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General Information:

All the reagents were purchased commercially and used without further purification. 'H
NMR and 3C NMR were recorded with Bruker 400MHz. 'H NMR (400MHz) and '*C NMR
(100MHz) spectra were recorded in CDCIl; with tetramethylsilane as the internal standard.
19F NMR recorded in Bruker 376.5 MHz. Multiplicities are reported using the following
abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br =
broadresonance. All the NMR spectra were acquired at ambient temperature. Analytical thin
layer chromatography (TLC) was performed using Silica Gel 60 A F254 pre-coated plates
(0.25 mm thickness). Visualization was accomplished by irradiation with a UV lamp and
staining with I, on silica gel. High-resolution mass spectra (HRMS) were recorded on Bruker
Compass DataAnalysis 4.1, HRMS-ESI Mass Spectrometer with Quadrupole Time of Flight
(Q-TOF) Analyzer, Source Type ESI, in positive mode. Instrument micrOTOF-Q III
8228888.20471.

General Procedure A: Arylation of Benzoquinones

To a solution of benzoquinone (1.0 equiv.) in 1:1 v/v of DCE (2 mL) and H,O (2 mL)
was added potassium persulfate (2.0 equiv.) and corresponding phenylboronic acid (1.5
equiv) at ambient temperature and heated at reflux. Progress of the reaction was monitored by
TLC. Upon complete consumption of quinone, the reaction mixture was allowed to cool to
ambient temperature and diluted with ethyl acetate and water. The organic phase was
separated, extrcated two more times with ethyl acetate, dried over Na,SO,, filtered and
concentrated. The crude product was purified by silica gel column chromatography using

hexane / ethyl acetate as eluent.

General Procedure B: Arylation of Naphthoquinones

To a solution of 1,4-naphthoquinone (1.0 equiv.) in 1:1 v/v of DCE (2 mL) and H,O
(2 mL) was added potassium persulfate (2.0 equiv.), phenylboronic acid (1.5 equiv.) and
triethylamine (10.0 equiv.) at ambient temperature and heated at reflux. Progress of the
reaction was monitored by TLC. Upon complete consumption of quinone, the reaction
mixture was allowed to cool to ambient temperature and diluted with ethyl acetate and water.
The organic phase was separated, extracted two more times with ethyl acetate, dried over
Na,S0,, filtered and concentrated. The crude product was purified by silica gel column

chromatography using hexane / ethyl acetate as eluent.



General Procedure C: Arylation of Heterocycles

To a solution of heterocyic (1.0 equiv.) compound in 1:1 v/v of DCE (2 mL) and H,O
(2 mL) was added potassium persulfate (2.0 equiv.), and corresponding phenylboronic acid
(1.5 equiv.) at ambient temperature and heated at reflux. Progress of the reaction was
monitored by TLC. Upon complete consumption of the heterocycle, the reaction mixture was
allowed to cool to ambient temperature and diluted with ethyl acetate and water. The organic
phase was separated, extracted two more times with ethyl acetate, dried over Na,SOy, filtered
and concentrated. The crude product was purified by silica gel column chromatography using

hexane / ethyl acetate as eluent.

Preparation of 2-Phenylcyclohexa-2,5-diene-1,4-dione (3aa):

2

(o)

The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), phenylboronic acid 2a (169.3 mg, 1.388 mmol), potassium persulfate
(500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 1h.30 min.

The title compound 3aa (170 mg, 72% yield) was obtained as yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).

m.p.: 112 °C. "H NMR (400 MHz, CDCl;): 7.49-7.43 (m, 5H), 6.93-6.78 (m, 3H); *C NMR
(100 MHz, CDCl5): 6 187.6, 186.7, 146.0, 137.1, 136.2, 132.7, 130.1, 129.3, 128.6. The
spectral data of the compound 3aa was complies with the values reported in the literature.!

Preparation of 2-(4-Methoxyphenyl) cyclohexa-2,5-diene-1,4-dione (3ab):

0 O OMe
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The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 4-Methoxyphenylboronic acid 2b (214.2 mg, 1.388 mmol), potassium
persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 24 h.



The title compound 3ab (153 mg, 77% yield) was obtained as yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).

m.p.: 107 °C. '"H NMR (400 MHz, CDCl;): & 7.48 (d, J = 8.0 Hz, 2H), 6.97 (d, J = 8.0 Hz,
2H), 6.85-6.79 (m, 3H), 3.86 (s, 3H); '*C NMR (100 MHz, CDCl;): 6 187.6, 187.1, 161.5,
145.2, 137.0, 136.3, 131.1, 130.9, 125.0, 114.2, 55.4. The spectral data of the compound 3ab

was complies with the values reported in the literature.?

