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403.0805, found: 403.0801.

4.1.11. 4-{4-Bromophenyl)-5-methyl-2 -phenyl-1-p-tolyl-1H-imid az-
ole  (3ak). 4-{4-Bromophenyl)-5-methyl-2-phenyl-1-p-tolyl-1H-
idazole (3ak) was purified by flash chromatography (hexanef
tOAc, viv=20:1) as an off white solid (yield: 41%), mp: 158—160°C.
'H NMR (300 MHz, CDCls}: #: 7.66—7.69 (d, ]=9 Hz, 2H), 752—7.55
(m, 2H), 7.39—7.42 (m, 2H), 721-7.25 (m, 5H), 707—721 (m, 2H),
2.41(s, 3H), 2.22 (s, 3H). °C NMR (100 MHz, CDCl3): &: 146.3,138.8,
134.5, 134.2, 1314, 130.6, 1302, 128.7, 1283, 128.0, 1279, 1277,
126.6, 1201, 21.2, 11.1. ESI HRMS: caled for CoaHioNaBr [M+H]™:

3. Conclusion

In conclusion, we have successfully developed an efficient and
novel catalytic approach for synthesis of multi-substituted im-
idazoles via nitroolefins and N-aryl benzamidines. This reaction
proceeds via stepwise [3+2] cycloaddition in the presence of an
inexpensive iron catalyst under air. This methodology is conve-
nient, atom-economical, and eco-friendly in good yields and
prefect regioselectivities. This efficient strategy could signifi-
cantly direct further research of multi-substituted imidazoles
synthesis.

4.1. The gengral procedure of the reaction between nitro-
olefins and ¥nzamidines

4.1.1. Synthesis of 3aa (24-diphenyl-1-p-tolyl-1H-imidazole) All
reactions were performed on a 0.20 mmol scale of benzamidine.
The N-p-tolylbenzamidine 1a (0.20 mmol), 1-(2-nitrovinyl}-ben-
zene 2a (0.2 mmol), FeClz (0.040 mmol) and 2 mL DMF were taken
into a round bottom flask equipped with stirrer. The resulting
mixture was stirred for 4 h at 90 °C. After cooling to room tem-
perature, to the reaction mixture was added water (2 mL), and
extracted with acetic ether (3x10 mL). The combined organic
phases were washed with brine {2x5 mL), dried over anhydrous
MgS04 and concentrated under reduced pressure. The residue was
subjected to flash column chromatography with hexanes/EtOAc
(20:1) as eluent to obtain the desired 3aa as light yellow solid (90%
yield). The remaining multi-substituted imidazoles were
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Fig. 2. General representation of the studied thiazolidinones.
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I tron(lll)-catalyzed synthesis of multi-substituted imidazoles via [3+2] cycloaddition reaction of nitroolefins and Cited 38 times
N-aryl benzamidines

Liu, Xiang; Wang, Dong; Chen, Baohua [Tetrahedron, 2013, vol. 69, # 45, p. 9417 - 9421]

Abstract . IndexTerms A Substances (49! v Reactions (231 v Full Text 7

Abstract X

A novel and efficient iron(1l)-catalyzed synthesis of multi-substituted imidazoles via [3+2] cycloaddition of nitroolefins and N-aryl benzamidines under the air atmosphere had

