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Abstract

The synthesis of (4 or 5)-aryl-2-aroyl-1H-imidazoles and 2-hydroxy-3,6-diarylpyrazines from
aryl methyl ketones via a cascade process of DMSO-HBr oxidation and Debus reaction was
investigated. Owing to the simple starting materials, mild conditions, easy operation, high
bioactivity of imidazole and pyrazine derivatives, this protocol has great potential in
medicinal chemistry.
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Introduction

Imidazole moiety exists widely in biological products and important chemical blocks, such as
essential amino acid histidine, hormone histamine, antifungal drug nitroimidazoles, the
sedative midazolam and so on.'? Among the big family of imidazole derivatives, (4 or 5)-
aryl-2-aryloyl-(1H)-imidazoles (AAls) exhibit many special properties. For example,
topsentin (Figure 1) is a bis-indole alkaloid isolated from the Mediterranean sponge Topsentia
genitrix.” Topsentin derivatives have been detected to have antitumor and antiviral activities.”
The alkaloid 2-(p-hydroxybenzoyl)-4-(p-hydroxy-phenyl) imidazole (Figure 1) is a nature
product from marine organism, which performs well in inhibiting human aldose reductase.’ (4
or 5)-Furan-2-yl-2-furoyl-1H-imidazole (FFI) is a major fluorescent advanced end product of
proteins exposed to glucose over long periods.®® The determination of FFI can be used to
measure protein aging.”'’ AAIs also can be used as starting materials to synthesize more
complicated bioactive compounds like imidazo-[1,2-a]pyridine moieties, which have been
shown to possess diverse therapeutic activities.'' In recent years, AAI derivatives have been
the subject of biological and chemical research.'?
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Figure 1. Structures of topsentin A and 2-(p-hydroxybenzoyl)-4-(p-hydroxyphenyl)imidazole.

Many syntheses have been reported since the imidazole core was first synthesized by
Debus in 1858."*' Now the Debus-Radziszewski condensation is still used for creating C-
substituted imidazoles. Cascade reaction is a useful procedure and widely employed for
synthesis of heterocyclic compounds.'”® Cascade process not only reduces the costs for
waste management, energy supplies, and materials, but also helps to save natural resources. In
this paper, commercial acetyl aromatic compounds were used as the substrates. After a
cascade process of DMSO-HBr oxidation and Debus-Radziszewski condensation, (4 or 5)-
aryl-2-aryloyl-(1H)-imidazoles and 2-hydroxy-3,6-diaryl-pyrazines could be deposited
separately from the solvents. Compared with the previously reported method of synthesizing
AAISs,”® this route is of characteristic of low cost, less pollution and easy operation.

Results and Discussion

Selenium dioxide is a common oxidant to synthesize phenyl glyoxal. However, Se and SeO,
are hypertoxic substances with high biological toxicity to aquatic organisms.*' > According to
the literature, DMSO-HBr system could give a good yield in oxidizing acetophenone.”* It is a
mild, easy operating process with low toxicity.”>*® The original plan of our research was
employing the cascade process of DMSO oxidation and Debus reaction to synthesize 4-(3-
pyridyl)-(1H)-imidazole, the key intermediate for preparing telithromycin (Scheme 1, Route
1.7 Accidentally, we indentified the product to be (4 or 5)-(3-pyridyl)-2-(3-pyridinoyl)-(1H)-
imidazole when only ammonia other than the mixture of ammonia and formaldehyde was
used to trigger Debus reaction (Scheme 1, Route 2). Furthermore, the product could
precipitate from the solution with high purity.

Considering the high bioactivity of AAI derivatives, a more detailed research was carried
out on this procedure utilizing acetophenone to be the substrate. As the conditions of DMSO-
HBr oxidation have been confirmed,”” our investigations were focused on the favorable
conditions of Debus condensation in the presence of various amines (Table 1).
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Scheme 1. The cascade DMSO-HBr oxidation and Debus-Radziszewski condensation
procedure.
Table 1. Optimization of the reaction conditions
H
e} 0] N O
1) DMSO, HBr, 55°C S “
2) Amine N/
1a 2a 2a'
Entry Amine T (°C) Yield® (%)
1 NH;-H,O 20 80
2 NH.Cl 20 0
3 NH4HCO;3 20 59
4 (NH4),COs3 20 61
5 CH3;COONH4 20 65
6 Urotropine 20 0
7 NH;-H,O 0-5 83
8 NH3;-H,0 40 79
9 NH;-H,O 60 77
10 NH;-H,0 80 73
* Isolated yields.

According to the literature, the product of 1a had two isomeric 2-aryloylimidazoles 2a
and 2a'.”® So in this paper, all yields of AAIs referred to the yields of the two isomers. Most
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ammonium salts were less active than aqueous ammonia in this process (Table 1, entries 1-7).
So aqueous ammonia became the best choice. A higher conversion rate was observed when
the reaction was carried out under low temperature (Table 1, entries 7-10). Ultimately,
optimal conditions were identified, that was, 1 mmol acetophenone and 1 mL HBr were
mixed and stirred in 1 mL DMSO at 55 °C for 10-12 h, then conducted with 1 mL aqueous
ammonia at 0-5 °C and stirred for 1 h.

Having the optimal reaction conditions established, we explored the scope of this cascade
reaction. An array of aryl methyl ketones were examined. The results were shown in Table 2.
Aromatic methyl ketones la-i bearing electron-neutral, electron-withdrawing or electron-
donating substitutions at the benzene ring proceeded well to give good yields (Table 1, entries
1-9). The position of the substitution at benzene ring had little effect on the yield. The aryl
methyl ketone with ortho group on the aromatic ring gave relatively lower yield (Table 1,
entry 4), which indicated that steric hindrance influenced the reaction negatively. Polycyclic
aromatic methyl ketones like 1w and 1x were also viable substrates and afforded the
corresponding products in comparable yields. When a range of heteroaromatic methyl ketones
were employed as the substrates, the corresponding products were obtained in moderate yields
(Table 2, entries 10-16). Importantly, most products could precipitate from the solution with
high purity, which made this process easy to be industrialized. It was a pity that no desired
products were observed when 3-acetyl pyrrole (Table 2, entry 13) and 3-acetyl indole (Table
2, entry 20) were employed as the substrates. It reflected that the DMSO oxidation of acetyl
pyrrole was unworkable, which may have resulted from some side reactions such as
nucleophilic attack at the pyrrole ring.”’