Preparation of 2-(4-Isopropoxyphenyl) cyclohexa-2,5-diene-1,4-dione (3c):

0 O\(

The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 4-isopropoxyphenylboronic acid 2¢ (250 mg, 1.388 mmol),
Potassium persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80
°C, 5h.

The title compound 3ac (157 mg, 70% yield) was obtained as dark red solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).

m.p.: 98-100 °C. "H NMR (400 MHz, CDCly): 6 7.46 (d, J= 7.6 Hz, 2H), 6.94 (d, J=8.4 Hz,
2H), 6.85-6.78 (m, 3H), 4.64-4.58 (m, 1H), 1.36 (d, J = 6.4 Hz, 6H); '3C NMR (100 MHz,
CDCl;): & 187.7, 187.1, 159.9, 145.3, 137.0, 136.5, 136.2, 130.9, 124.6, 115.7, 70.1, 22.0.
HRMS (ESI-micrOTOF-III): calcd. for CsH;405;Na 265.0835; found 265.0835.

Preparation of 2-(4-tert-butylphenyl) cyclohexa-2,5-diene-1,4-dione (3ad):
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The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 4-tert-butylyphenylboronic acid 2d (247.3 mg, 1.388 mmol),
potassium persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80
°C, 3 h.



The title compound 3ad (145 mg, 65% yield) was obtained as yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).

m.p.: 71-74 °C. 'TH NMR (400 MHz, CDCl;): 6 7.49-7.43 (m, 4H), 6.87-6.80 (m, 3H), 1.35 (s,
9H); *C NMR (100 MHz, CDCl): & 187.7, 186.9, 153.7, 145.8, 137.1, 136.2, 132.1, 129.8,
129.1, 125.6, 34.8, 31.2. The spectral data of the compound 3ad was complies with the
values reported in the literature.!

Preparation of 2-O-Tolylcyclohexa-2,5-diene-1,4-dione (3ae):

The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 2-methylphenylboronic acid 2e (1.388 mmol, 189 mg), potassium
persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 2 h 30
min.

The title compound 3ae (110 mg, 60% yield) was obtained as yellow oil after passing through
a short silica gel column chromatography (hexane/ethyl acetate, 95:05)."H NMR (400 MHz,
CDCly): 6 7.34 (t, J= 7.6 Hz, 1H), 7.27-7.22 (m, 2H), 7.10 (d, J = 7.6 Hz, 1H), 6.89-6.83 (m,
2H), 6.72 (d, J = 2.0 Hz, 1H), 2.18 (s, 3H); '*C NMR (100 MHz, CDCl;): & 187.7, 186.2,
148.5, 136.9, 136.4, 136.1, 134.5, 133.1, 130.4, 129.5, 129.2, 125.8, 20.3. The spectral data

of the compound 3ae was complies with the values reported in the literature.’

Preparation of 2-(2-(Trifluoromethoxy) phenyl)cyclohexa-2,5-diene-1,4-dione (3af):
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The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 2-trifluromethoxyphenylboronic acid 2f (286 mg, 1.388 mmol),
potassium persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80
°C, 20 min.

The title compound 3af (167 mg, 67% yield) was obtained as dark yellow oil after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).'"H NMR



(400 MHz, CDCl;): 6 7.49 (td, J =7.9, 1.6 Hz, 1H), 7.39-7.34 (m, 2H), 7.30-7.27 (m, 1H),
6.91-6.82 (m, 3H); '°F NMR (376.5 MHz, CDCl;) 8 -57.19 (s, 3F); *C NMR (100 MHz,
CDCly): & 187.1, 185.0, 146.8, 144.0, 136.9, 136.5, 135.3, 131.2, 126.8, 126.6, 121.7, 120.7
(t, JoF= 258.5 Hz), 119.1. HRMS (ESI-microTOF-III): calcd. for C;3H;F;03Na 291.0239;
found 291.0239.

Preparation of 2-(3,6-Dioxocyclohexa-1,4-dienyl)benzaldehyde (3ag):
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The reaction was carried out according to general method A using 1,4-Benzoquinone 1a
(100 mg, 0.925 mmol), 2-Formylphenylboronic acid 2g (208.2 mg, 1.388 mmol), potassium
persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 30
min.

