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Abstract — We report a selenium dioxide/acetic acid catalysed one-pot conversion
of a-methylene ketones to 1,2-diaryldiketones as a key step to successfully access

lophine derivatives in a domino multicomponent reaction.

Domino reactions, also referred to as cascade or zipper reactions have emerged as a powerful tool in
organic chemistry as they allow for the formation of complex molecules in an economical and ecologically
acceptable way with high yields in short reaction times, ultimately resulting in a more efficient synthesis.'
The most renowned domino reaction is the tandem oxidation process (TOP), pioneered by the Taylor
research group, which involves mixing an alcohol, nucleophile and oxidant in a one-pot synthesis to
produce a smorgasbord of synthetically useful compounds.? This area of research has been well studied and
numerous reviews on this topic have been compiled indicative of its importance in the current synthetic
chemistry landscape.?

Given the popularity of the TOP, we sought to develop a new type of domino reaction and explored the
oxidation of the C—H bond to produce diketone derivatives which could be reacted with a nucleophile to
produce the target compound. This methodology has been used to generate quinoxalines by trapping the
generated 1,2-diaryldiketone with o—phenylenediamine as part of a simple, one-pot synthesis.* However,
we were intrigued by the possibility of a C—H oxidation to produce the 1,2-diaryldiketone which could set
off a chain of reactions, culminating in the desired product.

Imidazoles are known to possess a number of biological applications and are present, as the skeletal

structure, in a wide range of bioactive molecules (Figure 1).
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Figure 1. Imidazole skeletal structure in bioactive molecules

2,4,5-Triphenyl-1H-imidazole or lophine, and its derivatives, in particular, have shown numerous
interesting properties such as chemiluminescence® with one of the first chemiluminescence reactions being
the autoxidation of lophine reported in 1877 by Radziszewski.” In addition, lophine and its derivatives have
also found application as fiber® and fluorescent sensors.’ From a medicinal chemistry perspective, lophine
fused tacrine hybrids have shown promising activity as acetylcholinesterase (AchE) and
butyrylcholinesterase (BuChE) inhibitors which may be a potential approach to treat Alzheimer’s disease!®
while, lophine derivatives have also shown promising activity as a-glucosidase inhibitors which could be
exploited to treat diabetes.'!

The most common route to access these elegant compounds is using a diketone, aldehyde and ammonium
acetate under metal or acid catalysis, however, in many cases these catalysts are elaborate and expensive.'?
In addition, many a-diketones are not commercially vailable and need to be synthesised using complex

processes.!® Hence, the use of simple ketones rather than the traditional a-diketone would be a more

attractive strategy to access imidazoles.'*
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Scheme 1. The proposed synthetic strategy to imidazole derivatives using benzylic sp> C—H oxidation as a
key step

Cognisant of the importance of lophine derivatives in synthetic and medicinal chemistry, we aimed to

develop a new route to these compounds using a sp> C—H oxidation as a key step. As part of our goal, we
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hoped to commence from the o—methylene ketone which could be converted to the 1,2-diaryldiketone,
using C—H oxidation, and in the presence of an aldehyde and ammonium acetate under acidic conditions,
descend to the imidazole in a one-pot synthesis (Scheme 1).

Our proposed route presented two initial challenges: (i) we needed to judiciously choose a reagent to
generate the 1,2-diaryldiketone through the oxidation of a-methylene ketones and (ii) select an appropriate
catalyst to create an environment conducive to the coupling reaction. With regards to our first objective, in
the last five years, a number of innovative system for the oxidation of a-methylene ketones have been
reported such as Cu(OAc)2/PhsP,* Cu(OAc):-H20/K,CO;3,* DMSO/KHCO3,'%® Pd(OAc)y/triazole
ligand'>¢ and KO'Bu/18-Crown-6/0,."*¢ Some of these systems use basic additives or require the synthesis
of complex ligands which renders them moot for our study. However, our attention was drawn to the use of
selenium dioxide as this reagent is well known in the synthetic organic chemistry community'® and since
the pioneering reports of Corey'’* and Sharpless,'”® selenium dioxide has reliably been used to generate
diketones in high yields via the oxidation of o—methylene ketones.'® Additionally, there has been an
initiative to introduce the eco-friendly aspects of organoselenium chemistry through the use of alternative
greener solvents, bioinspired organoselenium catalysts and the use of non-conventional and energy saving
sources of activation.!” Thus, the use of selenium in a domino, one-pot syntheses would be an additional
cog to this ever-expanding initiative. To achieve our second goal of generating an acidic environment, we
proposed two possible approaches, namely the use of known imidazole catalysts in commonly employed
organic solvents or the use of an acidic solvent which could serve as a reaction medium and catalyst.

Our optimisation study commenced by monitoring the coupling of 2-phenylacetophenone 1a,
benzaldehyde 2a and ammonium acetate under various reaction conditions to produce the product
2,4,5-triphenyl-1H-imidazole 3a and the results are summarised in Table 1.

