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1. General Information

Melting points were measured with a Buchi B-540 melting point apparatus and are
uncorrected. NMR spectra were recorded on Bruker Avance III 500 MHz FTNMR
spectrometer using tetramethylsilane (TMS) as an internal standard. Mass spectra were
recorded on Trace DSQ GCMS instrument. All the commercially available regents were used
as received. All experiments were monitored by thin layer chromatography (TLC). TLC was
performed on pre-coated silica gel plates (Merck). Column chromatography was performed

on silica gel (100-200 mesh, Merck).

2. Reaction Procedures

2.1 General procedure for the synthesis of aryl esters (Procedure A):

0. X
= '_R2
Cu(OAc)2 0. I
R1_/ |
’AmOH ~ e}
1a-m (X = H,Me) 2a-g 3aa-ia,3ab-ag,3ja-ma,3jb,3jd

A solution of a-hydroxybenzaldehyde or a-hydroxyacetophenone (1.0 mmol), 2-
bromoacetophenone (2.0 mmol) and Cu(OAc),.H,O (1.0 mmol) in ‘AmOH (6.0 mL) was
stirred at 100 °C under open air for 10 hours. The solvent was removed under vacuo and the
crude reaction mixture was poured into water and extracted with ethyl acetate (25 mL x 3).
The ethyl acetate layer was then washed with brine. Finally, it was dried over anhydrous
Na,SO, and the solvent was removed under vacuo. The crude product obtained was purified
by silica gel (100-200 mesh) column chromatography using EtOAc/Hexane (1:9) as the
eluant to afford chromones. Using this general procedure compounds 3 were synthesized.

2.2 General procedure for the synthesis of 2,2-dibromoacetophenones (Procedure B):

O O
iy N Br Cu(OAc), [ Br
R tAmOH R I
2a-o 4a-i

A solution of 2-bromoacetophenone (2.0 mmol) and Cu(OAc),.H,O (1.0 mmol) in ‘AmOH
(6.0 mL) was stirred at 100 °C under open air for 5 hours. The solvent was removed under
vacuo and the crude reaction mixture was poured into water and extracted with ethyl acetate
(25 mL x 3). The ethyl acetate layer was then washed with brine. Finally, it was dried over
anhydrous Na,SO, and the solvent was removed under vacuo. The crude product obtained

was purified by silica gel (100-200 mesh) column chromatography using EtOAc/Hexane (1:9)
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as the eluant to afford 2,2-dibromoacetophenones. Using this general procedure compounds

2a-i were synthesized.



2.3 Spectral and Analytical Data:

CHO
o

3ba

2-Formylphenyl benzoate (3aa): Following the general
procedure, the reaction was carried out by heating a mixture of
salicylaldehyde (1a, 122 mg, 1.0 mmol), 2-bromoacetophenone
(2a, 396 mg, 2.0 mmol) and Cu(OAc), H,O (200 mg, 1.0
mmol) in ‘AmOH (6.0 mL) at 100 °C for 12 h under air to
afford the title compound in 78% yield (Yellow oil, 176 mg).
'"H NMR (500 MHz, CDCl3) & 10.23 (s, 1H), 8.32-8.16 (m,
2H), 7.97 (dd, J = 7.7, 1.8 Hz, 1H), 7.77-7.62 (m, 2H), 7.56 (t,
J=17.8 Hz, 2H), 7.45 (t, J = 7.6 Hz, 1H), 7.34 (dd, J=8.2, 1.0
Hz, 1H). BC NMR (125 MHz, CDCls) & 188.4, 164.9, 152.2,
135.3, 134.0, 130.2, 130.1, 128.7, 128.5, 128.2, 126.4, 123.5.
IR (CHCl;, cm™): 1743, 1698, 1604, 1260. MS (EI, m/z): 226.
Anal. calcd. for C4H;(0O5: C, 74.33; H, 4.46; Found: C, 74.12;
H, 4.23.