The title compound 3ag (88.5 mg, 45% yield) was obtained as yellow semi solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). 'H NMR
(400 MHz, CDCl3): 6 9.93 (s, 1H), 7.93 (d, J = 6.4 Hz, 1H), 7.73-7.67 (m, 2H), 7.33 (d, J =
6.8 Hz, 1H), 6.92-6.86 (m, 2H), 6.71 (s, 1H); 13C NMR (100 MHz, CDCl;): 6 191.6, 187.2,
185.3, 149.1, 137.1, 136.8, 134.9, 134.2, 133.7, 133.6, 132.0, 130.4, 130.2. HRMS (ESI-
micrOTOF-III): caled. for Ci3HgO3;Na 235.0366; found 235.0864.

Preparation of 2-(4-lodophenyl) cyclohexa-2,5-diene-1,4-dione (3ah):

L
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The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 4-iodophenylboronic acid 2h (344.2 mg, 1.388 mmol), potassium
persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 15
min.

The title compound 3ah (224 mg, 78% yield) was obtained as yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 133-



135 °C. 'TH NMR (400 MHz, CDCl): 4 7.80 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H),
6.89-6.82 (m, 3H); '3C NMR (100 MHz, CDCl;): 6 187.2, 186.2, 145.0, 137.8, 137.0, 136.4,
132.6, 132.1, 130.8, 96.9. The spectral data of the compound 3ah was complies with the

values reported in the literature.?

Preparation of 2-(4-Chlorophenyl) cyclohexa-2,5-diene-1,4-dione (3ai):

0]

The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 4-chlorophenylboronic acid 2i (217.2 mg, 1.388 mmol), potassium
persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 40
min.

The title compound 3ai (71 mg, 35% yield) was obtained as yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 134-
137 °C. "H NMR (400 MHz, CDCls): 6 7.43 (s, SH), 6.88-6.82 (m, 3H); '3C NMR (100 MHz,
CDCl;): 6 187.3, 186.3, 144.8, 137.0, 136.6,136.4, 132.7, 131.0, 130.6, 128.9. The spectral

data of the compound 3ai was complies with the values reported in the previous literature.3

Preparation of 2-(4-Bromophenyl) cyclohexa-2,5-diene-1,4-dione (3aj):

0 Br

)

The reaction was carried out according to general method A using 1,4-benzoquinone 1a
(100 mg, 0.925 mmol), 4-bromophenylboronic acid 2j (278.9 mg, 1.388 mmol), potassium
persulfate (500.6 mg, 1.852 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 25
min.

The title compound 3aj (133.5 mg, 55% yield) was obtained as yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 114-
115 °C. '"H NMR (400 MHz, CDCls): & 7.58 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H),
6.88-6.82 (m, 3H); *C NMR (100 MHz, CDCl;): & 187.3, 186.2, 144.9, 137.0, 136.4, 132.7,
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131.9, 131.5, 130.8, 124.9. The spectral data of the compound 3aj complies with the values

reported in the literature.?

Preparation of 2-Methyl-3-phenylcyclohexa-2,5-diene-1,4-dione (3bk):

P 0 Ak
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The reaction was carried out according to general method A using 2-methyl-1,4-
benzoquinone 1b (100 mg, 0.820 mmol), phenylboronic acid 2a (1.230 mmol, 149.9 mg),
potassium persulfate (443 mg, 1.640 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80
°C, 3h.

The title compound 3bka (97.5 mg, 60% yield) was obtained as yellow semi solid after
passing through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).'H
NMR (400 MHz, CDCls): 6 7.48-7.41 (m, 5H), 6.80 (d, /= 2.4 Hz, 1H), 6.68 (t, J=2.0 Hz,
1H), 2,14 (d, J = 1.2 Hz, 3H); 13C NMR (100 MHz, CDCl;): & 187.6, 187.0, 146.22, 146.18,
133.2, 133.1, 132.8, 129.9, 129.2, 128.4, 16.3. HRMS (ESI-micrOTOF-III): caled. for
C13H100, (M+H) 199.0759; found 199.0754.

The title compound 3bkb (97.5 mg, 12% yield) was obtained as yellow semi solid after
passing through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).'H
NMR (400 MHz, CDCl;): 8 7.51-7.41 (m, 5H), 6.85 (s, 1H), 6.71 (d, J= 1.5 Hz, 1H), 2.11
(d, J = 1.48 Hz, 3H); 3C NMR (100 MHz, CDCIl;): & 188.1, 186.8, 145.9, 145.6, 133.8,
132.7,, 129.9, 129.5, 129.3, 128.5, 15.4. HRMS (ESI-micrOTOF-III): calcd. for Ci3H;00,
(M+H) 199.0759; found 199.0754.