Table 2. Reaction scope of aromatic ketones”

H H
0 w O N o N A
)J\ 1) DMSO, HBr, 55°C >/<\1 + HI
Ar Ar - N A oA N

2) NH¢H,0, 0-5°C

1a-x 2a-x 2a'-x'

Entry Ar Product Yield" (%)
1 Ph 2a and 2a' 83
2 3-FCe¢Hy 2b and 2b' 76
3 3-CIC¢H,4 2¢ and 2¢' 79
4 2-BrCgHy4 2d and 2d' 45
5 3-BrCgHy 2e and 2e' 86
6 4-BrCgHy4 2f and 2f" 68
7 4-MeCcHy 2g and 2g' 81
8 4-OHCgHy 2h and 2h' 51
9 4-EtOC6H4 2i and 2i' 85

Page 149

®ARKAT-USA, Inc



General Papers ARKIVOC 2014 (iv) 146-163

10 2-Pyridyl 2j and 2j' 59
11 3-Pyridyl 2k and 2Kk’ 61
Table 2. Continued
Entry Ar Product Yield ® (%)
12 4-Pyridyl 2l and 2I' 65
13 3-Pyrryl 2m and 2m' 0
14 2-Furyl 2n and 2n' 51
15 2-Thienyl 20 and 20’ 78
16 2-Thiazolyl 2p and 2p' 55
17 1-Naphthyl 2q and 2q' 11
18 2-Naphthyl 2r and 2r' 41
19 3-Quinolyl 2s and 2s' 66
20 3-Indolyl 2t and 2t' 0
21 2-Benzofuryl 2u and 2u' 53
22 2-Benzothiophenyl 2v and 2v' 56
23 3-Benzothiophenyl 2w and 2w’ 81
24 9-Phenanthryl 2x and 2x' 71

*Reaction was performed with acetophenone (I mmol) and HBr (1 mL) in DMSO (1
mL) at 55 °C for 10-12 h, then conducted with aqueous ammonia (1 mL) at 0-5 °C
for 1 h.

® Isolated yields.

It was reported that the 2,4 and 2,5 isomers of AAIs could be differentiated by NMR, but
there were no statements on their analysis using HPLC.*® We used different stationary phase
such as ODS C18, pentafluorophenyl and B-cyclodextrin to analyze product 2k and 2k'. The
results showed that compound 2k and 2k' coincided with each other to form a single
chromatographic peak with high purity, which indicated that the two isomers of AAIs could
not be separated by HPLC column. Furthermore, the products of substrates 1j and 1k were
confirmed by X-ray crystallography (Figure 2).>' The X-ray molecular structure revealed that
the crystals of their products only had 2,4-isomers in solid form. This result confirmed the
more stable configuration of AAI to be 2,4-isomer.

In the procedure of synthesizing AAIs, we determined the main by-products of this
process to be 2-hydroxy-3,6-diaryl-pyrazines. They could be precipitated from the solvents 24
hours later after AAIs’ filtering. However, owing to the low solubility, it was very difficult to
characterize all of them by NMR. The identified 2-hydroxy-3,6-diaryl-pyrazines were shown
in Table 3, others could be detected by HRMS as the isomers of their corresponding AAlIs.
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Figure 2. The X-ray molecular structure of 2j and 2k.

Various conditions of the cascade procedure indicated that the yields of 2-hydroxy-3,6-
diaryl-pyrazines increased with increasing temperature. The results suggested that this
procedure was thermodynamically controlled. Furthermore, the yields of pyrazines were
higher when ammonium acetate was used in the Debus condensation. In summary, aqueous
ammonia and low temperature were beneficial to produce imidazoles, while ammonium
acetate and high temperature were beneficial to produce pyrazines in this cascade process.
The structure of product 3p was also confirmed by X-ray crystallography.’’ The bond length
of the phenolic hydroxy was shorter than normal hydroxyl (1.41-1.44), being a medium
between hydroxyl and carbonyl. Probably the hydroxy on 3p has a equilibrium between keto
form and the enol form.

Table 3. Reaction scope of 2-hydroxy-3,6-diaryl-pyrazine®

H
j\ 1) DMSO / HBr, 55°C Q N
Ar

=N
B
L Ar+ Ar~<' Ar
>/<\ B N‘%‘
OH

2) CH3COONH4, 80°C Ar N

1 2 and 2' 3
Entry Ar Product/Yield® (%) Product/Yield® (%)
1 Ph 2a, 2a'/73 3a/7
2 3-CICeH, 2c, 2¢'/43 3c/36
3 2-Pyridyl 2j, 2j'/34 3j/15
4 3-Pyridyl 2k, 2k'/41 3k/19
5 4-Pyridyl 21, 21'/37 21/26
6 2-Thiazolyl 2p, 2p'/45 3p/8

*Reaction was performed with acetophenone (1 mmol) and HBr (1 mL) in DMSO (1mL) at
55 °C for 10-12 h, then conducted with ammonium acetate (100 mg) at 80 °C for 1 h.
® Isolated yields.
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Scheme 2. A plausible mechanism for imidazole and pyrazine synthesis.

Referring to the previous literature,”® the possible mechanism for this procedure was
illustrated with the example of acetophenone and aqueous ammonia (as shown in Scheme 2).
As to intermediate 13a, the electron doublet of N atom could attack carbonyl group 1 to form
imidazole 1b and 1b' gradually (Scheme 2, route 1), and also could form pyrazine 1c by
attacking carbonyl group 2 (Scheme 2, route 2). As the electropositivity of carbonyl group 1
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was higher than carbonyl group 2, the main product was imidazole 1b and 1b'. However, with
the rise of temperature, the probability of attacking carbonyl group 2 increased. That’s why
the yields of 2-hydroxy-3,6-diaryl-pyrazines increased with temperature.

Conclusions

In summary, we report a cascade procedure for the synthesis of (4 or 5)-aryl-2-aryloyl-1H-
imidazoles and 2-hydroxy-3,6-diaryl-pyrazines from aryl methyl ketones. The mechanism
was also conjectured. Owing to the simple starting materials, mild conditions, easy operation,
high bioactivity of imidazole and pyrazine derivatives, this protocol not only meets the
demand of commercial application, but also has great potential in medicinal chemistry.

Experimental Section

General. All reagents and solvents were purchased from J&K Chemical Co. and used without
further purification. Melting points were determined on a SGW X-4 micro melting point
instrument. 'H and "C NMR spectra were recorded on Bruker 400 or 500 MHz spectrometer.
HPLC impurities were determined on a Shimadzu 10A chromatographic instrument. IR
spectra were obtained on a Perkin Elmer FT-IR system. UV spectra were obtained on a TU-
1810 ultraviolet visible spectrophotometer. HRMS spectra were obtained by a LTQ Orbitrap
Discovery spectrometer from Thermo.

General procedure for the synthesis of compounds 2

1 mmol aryl methyl ketone and 1 mL aqueous HBr (48%) were mixed in 1 mL DMSO. The
mixture was stirred at 55 °C for 10-12 h. After cooling in ice bath, aqueous ammonia (1 mL,
28%) was added to the solution. The mixture was stirred at 0-5 °C for 1 h. The obtained solid
was filtered off to give AAL

General procedure for the synthesis of compounds 3

1 mmol aryl methyl ketone and 1 mL aqueous HBr (48%) were mixed in 1 mL DMSO. The
mixture was stirred at 55 °C for 10-12 h. After heating-up to 80 °C, ammonium acetate (100
mg) was added to the solution. The mixture was stirred for 1 h. The obtained solid was
filtered off. 2-Hydroxy-3,6-diarylpyrazine could be filtered from the filter liquor 24 hours
later.

