
Deng, G. J. Elemental sulfur-promoted aerobic cyclization of ketones and aliphatic
amines for aynthesis of tetrasubstituted imidazoles. Adv. Synth. Catal. 2018, 360,
4017-4022.
(14) (a) Bahrami, K.; Khodaei, M. M.; Sheikh Arabi, M. TAPC-promoted oxidation
of sulfides and deoxygenation of sulfoxides. J. Org. Chem. 2010, 75, 6208-6213. (b)
Jiang, Z.; Lu, P.; Wang, Y. G. Three-component reaction of propargyl amines,
46

ACS Paragon Plus Environment

Page 46 of 50


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Arefi,%20E&ut=13530123&pos=2&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Ranjbaran,%20A&ut=7809060&pos=3&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Moosavi-Zare,%20AR&ut=282188&pos=4&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=7Fhb5pqkjOo4jENo3Kn&field=AU&value=Huang,%20HW&ut=474490&pos=3&excludeEventConfig=ExcludeIfFromFullRecPage

Page 47 of 50

oNOYTULT D WN =

The Journal of Organic Chemistry

sulfonyl azides, and alkynes: one-pot synthesis of tetrasubstituted imidazoles. Org.
Lett. 2012, 14, 6266-6269.
(15) (a) Bodhak, C.; Pramanik, A. One-pot, three-component synthesis of
5-sulfenyl-2-iminothiazolines by cross-dehydrogenative C-S coupling using I,/DMSO
in open air. J. Org. Chem. 2019, 84, 7265-7278. (b) Ansari, A. J.; Joshi, G.; Sharma,
P.; Maurya, A. K.; Metre, R. K.; Agnihotri, V. K.; Chandaluri, C. G.; Kumar, R.;
Singh, S.; Sawant, D. M. Pd-catalyzed four-component sequential reaction delivers a
modular fluorophore platform for cell imaging. J. Org. Chem. 2019, 84, 3817-3825.
(c) Mahato, S.; Santra, S.; Zyryanov, G. V.; Majee, A. Metal-free amidation reactions
of terminal alkynes with benzenesulfonamide. J. Org. Chem. 2019, 84, 3176-3183.
(16) (a) Cacchi, S.; Fabrizi, G.; Goggiamani, A.; Parisi, L. M.; Bernini, R.
Unsymmetrical diaryl sulfones and aryl vinyl sulfones through palladium-catalyzed
coupling of aryl and vinyl halides or triflates with sulfinic acid salts. J. Org. Chem.
2004, 69, 5608-5614. (b) Sawangphon, T.; Katrun, P.; Chaisiwamongkhol, K.;
Pohmakotr, M.; Reutrakul, V.; Jaipetch, T.; Soorukram, D.; Kuhakarn, C. An
improved synthesis of vinyl- and p-iodovinyl sulfones by a molecular
iodine-mediated one-pot iodosulfonation-dehydroiodination reaction. Synth. Commun.
2013, 43, 1692-1707. (c¢) Gilles, P.; Veryser, C.; Vangrunderbeeck, S.; Ceusters, S.;
Van Meervelt, L.; De Borggraeve, W. M. Synthesis of N-acyl sulfamates from
fluorosulfates and amides. J. Org. Chem. 2019, 84, 1070-1078.
(17) (a) Yuan, G.; Zheng, J.; Gao, X.; Li, X.; Huang, L.; Chen, H.; Jiang, H.
Copper-catalyzed aerobic oxidation and cleavage/formation of C-S bond: a novel
47

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

synthesis of aryl methyl sulfones from aryl halides and DMSO. Chem. Commun. 2012,
48, 7513-7515. (b) Tang, X.; Huang, L.; Xu, Y.; Yang, J.; Wu, W.; Jiang, H.
Copper-catalyzed coupling of oxime acetates with sodium sulfinates: an efficient
synthesis of sulfone derivatives. Angew. Chem. Int. Ed. 2014, 53, 4205-4208. (c) Li,
X.; Xu, Y.; Wu, W,; Jiang, C.; Qi, C.; Jiang, H. Copper-catalyzed aerobic oxidative
N-S bond functionalization for C-S bond formation: regio- and stereoselective
synthesis of sulfones and thioethers. Chem. Eur. J. 2014, 20, 7911-7915.
(18) (a) Liu, H. W.; Wu, J. W.; Ge, Y.; Li, A. B.; Li, J.; Liu, Z. S.; Xu, Y. G.; Xu, Q.
X.; Li, Y. Y. Novel aromatic sulfonyl naphthalene-based boronates as 20S
proteasome inhibitors. Bioorg. Med. Chem. 2018, 26, 1050-1061. (b) Huang, Z.; Wu,
J.; Zou, Y.; Yuan, H.; Zhang, Y.; Fei, Y.; Bhardwaj, A.; Kaur, J.; Knaus, E. E.; Zhang,
Y. Glutathione s-transferase m-activatable  O,-(sulfonylethyl derived)
diazeniumdiolates potently suppress melanoma in vitro and in vivo. J. Med. Chem.
2018, 61, 1833-1844. (c) You, X.; Zhu, D. Q.; Lu, W. H.; Sun, Y. C.; Qiao, S.; Luo,
B.L.; Du, Y. L; Pi, R. B.; Hu, Y. M.; Huang, P.; W, S. J. Design, synthesis and
biological evaluation of N-arylsulfonyl carbazoles as novel anticancer agents.
RSC. Adv. 2018, 8, 17183-17190.
(19) (a) Zhang, H. Z.; He, S. C.; Peng, Y. J.; Zhang, H. J.; Gopala, L.;
Tangadanchu, V. K. R.; Gan, L. L.; Zhou, C. H. Design, synthesis and
antimicrobial evaluation of novel benzimidazole-incorporated sulfonamide
analogues. Eur. J. Med. Chem. 2017, 136, 165-183.
(20) (a) Wang, C.; Wang, E.; Chen, W.; Zhang, L.; Zhan, H.; Wu, Y.; Cao, H.
48