Firstly, the use of traditional, readily available, organic solvents only were evaluated, and under these
conditions, no significant product was detected (Table 1, entries 1-3) with only trace amounts detected
when toluene was used as a solvent. Next, we aimed to encourage the formation of the product by using
known catalysts for the synthesis of imidazoles. The reactions were conducted in toluene with

120b

Montmorillonite K10?%* and silica gel?®® as the catalysts of choice as they are readily available and

eco-friendly. This approach also failed to produce any significant product (Table 1, entries 4-5).
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Table 1. Optimisation of reaction conditions for the formation of 2,4,5-triphenylimidazole from 2-phenyl—
acetophenone via a domino multicomponent reaction”

o Se0,
; OA . NH,OAc > | \>—®
(" (J
H
la 2a 3a
Entry Catalyst Solvent Temp (°C) Yield (%)?

1 — PhMe 110 trace

2 - EtOH 78 0

3 - MeCN 82 0

4 Montmorillonite K10 PhMe 110 trace

5 silica gel PhMe 110 trace

6 - HCl 100 0

7 - H>SOq4 100 10

8 - HNO3 100 10

9 - AcOH rt 0

10 - AcOH 120 68

11 - AcOH 180 83
12¢ - AcOH 180 0

“ Reaction conditions: 2-phenylacetophenone (0.5 mmol), benzaldehyde (0.5 mmol), ammonium acetate
(5.0 mmol) and SeO: (0.5 mmol) were reacted for 3 h (see ESI for full details). ? Isolated yield.

¢ Without SeOs.

We moved on to our second strategy which comprised of the use an acid to serve as a reaction medium and

catalyst. In this case, commonly used mineral acids HCI, H>SO4 and HNOs3 (Table 1, entries 6-8) were

employed but, once again, no significant amount of product was detected. The use of acetic acid produced

no product at room temperature (Table 1, entry 9) but when the temperature was increased to 120 °C the

desired product was, to our delight, isolated in a yield of 68% (Table 1, entry 10). We postulated that a

further increase in temperature would result in a higher yield. In order to carry out the reaction at an

elevated temperature, a specially designed cylindrical tube was used to safely carry out the reaction and

prevent loss of reagents (See ESI for details). The reaction temperature was increased to 180 °C and, under

these conditions; the desired imidazole was isolated in a good yield of 83% (Table 1, entry 11). The use of
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selenium dioxide was found to be essential for this reaction as, in its absence, no product was formed

(Table 1, entry 12). With the optimised conditions in hand, we sought to explore the scope and limitations

of the devised system by varying the reactants and the results of which are described in Table 2.

Table 2. Synthesis of lophine derivatives using a—methylene ketones, aldehydes and ammonium acetate”

R’ SeO,, acetic acid R N
+ R3CHO + NH4OAc > I \>— R3
R2 180 °C, 3 h R2 N
H
Entry R! R? R3 Yield (%)°
1 Ph Ph Ph 3a (83)
2 Ph Ph 4-ClCeH4 3b (77)
3 Ph Ph 4-BrCeHa 3c (73)
4 Ph Ph 4-FC¢Hs 3d (84)
5 Ph Ph 4-(MeO)CeHa 3e (87)
6 Ph Ph 4-MeC¢H4 31 (83)
7 Ph 4-CIC6H4 Ph 3g (82)
8 Ph 4-ClCeH4 4-ClCeH4 3h (74)
9 Ph 4-CIC6H4 4-BrCeH4 3i (87)
10 Ph 4-ClCeH4 4-(MeO)CeH4 3j (61)
11 Ph 4-CIC6H4 4-FCeH4 3k (76)
12 Ph Ph 2-(MeO)CeH4 31(88)
13 Ph Ph 2-FC¢Hs 3m (83)
14 Ph Ph 2-NO2Ce¢H4 3n (83)
15 Ph Ph 3-NO2C¢Hs 3o (51)
16 Ph Ph furan-2-yl 3p (67)
17 Ph Ph cyclohexyl 3q (83)°
18 Me Me Ph 3r (nd)?

“ Reaction conditions: a-Methylene ketone (0.5 mmol), aldehyde (0.5 mmol), ammonium acetate (5.0

mmol) and SeO: (0.5 mmol) in 3 mL glacial acetic acid. ® Isolated yields reported. ¢ One-pot conditions.
Not determined.

d

After the successful synthesis of lophine (Table 2, entry 1), we commenced the library synthesis with a

variation of the aldehyde with substituents at the 4-position. The use of para-substituted benzaldehydes

produced the desired products in good yields of 73-87% regardless of whether electron donating or electron
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withdrawing substituents were used (Table 2, entries 2-6). The use of a substituted 2-phenylacetophenone
derivative also produced the desired imidazoles in moderate to good yields in the presence of various
para-substituted aldehydes (Table 2, entries 7-11). While this system was efficient using
electron-donating groups (EDGs) and electron-withdrawing groups (EWGs), the presence of an EDG
group such as the -OMe resulted in a lower yield (61% in the case of the -OMe substituent). Next, the use
of ortho-substituted aldehydes such as the methoxy, fluoro and nitro substituents produced the desired
product in good yields (Table 2, entries 12-14) while the use of a meta-substituted aldehyde also resulted
in the desired product albeit in a moderate yield of 51% (Table 2, entry 15). The operational simplicity of
the developed method is remarkable as (i) the elemental selenium is easily removed by filtration and (i1)
upon pouring the mixture into an ammonia solution, the product immediately precipitated to deliver
spectroscopically pure imidazole.