Phenyl-(4-phenyl-1H-imidazol-2-yl)methanone (2a) and phenyl-(5-phenyl-1H-imidazol-
2-yl)methanone (2a’). Yellow solid. Mp: 229-230 °C. NMR (400 MHz, DMSO-dg): 6 13.80
(s, 1H), 13.63 (s, 1H), 8.60 (d, J 6.8 Hz, 2H), 8.48 (s, 1H), 8.09 (s, 1H), 7.95 (d, J 7.6 Hz,
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2.7H), 7.70 (t, J 7.2 Hz, 1.3H), 7.61 (t, J 7.6 Hz, 2.5H), 7.44 (t, J 7.2 Hz, 2.7H), 7.31 (d, J
6.8 Hz, 1H). °C NMR (100 MHz, DMSO-d): & 180.8, 144.7, 142.9, 136.0, 133.7, 133.1,
130.7, 128.7, 128.3, 127.2, 124.9, 118.7. IR (KBr, cm™): 3271, 1620, 1571, 1454, 1439, 1292,
1273, 1169, 904, 869, 764, 732, 690, 646. UV/Vis (acetonitrile): Ayax (€) = 197 (1.846), 257
(1.090), 337 (0.798) nm. HPLC purity: 98.08%. HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd
for C16H2N,O+H" 249.10224; Found 249.10225.
(3-Fluorophenyl)-[4-(3-fluorophenyl)-1H-imidazol-2-ylJmethanone ~ (2b) and (3-
fluorophenyl)[5-(3-fluorophenyl)-1H-imidazol-2-yllmethanone (2b’). Yellow solid. Mp:
195-197 °C. NMR (400 MHz, DMSO-d): 6 13.80 (s, 1H), 8.44 (d, J 6.0 Hz, 1H), 8.37 (d, J
10.0 Hz, 1H), 8.20 (s, 1H), 7.80 (d, J 7.6 Hz, 1H), 7.76 (d, J 9.2 Hz, 1H), 7.68 (dd, J 14.0 Hz,
J 8.0 Hz, 1H), 7.57 (td, J 8.4 Hz, J 2.0 Hz, 1H), 7.49 (dd, J 14.4 Hz, J 8.0 Hz, 1H), 7.14 (t, J
7.2 Hz, 1H). >C NMR (100 MHz, DMSO-de): & 179.22, 179.20, 163.9, 162.9, 161.5, 160.5,
144.5, 141.8, 137.9, 137.8, 136.0, 130.8, 130.7, 130.6, 130.5, 126.9, 126.8, 120.9, 120.2,
120.0, 117.2, 117.0, 114.0, 113.8, 111.5, 111.3. IR (KBr, cm’™"): 3424, 3287, 1617, 1581,
1468, 1446, 1289, 1263, 1237, 1173, 855, 820, 789, 766, 681. UV/Vis (acetonitrile): Adyax (€)
= 208 (1.723), 255 (2.093), 337 (1.503) nm. HPLC purity: 96.37%. HRMS (ESI-Orbitrap)
m/z: [M + H]" Calcd for CiH oF2N,O+H" 285.08340; Found 285.08325.
(3-Chlorophenyl)-[4-(3-chlorophenyl)-1H-imidazol-2-yljmethanone @ (2¢) and (3-
chlorophenyl)-[5-(3-chlorophenyl)-1H-imidazol-2-ylJmethanone (2¢’). Yellow solid. Mp:
229-233 °C. NMR (400 MHz, DMSO-dg): 6 13.96 (s, 0.2H), 13.79 (s, 1H), 8.56 (s, 0.7H),
8.52 (d, J 7.6 Hz, 1H), 8.37 (d, J 8.0 Hz, 0.2H), 8.22 (d, J/ 2.0 Hz, 1H), 8.12 (s, 0.2H), 7.95
(s, 1H), 7.89 (m, 1.3H), 7.75 (m, 1H), 7.64 (t, J 8.0 Hz, 1H), 7.59 (d, J 8.0 Hz, 0.1H), 7.45 (m,
1.4H), 7.33 (d, J 7.6 Hz, 1H). *C NMR (100 MHz, DMSO-d): & 179.4, 179.2, 145.7, 144.5,
141.6, 137.8, 137.6, 135.7, 134.6, 133.9, 133.7, 133.1, 133.0, 132.9, 132.7, 130.8, 130.7,
130.6, 130.5, 130.3, 130.2, 130.1, 129.3, 129.1, 128.1, 127.0, 125.4, 124.4, 124.3, 1234,
120.1. IR (KBr, cm™): 3446, 3286, 1619, 1563, 1455, 1434, 1309, 1280, 1270, 1164, 1099,
1080, 792, 764, 735, 684. UV/Vis (acetonitrile): Amax (€) = 219 (2.348), 254 (2.544), 337
(2.023) nm. HPLC purity: 98.42%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for
C16H10C12N20+H+ 31702429, Found 317.02429.
(2-Bromophenyl)-[4-(2-bromophenyl)-1H-imidazol-2-ylJmethanone @ (2d) and (2-
bromophenyl)-[S-(2-bromophenyl)-1H-imidazol-2-yl)methanone (2d’). Yellow solid. Mp:
184-186 °C. NMR (400 MHz, DMSO-dg): 6 13.96 (s, 1H), 8.06 (d, J 1.6 Hz, 1H), 7.75 (m,
2.8H), 7.70 (d, J 5.2 Hz, 1.1H), 7.66 (m, 0.9H), 7.51 (m, 3H), 7.41 (t, J 7.6 Hz, 1.3H), 7.24 (t,
J 7.6 Hz, 1.1H). >C NMR (100 MHz, DMSO-dy): & 184.0, 143.6, 141.4, 139.1, 133.8, 133.4,
132.9, 132.0, 130.8, 130.5, 129.2, 127.8, 127.3, 122.2, 120.6, 119.4. IR (KBr, cm™): 3466,
3270, 1648, 1450, 1395, 1296, 1136, 1017, 911, 744, 725, 624. UV/Vis (acetonitrile): Ayax (€)
=221 (2.339), 318 (2.166) nm. HPLC purity: 99.26%. HRMS (ESI-Orbitrap) m/z: [M + H]*
Calcd for C1gHoBroN,O+H™ 404.92326; Found 404.92328.
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(3-Bromophenyl)-[4-(3-bromophenyl)-1H-imidazol-2-ylJmethanone (2¢) and (3-
bromophenyl)-[(5-(3-bromophenyl)-1H-imidazol-2-ylJmethanone (2e’). Orange solid. Mp:
148-152 °C. NMR (400 MHz, DMSO-ds): 6 13.75 (s, 1H), 8.71 (s, 0.8H), 8.54 (d, J 7.6 Hz,
1H), 8.19 (s, 1H), 8.14 (s, 1.1H), 7.94 (d, J 7.6 Hz, 1.1H), 7.91 (dd, J 8.0 Hz, J 1.2 Hz, 1H),
7.59 (t, J 8.0 Hz, 1.1H), 7.50 (d, J 8.0 Hz, 1H), 7.41 (t, J 8.0 Hz, 1.1H). '>*C NMR (100 MHz,
DMSO-de): & 179.1, 144.6, 137.8, 135.7, 133.1, 130.9, 130.6, 130.0, 129.6, 127.4, 123.8,
122.3, 121.5. IR (KBr, cm™"): 3447, 3285, 1618, 1557, 1452, 1429, 1278, 1269, 1164, 1070,
920, 790, 738, 680. UV/Vis (acetonitrile): Ay (€) = 225 (2.463), 258 (2.540), 336 (1.990)
nm. HPLC purity: 98.18%. HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd for C¢H;oBr,N,O+H"
404.92326; Found 404.92316.
(4-Bromophenyl)-[4-(4-bromophenyl)-1H-imidazol-2-ylJmethanone  (2f) and 4-
bromophenyl)-[5-(4-bromophenyl)-1H-imidazol-2-ylJmethanone (2f’). Yellow solid. Mp:
257-260 °C. NMR (400 MHz, DMSO-dg): 6 13.90 (s, 0.2H), 13.74 (s, 0.9H), 8.52 (d, J 8.0
Hz, 1.9H), 8.44 (s, 0.3H), 8.16 (s, 1H), 7.90 (d, J 8.0 Hz, 2.4H), 7.83 (d, J 8.4 Hz, 2.2H), 7.62
(d, J 8.0 Hz, 2.2H). *C NMR (100 MHz, DMSO-dq): & 179.7, 144.6, 141.9, 134.9, 132.8,
132.6, 131.6, 131.5, 127.5, 126.9, 120.2, 119.5. IR (KBr, cm™): 3418, 3270, 1616, 1579,
1451, 1291, 1167, 1071, 1012, 904, 832, 767, 644. UV/Vis (acetonitrile): Am.x (€) = 265
(0.866), 342 (0.518) nm. HPLC purity: 97.62%. HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd
for C1¢HoBr,N,O+H" 404.92326; Found 404.92279.
p-Tolyl-[4-(p-tolyl)-1H-imidazol-2-ylJmethanone (2g) and p-tolyl-[5-(p-tolyl)-1H-
imidazol-2-ylJmethanone (2g’). Yellow solid. Mp: 207-211 °C. NMR (400 MHz, DMSO-
de): 0 13.66 (s, 0.3H), 13.52 (s, 1H), 8.52 (d, J 8.4 Hz, 2H), 8.40 (d, J 8.0 Hz, 0.6H), 7.99 (s,
1H), 7.84 (d, J 8.4 Hz, 0.6H), 7.81 (d, J 8.0 Hz, 2.1H), 7.71 (s, 0.3H), 7.40 (d, J 8.0 Hz,
2.1H), 7.36 (d, J 8.0 Hz, 0.7H), 7.26 (d, J 8.4 Hz, 0.7H), 7.23 (d, J 7.6 Hz, 2H), 2.41 (m,
4.1H), 2.32 (s, 4H). *C NMR (100 MHz, DMSO-dy): & 180.4, 180.3, 145.7, 144.7, 143.5,
143.3, 1429, 137.8, 136.3, 135.7, 133.6, 133.5, 131.0, 130.8, 130.7, 129.5, 129.2, 129.0,
128.8, 128.4, 125.9, 125.7, 124.8, 118.0, 21.3, 20.9. IR (KBr, cm™): 3419, 3273, 1616, 1602,
1450, 1287, 1269, 1168, 904, 822, 762. UV/Vis (acetonitrile): Am.x (8) = 205 (1.379), 260
(1.413), 343 (1.078) nm. HPLC purity: 98.96%. HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd
for C18H16N20+H+ 27713354, Found 277.13354.
(4-Hydroxyphenyl)-[4-(4-hydroxyphenyl)-1H-imidazol-2-yllmethanone (2h) and (4-
hydroxyphenyl)-[(5-(4-hydroxyphenyl)-1H-imidazol-2-ylJmethanone (2h’). Yellow solid.
Mp: 317-322 °C. NMR (400 MHz, DMSO-dg): & 13.37 (s, 0.4H), 13.29 (s, 1H), 10.42 (s,
1.3H), 9.73 (s, 0.4H), 9.46 (s, 1H), 8.60 (d, J 8.4 Hz, 1.9H), 8.46 (d, J 8.8 Hz, 0.8H), 7.78 (s,
1H), 7.76 (s, 0.4H), 7.73 (s, 1.4H), 7.71 (s, 1.1H), 7.55 (s, 0.5H), 6.94 (s, 1H), 6.91 (m, 1.4H),
6.88 (s, 0.4H), 6.83 (m, 1.8H), 6.80 (s, 1H). *C NMR (100 MHz, DMSO-dc): & 178.9, 178.8,
162.2, 161.9, 157.6, 156.6, 145.4, 144.7, 142.9, 135.6, 133.4, 133.2, 127.5, 127.2, 127.2,
127.0, 126.2, 124.9, 119.7, 116.2, 115.6, 115.4, 115.0, 114.9. IR (KBr, cm™): 3383, 3253,
2588, 1616, 1600, 1574, 1438, 1418, 1274, 1198, 1180, 1162, 910, 826, 776, 758. UV/Vis
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(acetonitrile): Amax (€) = 260 (0.567), 298 (0.471), 351 (0.576) nm. HPLC purity: 99.14%.
HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for C;¢H;pN,Os+H™ 281.09207; Found
281.09164.

