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ABSTRACT: A novel ligand-free, transition metal-free direct C−H
functionalization of quinones with diaryliodonium salts has been
developed for the first time. The transformation was promoted only
through the use of a base and gave aryl quinone derivatives in
moderate to good yields. This methodology provided an effective and
easy way to synthesize β-secretase inhibitors. The radical trapping
experiments showed that this progress was the radical mechanism.

■ INTRODUCTION
Quinone derivatives are important and common building blocks,
and convenient precursors for many biological compounds,
including pharmaceuticals, medicine, etc.1 They are distributed
in many practical compounds and show some biological
activities.2 Interestingly, aryl-substituted quinones were used as
anticancer compounds, antibiotics, pigments, and dyes because
of their special properties.3 Over the years, several methods have
been used for the synthesis of aryl-substituted quinones. For
example, diazonium salts are used as the common method to
synthesize quinone derivatives,4 but they pose a great danger
because they are unstable and explosive. Very recently,
arylboronic acids have been shown to be efficient, mild reagents
for the reaction of quinones to arylquinones (Scheme 1).5 In

2009, Molina et al. reported the first coupling of quinones with
arylboronic acids by using a palladium catalyst.5a Later, Baran
described the iron-catalyzed direct functionalization of a variety
of quinones with several boronic acids in moderate to good
yields.5c Zhang and Yu reported FeS-catalyzed direct arylation
with arylboronic acids through an aryl radical transfer pathway.5d

Singh,5e Demchuk,5b Komeyama,5f and Maiti5g also reported
their results in this area.6 However, most of aryl acids

commercially available are expensive, and catalysts are also
needed in this transformation, which greatly limited their
application with aryl acids as starting materials. Therefore, the
search for an effective synthetic method for quinone derivatives is
still a scientific and important issue.
Diaryliodonium salts have attracted considerable attention in

modern organic chemistry, particularly with regard to transition
metal-catalyzed cross-couplings through α-arylation reaction and
C−H activation, over the past decade.7 Recently, scientists have
attempted to use diaryliodonium salts as coupling reagents in the
field of metal-free chemistry.8 On the basis of the advantages of
the easy synthesis and high reactivity of diaryliodonium salts,
herein, we present the first ligand-free, transition metal-free
direct arylation of quinones with diaryliodonium salts in
moderate to good yields.

■ RESULTS AND DISCUSSION

On the basis of our ongoing efforts and the development of a new
methodology,9 the simple quinone and diphenyliodonium salt
were selected as model substrates to try the reaction. The
reaction mixture was set up in toluene at room temperature.
However, none of the desired product was checked. When
Na2CO3 was added to the reaction mixture, it was found that the
desired product was separated in 21% yield. Next, the screened
solvents were tested, whereby a strong solvent-dependent
phenomenon was observed. CH2Cl2, THF, and DMF led to a
very low reactivity, but DCE was found to be the optimal solvent.
As in the previously reported cases, the reaction did not work
well when organic alkali or a weak base NaOAc was applied. The
desired product was attained in good yield when NaOH was
used, and the reaction reached completion within 12 h (Table 1).
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Scheme 1. Transition Metal-Free C−H Functionalization of
Quinones with Diaryliodonium Salts
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Given this new method, representative diaryliodonium salts
were prepared to investigate the scope of the reaction substrate.
The results are summarized in Table 2. Generally, all the
quinones were converted completely to produce the correspond-
ing aryl-substituted quinones. Moderate to good isolated yields
were obtained regardless of steric hindrance of substituent
groups. For the diaryliodonium salts with an electron-with-
drawing group, the desired product was separated in low yield
(Table 2, entry 11). It should be noted that the highest yield
(80%) was obtained in the case of di(p-methoxyaryl)iodonium
salts (Table 2, entry 6).
The coupling reactions of naphthoquinone with diary-

liodonium salts were also explored under the optimized
conditions (Table 3). In most cases, the reaction proceeded
well and the corresponding products were separated in good to
excellent yields. Both ortho-substituted and meta-substituted
diaryliodonium salts were suitable for this transformation.
Compared to the reported methods, this methodology provides
a very easy method for the synthesis of aryl quinones, although
moderate yields were realized in most cases. After all, transition
metal-free and easy reaction conditions are good complements to
other methods (Figure 1).
The coupling of quinones with diaryliodonium salts provides