While our study was directed toward lophine derivatives, in particular, due to their amazing properties (vide
supra) we briefly extended the study towards other substituents. The use of a variation heterocyclic
aldehyde such as furfural resulted in the desired product in a yield of 67% (Table 2, entry 16). Next, we
turned our attention to the use of a aliphatic aldehyde as a coupling partner. The use of cyclohexane—
carboxaldehyde resulted in no product, probably due to the susceptibility of the cyclohexane ring to attack
by selenium dioxide.'® To support this hypothesis, the reaction was repeated with phenylacetophenone and
selenium dioxide only, followed by the addition of cyclohexanecarboxaldehyde and ammonium acetate and
under these conditions the desired product was isolated in a yield of 83% (Table 2, entry 17). However, the
developed system was not applicable to aliphatic a-methylene ketones as no product was detected when
2-butanone was used as a starting material (Table 2, entry 18).

Based on previous literature reports,?! a mechanistic explanation for the formation of the substituted
imidazoles is proposed (Scheme 2).

In the presence of acetic acid, 2—phenylacetophenone is oxidised to produce the 1,2-diaryldiketone A by
selentum dioxide. Concurrently, the aldehyde reacts with ammonium acetate to produce the imine
intermediate B. This intermediate undergoes cyclocondensation with the 1,2-diaryldiketone to produce the
final imidazole. Thus, acetic acid plays a crucial role in this reaction as it (i) promotes the oxidation of the

17a

a-methylene ketone to the diketone in the presence of selenium dioxide '® and (ii) catalyses the three

component coupling reaction between the generated diketone, aldehyde and ammonia to produce the

desired imidazole.?'?
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Scheme 2. Proposed reaction mechanism for the SeOx/acetic acid mediated imidazole synthesis

In summation, a simple and efficient procedure for the one-pot imidazole synthesis from the reaction of
a-methylene ketones instead of the traditional diketone is described. Using a stoichiometric amount of
selenium dioxide in the presence of acetic acid, a wide range of a-methylene ketones were oxidised to the
1,2-diaryldiketone which were directly engaged in a three-component imidazole synthesis in moderate to
good yields. A mechanism for the formation of the desired imidazoles is proposed in order to rationalise the
product formation. Further studies expanding the scope of this methodology as well as in-depth mechanistic

studies are currently underway in our laboratories and will be reported in due course.

EXPERIMENTAL

All 'H and '*C Nuclear Magnetic Resonance (NMR) spectra were recorded on Bruker Avance 400
operating at either 400 or 100 MHz using DMSO-ds as an internal standard. Chemical shifts are
expressed in parts per million (ppm) relative to the residual solvent and coupling constants (J values)
were recorded in Hz. High-resolution electron-spray ionization (ESI) mass spectra were recorded on a
time-of-flight (TOF) micromass spectrometer. IR spectra were recorded on Perkin Elmer FTIR
Spectrometer. Absorption maxima are expressed in wavenumbers (cm™'). Melting points were determined

using Kofler hot-stage melting apparatus. All reagents that were used are commercially available.
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Typical Procedure for the Preparation of 2,4,5- Trisubstituted Imidazoles (3).

2,4,5-Triphenylimidazole (3a). 2-Phenylacetophenone (98.12 mg, 0.5 mmol), selenium dioxide (55.48
mg, 0.5 mmol), ammonium acetate (385.4 mg, 5.0 mmol), and benzaldehyde (51.02 pL, 0.5 mmol) were
mixed in an elongated tube (equipped with a reflux condenser) with 5.00 mL glacial acetic acid and
stirred for 3 h at 180 °C. After cooling, the reaction mixture was added drop-wise into a 25% ammonia
solution at 0 °C to form a white precipitate which was then filtered and dried in oven at 50 °C for 4 h to
afford 2,4,5-triphenylimidazole as a white solid (123.30 mg, 83%); mp 271 — 273 °C. IR (cm™): 3426,
2855, 1600, 1488; '"H NMR (400 MHz, DMSO-ds) 5 12.72 (s, 1H), 8.12 (d, J = 7.84 Hz, 2H), 7.62 (d, J =
8.08 Hz, 2H), 7.55 (d, J = 7.25 Hz, 2H), 7.51 — 7.44 (m, 4H), 7.39 (t, J = 7.46 Hz, 2H), 7.32 (t, J = 7.46
Hz, 2H) 7.24 (t, J = 7.66 Hz, 1H); '*C (100 MHz, DMSO-ds) J 146.0, 137.7, 135.7, 131.6, 130.9, 129.1,
128.9, 128.7, 128.7, 127.2, 127.6, 126.9, 125.7, HRMS (ESI) calcd for C21HisN2 [M + H]" 297.1392,

found 297.1388. Data consistent with literature.?>2%27

2-(4-Chlorophenyl)-4,5-diphenylimidazole (3b): a white solid; mp 258 — 261 °C; IR (cm™'): 3423, 3059,
1602, 1324; '"H NMR (400 MHz, DMSO-ds) 6 12.78 (s, 1H), 8.12 (d, J = 8.57 Hz, 2H), 7.56 (d, J = 8.57
Hz, 6H), 7.38 (s, 6H); '*C (100 MHz, DMSO-ds) 6 144.9, 133.3,129.9, 129.8, 129.7, 129.3, 129.2, 129.0,
128.8, 128.3, 127.6, 127.3; HRMS (ESI) calcd for C21H1sN>Cl [M + H]" 331.1002, found 331.1009. Data

consistent with literature.?