(4-Ethoxyphenyl)-[4-(4-ethoxyphenyl)-1H-imidazol-2-yllmethanone (2i) and (4-
ethoxyphenyl)-[5-(4-ethoxyphenyl)-1H-imidazol-2-ylJmethanone (2i’). Orange solid. Mp:
192-194 °C. NMR (400 MHz, DMSO-d): 8 13.53 (s, 0.4H), 13.41 (s, 1H), 8.69 (d, J 8.8 Hz,
2H), 8.55 (d, J 8.8 Hz, 0.7H), 7.90 (s, 1.1H), 7.89 (s, 0.4H), 7.87 (s, 0.4H), 7.84 (d, J 8.8 Hz,
2.1H), 7.64 (s, 0.4H), 7.12 (d, J 8.4 Hz, 2.2H), 7.08 (d, J 8.8 Hz, 0.8H), 7.01 (s, 0.4H), 6.98
(d, J 8.4 Hz, 2.5H), 4.16 (m, 3.1H), 4.06 (m, 3.1H), 1.36 (m, 9.2H). °C NMR (100 MHz,
DMSO-ds): & 179.1, 178.9, 162.6, 162.4, 158.6, 157.9, 145.6, 144.8, 142.7, 135.4, 133.2,
133.0, 128.7, 128.5, 127.6, 127.2, 126.4, 126.2, 121.2, 117.0, 114.8, 114.5, 114.1, 114.0, 63.6,
63.2, 63.0, 14.7, 14.7, 14.6. IR (KBr, cm™): 3417, 3263, 1611, 1557, 1446, 1284, 1253, 1159,
1116, 1038, 903, 835, 672, 645. UV/Vis (acetonitrile): Amax (€) = 262 (0.794), 299 (0.658),
351 (0.756) nm. HPLC purity: 95.84%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for
Ca0H20N,03+H" 337.15467; Found 337.15466.
Pyridin-2-yl-[4-(pyridin-2-yl)-1H-imidazol-2-yljmethanone (2j) and pyridin-2-yl-[S-
(pyridin-2-yl)-1H-imidazol-2-ylJmethanone (2j’). Yellow solid. Mp: 236-237 °C. NMR
(500 MHz, DMSO-dg): 6 13.78 (s, 0.9H), 8.82 (ddd, J 5.0 Hz, J/ 2.0 Hz, J 1.0 Hz, 1H), 8.58
(d, J 3.5 Hz, 1H), 8.36 (d, J 7.5 Hz, 1H), 8.10 (td, J 7.5 Hz, J 1.5 Hz, 1H), 8.02 (s, 0.9H),
8.00 (d, J 7.5 Hz, 1H), 7.86 (td, J 7.5 Hz, J 1.0 Hz, 1H), 7.71 (ddd, J 7.5 Hz,J 5.0 Hz,J 1.0
Hz, 1H), 7.31 (t, J 5.5 Hz, 1H). >C NMR (125 MHz, DMSO-de): & 179.4, 153.3, 152.3,
149.3, 144.1, 143.7, 137.4, 137.0, 127.0, 125.3, 122.4, 120.5, 119.1. IR (KBr, cm™): 3403,
3060, 1652, 1622, 1599, 1487, 1455, 1389, 1295, 1089, 996, 909, 781, 756, 618. UV/Vis
(acetonitrile):Amax (€) = 201 (1.951), 248 (2.007), 342 (1.936) nm. HPLC purity: 98.47%.
HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd for C4H;(N4O+H" 251.09274; Found 251.09271.
Pyridin-3-yl-[4-(pyridin-3-yl)-1H-imidazol-2-ylJmethanone (2k) and pyridin-3-yl-[5-
(pyridin-3-yl)-1H-imidazol-2-ylJmethanone (2k’). Yellow solid. Mp: 237-240 °C. NMR
(500 MHz, DMSO-dg): 6 14.13 (s, 0.2H), 13.90 (s, 1H), 9.65 (d, J 1.5 Hz, 0.9H), 9.54 (s,
0.1H), 9.19 (s, 0.1H), 9.17 (d, J 1.5 Hz, 1H), 8.87 (m, 2.2H), 8.73 (d, J 8.0 Hz, 0.2H), 8.58
(d, J4.0 Hz, 0.2H), 8.52 (dd, J 4.5 Hz, J 1.5 Hz, 1H), 8.36 (d, J 8.0 Hz, 0.2H), 8.29 (m, 2H),
7.96 (s, 0.1H), 7.66 (dd, J 7.5 Hz, J 5.0 Hz, 1H), 7.62 (m, 0.2H), 7.51 (m, 0.12H), 7.47 (dd, J
7.5 Hz, J 4.5 Hz, 1H). >C NMR (125 MHz, DMSO-d): & 179.8, 153.1, 153.0, 151.3, 151.1,
149.1, 148.2, 146.9, 146.3, 144.7, 140.2, 138.1, 137.9, 132.9, 132.0, 131.8, 131.5, 130.0,
129.2, 124.7, 123.8, 123.5, 123.4, 120.0. IR (KBr, cm™): 2360, 2342, 1622, 1585, 1420, 1398,
1308, 1270, 1154, 1026, 909, 811, 700. UV/Vis (acetonitrile): An.x (€) = 203 (0.461), 253
(0.392), 335 (0.322) nm. HPLC purity: 97.02%. HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd
for C14HoN4O+H" 251.09274; Found 251.09273.
Pyridin-4-yl-[4-(pyridin-4-yl)-1H-imidazol-2-ylJmethanone (2I) and pyridin-4-yl-[5-
(pyridin-4-yl)-1H-imidazol-2-ylJmethanone (2I'). Yellow solid. Mp: 346-347 °C. NMR
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(400 MHz, DMSO-d): 6 14.26 (s, 0.1H), 14.01 (s, 1H), 8.87 (d, J 5.6 Hz, 2.1H), 8.60 (d, J
5.2 Hz, 2.2H), 8.40 (s, 1H), 8.34 (d, J 5.6 Hz, 1.9H), 8.22 (s, 0.1H), 7.95 (s, 0.1H), 7.88 (d, J
5.6 Hz, 2H). >C NMR (100 MHz, DMSO-ds): & 180.2, 150.3, 150.1, 144.6, 142.0, 140.7,
140.5, 123.6, 122.0, 119.3. IR (KBr, cm™): 3422, 2566, 1896, 1643, 1608, 1421, 1407, 1305,
1273, 1216, 1014, 911, 822, 761, 682, 636. UV/Vis (acetonitrile): Adyax (€) = 195 (1.376), 261
(0.656), 330 (0.694) nm. HPLC purity: 99.43%. HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd
for C14HoN4O+H" 251.09274; Found 251.09279.
Furan-2-yl-[4-(furan-2-yl)-1H-imidazol-2-yllmethanone (2n) and furan-2-yl-[5-(furan-2-
yl)-1H-imidazol-2-ylJmethanone (2n’). Black solid. Mp: 216-218 °C. NMR (500 MHz,
DMSO-dg): 6 13.95 (s, 0.4H), 13.71 (s, 1H), 8.30 (d, J 3.5 Hz, 1H), 8.18 (d, J 3.0 Hz, 0.4H),
8.15 (s, 1H), 8.14 (s, 0.3H), 7.80 (s, 0.4H), 7.77 (d, J 2.5 Hz, 1H), 7.70 (s, 0.9H), 7.54 (s,
0.4H), 7.10 (d, J 2.5 Hz, 0.4H), 6.83 (dd, J 3.5 Hz, J 1.5 Hz, 1H), 6.80 (s, 0.4H), 6.79 (d, J
3.0 Hz, 1H), 6.64 (s, 0.4H), 6.59 (dd, J 3.0 Hz, J 1.5 Hz, 1H). >C NMR (100 MHz, DMSO-
de): 0 168.2, 150.0, 148.8, 143.8, 142.1, 135.4, 123.4, 118.0, 112.9, 111.7, 105.4. IR (KBr,
cm™): 3134, 1614, 1555, 1493, 1469, 1398, 1315, 1289, 1229, 1164, 1010, 886, 859, 765,
728, 588. UV/Vis (acetonitrile): Aynax (€) = 265 (1.234), 360 (0.986) nm. HPLC purity:
95.74%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for C;,HgN,Os+H" 229.06077; Found
229.06079.