2-Formyl-5-methylphenyl benzoate (3ab): Following the
general procedure, the reaction was carried out by heating a
mixture of 2-hydroxy-4-methylbenzaldehyde (1b, 136 mg, 1.0
mmol), 2-bromoacetophenone (2a, 396 mg, 2.0 mmol ) and
Cu(OAc); H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 62% yield
(Yellow oil, 149 mg). 'H NMR (500 MHz, CDCl3) 6 10.15 (s,
1H), 8.23 (dd, J = 8.3, 1.3 Hz, 2H), 7.85 (d, J = 7.9 Hz, 1H),
7.72-7.65 (m, 1H), 7.57-7.51 (m, 2H), 7.25 (d, J = 15.0 Hz,
1H), 7.13 (s, 1H), 2.47 (s, 3H). 3C NMR (125 MHz, CDCl;) 3
188.0, 166.0, 152.1, 147.0, 133.9, 130.2, 130.1, 128.6, 127.3,
126.3, 125.8, 123.9, 21.8. IR (CHCI;, cm™): 1742, 1695, 1614,
1262, 1231. MS (EI, m/z): 240. Anal. caled. for C5H,0;: C,
74.99; H, 5.03; Found: C, 74.82; H, 4.94.
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3-(tert-Butyl)-2-formylphenyl benzoate (3ca): Following the
general procedure, the reaction was carried out by heating a
mixture of 5-fert-butyl-2-hydroxybenzaldehyde (1c¢, 178 mg,
1.0 mmol), 2-bromoacetophenone (2a, 396 mg, 2.0 mmol ), and
Cu(OAc),; H,0O (200 mg, 1.0 mmol) in ‘"AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 54% yield
(Yellow oil, 152 mg). "H NMR (500 MHz, CDCl;) 8 1H NMR
(500 MHz, Chloroform-d) ¢ 10.22 (s, 1H), 8.24 (d, /= 7.6 Hz,
2H), 7.96 (d, J = 2.6 Hz, 1H), 7.71-7.65 (m, 2H), 7.59-7.51 (m,
3H), 1.38 (s, 9H). 3*C NMR (125 MHz, CDCl;) & 188.7, 165.0,
150.1, 149.6, 133.9, 132.6, 130.2, 129.9, 129.0, 128.7, 127.5,
126.6, 122.9, 34.7, 31.1. IR (CHCl;, cm!): 1744, 1693, 1259,
1023. MS (EI, m/z): 282. Anal. calcd. for CigH305: C, 76.57;
H, 6.43; Found: C, 76.71; H, 6.22.
2-Formyl-5-methoxyphenyl benzoate (3da): Following the
general procedure, the reaction was carried out by heating a
mixture of 2-hydroxy-6-methoxybenzaldehyde (1e, 152 mg, 1.0
mmol), 2-bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc); H,O (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 59% yield
(solid, 151 mg). M.p.: 112-114 °C. '"H NMR (500 MHz,
CDCly) 6 10.06 (s, 1H), 8.23 (dd, J = 8.4, 1.2 Hz, 2H), 7.90 (d,
J = 8.7 Hz, 1H), 7.73-7.65 (m, 1H), 7.58-7.52 (m, 2H), 6.94
(dd, J=8.7,2.4 Hz, 1H), 6.82 (d, /= 2.4 Hz, 1H), 3.90 (s, 3H).
3C NMR (125 MHz, CDCI3) 6 187.1, 165.2, 154.0, 133.97,
131.9, 130.2, 128.7, 121.7, 112.6, 108.5, 77.1, 76.9, 76.6, 55.8.
IR (CHCl;, cm™): 1742, 1692, 1604, 1009. MS (EI, m/z): 256.
Anal. calcd. for CsH;,04: C, 70.31; H, 4.72; Found: C, 70.25;
H, 4.64.
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2-Formyl-3-methoxyphenyl benzoate (3ea): Following the
general procedure, the reaction was carried out by heating a
mixture of 2-hydroxy-6-methoxybenzaldehyde (1e, 152 mg, 1.0
mmol), 2-bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),; H,0O (200 mg, 1.0 mmol) in ‘"AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 68% yield
(solid, 174 mg). M.p.: 112-114 °C. '"H NMR (500 MHz,
CDCl;) 6 10.45 (s, 1H), 8.28-8.13 (m, 2H), 7.67-7.60 (m, 1H),
7.57 (t, J = 8.3 Hz, 1H), 7.51 (t, J = 7.8 Hz, 2H), 6.94 (d, J =
8.6 Hz, 1H), 6.88-6.78 (d, J = 8.0 Hz, 1H), 3.96 (s, 3H). 13C
NMR (125 MHz, CDCl;) ¢ 188.0, 165.0, 162.8, 150.9, 135.4,
133.4, 130.2, 129.3, 128.4, 117.5, 115.8, 109.3, 56.1. IR
(CHCl;, cm™): 1743, 1692, 1607. MS (EI, m/z): 256. Anal.
caled. for CisH,O4: C, 70.31; H, 4.72; Found: C, 70.49; H,
4.78.