2-(4-Bromophenyl)-4,5-diphenylimidazole (3¢): a white solid; mp 255 — 258 °C; IR (cm™): 3408, 3060,
1601, 1323; '"H NMR (400 MHz, DMSO-ds) 6 12.80 (s, 1H), 8.06 (d, J = 8.42 Hz, 2H), 7.70 (d, J = 8.61
Hz, 2H), 7.55 (d, J = 7.14 Hz, 4H), 7.38 (s, 6H); '*C (100 MHz, DMSO-ds) 6 144.9, 137.8, 135.5, 132.1,
131.5, 130.0, 129.8, 129.4, 128.9, 127.6, 121.9; HRMS (ESI) calcd for C21HisBrN2 [M + H]" 375.0497,

found 375.0500. Data consistent with literature.??

2-(4-Fluorophenyl)-4,5-diphenyl-1H-imidazole (3d): a fawn solid; mp 249 — 253 °C; IR (cm™): 3408,
3029, 1608, 1492, 1221, 1159, 1131, 694; 'H NMR (400 MHz, DMSO-ds) 612.70 (s, 1H), 8.14 (q, J =
5.59 Hz, 2H), 7.55 (d, J = 6.88 Hz, 4H), 7.36 — 7.31 (m, 8H); *C (100 MHz, DMSO-ds) 6 163.8, 161.4,
145.2, 137.6, 135.6, 131.5, 129.1, 128.9, 128.7, 128.3, 127.8, 127.8, 127.5, 127.5, 127.0, 116.2, 116.0;
HRMS (ESI) caled for CiHisFN2 [M + H]" 315.1298, found 315.1307. Data consistent with

literature.?>2*

2-(4-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (3¢): a pale-white solid; mp 226 — 229 °C; IR (cm™):
3400, 3027, 1613, 1492, 1174; '"H NMR (400 MHz, DMSO-ds) 6 12.52 (s, 1H), 8.03 (d, J=9.13 Hz, 2H),
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7.56 —17.51(d, J=13.52, 4H) 7.44 — 7.23 (m, 6H), 7.07 (d, J = 8.73 Hz, 2H), 3.83 (s, 3H); '*C (100 MHz,
DMSO-ds) 6 159.9, 146.1, 137.3, 135.8, 131.7, 129.1, 128.8, 128.6, 128.1, 128.1, 127.5, 127.2, 126.9,
123.7, 114.6, 55.7;, HRMS (ESI) calcd for C22HisN2O [M + H]" 327.1497, found 327.1494. Data

consistent with literature.?>23

4,5-Diphenyl-2-(p-tolyl)-1H-imidazole (3f): a pale white solid; mp 230 — 232 °C; IR (cm™): 3394, 3029,
1603, 1486, 1321; '"H NMR (400 MHz, DMSO-ds) 6 12.48 (s, 1H), 7.74 (t, J = 4.23 Hz, 1H), 7.59 — 7.52
(q, J =7.40 Hz, 4H), 7.46 — 7.42 (t, J = 7.16 Hz, 2H), 7.34 — 7.29 (m, 6H), 7.24 — 7.22 (d, J = 7.24 Hz,
1H), 2.66 (s, 3H); '*C (100 MHz, DMSO-ds) 6 146.6, 137.1, 136.8, 135.9, 131.7, 131.6, 130.5, 129.2,
129.1, 128.8, 128.7, 128.6, 128.1, 127.9, 127.5, 126.9, 126.2, 21.6; HRMS (ESI) calcd for C22HisN2 [M +
H]" 311.1548, found 311.1554. Data consistent with literature.?>?*

5-(4-Chlorophenyl)-2,4-diphenyl-1H-imidazole (3g): a white solid; mp 241 — 245 °C; IR (cm™'): 3415,
3055, 1600, 1322; '"H NMR (400 MHz, DMSO-ds) 6 12.73 (s, 1H), 8.10 (d, J= 7.79 Hz, 2H), 7.55 — 7.38,
(m, 12H); 3C (100 MHz, DMSO-ds) 6 146.4, 146.2, 138.2, 136.3, 135.5, 134.5, 132.7, 131.5, 131.3,
130.7, 130.5, 130.3, 129.2, 129.1, 129.0, 128.8, 128.7, 128.5, 127.7, 127.4, 127.2, 125.7; HRMS (ESI)
calcd for C21HisCIN, [M + H]* 331.1002, found 331.1007. Data consistent with literature.?

2,5-Bis(4-chlorophenyl)-4-phenyl-1H-imidazole (3h): a white solid; mp 249 — 252 °C; IR (cm™): 3419,
3063, 1600, 1311; '"H NMR (400 MHz, DMSO-ds) 6 12.83 (s, 1H), 8.10 (d, J = 8.66 Hz, 2H), 7.56 — 7.37
(m, 11H); C (100 MHz, DMSO-ds) 6 145.2, 133.4, 129.5, 129.3, 129.1, 128.8, 127.4; HRMS (ESI)
calcd for C21H14N>Cl [M + H]" 365.0612, found 365.0615.