ACS Paragon Plus Environment

Page 48 of 50



Page 49 of 50

oNOYTULT D WN =

The Journal of Organic Chemistry

Substrate-controlled selectivity switch in a three-component reaction: a
Ag-catalyzed strategy for the synthesis of functionalized imidazoles. J. Org.
Chem. 2017, 82, 9144-9153. (b) Wang, C.; Lai, J.; Chen, C.; Li, X.; Cao, H.
Ag-catalyzed tandem three-component reaction toward the synthesis of
multisubstituted imidazoles. J. Org. Chem. 2017, 82, 13740-13745. (c) Wang, C.; Yu,
Y.; Su, Z; Li, X.; Cao, H. Metal-free C-B bond cleavage: an acid catalyzed
three-component reaction construction of imidazole-containing triarylmethanes. Org.
Lett. 2019, 21, 4420-4423.

(21) (a) Cui, Z.; Zhu, B.; Li, X.; Cao, H. Access to sulfonylated furans or
imidazo[1,2-a]pyridines via a metal-free three-component, domino reaction. Org.
Chem. Front. 2018, 5, 2219-2223. (b) Guo, S.; Dong, P.; Chen, Y.; Feng, X.; Liu, X.
Chiral guanidine/copper catalyzed asymmetric azide-alkyne cycloaddition/[2+2]
cascade reaction. Angew. Chem. Int. Ed. 2018, 57, 16852-16856. (c) Zhou, K.; Zhang,
J.; Qiu, G.; Wu, J. Copper(Il)-catalyzed reaction of 2,3-allenoic acids, sulfur dioxide,
and aryldiazonium tetrafluoroborates: route to 4-sulfonylated furan-2(5 H)-ones. Org.
Lett. 2019, 21, 275-278.

(22) (a) Brasche, G.; Buchwald, S. L. C-H functionalization/C-N bond formation:
copper-catalyzed synthesis of benzimidazoles from amidines. Angew. Chem. Int. Ed.
2008, 47, 1932-1934. (b) Wang, Y.; Wang, H. G.; Peng, J. L.; Zhu, Q.
Palladium-Catalyzed intramolecular C(sp?)-H amidination by isonitrile insertion
provides direct access to 4-aminoquinazolines from N-arylamidines. Org. Lett. 2011,
17, 4604-4607. (c) Aikawa, S.; Sekiguchi, C.; Yamazaki, Y.; Hattori, M.; Isaka, T.;

49

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

Yoshida, Y.; Ihara, S. Synthesis of 2-arylquinazolin-4(3H)-ones by N-aryl
benzamidines with aromatic carbonates. J. Heterocycl. Chem. 2014, 51, 343-348.

(23) (a) Li, W.; Yin, G.; Huang, L.; Xiao, Y.; Fu, Z.; Xin, X.; Liu, F.; Li, Z.; He, W.
Regioselective and stereoselective sulfonylation of alkynylcarbonyl compounds in
water. Green. Chem. 2016, 18, 4879-4883. (b) Xiao, F.; Chen, H.; Xie, H.; Chen, S.;
Yang, L.; Deng, G. J. lodine-catalyzed regioselective 2-sulfonylation of indoles with
sodium sulfinates. Org. Lett. 2014, 16, 50-53. (c) Li, X.; Shi, X.; Fang, M.; Xu, X.
Iron halide-mediated regio- and stereoselective halosulfonylation of terminal alkynes
with sulfonylhydrazides: synthesis of (E)-beta-chloro and bromo vinylsulfones. J.
Org. Chem. 2013, 78, 9499-9504.

(24) Yang, D.; Yu, Y.; Wu, Y.; Feng, H.; Li, X.; Cao, H. One-pot regiospecific
synthesis of indolizines: a solvent-free, metal-free, three-component reaction of
2-(pyridin-2-yl)acetates, ynals, and alcohols or thiols. Org. Lett. 2018, 20, 2477-2480.
(25) McCormack, J. J.; Mautner, H. G. Nucleophilic displacement reactions of

2-amino-4-alkylthiopteridines. J. Org. Chem. 1964, 29, 3370-3373.

50

ACS Paragon Plus Environment

Page 50 of 50


https://pubs.acs.org/author/Kaplan,+Lloyd+A.
https://pubs.acs.org/author/Kaplan,+Lloyd+A.