been developed. This methodology is atom-economical, general, and eco-friendly in good yields and prefect regioselectivities.
Index Terms 23 Reactions out of 1 Documents, containing 49 Substances, 0 Targets
EMTREE drug term: 1,4 diphenyl 2 [4 (trifluoromethyl)phenyl] 1h imidazole - 2 (1,4 diphenyl 1h imidazol 2 yl)pyridine - 2 phenyl 1 (4 tolyl) 4 [4 (trifluoromethyl)phenyl] ~ [] (0 selected e Qo @ Sort by Reaxys Ranking ¢ V'
idazole « 2 phenyl 1,4 di(4 tolyl) 1h imidazole « 2,4 diphenyl 1 (4 tolyl) 1h imidazole « 4 (2 chlorophenyl) 2 phenyl 1 (4 tolyl) 1h imidazole « 4 (2,4 dimethoxyphenyl) 2 phi
(4 tolyl) 1h imidazole « 4 (4 bromophenyl) 5 methyl 2 phenyl 1 (4 tolyl) 1 imidazole « 4 (4 chlorophenyl) 2 phenyl 1 (4 tolyl) Lh imidazole « 4 (4 chlorophenyl) 5 methyl § ]
1 (4 tolyl) 1h imidazole « 4 (4 fluorophenyl) 2 phenyl 1 (4 tolyl) 1h imidazole « 4 (4 methoxyphenyl) 2 phenyl 1 (4 tolyl) 1h imidazole « 4 [5 methyl 2 phenyl 1 (4 tolyl) hi| " 5 @“\
4 yl]benzonitrile « 5 methyl 2 phenyl 1,4 di(4 tolyl) 1h imidazole « alkene derivative « benzamidine derivative « ferric ion « imidazole derivative « ligand = nitroolefin der| n>\Nf© + \H_O_NZ“O — ©—<j"
« undlassified drug 4
EMTREE medical term: article « atmosphere « catalysis « catalyst « cycloaddition « drug structure « drug synthesis « green chemistry « priority journal « reaction optim|
« solvent effect « substitution reaction tRoeas - 2R e @as - cas
Author keyword: Benzamidines « Cycloaddition « Iron-catalyzed « Multi-substituted imidazoles « Nitroolefins q
i ti imil Reaction ID: 35243549
Reaxys Index Terms: Fluorescence « Michael addition « cyclization reaction « cycloaddition « nucleophilic addition = organic reaction « oxidative cyclization « steric effe DHits A @Conditions's Find similar 3 Reaction
Conditions Yield | Reference
With iron(1) chloride In N,N-dimethyl-formamide at 90°C; for 4h; Green chemistry; regioselective reaction; 8% | Liy, Xiang; Wang, Dong; Chen, Baohua
I O O O Expeliental Proceiire ) [Tetrahedron, 2013, vol. 69, # 45, p. 9417 - 9421]
T 3 3 g FullTet 7 Cited 38times 7 Details > Abstract >
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Table 2
Reactions of N-p-tolyll idine with various nitroolefi
i NC2  FeCly(20%), DMF '87
ot RO Re
Q Rs B80°C, 4h
1a 2 3
Entry R Ra Product Yield® (%)
1 H H Zaa 52
2 4-CH; H b 60
3 4-CHL0 H Zac 51
4 4F H Zad 61
5 a1l H Tae 68
5 20 H af 55
7 4-CF; H g 50
B 24-DiCH0 H 3ah 53
9 H CHy i 47
10 4-CH:0 CHs 3aj 35
11 4-Br CHs Bk 41
1= E=ay T =0 T5
13 4N CH, Jam 56

3. Conclusion

In conclusion, we have successfully developed an efficient and
novel catalytic approach for synthesis of multi-substituted im-
idazoles via nitroolefins and N-aryl benzamidines. This reaction
proceeds via stepwise [3+2] cycloaddition in the presence of an
inexpensive iron catalyst under air. This methodology is conve-
nient, atom-economical, and eco-friendly in good yields and
prefec[* This efficient strategy could signifi-
cantly direc er research of multi-substituted imidazoles

synthesis.
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1 Hits/Conditions A Find Similar 3  Reaction ID: 36429699
Conditions Yield | Reference

With iron(lll) chloride In N,N-dimethyl-formamide at 90°C; for 4h; Green chemistry- 41%  Liu, Xiang; Wang, Dong; Chen, Baohua
reaction; [Tetrahedron, 2013, vol. 69, # 45, p. 9417 - 9421]

Experimental Procedure A Full Text 2  Cited 38 times A Details »  Abstract >

11 The general procedure of the reaction between nitroolefins and benzamidines

General procedure: 4.1.1 Synthesis of 3aa (2,4-diphenyl-1-p-tolyl-1H-imidazole) All reactions were performed on a 0.20mmol scale of benzamidine. The N-p-tolylbenzamidine 1a
(0.20mmol), 1-(2-nitrovinyl})-benzene 2a

for 4h at 90°C. After cooling to room tempéyature, to the reaction mixture was added water (2mL), and extracted with acetic ether (3x10mL). The combined organic phases were