2-Ethoxy-6-formylphenyl benzoate (3fa): Following the
general procedure, the reaction was carried out by heating a
mixture of 2-hydroxy-6-ethoxybenzaldehyde (1f, 166 mg, 1.0
mmol) 2-bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 58% yield
(Yellow oil, 157 mg). 'H NMR (500 MHz, CDCl3) 6 10.23 (s,
1H), 8.25 (d, J = 8.1 Hz, 2H), 7.73-7.65 (m, 1H), 7.60-7.48 (m,
3H), 7.35 (t, J = 7.9 Hz, 1H), 7.24 (s, 1H), 4.15-4.04 (m, 2H),
1.34-1.27 (m, 3H). 13C NMR (125 MHz, CDCl3) & 188.6, 164.4,
151.1, 142.6, 133.8, 130.3, 129.4, 128.6, 126.7, 126.6, 120.2,
118.9, 64.9, 14.5. IR (CHCI;, cm™): 1743, 1694, 1583, 1262,
1055. MS (EI, m/z): 270. Anal. caled. for C;sH404: C, 71.10;
H, 5.22; Found: C, 71.19; H, 5.35.
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3-Allyl-2-formylphenyl benzoate (3ga): Following the general
procedure, the reaction was carried out by heating a mixture of
3-allylsalicylaldehyde (1g, 122 mg, 1.0 mmol), 2-
bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 50% yield
(Yellow oil, 133 mg). "H NMR (500 MHz, CDCl;) & 10.09 (s,
1H), 8.34-8.17 (m, 2H), 7.89-7.79 (m, 1H), 7.69 (t, J = 7.4 Hz,
1H), 7.64-7.50 (m, 3H), 7.44-7.37 (m, 1H), 6.02-5.84 (m, 1H),
5.16-5.00 (m, 2H), 3.39 (d, J = 6.6 Hz, 2H). 3*C NMR (125
MHz, CDCls) ¢ 188.7, 164.8, 150.1, 136.3, 134.9, 134.0, 130.2,
129.1, 128.7, 128.3, 128.0, 126.5, 126.3, 117.1, 34.0. IR
(CHCl;, cm™): 1742, 1698, 1261. MS (EI, m/z): 266. Anal.
caled. for C7sH405: C, 76.68; H, 5.30; Found: C, 76.53; H,
5.22.