Preparation of 3,5-Dimethoxy-2-phenylcyclohexa-2,5-diene-1,4-dione (3cl):



The reaction was carried out according to general method A using 3,5-dimethoxy -1,4-
benzoquinone 1¢ (100 mg, 0.595 mmol), phenylboronic acid 2a (0.893 mmol, 109 mg),
potassium persulfate (322 mg, 1.190 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80
°C, 3h 20 min.

The title compound 3¢l (99 mg, 68% yield) was obtained as orange solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 112-
114 °C."H NMR (400 MHz, CDCl;): 6 7.44-7.37 (m, 3H), 7.30-7.28 (m, 2H), 5.96 (s, 1H),
3.85 (s, 3H), 3.75 (s, 3H); 13C NMR (100 MHz, CDCl;): & 186.6, 178.6, 157.3, 153.9, 130.6,
130.1, 130.1, 129.3, 128.8, 127.8, 107.2, 61.2, 56.5. The spectral data of the compound 3cl

was complies with the values reported in the literature.!

Preparation of 3,5-Dimethoxy-2-(4-methoxyphenyl) cyclohexa-2,5-diene-1,4-dione

(3cm):
o :lm OMe
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The reaction was carried out according to general method A using 3,5-dimethoxy-1,4-
benzoquinone 1¢ (100 mg, 0.595 mmol), 4-Methoxyphenylboronic acid 2b (136 mg, 0.893
mmol), Potassium persulfate (322 mg, 1.190 mmol), 4 mL of 1:1 v/v of DCE-water.
Conditions: 80 °C, 2h 30 min.

The title compound 3cm (121 mg, 74% yield) was obtained as dark red solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 170-
171 °C. 'H NMR (400 MHz, CDCl3): & 7.27 (d, J= 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H),
5.94 (s, 1H), 3.84 (s, 6H), 3.75 (s, 3H); *C NMR (100 MHz, CDCI;): 3 187.0, 178.6, 160.1,
157.4, 153.7, 132.2, 129.4, 122.1, 113.5, 107.2, 61.1, 56.5, 55.3. HRMS (ESI-micrOTOF-
III): caled. for C,5H;40sNa 297.0733; found 297.0733.

Preparation of 2-(4-lodophenyl)-3,5-dimethoxycyclohexa-2,5-diene-1,4-dione (3cn):

L
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MeO OMe



The reaction was carried out according to general method A using 3,5-dimethoxy -1,4-
benzoquinone 1¢ (100 mg, 0.595 mmol), 4-iodoPhenylboronic acid 2h (221.3 mg, 0.893
mmol), potassium persulfate (322 mg, 1.190 mmol), 4 mL of 1:1 v/v of DCE-water.
Conditions: 80 °C, 50 min.

The title compound 3en (167.5 mg, 76% yield) was obtained as light orange solid after
passing through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).

m.p.: 206 °C. '"H NMR (400 MHz, CDCl;): & 7.75 (d, J= 7.6 Hz, 2H), 7.04 (d, J= 8.0 Hz,
2H), 5.95 (s, 1H), 3.85 (s, 3H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl;): 6 186.2, 178.4,
157.4, 153.9, 137.1, 132.4, 129.5, 128.4, 107.1, 95.2, 61.4, 56.5. HRMS (ESI-micrOTOF-
III): caled. for Cy3H;;104Na 292.9594; found 292.9594.

Preparation of 2-(4-Bromophenyl)-3,5-dimethoxycyclohexa-2,5-diene-1,4-dione (3co):

0 Br
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MeO OMe

The reaction was carried out according to general method A using 3,5-dimethoxy -1,4-
benzoquinone 1¢ (100 mg, 0.595 mmol), 4-bromophenylboronic acid 20 (179.3 mg, 0.893
mmol), potassium persulfate (322 mg, 1.190 mmol), 4 mL of 1:1 v/v of DCE-water.
Conditions: 80 °C, 1h 40 min.