an easy method for the synthesis of aryl-substituted quinones;
however, another aryl group was formed as a byproduct, which is
a huge waste, especially for a very valuable aryl component. Next,
we investigated unsymmetric diaryliodonium salts to solve this
problem. As shown in Table 4, both benzoquinone and
naphthoquinone were suitable for this transformation. However,
the ratio of the two corresponding products was not good. In
most cases, poor chemoselectivity of two products was found. In
general, the ratio of the two corresponding products with
naphthoquinones as subtrates is slightly higher than that with
benzoquinones. The best result was obtained with a 1:2.2 ratio,
when diaryliodonium salts have a strong electron-donating group
(Table 4, entry 6). Although the ratio is not good, after all, this

provides an alternative strategy to use an unsymmetric iodonium
where one arene (less valuable) does not transfer.
Additionally, this reaction of transition metal-free direct

arylation of quinones with diphenyliodonium salts provides an
efficient route for the synthesis of aryl-substituted quinone
derivatives, which are effective inhibitors of β-secretase
(BACE1).10 It is widely believed that halting the production of
β-amyloid peptide through the inhibition of BACE1 is an
attractive therapeutic modality for the treatment of Alzheimer’s
disease (AD).11 Bermejo-Bescoś et al. showed that several
arylquinones and their derivatives are effective inhibitors of β-
secretase (Scheme 2).6

Given the methodology mentioned above, 2-phenylnaphtha-
lene-1,4-dione (A) was synthesized only from naphthoquinones
while producing a 71% yield. For another inhibitor of BACE1, 2-
(4-hydroxyphenyl)naphthalene-1,4-dione (B) was synthesized
under the conditions of BBr3 to remove methyl group protection
in two total steps (Scheme 3).
To evaluate the applicability of this new method to a gram

scale synthesis, we performed the direct C−H functionalization
of 2.0 g of naphthoquinone with diphenyliodonium salt. Full
conversion was achieved, and a pure inhibitor (A) of BACE1 was
obtained in 72% yield (Scheme 4).
To unambiguously elucidate this transformation, a preliminary

mechanism study was conducted. According to the literature,
diaryliodonium salts are easy to turn into aryl radicals via
decomposition, and a radical mechanism has been proposed in
reactions involving high-valence iodonium salts.12 Here, 2,2,6,6-
tetramethyl-1-piperidinyloxy (TEMPO) was added to this
reaction mixture as a radical scavenger (Scheme 5). Therefore,
the reaction mixture of quinone and diphenyliodonium triflate
was set up under 1.0 equiv of TEMPO, and the result showed
that nearly no product (<5%) was detected even after a
prolonged reaction time under the optimized conditions. These
experiments indicated that radical intermediates were involved in
this reaction, which are consistent with the literature.13

In conclusion, a novel method for ligand-free, transition metal-
free direct arylation of quinones with diaryliodonium salts has
been developed. This reaction provides an easy, convenient
method with respect to aryl-substituted quinones. Two inhibitors
of BACE1, A and B, were easily synthesized with this
methodology. The radical trapping experiments showed that
this progress was the aryl radical mechanism.

■ EXPERIMENTAL SECTION
General Procedure for the Reaction of Quinones and

Diaryliodonium Salts. A mixture of 1,4-quinone (1a) (216.0 mg,
2.0 mmol), diphenyliodonium salt (2a) (1290.0 mg, 3.0 mmol), and
NaOH (120 mg, 1.5 equiv) in DCE (2.0 mL) was stirred at reflux for 12
h. Upon completion of the reaction, the mixture was evaporated to give
the residue, which was then purified by column chromatography on
silica gel (1:10 ethyl acetate/petroleum ether) to provide the
corresponding product as a pale yellow solid (257.9 mg, 70%).

2-Phenyl[1,4]benzoquinone (3a). Faint yellow solid. Mp: 115−
117 °C. Known compound:5c 257.9 mg, 70%. 1H NMR (400 MHz,
CDCl3): δ 7.52−7.42 (m, 5H), 6.84−6.90 (m, 3H).