2-(4-Bromophenyl)-5-(4-chlorophenyl)-4-phenyl-1H-imidazole (3i): a white solid; mp 248 — 250 °C;
IR (cm™): 3416, 3064, 1600, 1323; "H NMR (400 MHz, DMSO-ds) § 12.84 (s, 1H), 8.04 (d, J = 9.00 Hz,
2H), 7.69 (d, J = 8.53 Hz, 2H), 7.54 — 7.36 (m, 9H); '3C (100 MHz, DMSO-ds) § 145.2, 132.2, 129.9,
129.1, 128.9, 127.6, 122.0; HRMS (ESI) calcd for C21H14BrCIN2 [M + H]" 409.0107, found 409.0117.

5-(4-Chlorophenyl)-2-(4-methoxyphenyl)-4-phenyl-1H-imidazole (3j): a white solid; mp 233 — 237 °C,
IR (cm™): 3408, 3060, 2289, 1601, 1220; 'H NMR (400 MHz, DMSO-ds) 612.58 (s, 1H), 8.01 (d, J =
8.21 Hz, 2H), 7.57 — 7.44 (m, 6H), 7.41 — 7.27 (m, 3H), 7.07 (d, J = 8.21 Hz, 2H), 3.83 (s, 3H); '*C (100
MHz, DMSO-ds) ¢ 160.0, 146.3, 137.9, 135.9, 135.6, 134.7, 132.5, 131.5, 131.3, 130.3, 129.2, 129.0,
128.9, 128.7, 128.3, 127.8, 127.3, 123.5, 114.6, 55.7; HRMS (ESI) calcd for C2,Hi7CIN2O [M + H]"
361.1108, found 361.1097.
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5-(4-Chlorophenyl)-2-(4-fluorophenyl)-4-phenyl-1H-imidazole (3k): a cream white solid; mp 245 —
249 °C; IR (cm™): 3431, 3062, 1488, 1222, 1159, 1129, 698; 'H NMR (400 MHz, DMSO-ds) § 12.75 (s,
1H), 8.13 (q, J = 5.58 Hz, 2H), 7.56 — 7.52 (t, J = 8.30 Hz, 4H), 7.39 — 7.31 (m, 7H); '3C (100 MHz,
DMSO-ds) 0 163.9, 161.4, 145.4, 129.0, 127.9, 127.8, 127.4, 127.3, 116.2, 116.0; HRMS (ESI) cacld for
C21H14CIFN, [M + H]" 349.0912, found 349.0912.

2-(2-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (31): a white solid; mp 230 — 233 °C; IR (cm): 3429,
3032, 2940, 1601, 1481; '"H NMR (400 MHz, DMSO-ds) 6 11.89 (s, 1H), 8.07 (d, J = 5.91 Hz, 2H), 7.55
(d, /J=7.14 Hz, 2H), 7.48 (d, /= 7.14 Hz, 2H), 7.44 — 7.37 (m, 4H), 7.31 (t, J = 7.45 Hz, 2H), 7.22 - 7.18
(m, 2H), 7.08 (t, J = 7.45 Hz, 1H), 3.93 (s, 3H); *C (100 MHz, DMSO-ds) J 156.5, 143.7, 136.9, 135.8,
131.7, 130.2, 129.3, 129.1, 129.0, 128.6, 128.1, 127.9, 127.6, 126.9, 121.1, 119.4, 112.1, 56.0; HRMS
(ESI) caled for C2oHisN2O [M + H] 325.1341, found 325.1345. Data consistent with literature.?®

2-(2-Fluorophenyl)-4,5-diphenyl-1H-imidazole (3m): a white solid; mp 238 — 241 °C; IR (cm™): 3453,
3058, 1602, 1484, 1220, 1101, 695; '"H NMR (400 MHz, DMSO-ds) 6 12.55 (s, 1H), 8.02 (t, J = 7.80 Hz,
1H), 7.54 — 7.33, (m, 13H); 1*C (100 MHz, DMSO-ds) 6 160.6, 158.1, 141.3, 141.3, 131.4, 130.9, 130.8,
130.1, 130.1, 129.6, 129.0, 128.3, 127.6, 127.1, 125.1, 125.1, 119.2, 119.1, 116.8, 116.6; HRMS (ESI)
calcd for C21HisFN, [M + Na]* 337.1117, found 337.1114. Data consistent with literature.??

2-(2-Nitrophenyl)-4,5-diphenyl-1H-imidazole (3n): a yellow solid; mp 229 — 232 °C. IR (cm™): 3397,
3031, 1601, 1524, 1351, 1143, 693; '"H NMR (400 MHz, DMSO-ds) § 12.95 (s, 1H), 8.00 (d, J = 8.51 Hz,
1H), 7.93 (d, J=7.09 Hz, 1H), 7.79 (t, J = 7.44 Hz, 1H), 7.65 (t, /= 7.80 Hz, 1H), 7.51 (d, J = 7.80 Hz,
4H), 7.39 — 7.25 (m, 6H); 13C (100 MHz, DMSO-ds) 6 148.8, 141.5, 132.6, 130.3, 129.9, 129.4, 129.2,
128.9, 128.8, 127.6, 124.5, 123.9; HRMS (ESI) calcd for C21HisN3O [M + H]" 342.1243, found 342.1243.