The title compound 3co (126.5 mg, 66% yield) was obtained as light orange solid after
passing through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.:
202 °C. 'H NMR (400 MHz, CDCl;): 8 7.55 (d, J = 7.6 Hz, 2H), 7.18 (d, J = 7.2 Hz, 2H),
3.85 (s, 3H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl;): & 186.2, 178.3, 157.4, 153.9, 132.3,
131.1, 1289, 129.3, 123.2, 107.1, 61.3, 61.5. HRMS (ESI-micrOTOF-III): calcd. for
C3HgOsNa 344.9733; found 377.9733.

Preparation of 4'-methoxy-4,6-dimethyl-[1,1'-biphenyl]-2,5-dione (3dp):

R

H3C CHs
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The reaction was carried out according to general method A using 2,6-dimethyl -1,4-
benzoquinone 1d (100 mg, 0.734 mmol), 4-methoxyphenylboronic acid 2a (167.4 mg, 1.10
mmol), potassium persulfate (397 mg, 1.47 mmol), 4 mL of 1:1 v/v of DCE-water.
Conditions: 80 °C, 24 h.

The title compound 3dp (50 mg, 28% yield) was obtained as light yellow orange solid after
passing through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.:
86-88 °C. 'H NMR (400 MHz, CDCly): 6 7.10 (d, J = 8.4 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H),
6.64 (s, 1H), 3.84 (s, 3H) ), 2.10 (s, 3H), 1.10 (s, 3H); 3C NMR (100 MHz, CDCl;): 6 188.6,
186.9, 159.8, 145.5, 143.3, 141.2, 133.2, 131.1, 125.1, 113.6, 15.8, 14.1. HRMS (ESI-
micrOTOF-III): caled. for CisH;,05;(M+H)* 243.1016; found 243.1014.

Preparation of 4'-(tert-butyl)-4,6-dimethyl-[1,1'-biphenyl]-2,5-dione (3dq):

i
HsC CHs
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The reaction was carried out according to general method A using 2,6-dimethyl -1,4-
benzoquinone 1d (100 mg, 0.734 mmol), 4-tert-butylphenylboronic acid 2d (196.1 mg, 1.10
mmol), potassium persulfate (397 mg, 1.47 mmol), 4 mL of 1:1 v/v of DCE-water.
Conditions: 80 °C, 24 h.
The title compound 3dq (50 mg, 28% yield) was obtained as inseparable mixture of light
yellow oil after passing through a short silica gel column chromatography in hexane alone.
'"H NMR (400 MHz, CDCl3): 6 7.44 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 6.66 (s,
1H), 2. 11(s, 3H) ), 1.99(s, 3H), 1.36 (s, 9H); 3C NMR (100 MHz, CDCls):  188.6, 188.1,
187.5, 186.8, 151.4, 145.8, 145.4, 143.6, 141.4, 133.3, 133.2, 129.9, 129.3, 125.0, 34.7, 34.2,
15.9, 15.8, 14.1. HRMS (ESI-micrOTOF-III): calcd. for C;sH;00,(M+H)* 269.1536; found
269.1529.

Preparation of 2,5-Dichloro-3-phenylcyclohexa-2,5-diene-1,4-dione (3er):

U
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Cl

11



The reaction was carried out according to general method A using 2,5-dichloro -1,4-
benzoquinone le (100 mg, 0.397 mmol), phenylboronic acid 2a (72.6 mg, 0.595 mmol),
potassium persulfate (214.6 mg, 0.793 mmol), 4 mL of 1:1 v/v of DCE-water.Conditions: 80
°C, 1h 30 min.

The title compound 3er (29 mg, 20% yield) was obtained as yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 102-
105°C. 'TH NMR (400 MHz, CDCly): & 7.49-7.47 (m, 3H), 7.31-7.28 (m, 2H), 7.23 (s, 1H);
I3C NMR (100 MHz, CDCly): 6 177.6, 177.0, 144.5, 143.8, 141.0, 133.0, 130.7, 129.9, 129.6,
128.3. The spectral data of the compound 3er was complies with the values reported in the

literature.!

Preparation of 2-phenylnaphthalene-1,4-dione (5a):

(o)

The reaction was carried out according to general method B using 1,4-naphthoquinone 4a
(100 mg, 0.632 mmol), phenylboronic acid 2a (116 mg, 0.949 mmol), potassium persulfate
(342 mg, 1.265 mmol), tryethylamine (0.9 mL, 6.322 mmol), 4 mL of 1:1 v/v of DCE-water.
Conditions: 80 °C, 8h.