2-p-Tolyl[1,4]benzoquinone (3b). Orange solid. Mp: 137−138
°C. Known compound:5c 257.7 mg, 65%. 1H NMR (400MHz, CDCl3):
δ 7.39 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 6.88−6.77 (m, 3H),
2.40 (s, 3H).

2-(4-Methoxyphenyl)[1,4]benzoquinone (3c). Yellow solid.
Mp: 106−108 °C. Known compound:5c 342.3 mg, 80%. 1H NMR
(400 MHz, CDCl3): δ 7.48 (d, J = 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H),
6.88−6.77 (m, 3H), 3.86 (s, 3H).

Table 1. Screening of Reaction Conditionsa

entry base solvent yield (%)b

1 none toluene <5
2 K2CO3 toluene 21
3 K2CO3 benzene 11
4 K2CO3 CH2Cl2 <5
5 K2CO3 THF <5
6 K2CO3 DMF <5
7 K2CO3 dioxane <5
8 K2CO3 DCE 47
9 KHCO3 DCE 31
10 KOH DCE 56
11 tBuOK DCE 53
12 NaOH DCE 70
13 Na2CO3 DCE 42
14 Cs2CO3 DCE 58
15 NaOAc DCE 34

aConditions: 1a (2.0 mmol, 1.0 equiv), 2a (1.5 equiv), base (1.5
equiv), 8 mL of solvent, 12 h, reflux. bIsolated yields based on 1a.
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2-Biphenyl-4-yl[1,4]benzoquinone (3d). Faint yellow solid. Mp:
199−200 °C. Known compound:14a 369.1 mg, 71%. 1H NMR (400
MHz, CDCl3): δ 7.73−7.55 (m, 6H), 7.47 (t, J = 7.5 Hz, 2H), 7.39 (t, J =
7.4 Hz, 1H), 6.88 (m, 3H).
2-(4-tert-Butylphenyl)[1,4]benzoquinone (3e). Orange solid.

Mp: 73−75 °C. Known compound:5c 302.8 mg, 63%. 1H NMR (400
MHz, CDCl3): δ 7.48 (d, J = 8.6 Hz, 2H), 7.44 (d, J = 8.6 Hz, 2H), 6.88−
6.79 (m, 3H), 1.35 (s, 9H).
2-(4-Ethoxyphenyl)[1,4]benzoquinone (3f). Yellow solid. Mp:

104−106 °C. Known compound:14b 282.9 mg, 62%. 1H NMR (400
MHz, CDCl3): δ 7.47 (d, J = 8.8 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 6.87−
6.77 (m, 3H), 4.08 (q, J = 7.0 Hz, 2H), 1.44 (t, J = 7.0 Hz, 3H).
2-o-Tolyl[1,4]benzoquinone (3g). Yellow oil. Known com-

pound:5c 269.2 mg, 65%. 1H NMR (400 MHz, CDCl3): δ 7.34 (dt, J

= 11.6, 4.5 Hz, 1H), 7.29−7.21 (m, 2H), 7.10 (d, J = 7.2 Hz, 1H), 6.82
(m, 3H), 2.18 (s, 3H).

2-(4-Iodophenyl)[1,4]benzoquinone (3h). Light yellow solid.
Mp: 133−135 °C. Known compound:5c 235.8 mg, 38%. 1H NMR (400
MHz, CDCl3): δ 7.80 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.2 Hz, 2H), 6.91−
6.80 (m, 3H).

2-(4-Isopropylphenyl)[1,4]benzoquinone (3i). Yellow solid.
Mp: 47−50 °C. Known compound:15h 320.8 mg, 71%. 1H NMR (400
MHz, CDCl3): δ 7.43 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 6.90−
6.78 (m, 3H), 2.95 (dt, J = 13.8, 6.9 Hz, 1H), (d, J = 8.3 Hz, 6H), 1.28 (d,
J = 6.9 Hz, 6H).

2-(4-Bromophenyl)[1,4]benzoquinone (3j). Orange solid. Mp:
101−102 °C. Known compound:4 114.4 mg, 22%. 1H NMR (400 MHz,

Table 2. Substrate Expansion of Quinonesa

aConditions: 1a (2.0 mmol, 1.0 equiv), 2 (1.5 equiv), NaOH (1.5 equiv), 8 mL of solvent, 12 h, reflux. bIsolated yields based on 1a.