Thiophen-2-yl-[4-(thiophen-2-yl)-1H-imidazol-2-ylJmethanone (20) and thiophen-2-yl-[5-
(thiophen-2-yl)-1H-imidazol-2-ylJmethanone (20’). Black solid. Mp: 228-230 °C. NMR
(500 MHz, DMSO-dg): 6 13.97 (s, 0.2H), 13.69 (s, 1H), 8.68 (s, 1H), 8.59 (s, 0.1H), 8.12 (d, J
5.0 Hz, 1.2H), 7.94 (s, 1H), 7.73 (m, 0.2H), 7.59 (m, 0.4H), 7.48 (s, 2H), 7.34 (t, J 4.0 Hz,
1.2H), 7.11 (s, 1.2H). °C NMR (125 MHz, DMSO-dq): 8 172.6, 143.5, 140.6, 138.2, 137.2,
136.5, 136.1, 128.5, 127.9, 124.6, 123.0, 118.0. IR (KBr, cm™): 3235, 2359, 1603, 1473,
1413, 1350, 1274, 1116, 1051, 824, 777, 734, 692. UV/Vis (acetonitrile): Apn.x (€) = 198
(1.072), 278 (1.278), 362 (1.071) nm. HPLC purity: 98.35%. HRMS (ESI-Orbitrap) m/z: [M +
H]" Calcd for C,HgN,OS,+H" 261.01508; Found 261.01511.
Thiazol-2-yl-[4-(thiazol-2-yl)-1H-imidazol-2-ylJmethanone (2p) and thiazol-2-yl(5-
(thiazol-2-yl)-1H-imidazol-2-yl)methanone (2p’). Yellow solid. Mp: 338-342 °C. NMR
(500 MHz, DMSO-dg): 6 14.08 (s, 1H), 8.33 (d, J 3.0 Hz, 1H), 8.28 (d, J 3.0 Hz, 1H), 8.09 (s,
1H), 7.89 (d, J 3.5 Hz, 1H), 7.74 (d, J 3.5 Hz, 1H). *C NMR (100 MHz, DMSO-dy): 5 170.3,
162.0, 161.6, 145.0, 143.6, 143.3, 138.5, 129.2, 120.6, 119.8. IR (KBr, cm™): 3701, 3014,
1662, 1467, 1396, 1359, 1268, 1136, 1111, 898, 879, 819, 738, 712. UV/Vis (acetonitrile):
Amax (€) = 195 (0.823), 283 (0.893), 360 (0.968) nm. HPLC purity: 98.31%. HRMS (ESI-
Orbitrap) m/z: [M + H]" Calcd for CoHgN4OS,+H" 263.00558; Found 263.00549.
Naphthalen-1-yl-[4-(naphthalen-1-yl)-1H-imidazol-2-ylJmethanone (2q) and naphthalen-
1-yl-[5-(naphthalen-1-yl)-1H-imidazol-2-yllmethanone (2q’). Yellow solid. Mp: 174-180
°C. NMR (400 MHz, DMSO-dg): 6 14.09 (s, 0.2H), 13.97 (s, 0.9H), 8.59 (d, J 8.4 Hz, 1H),
8.32 (d,J 7.6 Hz, 1.1H), 8.26 (d, J 7.2 Hz, 1.1H), 8.18 (d, J 8.0 Hz, 1.6H), 8.06 (m, 1.6H),
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8.03 (s, 1.3H), 7.94 (d, J 8.0 Hz, 1.1H), 7.89 (d, J 8.0 Hz, 1H), 7.74 (d, J 7.2 Hz, 1.4H), 7.69
(s, 0.4H), 7.67 (s, 0.9H), 7.62 (m, 3.4H), 7.49(m, 3.6H). °C NMR (100 MHz, DMSO-dj): &
184.9, 145.4, 142.9, 134.1, 133.6, 133.3, 131.9, 131.6, 130.9, 130.5, 130.3, 128.6, 128.2,
127.9, 127.4, 127.1, 126.6, 126.4, 126.3, 125.9, 125.8, 125.5, 125.2, 124.7, 121.7. IR (KBr,
Cm'l): 3414, 3261, 1639, 1366, 1282, 904, 772, 622. UV/Vis (acetonitrile): Ayax (€) = 217
(1.661), 330 (0.278) nm. HPLC purity: 95.42%. HRMS (ESI-Orbitrap) m/z: [M + H]* Calcd
for Co4H sN,O+H" 349.13354; Found 349.13354.
Naphthalen-2-yl-[4-(naphthalen-2-yl)-1H-imidazol-2-ylJmethanone (2r) and naphthalen-
2-yl-[5-(naphthalen-2-yl)-1H-imidazol-2-ylJmethanone (2r’). Yellow solid. Mp: 264-266
°C. NMR (400 MHz, DMSO-dg): 6 13.98 (s, 0.2H), 13.74 (s, 1H), 9.44 (s, 1H), 9.27 (s, 0.3H),
8.61 (s, 0.3H), 8.51 (m, 2.1H), 8.43 (s, 0.3H), 8.24 (s, 2.3H), 8.12 (m, 3H), 8.04 (d, J 8.0 Hz,
1.5H), 7.98 (d, J 8.0 Hz, 2.9H), 7.91 (d, J 8.0 Hz, 1.6H), 7.68 (m, 2.8H), 7.50 (m, 2.8H). '*C
NMR (100 MHz, DMSO-dy): 6 180.7, 145.1, 143.0, 135.8, 135.0, 133.3, 133.3, 133.1, 132.4,
132.0, 131.2, 130.1, 128.8, 128.2, 128.0, 127.9, 127.7, 126.9, 126.4, 125.9, 125.7, 123.8,
122.9, 119.3. IR (KBr, cm™): 3416, 3282, 1632, 1612, 1482, 1448, 1280, 1161, 781. UV/Vis
(acetonitrile): Amax (€) = 215 (2.404), 256 (1.652), 355 (0.568) nm. HPLC purity: 95.05%.
HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for Co4H sN,O+H" 349.13354; Found 349.13333.
Quinolin-3-yl-[4-(quinolin-3-yl)-1H-imidazol-2-ylJmethanone (2s) and quinolin-3-yl-[5-
(quinolin-3-yl)-1H-imidazol-2-ylJmethanone (2s’). Yellow solid. Mp: 268-273 °C. NMR
(400 MHz, DMSO-dp): 6 14.27 (s, 0.1H), 13.98 (s, 1H), 9.84 (d, J 2.0 Hz, 0.7H), 9.72 (s,
0.1H), 9.66 (d, J 1.6 Hz, 0.9H), 9.59 (d, J 2.0 Hz, 0.1H), 9.52 (d, J 2.0 Hz, 1H), 9.47 (s,
0.2H), 8.96 (s, 0.1H), 8.82 (d, J 1.2 Hz, 1H), 8.42 (s, 1H), 8.33 (d, J 8.0 Hz, 1H), 8.22 (s,
0.2H), 8.14 (d, J 8.4 Hz, 1.2H), 8.04 (dd, J 13.2 Hz, J 8.0 Hz, 2.3H), 7.95 (m, 1.3H), 7.73
(m, 2.4H), 7.61 (m, 1.3H). °C NMR (100 MHz, DMSO-dq): & 179.6, 150.6, 148.9, 148.6,
146.9, 145.1, 140.5, 140.3, 132.4, 130.3, 130.2, 129.2, 128.8, 128.8, 128.7, 128.3, 127.8,
127.6, 127.1, 126.7, 126.5, 120.5. IR (KBr, cm™): 3417, 1636, 1395, 1326, 1123, 793, 746.
UV/Vis (acetonitrile): Amax (€) = 213 (1.287), 254 (1.075), 340 (0.462) nm. HPLC purity:
95.60%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for CypH4N,O+H" 351.12404; Found
351.12405.