The title compound Sa (21 mg, 14% yield) was obtained as yellow solid after passing through
a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 106-109 °C. 'H
NMR (400 MHz, CDCl;): 6 8.20-8.12 (m, 1H), 8.14-8.12 (m, 1H), 7.79-7.77 (m, 2H), 7.59-
7.57( m, 2H), 7.48 (t, J = 2.4, 3H), 7.10 (S, 1H); '3C NMR (100 MHz, CDCl3): & 185.2,
184.4, 148.2, 135.2, 133.9, 133.8, 133.4, 132.5, 132.1, 130.0, 129.4, 128.5, 127.1, 126.0. The

spectral data of the compound 5a was complies with the values reported in the literature.’

Preparation of 2-(4-methoxyphenyl)naphthalene-1,4-dione (5b):

OCHs
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The reaction was carried out according to general method B using 1,4-naphthoquinone 4a
(100 mg, 0.632 mmol), 4-methoxyphenylboronic acid 2b (116 mg, 0.949 mmol), potassium
persulfate (342 mg, 1.265 mmol), tryethylamine (0.9 mL, 6.322 mmol), 4 mL of 1:1 v/v of
DCE-water. Conditions: 80 °C, 7h 30 min.

The title compound Sb (65 mg, 14% yield) was obtained as yellow solid after passing through
a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 131-133 °C. 'H
NMR (400 MHz, CDCl;): 6 8.17-8.08 (m, 2H), 7.75 (t, 2H), 7.79 (m, 2H), 7.57 (t, J = 8, 2H),
7.03 (S, 1H), 6.98 (d, J = 8, 2H); '3*C NMR (100 MHz, CDCl;): & 185.3, 184.9, 161.45,
147.5, 133.8, 133.8, 132.7, 132.3, 131.2, 127.1, 126.0, 125.8, 114.2, 55.5. The spectral data

of the compound 3w was complies with the values reported in the literature.’

Preparation of 2-(3-methoxyphenyl)naphthalene-1,4-dione (5c):

The reaction was carried out according to general method B using 1,4-naphthoquinone 4a
(100 mg, 0.632 mmol), 3-methoxyphenylboronic acid 21 (116 mg, 0.949 mmol), potassium
persulfate (342 mg, 1.265 mmol), Tryethylamine (0.9 mL, 6.322 mmol), 4 mL of 1:1 v/v of
DCE-water. Conditions: 80 °C, 7h 30 min.

The title compound Sc¢ (65 mg, 14% yield) was obtained as yellow solid after passing through
a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 130-132 °C. 'H
NMR (400 MHz, CDCls): 6 8.18-8.11 (m, 2H), 7.77 (d, J = 2.8, 2H), 7.38 (t, J = 8.0, 1H),
7.15 (d, J = 7.2, 1H), 7.10 (d, J = 15.6, 2H), 7.02 (d, J = 7.6, 1H); '3C NMR (100 MHz,
CDCly): 6 185.1, 184.3, 159.5, 148.0, 135.3, 134.7, 133.8, 133.77, 132.5, 132.1, 129.5, 127.0,
125.96, 121.8, 115.9, 114.9, 55.4. HRMS (ESI-micrOTOF-III): calcd. for C;g H;4O4(M+H)"
295.0965; found 265.0964.

Preparation of 2-Hydroxy-3-phenylnaphthalene-1,4-dione (5d):
8

o)

OH
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The reaction was carried out according to general method B using 2-hydroxy-1,4-
naphthoquinone 4b (100 mg, 0.575 mmol), phenylboronic acid 2a (105.1 mg, 0.862 mmol),
potassium persulfate (310 mg, 1.150 mmol), tryethylamine (0.6 mL, 5.742 mmol), 4 mL of
1:1 v/v of DCE-water. Conditions: 80 °C, 6h.

The title compound 5d (65 mg, 45% yield) was obtained as dark yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 141-
143 °C. '"H NMR (400 MHz, CDCl3): & 8.21 (d, J = 7.6 Hz, 1H), 8.16 (d, J = 7.6 Hz, 1H),
7.82 (t,J=7.2 Hz, 1H), 7.74 (t, J = 7.6 Hz, 1H), 7.58 (s, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.47
(t, J= 7.6 Hz, 2H), 7.45-7.40 (m, 1H); 3C NMR (100 MHz, CDCl3): 6 183.7, 181.9, 152.2,
135.3, 133.1, 132.9, 130.7, 130.0, 129.4, 128.7, 127.9, 127.3, 126.1, 122.2. The spectral data

of the compound 3y was complies with the values reported in the literature.*

Preparation of 2-methoxy-3-phenylnaphthalene-1,4-dione (Se)

The reaction was carried out according to gemeral method B using 2-methoxy-1,4-
naphthoquinone 4¢ (100 mg, 0.531 mmol), phenylboronic acid 2a (97.2 mg, 0.797 mmol),
potassium persulfate (287 mg, 1.063 mmol), tryethylamine (0.7 mL, 5.314 mmol), 4 mL of
1:1 v/v of DCE-water. Conditions: 80 °C, 24h.