"2mmol), FeCl3 (0.040mmol) and 2mL DMF were taken into a round bottom flask equipped with stirrer. The resulting mixture was stirred

washed with brine (2x5mL), dried over anhydyous MgSO4 and concentrated under reduced pressure. The residue was subjected to flash column chromatography with
hexanes/EtOAc (20:1) as eluent to obtain the disired 3aa as light yellow solid (90% yield). The remaining multi-substituted imidazoles were preparedin the similar manner and their
characterization data are as follows: 3aa was purlied by flash chromatography (hexane/EtOAc, v/v=20:1) as light yellow oil (yield: 82%). 4.1.11
4-(4-Bromophenyl)-5-methyl-2-phenyl-1-p-tolyl-1H-imidazole (3ak)

4-(4-Bromophenyl)-5-methyl-2-phenyl-1-p-tolyl-1N-imidazele (3ak) was purified by flash chromatography (hexane/EtOAc, vjv=20:1) as an off white solid (yield: 41%), mp: 158-160
°C, IH NMR (300 MHz, CDCl3): 8: 7.66-7.69 (d, ]=9 Nz, 2H), 7.52-7.55 (m, 2H), 7.39-7.42 (m, 2H), 7.21-7.25 (m, 5H), 7.07-7.21 (m, 2H), 2.41 (s, 3H), 2.22 (s, 3H).

13C NMR (100 MHz, CDCls): 6: 146.3, 138.8, 134.5, 134.2, 131.4, 130.6, 130.2, 128.7, 128.3, 128.0, 127.9, 127.7, 126.6, 120.1, 21.2, 11.1. ES| HRMS: caled for CopH1gNBr
[M+H]*: 403.0805, found: 403.0801.
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4.1.11. 4-(4-Bromophenyl)-5-methyl-2-phenyl-1-p-tolyl-1H-imid az- I 4-(4-bromophenyl)-5-methyl-2-phenyl-1-(p-tolyl)-1H-imidazole
ole  (3ak). 4-{4-Bromophenyl)-5-methyl-2-phenyl-1-p-tolyl-1H- o
imidazole (3ak) was purified by flash chromatography (hexane/ @“wul Ca3H1eBrNy 403321 24040362 1462876-22-7
EtOAc, vjv=20:1) as an off white solid (vield: 41%), mp: 158—160°C, = : g
H NMR (300 MHz, CDCls): 6: 766—7.69 (d, j=9 Hz, 2H), 7.52—7.55 d it Data - 6 Druglikeness Spectra -3
(m, 2H), 739-742 (m, ZH}-?-ZI —7.25 (m, 5H), 7.07—721 (m, 2H), Identification Physical Data - 2
2.41 (s, 3H), 2.22 (s, 3H). *C NMR (100 MHz, €DCl): &: 146.3,138.8,
134.5, 134.2, 1314, 1306, 130.2, 128.7, 128.3, 128.0, 1279, 127.7, 5 @
126.6, 120.1, 21.2, 11.1. ESI HRMS: caled for CzHigN2Br [M+H|™
403 0805, found: 403.0801.
A NMR Spectroscopy - 2 hits out of 2 K Label
abe
~ HitData -6
Description Nucleus (NMR | Solvents (NMR | Frequency (NMR | Original Text (NMR Spectroscopy) —————
(NMR Spectroscopy) Spectroscopy) Spectroscopy), / 333(
Spectroscopy) MHz .
s Substance Label - 1 hits out of 1
Chemical shifts,  1H chloroform-dl 300 1H NMR (300 MHz, CDCl3): 8: 7.66-
Spectrum 7.69 (d, J=9 Hz, 2H), 7.52-7.55 (m, Melting Point. °C
2H),7.39-7.42 (m, 2H),7.21-7.25 (m, v Melting Point - 1 hits out of 1 elling roint,
5H), 7.07-7.21 (m, 2H), 2.41 (5, 3H), D |
222(s,3H) 58, 159
Chemical shifts, | 13C chloroform-d1 | 100 13C NMR (100 MHz, CDCl3): B: v\ v Cr‘ystai Property Descri ption -1 hitsoutof 1 158 - 1¢
Spectrum 146.3,138.8, 1345, 1342, 131.4,
1306,1302,1287,1283,1280, ) . :
1275,1277, 1266, 1201, 212,111 v NMR Spectroscopy - 2 hits out of 2 Colour & Other Properties
A
Description (Mass Spectrometry) ~ Mass Spectrome-tw -1 hits out of 1 wikiia

high resolution mass spectrometry (HRMS), electrospray ionisation (ESI), spectrum &