[1]Benzofuran-2-yl-[4-([1]benzofuran-2-yl)-1H-imidazol-2-ylJmethanone (2u) and
[1]benzofuran-2-yl-[S-([1]benzofuran-2-yl)-1H-imidazol-2-yllmethanone (2u’). Orange
solid. Mp: 272-277 °C. NMR (400 MHz, DMSO-ds): 6 14.38 (s, 0.2H), 14.02 (s, 1H), 8.83 (s,
0.6H), 8.68 (s, 0.1H), 8.06 (s, 0.7H), 7.99 (d, J 5.2 Hz, 0.8H), 7.95 (s, 0.2H), 7.80 (s, 0.1H),
7.77 (d, J 5.6 Hz, 0.9H), 7.68 (d, J 4.8 Hz, 1H), 7.62 (d, J 5.6 Hz, 0.9H), 7.59 (t, J 4.8 Hz,
1.1H), 7.54 (s, 0.1H), 7.42 (t, J 4.8 Hz, 1.1H), 7.35 (s, 0.8H), 7.32 (t, J 5.2 Hz, 0.9H), 7.27 (t,
J 5.2 Hz, 1.1H). °C NMR (100 MHz, DMSO-ds): 8 169.8, 155.3, 154.1, 151.2, 150.2, 144.4,
134.8, 128.9, 128.7, 127.4, 127.1, 124.3, 124.2, 123.5, 123.3, 121.1, 120.3, 1194, 112.2,
111.1, 101.6. IR (KBr, cm™): 3418, 3248, 1618, 1548, 1386, 1348, 1124, 1027, 726. UV/Vis
(acetonitrile): Amax (€) = 197 (1.184), 290 (0.673), 375 (0.455) nm. HPLC purity: 99.24%.
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HRMS (ESI-Orbitrap) m/z: [M + H]" Caled for CooH;pN,Os3+H™ 329.09207; Found
329.09207.
[1]Benzothiophen-2-yl-[(4-([1]benzothiophen-2-yl)-1H-imidazol-2-ylJmethanone (2v) and
[1]benzothiophen-2-yl-[5-([1]benzo[b]thiophen-2-yl)-1H-imidazol-2-ylJmethanone (2v’).
Yellow solid. Mp: 304-308 °C. NMR (400 MHz, DMSO-dg): 6 14.32 (s, 0.1H), 13.98 (s, 1H),
9.13 (s, 0.8H), 9.10 (s, 0.1H), 8.19 (m, 2H), 8.14 (d, J 8.0 Hz, 1H), 8.10 (s, 0.1H), 8.01 (d, J
7.6 Hz, 1H), 7.87 (m, 2H), 7.76 (s, 0.1H), 7.59 (t, J 8.0 Hz, 1.1H), 7.53 (t, J 7.6 Hz, 1.1H),
7.38 (m, 2.2H). >C NMR (100 MHz, DMSO-dq): & 173.8, 143.9, 142.5, 140.4, 140.3, 138.9,
138.5, 138.2, 137.3, 133.7, 127.9, 126.8, 125.3, 124.7, 124.3, 123.4, 123.0, 122.5, 120.0,
119.1. IR (KBr, cm™): 3433, 3241, 2920, 1607, 1589, 1513, 1466, 1243, 1128, 826, 741.
UV/Vis (acetonitrile): Ayax (€) = 274 (0.552), 352 (0.360) nm. HPLC purity: 95.29%. HRMS
(ESI-Orbitrap) m/z: [M + H]" Calcd for CooH2N,OS,+H' 361.04638; Found 361.04590.
[1]Benzothiophen-3-yl-[4-([1]benzothiophen-3-yl)-1H-imidazol-2-yljmethanone (2w) and
[1]benzothiophen-3-yl-[(5-([1]benzothiophen-3-yl)-1H-imidazol-2-ylJmethanone
(2w’),.Yellow solid. Mp: 229-233 °C. NMR (400 MHz, DMSO-ds): 6 13.88 (s, 0.2H), 13.73
(s, 1H), 10.00 (s, 0.8H), 9.83 (s, 0.1H), 8.74 (d, J 8.0 Hz, 1.1H), 8.56 (d, J 8.0 Hz, 1H), 8.29
(s, 0.2H), 8.18 (s, 0.9H), 8.12 (d, J 8.0 Hz, 1.2H), 8.07 (s, 1H), 8.03 (d, J 8.0 Hz, 1H), 7.83 (s,
0.2H), 7.55 (m, 1.2H), 7.48 (m, 2.4H), 7.41 (t, J 7.6 Hz, 1.2H). '*C NMR (100 MHz, DMSO-
de): 0 175.6, 144.8, 143.4, 140.0, 139.1, 138.6, 137.4, 136.7, 131.6, 129.7, 125.8, 1254,
124.8, 124.6, 124.5, 123.8, 123.7, 123.0, 119.1. IR (KBr, cm™): 3468, 3263, 1608, 1420,
1395, 1111, 832, 742, 724. UV/Vis (acetonitrile):Am.x (€) = 194 (1.123), 221 (1.604), 357
(0.484) nm. HPLC purity: 98.54%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for
C0H12N,0S,+H™ 361.04638; Found 361.04639.
Phenanthren-9-yl-[4-(phenanthren-9-yl)-1H-imidazol-2-ylJmethanone (2x) and
phenanthren-9-yl-[5-(phenanthren-9-yl)-1H-imidazol-2-yllmethanone (2x’). White solid.
Mp: 239-240 °C. NMR (400 MHz, DMSO-dg): & 14.23 (s, 0.2H), 14.07 (s, 1H), 8.95 (m,
1.8H), 8.90 (d, J 8.4 Hz, 1.5H), 8.86 (d, J 8.4 Hz, 1.1H), 8.80 (d, J 8.0 Hz, 1H), 7.40 (d, J 8.0
Hz, 1H), 8.63 (s, 1H), 8.54 (s, 0.3H), 8.35 (d, J 8.0 Hz, 1H), 8.31 (d, J 8.0 Hz, 0.2H), 8.18 (m,
1.6H), 8.14 (m, 1.2H), 8.10 (s, 0.2H), 8.07 (s, 1.1H), 7.98 (d, J 7.6 Hz, 1H), 7.73 (m, 9.6H),
7.56 (t, J 8.0 Hz, 1H). >C NMR (100 MHz, DMSO-dq): & 184.8, 145.4, 142.9, 132.9, 131.8,
131.0, 130.9, 130.2, 130.0, 129.9, 129.7, 129.5, 129.0, 128.7, 128.6, 127.5, 127.3, 127.2,
127.0, 127.0, 126.8, 126.7, 126.0, 123.4, 123.1, 123.0, 122.8, 122.2. IR (KBr, cm™): 3432,
1595, 1384, 1105, 742, 617. UV/Vis (acetonitrile): Adnax (€) = 208 (0.258), 249 (1.242) nm.
HPLC purity: 95.91%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for CsHyoN,O+H"
449.16484; Found 449.16412.