Data consistent with literature.?>2¢

2-(3-Nitrophenyl)-4,5-diphenyl-1H-imidazole (30): a yellow solid; mp 281 — 285 °C. IR (cm™): 3394,
3057, 1520, 1347; '"H NMR (400 MHz, DMSO-ds) 6 13.08 (s, 1H), 8.97 (s, 1H), 8.51 (d, J = 8.01 Hz, 1H),
8.20 (d, J = 8.35 Hz, 1H), 7.77 (t, J = 8.02 Hz, 1H), 7.55 (d, J = 7.47 Hz, 4H), 7.40 (brs, 6H); '3C (100
MHz, DMSO-ds) ¢ 148.8, 143.9, 132.3, 131.6, 130.8, 129.4, 128.9, 128.7, 128.2, 123.0, 119.9; HRMS
(ESI) calcd for C21HisN3O [M + Na]* 364.1062, found 364.1071. Data consistent with literature.

2-(Furan-2-yl)-4,5-diphenyl-1H-imidazole (3p): a brown solid; mp 237 — 239 °C; IR (cm™): 3023, 1601,
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1500, 1485, 739, 695; 'H NMR (400 MHz, DMSO-ds) 6 12.81 (s, 1H), 8.06 (d, 2H), 7.81, (s, 1H), 7.54 —
7.48 (dd, J=7.16 Hz, 4H), 7.43 (t, J=7.78 Hz, 2H), 7.37 (t, J = 7.37 Hz, 1H), 7.31 (t, J = 7.37 Hz, 2H),
7.23 (t, J = 7.37 Hz, 1H), 6.98 (d, J = 3.41 Hz, 1H), 6.66 (s, 1H); *C (100 MHz, DMSO-ds) J 146.2,
143.5, 139.1, 137.5, 135.4, 131.3, 129.1, 128.8, 128.7, 128.3, 128.0, 127.6, 127.1, 112.3, 107.9; HRMS
(ESI) caled for C21H1sN30 [M + Na]™ 309.1861, found 309.1007. Data consistent with literature.?*

2-Cyclohexyl-4,5-diphenyl-1H-imidazole (3q): 2-Phenylacetophenone (98.12 mg, 0.5 mmol) and
selenium dioxide (55.48 mg, 0.5 mmol) were reacted under glacial acetic acid (5.00 mL) in an elongated
tube equipped with a reflux condenser and a stirrer bar magnet for 3 h at 180 °C. Subsequently,
cyclohexanecarboxaldehyde (60.57 uL, 0.5 mmol) and ammonium acetate (385.4 mg, 5.0 mmol) were
directly added into the reaction mixture and allowed to react for another 3 h at 180 °C. After cooling, the
ultimate reaction mixture was added dropwise into a 25% ammonia solution at 0 °C to form a white
precipitate which was then filtered and dried in oven at 50 °C for 4 h to afford
2-cyclohexyl-4,5-diphenyl-1H-imidazole as a brown solid (133.30 mg, 83%); mp 243 — 245 °C. IR
(cm™): 3031, 1603; '"H NMR (400 MHz, DMSO-ds) 6 11.92 (s, 1H), 7.50 (d, J = 7.94 Hz, 2H), 7.42 (q, J
=17.19 Hz, 4H), 7.26 (m, 3H), 7.17 (t, J = 6.95 Hz, 1H), 2.71 (m, 1H), 1.97 (d, /= 11.61 Hz, 2H), 1.79 (d,
J =12.44 Hz, 2H), 1.68 — 1.56 (m, 3H), 1.42 — 1.23 (m, 3H); *C (100 MHz, DMSO-ds) J 152.9, 136.3,
135.5, 132.1, 129.0, 128.5, 128.3, 127.6, 127.5, 126.5, 126.2, 37.7, 32.0, 26.2; HRMS (ESI) calcd for
C21HisN30 [M + H]" 303.1861, found 303.1869. Data consistent with literature.?

SUPPLEMENTARY INFORMATION
Experimental details, characterisation and copies of spectroscopic data can be accessed in the

“Supplementary Information” of this article’s webpage.

ACKNOWLEDGEMENTS
We are grateful to the National Research Foundation (NRF) of South Africa for a Thuthuka research grant
(VJ) and a postgraduate bursary (MM).

REFERENCES AND NOTES

1.  (a) L. F. Tietze, Chem. Rev., 1996, 96, 115; (b) L. F. Tietze and N. Rackelmann, Pure Appl. Chem.,
2004, 76, 1967; (c) C. M. R. Volla, I. Atodiresei, and M. Rueping, Chem. Rev., 2014, 114,2390; (d) T.
Broja, P. J. W. Fuchs, and K. Zeitler, Nat. Chem., 2015, 7, 950.

2. (a) X. Weiand R. J. K. Taylor, Tetrahedron Lett., 1998, 39, 3815; (b) L. Blackburn, C. X. Pei, and R.



1920

10.

11.

12.