Peak
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Table 1 i > iron(l11) chloride
Optimization of the reaction condition®
Ph ClyFe 162.206 11323458 @ Retrieve CAS RN
HH i N ChFe Hit Data - 4 Physical Data - 26
)J\ - NO, C&HNSL ILgand /& It Data - ysical Data -
e al
Ph” “NH t opr Y Ph™ N S
sovent, 80°C, 4h Identification Spectra - 58
Druglikeness Other Data - 128
1a 2a 3aa e @ W L
Bioactivity (All)
Entry Catalyst Ligand Solvent Yield" (%)
1 FeCl; (20%) 1,10-Phen DMSO 60
2 FeCls (20%) Bipy- DMSO 61
3 FeCls (20%) L-Proline DMSO 58 o PR
4 FeCls (20%) None DMSO 77 Gl
5 FeCl, (20%) None ALt 12 . Catalyst Investigation - 4 hits out of 303
6 FeCls (20%) None Toluene| 23 )
7 FeCl; (20%) None DMF 82, 82° Show/Hide columns s
B8 FeCls (20%) None Dioxane 44 Investigated Specification of Type of reaction Co-catalyst/co- Reference
9 FeCls (10%) None DMF 65 characteristic(s) catalysis (Catalyst Investigation) | substrate name
10 FeCls (30%) None DMF 78
11 FeBrs (20%) Mons DMF 53 Catalytic activity Regioselective Cycloadditi Liu, Xiang; Wang, Dong; Chen, Bachua[Tetrahedron, 2013, vol. 69, #
12 Fe(OTf); (20%) None DMF 47 catalysis 45, p. 9417 - 9421]
13 Fe(acach Nens DMF 55 Full Text 7 Cited 38 times 7 Details » Abstract >
u Zncly e D Trare Catalytic activity Regioselective Cycloaddition [2,2]bipyridinyl Liu, Xiang; Wang, Dong; Chen, Bachua[Tetrahedron, 2013, vol. 69, #
15 AlCls None DMF a
% catalysis 45, p. 9417 - 9421]
16:1 TiCls None DMF Trace Ful Text 7 Cited 38times 7 Details » Abstract >
17 FeCls (20%) None DMF 79
18° FeCls (20%) None DMF 67 Catalytic activity Regioselective Cycloaddition 1,10-Phenanthroline | Liu, Xiang; Wang, Dong; Chen, Bachua[Tetrahedron, 2013, vol. 69, #
@ Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), catalyst (20% mmeol), ligand catalysis 45, pe 17 421]
(20%mmol), solvent (2 mL), 90 °C, 4 h. Full Texst » Cited 38 times & Details »  Abstract >
b Isolated yield.
€ The reaction was carried out under an O a[mnsphere. Catalytic activity Regioselective Cycloaddition L-proline Liu, Xiang; Wang, Dong; Chen, Bachua[Tetrahedron, 2013, vol. 69, #
2
tal 45, p. 9417 - 9421
9 The reaction was carried out at 70 °C. e & ”pT oot 165k ]d e | Detale S Ay
® The reaction was carried out at 110 °C. e = s S S
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A Invitro: Efficacy - 2
Compds. No R(A) R (B) ICso ECsg Quantitative Results
Show/Hide columns v
VCH-759 — - 0.14 529 3 |, i | 0 PR ot | et | Rafarence
4a H H 4.80 19.60 quant) o
4b 4-Cl H 0.085 11.10
ICs0 0.035  uM  Hepatitis  Inhibitor NSSE RNA anti-  Hassan, Ghaneys S, Geargey, Hanan Ha
4c 4-F H 0.14 8.40 Cirus dependent RNA HCV  Mohammed, Esraz Z.; Omar, Farghaly A [European
subtype polymerase, Journal of Medicinal Chemistry, 2019, vol. 184, art. no.
4d 4-0CH 3 H 0.25 11.57 1a hepatitis C 111747]
4e 2-C1 H 0.035 3.80 virus [Hepatitis Full Text 7 Cited 1times 2  Details 3  Abstract 3
il = C viruslWild
ar 24T, 2] 044 10.78 ,
EC50 38 uM Inhibitor  NS5B RNA Huh-  anti-  Hassan, Ghaneya S; Georgey, Hanan H.;
dependent RNA | 7.5 HCV  Mohammed, Esraa Z.; Omar, Farghaly A[European
palymerase, cell Journal of Medicinal Chemistry, 2019, vol. 184, art. na.
hepatitis C line 111747]
virus [Hepatitis Full Text n Cited Ltimes # Details 5> Abstract >
C virusl:Wild
Table 2 A Toxicity/Safety Pharmacology - 2
Cytotoxicity (CCsp, uM)* and Selectivity index (SI)” values of the tested compound Quantitative Results
and VCH-759. Show/Hide columns
oX | Parameter Unit | Cell Effect Reference
Code THLE-2 cell line RPTEC/TERT1 cell line
CC50 (cytotoxic 10277 uM  THLE-2cell  Cytotoxic  Hassan, Ghaneya 5.; Georgey, Hanan H.; Mohammed, Esraa Z.;
CES(J | CCSO Sl concentration) line Omar, Farghaly A.[European Journal of Medicinal Chemistry, 2019, vol. 184, art.
no. 111747]
VCH-759 61.83 11.69 8128 15.36 Ful Text 7 Cited 1times'#n  Details 5  Abstract 3
de 102.77 27.04 161.37 4247
e ——————————————————————————————————————————————————————————————— CCS0 (cytotoxic | 16137 | uM | RPTECITERTL | Cytotoxic | Hassan, Ghaneya S5 Georgey, Hanan H.; Moharmmed, Esraa Z;
a ccsﬂ is the concentration leCCl[‘[‘IpCl unds that reduce the cell viability b)’ 50%. concentration) cell line Omar, Farghaly A.[European Journal of Medicinal Chemistry, 2019, vol. 184, art.
2 i T no. 111747)
Y SI: is the ratio of CCsp values on normal cells to ECsp on hepatoma infected cell o L SRR G
lines (Huh7.5).
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A~ Bioactivity (All)
s Invitro: Efficacy - 5709
~ Invivo: Animal Model - 817
s Metabolism - 345
\ Pharmacokinetic - 816