The Journal of Organic Chemistry Article

dx.doi.org/10.1021/jo501467v | J. Org. Chem. 2014, 79, 8607−86138609



CDCl3): δ 7.57 (d, 2H, J = 8.7 Hz), 7.35 (d, 2H, J = 8.7 Hz), 6.88−6.81
(m, 3H).

3-(3,6-Dioxocyclohexa-1,4-dienyl)benzonitrile (3k). Pale yel-
low solid. Unstable compound and mp characterization failed. Known
compound:5c 45.8 mg, 11%. 1H NMR (400 MHz, CDCl3): δ 7.80 (s,
1H), 7.77 (d, J = 8.0Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 8.0 Hz,
1H), 6.93−6.88 (m, 3H).

2-(3,5-Dimethylphenyl)[1,4]benzoquinone (3l). Pale yellow
solid. Mp: 101−102 °C. Known compound:5f 313.9 mg, 74%. 1H
NMR (CDCl3, 400 MHz): δ 7.10 (1H, s), 7.08 (2H, s), 6.80−6.87 (3H,
m), 2.36 (6H, s).

2-(3-Methoxyphenyl)[1,4]benzoquinone (3m). Yellow solid.
Mp: 113−114 °C. Known compound:15g 299.6 mg, 70%. 1HNMR (400
MHz, CDCl3): δ 7.39−7.32 (m, 1H), 7.05 (d, J = 7.9 Hz, 1H), 7.00 (d, J
= 6.5 Hz, 2H), 6.88−6.79 (m, 3H), 3.84 (s, 3H).

2-Naphthalen-2-yl[1,4]benzoquinone (3n). Pale yellow solid.
Mp: 173−174 °C. Known compound:5d 280.6 mg, 60%. 1H NMR (400
MHz, CDCl3): δ 8.05 (s, 1H), 7.95−7.84 (m, 3H), 7.60−7.50 (m, 3H),
6.91 (m, 3H).

2-m-Tolylcyclohexa-2,5-diene-1,4-dione (3o). Yellow solid.
Mp: 76−78 °C. Known compound:5c 245.1 mg, 62%. 1H NMR (400
MHz, CDCl3): δ 7.38−7.24 (m, 4H), 6.90−6.78 (m, 3H), 2.41 (s, 3H).

2-Phenyl[1,4]naphthoquinone (5a). Faint yellow solid. Mp:
115−117 °C. Known compound:5a 332.3 mg, 71%. 1H NMR (400

Table 3. Substrate Expansion of Naphthoquinonesa

aConditions: 4a (2.0 mmol, 1.0 equiv), 2 (1.5 equiv), NaOH (1.5 equiv), 8.0 mL of solvent, 12 h, reflux. bIsolated yields based on 4a.

Figure 1. Comparison with main methods in the literature.
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MHz, CDCl3): δ 8.22−8.17 (m, 1H), 8.16−8.10 (m, 1H), 7.82−7.74
(m, 2H), 7.61−7.56 (m, 2H), 7.51−7.46 (m, 3H), 7.09 (s, 1H).
2-p-Tolyl[1,4]naphthoquinone (5b).Orange solid. Mp: 103−104

°C. Known compound:15f 327.9 mg, 66%. 1H NMR (400 MHz,
CDCl3): δ 8.19 (m, 1H), 8.12 (m, 1H), 7.80−7.75 (m, 2H), 7.49 (d, J =
8.1 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.07 (s, 1H), 2.42 (s, 3H).
2-(4-Methoxyphenyl)[1,4]naphthoquinone (5c). Yellow solid.

Mp: 132−133 °C. Known compound:15b 407.0 mg, 77%. 1HNMR (400
MHz, CDCl3): δ 8.17 (m, 1H), 8.10 (m, 1H), 7.79−7.72 (m, 2H), 7.58
(d, J = 8.5 Hz, 2H), 7.04 (s, 1H), 6.99 (d, J = 8.6 Hz, 2H), 3.87 (s, 3H).