3,6-Diphenylpyrazin-2-ol (3a). Yellow solid. Mp: 339-342 °C. NMR (400 MHz, DMSO-dg):
§ 12.46 (s, 0.9H), 8.29 (d, J 6.8 Hz, 2H), 7.92 (s, 2H), 7.53 (m, 3H), 7.46 (m, 3H). °C NMR
(100 MHz, DMSO-d): 6 156.2, 136.0, 130.1, 129.3, 129.0, 128.4, 128.0, 127.0. IR (KBr, cm”
": 3533, 3058, 2910, 2868, 1637, 1248, 768, 752, 690, 579. UV/Vis (acetonitrile): Amax (€) =
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240 (0.291), 352 (0.499) nm. HPLC purity: 99.36%. HRMS (ESI-Orbitrap) m/z: [M + H]"
Calcd for C1gH2N,O+H" 249.10224; Found 249.10222.
3,6-Bis(3-chlorophenyl)pyrazin-2-ol (3c). Yellow solid. Mp: 297-301 °C. NMR (400 MHz,
DMSO-dg): 6 12.58 (s, 0.6H), 8.37 (m, 1H), 8.26 (t, J/ 3.2 Hz, 1.1H), 8.06 (s, 1H), 7.95 (s,
1.1H), 7.58 (m, 2H), 7.52 (m, 2.2H). *C NMR (100 MHz, DMSO-dg): & 156.3, 137.8, 133.9,
132.9, 130.9, 130.1, 129.9, 129.1, 128.0, 127.0, 126.8, 125.7. IR (KBr, cm™): 3417, 2923,
1651, 1261, 1086, 1018, 792. UV/Vis (acetonitrile): Amax (€) = 238 (0.292), 338 (0.397) nm.
HPLC purity: 97.85%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for C;¢H;oCl,N,O+H"
317.02429; Found 317.02411.