s Toxicity/Safety Pharmacology - 2045
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5 Conditions A Find Similar > Reaction ID; 11041177

Conditians Vield | Reference

Stage #1: . With thionyl | 845 | Shanghai Tianci Inernational Pharmaceutical Co., Ltd:; Li Xin-
chloride; N,N-dimethy-farmamide for Lh; Reflu:
Stage #2: 3-chloro-4-flusrophenylamine In izopra alcohal for 1h; Reflus:

juani; i lanzhi; Ma Xilai; Chi Wangzhous; Sun Li; Liu Hais (..
Zhi Zhijuns L ismsun

CN105153065, 2017, B

Location in patent; Paragraph 0166; 0167; 0L68; 0169
FullTe 7 Detils ) Abstract >

Experimental Procedure

With potassium carbonate In isopropy alcohol at 80 - 85°C; or 1h; 82% | Chongaing Laimei Longyu Pharmaceutical Co., Ltd.; Wen Huiy-
ing; Ren Sixizo; Xu Xiaofang; Tang Qunlian; Yang Shengi
CN107098863, 2017, A

Location in patent; Paragraph 0053-005¢

FullTec 7 Details ) Abstract >

Experimental Procedure

D gefitinib
,a:;" CopH24N4CIFO3 446309 8949523  184475-35-2

Preparations - 83 >

Identification Physical Data - 113
Druglikeness Spectra - 71 Reactions - 154 >
Bioactivity (All) Other Data - 4,344 Targets - 1,156 b

B & e = Qe

Documents - 10,992 »

10,992 Documents with 74,211 Substances, 79,080 Reactions, 2,355 Targets Reaxys - 10,992 ~
0o & Qo @ Publistionvesr 4 v

e s

0 cr-abl tyrosine kinase inhibitors as candidates for the treatment of covid-19: Molecular docking, pharmaco-
phore modeling, admet studies
Atin, Mohamed S Hassaballah, Mohammed Y Negids, Ahmeds Sebay, Mahmoud M. Ziedan, Noha . [Biainterface Research in Appied
Chemistry, 2022, vol. 12, %3, p. 3357 - 3371]
Abstact v IndexTerms v Substances @) v FullText 2

i Substances 1 v

[ Etiologic Role of Kinases in the Progression of Human Cancers and Its Targeting Strategies

2 Das, Sanjoy; Bhattacharya, Sireswar; Das, Biplajt; Sinha, Bibek; Jamatia, Taison; Paul, Kishan [Indian Journal of Surgical Oncology, 2021, vol. 12,
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