HETEROCYCLES, Vol. 94, No. 10, 2017

J. K. Taylor, Synlett, 2002, 215; (c) H. Kanno and R. J. K. Taylor, Synlett, 2002, 1287; (d) J. S. Foot,
H. Kanno, G. M. P. Giblin, and R. J. K. Taylor, Synlett, 2002, 1293; (¢) G. D. McAllister, C. D.
Wilfred, and R. J. K. Taylor, Synlett, 2002, 1291; (f) J. S. Foot, H. Kanno, G. M. P. Giblin, and R. J. K.
Taylor, Synthesis, 2003, 1055; (g) S. A. Raw, C. D. Wilfred, and R. J. K. Taylor, Chem. Commun.,
2003, 2286; (h) S. A. Raw, C. D. Wilfred, and R. J. K. Taylor, Org. Biomol. Chem., 2004, 2, 788; (i)
M. F. Oswald, S. A. Raw, and R. J. K. Taylor, Org. Lett., 2004, 6, 3997; (j) R. S. Robinson and R. J.
K. Taylor, Synlett, 2005, 1003; (k) E. Quesada, S. A. Raw, M. Reid, E. Roman, and R. J. K. Taylor,
Tetrahedron, 2006, 62, 6673.

(a) R.J. K. Taylor, M. Reid, J. Foot, and S. A. Raw, Acc. Chem. Res., 2005, 38, 851; (b) V. Jeena and
R. S. Robinson, RSC Adv., 2014, 4, 40720.

(a) C. Qi, H. Jiang, L. Huang, Z. Chen, and H. Chen, Synthesis, 2011, 387; (b) C. Zhang, Z. Xu, L.
Zhang, and N. Jiao, Tetrahedron, 2012, 68, 5258; (c) J.-W. Yu, S. Mao, and Y.-Q. Wang,
Tetrahedron Lett., 2015, 56, 1575; (d) J. Gao, Z.-G. Ren, and J.-P. Lang, Chin. Chem. Lett., 2017,
http://dx.doi.org/10.1016/j.cclet.2016.12.035

(a) K. Shalini, P. K. Sharma, and N. Kumar, Der. Chem. Sin., 2010, 1, 36; (b) B. Narasimhan, D.
Sharma, and P. Kumar, Med. Chem. Res., 2011, 20, 1119; (c) A. Verma, S. Joshi, and D. Singh, J.
Chem., 2013, 1.

(a) M. Kimura, G. H. Lu, H. Nishigawa, Z. Q. Zhang, and Z. Z. Hu, Luminescence, 2007, 22, 72; (b)
J. Alves, A. Boaro, J. S. da Silva, T. L. Ferreira, V. B. Keslarek, C. A. Cabral, R. B. Orfao Jr., L. F. M.
L. Ciscato, and F. H. Bartoloni, Photochem. Photobiol. Sci., 2015, 14, 320.

B. Radziszewski, Ber. Dtsch. Chem. Ges., 1877, 10, 70.

(a) J. L. Camas-Anzueto, A. E. Aguilar-Castillejos, J. H. Castanon-Gonzalez, M. C. Lujpan-Hidalgo,
H. R. Hernandez de Leo6n, and R. Mota Grajales, Opt. Lasers Eng., 2014, 60, 38; (b) J. L.
Camas-Anzueto, J. A. Gomez-Valdéz, R. Meza-Gordillo, M. Pérez-Patricio, H. R. Hernandez de
Leén, and V. Ledn-Orozco, Measurement, 2015, 68, 280.

(a) J. Kulhanek and F. Bures, Beilstein J. Org. Chem., 2012, 8, 25; (b) N. Kishikawa, K. Ohyama, A.
Saiki, A. Matsuo, M. F. B. Ali, M. Wada, K. Nakashima, and N. Kuroda, Anal. Chim. Acta, 2013, 780,
1; (¢) M. Tian, C. Wang, L. Wang, K. Luo, A. Zhao, and C. Guo, Luminescence, 2014, 29, 540.

J. S. da Costa, J. P. B. Lopes, D. Russowsky, C. L. Petzhold, A. C. de Amorim Borges, M. A. Ceschi,
E. Konrath, C. Batassini, P. S. Lunardi, and C. A. S. Goncalves, Eur. J. Med. Chem., 2013, 62, 556.
M. Yar, M. Bajda, S. Shahzad, N. Ullah, M. A. Gilani, M. Ashraf, A. Rauf, and A. Shaukat, Bioorg.
Chem., 2015, 58, 65.

Selected recent examples include: (a) B. Sadeghi, B. B. F. Mirjalili, and M. M. Hashemi, Tetrahedron
Lett., 2008, 49, 2575; (b) A. R. Karimi, Z. Alimohammadi, and M. M. Amini, Mol. Divers., 2010, 14,



HETEROCYCLES, Vol. 94, No. 10, 2017 1921

635; (c) A. Teimouri and A. N. Chermahini, J. Mol. Catal. A: Chem., 2011, 346, 39; (d) S. A. Dake,
M. B. Khedkar, G. S. Irmale, S. J. Ukalgaonkar, V. V. Thorat, S. A. Shintre, and R. P. Pawar, Synth.
Commun., 2012, 42, 1509; (e) J. Safari and Z. Zarnegar, Ultrason. Sonochem., 2013, 20, 740; (f) Z.
Zarnegar and J. Safari, New J. Chem., 2014, 38, 4555; (g) M. Esmaeilpour, J. Javidi, and M. Zandi,
New J. Chem., 2015, 39, 3388; (h) A. Maleki, H. Movahed, and R. Paydar, RSC A4dv., 2016, 6, 13657.