3,6-Di(pyridin-2-yl)pyrazin-2-ol (3j). Orange solid. Mp: 247-248 °C. NMR (500 MHz,
DMSO-dg): 6 15.36 (s, 1H), 9.21 (s, 0.8H), 8.78 (ddd, J 5.0 Hz, J 1.5 Hz, J 0.5 Hz, 1H), 8.76
(ddd, J 5.0 Hz, J 2.0 Hz, J 1.0 Hz, 1H), 8.60 (d, J 3.0 Hz, 1H), 8.33 (d, J 8.0 Hz, 1H), 8.20
(td, J 8.0 Hz, J 1.5 Hz, 1H), 8.02 (td, J 7.5 Hz, J 1.5 Hz, 1H), 7.69 (td, J 6.0 Hz, J 0.5 Hz,
1H), 7.54 (ddd, J 6.0 Hz, J 5.0 Hz, J 1.5 Hz, 1H). "*C NMR (120 MHz, DMSO-dq): & 159.8,
154.3, 153.1, 149.6, 149.2, 146.3, 139.5, 137.7, 133.1, 133.1, 125.1, 125.0, 121.5, 121.2. IR
(KBr, cm™): 3432, 2922, 2358, 1596, 1362, 1105, 789. UV/Vis (acetonitrile): Amay (€) = 195
(0.904), 251 (0.309), 353 (0.785) nm. HPLC purity: 98.33%. HRMS (ESI-Orbitrap) m/z: [M +
H]" Calcd for C14H oN4,O+H* 251.09274; Found 251.09279.
3,6-Di(pyridin-3-yl)pyrazin-2-ol (3k). Yellow solid. Mp: 284-287 °C. NMR (500 MHz,
DMSO-dg): 6 9.74 (dd, J 2.0 Hz, J 0.5 Hz, 0.9H), 9.23 (d, J 1.5 Hz, 1H), 8.90 (dt, J 8.0 Hz, J
2.0 Hz, 1H), 8.55 (dd, J 5.0 Hz, J 1.5 Hz, 1H), 8.43 (dd, J 5.0 Hz, J 2.0 Hz, 1H), 8.38 (dt, J
8.0 Hz, J 1.5 Hz, 1H), 8.03 (s, 1H), 7.43 (dd, J 7.5 Hz, J 4.5 Hz, 1H), 7.35 (ddd, J 8.0 Hz, J
4.5Hz,J 0.5 Hz, 1H). *C NMR (125 MHz, DMSO-dq): 5 166.0, 149.0, 148.9, 147.7, 147.2,
146.9, 138.2, 135.0, 134.4, 133.6, 133.6, 123.4, 122.5, 121.9. IR (KBr, cm™): 3435, 3049,
2919, 1963, 1652, 1553, 1511, 1428, 1412, 1308, 1101, 1010, 812, 700. UV/Vis (acetonitrile):
Amax (€) =260 (0.168), 403 (0.101) nm. HPLC purity: 95.29%. HRMS (ESI-Orbitrap) m/z: [M
+ H]" Calcd for C14H oN,O+H" 251.09274; Found 251.09273.
3,6-Di(pyridin-4-yl)pyrazin-2-ol (3l). Orange solid. Mp: 316-324 °C. NMR (400 MHz,
DMSO-ds): 6 8.74 (dd, J 4.8 Hz, J 1.6 Hz, 2H), 8.69 (dd, J 4.8 Hz, J 1.2 Hz, 2H), 8.61 (s,
1H), 8.19 (dd, J 4.8 Hz, J 1.2 Hz, 2H), 7.98 (d, J 6.0 Hz, 2H). >C NMR (100 MHz, DMSO-
ds): 0 157.0, 150.6, 150.5, 150.2, 149.9, 149.8, 142.7, 122.8, 122.5, 122.5, 122.4, 1214,
121.1, 120.9. IR (KBr, cm™): 3420, 3059, 2916, 1653, 1417, 1310, 1248, 1080, 929, 826, 781.
UV/Vis (acetonitrile): Amax (€) = 195 (1.443), 248 (0.540), 343 (0.727) nm. HPLC purity:
99.46%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for C4H;oN4O+H" 251.09274; Found
251.09274.

3,6-Di(thiazol-2-yl)pyrazin-2-ol (3p). Yellow solid. Mp: 276-280 °C. NMR (400 MHz,
DMSO-dg): 6 8.93 (s, 0.8H), 8.15 (d, J 3.2 Hz, 1H), 8.11 (d, J 2.8 Hz, 1H), 8.06 (d, J 3.2 Hz,
1H), 8.03 (d, J 3.2 Hz, 1H). >*C NMR (100 MHz, DMSO-dy): & 156.7, 145.1, 143.0, 129.7,
124.3, 123.8. IR (KBr, cm™): 3348, 3076, 2921, 2426, 1868, 1516, 1466, 1418, 1402, 1227,
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1191, 1079, 1050, 990, 763. UV/Vis (acetonitrile): An.x (€) = 194 (0.439), 290 (0.162), 377
(0.772) nm. HPLC purity: 97.92%. HRMS (ESI-Orbitrap) m/z: [M + H]" Calcd for
C1oHgN4OS, +H™ 263.00558; Found 263.00558.
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