2-o-Tolyl[1,4]naphthoquinone (5d). Pale yellow oil. Known
compound:15c 302.9 mg, 61%. 1HNMR (400MHz, CDCl3): δ 8.15 (dd,
J = 9.4, 6.3 Hz, 2H), 7.84−7.74 (m, 2H), 7.36 (t, J = 7.4 Hz, 1H), 7.28
(dd, J = 10.2, 5.9 Hz, 2H), 7.18 (d, J = 7.5 Hz, 1H), 6.94 (s, 1H), 2.23 (s,
3H).

2-(4-tert-Butylphenyl)[1,4]naphthoquinone (5e). Faint yellow
oil. New compound: 394.8 mg, 68%. 1H NMR (400 MHz, CDCl3): δ
8.19 (m, 1H), 8.12 (m, 1H), 7.77 (m, 2H), 7.52 (dd, J = 17.4, 8.4 Hz,
4H), 7.08 (s, 1H), 1.36 (s, 9H). 13C NMR (101 MHz, CDCl3): δ 185.1
(s), 184.5 (s), 153.5 (s), 147.9 (s), 134.6 (s), 133.7 (s), 133.76 (s), 132.5
(s), 132.1 (s), 130.5 (s), 129.2 (s), 127.0 (s), 125.9 (s), 125.5 (s), 34.8
(s), 31.2 (s). HRMS: calcd for C20H19O2 [M + H]+ 291.1385, found
291.1382.

2-(4-Ethoxyphenyl)[1,4]naphthoquinone (5f). Yellow solid.
Mp: 115−117 °C. New compound: 361.6 mg, 65%. 1H NMR (400
MHz, CDCl3): δ 8.17 (m, 1H), 8.14- 8.08 (m, 1H), 7.80−7.73 (m, 2H),
7.57 (d, J = 8.9 Hz, 2H), 7.05 (s, 1H), 6.98 (d, J = 8.8 Hz, 2H), 4.10 (q, J
= 7.0 Hz, 2H), 1.45 (t, J = 7.0 Hz, 3H). 13C NMR (101MHz, CDCl3): δ
185.21 (s), 184.86 (s), 160.77 (s), 147.45 (s), 133.73 (s), 133.71 (s),

Table 4. Substrate Expansion of Unsymmetric Diaryliodonium Saltsa

aConditions: 1a or 4a (0.5 mmol, 1.0 equiv), Ar1Ar2IOTf (1.5 equiv), NaOH (1.5 equiv), 2 mL of DCE, 12 h, reflux. bDetermined by 1H NMR.
cIsolated yields based on 1a or 4a.

Scheme 2. Two Selected Inhibitors of BACE1
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133.62 (s), 132.63 (s), 132.17 (s), 131.09 (s), 127.01 (s), 125.88 (s),
125.50 (s), 114.56 (s), 63.65 (s), 14.76 (s). HRMS: calcd for C18H15O3
[M + H]+ 279.1021, found 279.1019.
2-(4-Ethylphenyl)[1,4]naphthoquinone (5g).Orange solid. Mp:

67−68 °C. Known compound:15d 387.9 mg, 74% (yellow solid, 99.6 mg,
76%). 1H NMR (400 MHz, CDCl3): δ 8.19 (m, 1H), 8.12 (m, 1H),
7.80−7.75 (m, 2H), 7.52 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H),
7.07 (s, 1H), 2.72 (q, J = 7.6 Hz, 2H), 1.28 (t, J = 7.6 Hz, 3H).
2-m-Tolyl[1,4]naphthoquinone (5h). Yellow solid. Mp: 117−119

°C. Known compound:15a 288.2 mg, 58%. 1H NMR (400 MHz,
CDCl3): δ 8.22−8.16 (m, 1H), 8.16−8.08 (m, 1H), 7.82−7.74 (m, 2H),
7.41−7.27 (m, 4H), 7.07 (s, 1H), 2.43 (s, 3H).
2-Biphenyl-4-yl[1,4]naphthoquinone (5i). Yellow solid. Mp:

174−175 °C. Known compound:15e 465.2 mg, 75%. 1H NMR (400
MHz, CDCl3): δ 8.24−8.19 (m, 1H), 8.16−8.12 (m, 1H), 7.81−7.78
(m, 2H), 7.73−7.64 (m, 6H), 7.48 (t, J = 7.5 Hz, 2H), 7.39 (t, J = 7.4 Hz,
1H), 7.14 (s, 1H).
2-(4-Isopropylphenyl)[1,4]naphthoquinone (5j). Light yellow

oil. New compound: 419.4 mg, 76%. 1H NMR (400 MHz, CDCl3): δ
8.20−8.16 (m, 1H), 8.14−8.09 (m, 1H), 7.79−7.75 (m, 2H), 7.53 (d, J =
8.2 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.07 (s, 1H), 2.97 (dt, J = 13.8, 6.9
Hz, 1H), 1.29 (d, J = 6.9 Hz, 6H). 13CNMR (101MHz, CDCl3): δ 185.2
(s), 184.6 (s), 151.3 (s), 148.0 (s), 134.6 (s), 133.8 (s), 133.8 (s), 132.6
(s), 132.1 (s), 130.9 (s), 129.5 (s), 127.1 (s), 126.7 (s), 125.9 (s), 34.1
(s), 23.8 (s). HRMS: calcd for C19H17O2 [M + H]+ 277.1229, found
277.1227.

2-(3,5-Dimethylphenyl)[1,4]naphthoquinone (5k). Yellow
solid. Mp: 122−125 °C. New compound: 366.8 mg, 70%. 1H NMR
(400 MHz, CDCl3): δ 8.16 (dd, J = 10.0, 5.0 Hz, 1H), 8.11 (dd, J = 5.9,
3.1 Hz, 1H), 7.80−7.73 (m, 2H), 7.17 (s, 2H), 7.11 (s, 1H), 7.04 (s, 1H),
2.38 (s, 6H). 13CNMR (101MHz, CDCl3): δ 185.2 (s), 184.6 (s), 148.5
(s), 138.1 (s), 135.0 (s), 133.8 (s), 133.8 (s), 133.4 (s), 132.6 (s), 132.1
(s), 131.8 (s), 127.2 (s), 127.0 (s), 125.9 (s), 21.3 (s). HRMS: calcd for
C18H15O2 [M + H]+ 263.1072, found 263.1075.

2-(3-Methoxyphenyl)[1,4]naphthoquinone (5l). Pale yellow
solid. Mp: 98−99 °C. Known compound:15f 390.6 mg, 74%. 1H NMR
(400 MHz, CDCl3): δ 8.21−8.15 (m, 1H), 8.14−8.07 (m, 1H), 7.81−
7.74 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.26 (s, 1H), 7.15 (d, J = 7.9 Hz,
1H), 7.11 (s, 1H), 7.08 (s, 1H), 7.02 (dd, J = 8.3, 2.4 Hz, 1H), 3.86 (s,
3H).

[2,2′]Binaphthalenyl-1,4-dione (5m). Light yellow solid. Mp:
169−171 °C. Known compound:15c 369.1 mg, 65%. 1H NMR (400
MHz, CDCl3) δ 8.25−8.20 (m, 1H), 8.15 (d, J = 9.0Hz, 2H), 7.93 (d, J =
8.5Hz, 2H), 7.90−7.87 (m, 1H), 7.82−7.77 (m, 2H), 7.65 (d, J = 8.5Hz,
1H), 7.57−7.54 (m, 2H), 7.21 (s, 1H).

2-(4-Hydroxyphenyl)[1,4]naphthoquinone (6) (B). Substrate 5c
(0.5 mmol) was dissolved in dry CH2Cl2 (5 mL) and cooled to −78 °C,
and 1 mL of BBr3 (1.0 M in CH2Cl2) was added dropwise while the
mixture was being stirred under a nitrogen atmosphere. After addition,
the reaction mixture was stirred at −78 °C for 1 h, warmed to rt, and
stirred overnight. The reaction was terminated by careful dropwise
addition of water. The layers were separated; the organic phase was
washed with H2O, and the combined aqueous layers were evaporated to
dryness. The residue was purified by column chromatography on silica
gel to provide the corresponding product (101 mg, 81%). Orange solid.
Mp: 171−174 °C. Known compound.6 1H NMR (400 MHz, CDCl3): δ
8.12−8.07 (m, 1H), 8.05−8.01 (m, 1H), 7.73−7.65 (m, 2H), 7.49−7.41
(m, 2H), 6.96 (s, 1H), 6.90−6.82 (m, 2H), 5.69 (s, 1H).
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