13. (a) Z. Zheng and X. Zhou, Chin. J. Chem., 2012, 30, 1683; (b) A. Gao, F. Yang, J. Li, and Y. Wu,
Tetrahedron, 2012, 68, 4950; (c) S. Cao, S. Zhong, L. Xin, J.-P. Wan, and C. Wen, ChemCatChem,
2015, 7, 1478.

14. K. Wu, Z. Huang, X. Q1, Y. Li, G. Zhang, C. Liu, H. Y1, L. Meng, E. E. Bunel, J. T. Miller, C.-W. Pao,
J.-F. Lee, Y. Lan, and A. Lei, Sci. Adv., 2015, 1:¢1500656.

15. (a) S. Cacchi, G. Fabrizi, A. Goggiamani, A. lazzetti, and R. Verdiglione, Synthesis, 2013, 45, 1701;
(b) R. Chebolu, A. Bahuguna, R. Sharma, V. K. Mishra, and P. C. Ravikumar, Chem. Commun., 2015,
51, 15438; (c) G. Urgoitia, A. Maiztegi, R. SanMartin, M. T. Herrero, and E. Dominguez, RSC Adv.,
2015, 5, 103210; (d) H. Wang, Z. Wang, H. Huang, J. Tan, and K. Xu, Org. Lett., 2016, 18, 5680.

16. Selected examples include: (a) H. L. Riley, J. F. Morley, and N. A. C. Friend, J. Chem. Soc., 1932,
1875; (b) R. K. Callow, J. Chem. Soc., 1936, 462; (c) C. W. Smith and R. T. Holm, J. Org. Chem.,
1957, 22, 746; (d) Y. Sakuda, Bull. Chem. Soc. Jpn., 1969, 42, 3348; (e) S.-1. Murahashi and T. Shiota,
Tetrahedron Lett., 1987, 28, 2383; (f) K. Shibuya, Synth. Commun., 1994, 24, 2923; (g) O. Chen, X.
Chen, Y. Yang, J. Lynch, H. Wu, J. Zhuang, and Y. C. Cao, Angew. Chem. Int. Ed., 2008, 47, 8638;
(h) R. U. Kumar, K. H. V. Reddy, G. Satish, K. Swapna, and Y. V. D. Nageswar, Tetrahedron Lett.,
2016, 57, 4138.

17. (a) E. J. Corey and J. P. Schaefer, J. Am. Chem. Soc., 1960, 82, 917; (b) K. B. Sharpless and K. M.
Gordon, J. Am. Chem. Soc., 1976, 98, 300.

18. (a) S. Belsey, T. N. Danks, and G. Wagner, Synth. Commun., 2006, 36, 1019; (b) S. Goswami, A. C.
Maity, H.-K. Fun, and S. Chantrapromma, Eur. J. Org. Chem., 2009, 1417; (c) X. Zhang, T. Mu, F.
Zhan, L. Ma, and G. Liang, Angew. Chem. Int. Ed., 2011, 50, 6164; (d) R. M. Young and M. T.
Davies-Coleman, Tetrahedron Lett., 2011, 52, 4036.

19. S. Santoro, J. B. Azeredo, V. Nascimento, L. Sancineto, A. L. Braga, and C. Santi, RSC Adv., 2014, 4,
31521.

20. (a)A.Y.Usyatinsky and Y. L. Khmelnitsky, Tetrahedron Lett., 2000, 41, 5031; (b) S. Balalaie and A.
Arabanian, Green Chem., 2000, 2, 274.

21. (a) S. E. Wolkenberg, D. D. Wisnoski, W. H. Leister, Y. Wang, Z. Zhang, and C. W. Lindsley, Org.
Lett., 2004, 6, 1453; (b) K. Bahrami, M. M. Khodaei, and A. Nejati, Monatsh. Chem.,2011, 142, 159;
(¢c) C.-Y. Chen, W.-P. Hu, P.-C. Yan, G. C. Senadi, and J.-J. Wang, Org. Lett., 2013, 15, 6116; (d) G.



1922 HETEROCYCLES, Vol. 94, No. 10, 2017

M. Ziarani, Z. Dashtianeh, M. S. Nahad, and A. Badiei, Arab. J. Chem., 2015, 8, 692; (e) M. G.
Dekamin, E. Arefi, and A. Yaghoubi, RSC Adv., 2016, 6, 86982.

22.  A. Teimouri and A. N. Chermahini, J. Mol. Catal. A: Chem., 2011, 346, 39.

23. T.S. Chundawat, N. Sharma, P. Kumari, and S. Bhagat, Synlett, 2016, 27, 404.

24. C.Yu, M. Lei, W. Su, and Y. Xie, Synth. Commun., 2007, 37, 3301.

25. Z.Xie,J. Deng, Z. Qui, J. Li, and Q. Zhu, Chem. Commun., 2016, 52, 6467.

26. S. Samai, G. C. Nandji, P. Singh, and M. S. Singh, Tetrahedron, 2009, 65, 10155.

27. Z.Zarnegar and J. Safari, RSC Adv., 2014, 4, 20932.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