The title compound Se was obtained in trace as yellow semi solid after passing through a
short silica gel column chromatography (hexane/ethyl acetate, 95:05)."H NMR (400 MHz,
CDCl): 6 8.14-8.12 (m, 2H), 7.76-7.73 (m, 2H), 7.45-7.41 (m, 3H), 7.37-7.35 (m, 2H), 3.88
(s, 3H); BC NMR (100 MHz, CDCls): 6 184.9, 182.1, 157.2, 134.3, 133.6, 132.1, 131.0,
130.6, 129.8, 128.8, 128.0, 126.8, 126.3, 115.4, 61.6. HRMS (ESI-micrOTOF-III): calcd. for
C17H;,03(M+H)" 265.0859; found 265.0860

Preparation of 2-methoxy-3-(4-methoxyphenyl)naphthalene-1,4-dione (5f)

OMe

14



The reaction was carried out according to general method B using 2-methoxy-1,4-
naphthoquinone 4¢ (100 mg, 0.531 mmol), 4-methoxy phenylboronic acid 2b (121 mg, 0.797
mmol), potassium persulfate (287 mg, 1.063 mmol), tryethylamine (0.7 mL, 5.314 mmol), 4
mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 24h.

The title compound 5f (24mg, 15% yield) was obtained as dark red solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 192-
194 °C."H NMR (400 MHz, CDCl;): & 8.13-8.11 (m, 2H), 7.74-7.72 (m, 2H), 7.35-7.33 (m,
2H), 6.99-6.97 (m, 2H), 3.88 (s, 3H), 3.86 (s, 3H); '3C NMR (100 MHz, CDCl;): & 185.2,
182.1, 160.0, 157.1, 134.2, 133.5, 132.2, 132.1, 131.6, 131.6, 126.8, 126.3, 122.9, 113.6,
61.5, 55.43. HRMS (ESI-micrOTOF-III): calcd. for Cig3 Hi404M+H)" 295.0965; found
265.0964.

Preparation of 2-Phenylpyridine (7a):

X

7

N

The reaction was carried out according to general method C using pyridine 6a (100 mg,
1.266 mmol), phenylboronic acid 2a (231.5 mg, 1.90 mmol), potassium persulfate (684 mg,
2.532 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 5 min.

The title compound 7a (in trace) was obtained as oil after passing through a short silica gel
column chromatography (hexane/ethyl acetate, 95:05). 'H NMR (400 MHz, CDCls): § 8.71
(d, J=4.4 Hz, 1H), 8.40 (d, J = 7.6 Hz, 2H), 7.80-7.73 (m, 2H), 7.49 (t, J = 7.6 Hz, 2H),
7.44-7.41 (m, 1H), 7.26-7.24 (m, 1H); 13C NMR (100 MHz, CDCl;): § 157.3, 149.3, 139.0,
137.2, 129.2, 128.8, 127.0, 122.2, 120.8, 29.7. The spectral data of the compound 7a was

complies with the values reported in the literature.’
Preparation of 1-(2-phenylpyridin-4-yl) ethanone (7b):

HyC._O

X

P

N
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The reaction was carried out according to general method C using 4-acetylpyridine 6b (100
mg, 0.510 mmol), phenylboronic acid 2a (93 mg, 0.761 mmol), potassium persulfate (505
mg, 1.870 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 10 min.

The title compound 7b (in trace) was obtained as pale light yellow solid after passing through
a short silica gel column chromatography (hexane/ethyl acetate, 95:05). m.p.: 108 °C. 'H
NMR (400 MHz, CDCls): ¢ 8.87 (d, J=4.8, 1H), 8.17 (s, 1H), 8.04 (d, J = 7.2 Hz, 2H), 7.65
(d, J=4.0 Hz, 1H), 7.52-7.43 (m, 3H); 3C NMR (100 MHz, CDCl;): & 197.5, 158.9, 150.8,
143.8, 138.6, 129.5, 128.9, 127.0, 119.7, 118.0, 26.8. The spectral data of the compound 7b

was complies with the values reported in the literature.?

Preparation of 2-Phenylquinoline (7¢):

C

The reaction was carried out according to general method C using quinoline 6¢ (100 mg,
0.775 mmol), phenylboronic acid 2a (142 mg, 1.163 mmol), potassium persulfate (419 mg,
1.550 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 5 min.

The title compound 7¢ (67 mg, 42% yield) was obtained as pale yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).'"H NMR
(400 MHz, CDCl;): 6 8.25-8.21 (m, 1H), 8.17 (d, J =8.0 Hz, 3H), 7.86 (d, J = 8.4 Hz, 1H),
7.84 (d, J=8.0 Hz, 1H), 7.74 (t, J= 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 3H), 7.49-7.45 (m, 1H);
13C NMR (100 MHz, CDCl3): 6 157.3, 148.1, 139.4, 137.0, 129.8, 129.6, 129.4, 128.9, 127.7,
127.5, 127.2, 126.4, 119.1. The spectral data of the compound 7¢ was complies with the

values reported in the literature.?

Preparation of 6-phenyl-2,2'-bipyridine (7d):

16



The reaction was carried out according to general method C using 2,2’-bipyridine 6d (100
mg, 0.640 mmol), phenylboronic acid 2a (117 mg, 0.961 mmol), potassium persulfate (346
mg, 1.281 mmol), 4 mL of 1:1 v/v of DCE-water. Conditions: 80 °C, 10 min.

The title compound 7d (67 mg, 42% yield) was obtained as pale yellow solid after passing
through a short silica gel column chromatography (hexane/ethyl acetate, 95:05).m.p.: 74-77
°C."™H NMR (400 MHz, CDCl;): 4 8.71 (d, J= 4.8 Hz, 1H), 8.65 (d, J= 8.0 Hz, 1H), 8.40
(d, J=17.6 Hz, 1H), 8.16 (d, J= 7.2 Hz, 2H), 7.92-7.84 (m, 2H), 7.78 (d, J = 7.6 Hz, 1H),
7.53-7.50 (m, 2H), 7.46-7.42 (m, 1H), 7.35-7.32 (m, 1H); *C NMR (100 MHz, CDCl;): 3
156.5, 156.2, 155.5, 148.8, 139.4, 137.7, 137.1, 129.0, 128.7, 127.0, 123.8, 121.5, 120.4,
119.4. HRMS (ESI-micrOTOF-III): calcd. for C;3HgO3Na 232.1000; found 232.1000.
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Current Data Parameters

NAME M-NQ-2-OME
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20151007
Time 10.34
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT cDC13

NS 1024

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 57

DW 20.800 usec
DE 6.00 usec
TE 297.7 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1

HANNEL f1

NUC1 3C

Pl 9.15 usec
PL1 0.00 dB
SFO1 100.6228298 MHz

HANNEL £2

CPDPRG2 waltzl6
NUC2 18
PCPD2 90.00 usec
PL12 14.90 dB
PL13 14.90 dB
PL2 -3.00 dB
SFO02 400.1316005 MHz
F2 - Processing parameters
SI 32768

SF 100.6127534 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Current Data Parameters
NAME M-NQ-20ME-4
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151006
ime 16.09
INSTRUM spect
PROBHD 5 mm DUL 13C-1
OMe PULPROG 2930
(o] TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
OMe 20 3.9846387 sec
RG 228
o D 60.800 usec
DE 6.00 usec
5f TE 296.0 K
D1 1.00000000 sec
DO 1
= CHANNEL £l =
1H
11.42 usec
-3.00 dB
400.1324710 MHz
F2 - Processing parameters
ST
SF 400.1300051 MHz
WDW EM
SSB 0
1B 0.30 Hz
GB 0
BC 1.00
e ) )
T T T T T T T T T
9 8 7 6 4 3 2 1 ppm
o LD (=} ~ mn
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Current Data Parameters

NAME M-NQ-20ME-4
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date 20151006
Time 16.24
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 256

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 64

DW 20.800 usec
DE 6.00 usec
TE 296.5 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1

CHANNEL f1

NUC1 13C

Pl 9.15 usec
PL1 0.00 dB
SFO1 100.6228298 MHz

CHANNEL £2

CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL12 14.90 dB
PL13 14.90 dB
PL2 -3.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768

SF 100.6127536 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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