4-Fluoro-2-formylphenyl benzoate (3ha): Following the
general procedure, the reaction was carried out by heating a
mixture of 5-fluorosalicylaldehyde (1h, 140 mg, 1.0 mmol), 2-
bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 53% yield
(Solid, 129 mg). M.p.: 68-69 °C. 'H NMR (500 MHz, CDCl5)
6 10.18 (s, 1H), 8.23 (d, J = 8 Hz, 2H), 7.70 (t, J = 7.45 Hz,
1H), 7.66-7.62 (m, 1H), 7.56 (t, J = 7.8 Hz, 2H), 7.39 (m, 1H),
7.35-7.31 (m, 1H). 3C NMR (125 MHz, CDCl;) & 187.0,
164.9, 160.7 (d, J = 247.5 Hz), 148.3, 134.2, 130.3, 128.8,
128.15, 125.3 (d, J = 8.8 Hz), 122.2 (d, J = 23.4 Hz), 115.4 (d,
J=23.8 Hz). IR (CHCl;, cm): 1745, 1694, 1604, 1262, 1054.
MS (EI, m/z): 244. Anal. calcd. for C;4HoFO;5: C, 68.85; H,
3.71;Found: C, 68.93; H, 3.79.
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2-Formyl-6-hydroxyphenyl benzoate (3ia): Following the
general procedure, the reaction was carried out by heating a
mixture of 2,3-dihydroxybenzaldehyde (1i, 138 mg, 1.0 mmol),
2-bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 57% yield
(138 mg). 'H NMR (500 MHz, CDCl3) 6. 11.1 (s, 1H), 9.88 (s,
1H), 8.17 (d, J = 8.5 Hz, 2H), 7.58 (t, J = 7.5 Hz, 1H), 7.48-
7.36 (m, 4H), 7.01 (t, J = 8.0 Hz, 1H). 3C NMR (125 MHz,
CDCl;3) 6 196.2, 164.3, 153.4, 139.0, 133.7, 131.0, 130.3,
130.0, 128.7, 128.5, 121.8, 119.5. IR (CHCIl3;, cm): 1742,
1661, 1456, 1227, 1061. MS (EI, m/z): 242. Anal. calcd. for
C14H1004: C, 69.42; H, 4.16; Found: C, 69.32; H, 4.09.
2-Formylphenyl 4-methylbenzoate (3ab): Following the
general procedure, the reaction was carried out by heating a
mixture of salicylaldehyde (1a, 122 mg, 1.0 mmol), 4-methyl-
2-bromoacetophenone (2b, 428 mg, 2.0 mmol), and
Cu(OAc);,.H,0 (200 mg, 1.0 mmol) in ‘"AmOH (6.0 mL) 100 °C
for 10 h to afford the title compound in 60% yield (solid, 144
mg). M.p.: 64 °C. '"H NMR (500 MHz, CDCl;) & 10.23 (s, 1H),
8.12 (d, J= 7.5 Hz, 2H), 8.01-7.91 (m, 1H), 7.74-7.63 (m, 1H),
7.43 (t, J = 7.6 Hz, 1H), 7.34 (t, J = 8.1 Hz, 3H), 2.47 (s, 3H).
3C NMR (125 MHz, CDCl;) & 188.4, 164.9, 152.4, 145.0,
135.3, 130.3, 129.8, 129.4, 128.2, 126.3, 125.7, 123.5, 21.7. IR
(CHCl;, cm™): 1740, 1702, 1605, 1263, 1177, 1063. MS (EI,
m/z): 240. Anal. calcd. for C;sH,03: C, 74.99; H, 5.03; Found:
C, 75.12; H, 5.19.
2-Formylphenyl 4-methoxybenzoate (3ac): Following the
general procedure, the reaction was carried out by heating a
mixture of salicylaldehyde (1a, 122 mg, 1.0 mmol), 4-
methoxy-2-bromoacetophenone (2¢, 456 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h to afford the title compound in 65% yield (solid,
166 mg). M.p.: 75 °C. '"H NMR (500 MHz, CDCl3) 6 10.23 (s,
9
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1H), 8.19 (d, J = 8.9 Hz, 2H), 7.96 (dd, J = 7.8, 1.8 Hz, 1H),
7.71-7.63 (m, 1H), 7.42 (t, J= 7.4 Hz, 1H), 7.32 (d, J = 8.1 Hz,
1H), 7.01 (d, J = 8.9 Hz, 2H), 3.91 (s, 3H). 3C NMR (125
MHz, CDCl;) 6 188.4, 164.5, 164.2, 152.5, 135.2, 132.4, 129.7,
128.3, 126.2, 123.5, 120.7, 114.0, 55.5. IR (CHCl;, cm!): 1735,
1697, 1605, 1256, 1167, 1009. MS (EI, m/z): 256. Anal. calcd.
for C;sH;,04: C, 70.31; H, 4.72; Found: C, 70.44; H, 4.85.
2-Formylphenyl 4-fluorobenzoate (3ad): Following the
general procedure, the reaction was carried out by heating a
mixture of salicylaldehyde (1a, 122 mg, 1.0 mmol), 4'-fluoro-2-
bromoacetophenone (2d, 432 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘"AmOH (6.0 mL) at 100
°C for 10 h to afford the title compound in 62% yield (Yellow
oil, 151 mg). 'H NMR (500 MHz, CDCl;) & 10.18 (s, 1H),
8.32-8.22 (m, 2H), 7.96 (dd, J= 7.7, 1.8 Hz, 1H), 7.73-7.67 (m,
1H), 7.46 (t, J=17.5 Hz, 1H), 7.32 (d, J= 8.1 Hz, 1H), 7.22 (t, J
= 8.4 Hz, 2H). 13C NMR (125 MHz, CDCl;) 6 188.4, 166.3 (d,
J = 255.0 Hz), 163.9, 151.8, 135.3, 133.0, 132.9 (d, J = 10.0
Hz), 130.7, 128.1, 126.5, 123.4, 1159 (d, J = 21.2 Hz), 115.8.
IR (CHCl3, cm): 1743, 1698, 1604, 1260, 1154. MS (EL, m/z):
244. Anal. calcd. for C4HoFO;3: C, 68.85; H, 3.71; Found: C,
68.67; H, 3.64.
2-Formylphenyl 3,4-dichlorobenzoate (3ae): Following the
general procedure, the reaction was carried out by heating a
mixture of salicylaldehyde (1a, 122 mg, 1.0 mmol), 3'4'-
dichloro-2-bromoacetophenone (2e, 532 mg, 2.0 mmol) and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h to afford the title compound in 52% yield (solid,
153 mg). M.p.: 74-76 °C. '"H NMR (500 MHz, CDCl;) & 10.13
(s, 1H), 8.31 (d, J=2.0 Hz, 1H), 8.06 (dd, J = 8.5, 2.1 Hz, 1H),
7.95(dd,J="7.7, 1.8 Hz, 1H), 7.76 — 7.67 (m, 1H), 7.64 (d, J =
8.4 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.31 (d, /= 8.1 Hz, 1H).
3C NMR (125 MHz, CDCl;) 6 188.4, 163.1, 151.1, 138.7,
135.3, 133.3, 132.1, 131.6, 130.8, 129.2, 128.6, 128.0, 126.8,
10
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123.3. IR (CHCl;, cm™): 1744, 1698, 1605, 1465, 1206. MS
(EL, m/z): 294. Anal. calcd. for C4HgCl,03: C, 56.98; H, 2.73;
Found: C, 56.82; H, 2.61.

2-Formylphenyl 3-bromobenzoate (3af): Following the
general procedure, the reaction was carried out by heating a
mixture of salicylaldehyde (1a, 122 mg, 1.0 mmol), 3'-bromo-
2-bromoacetophenone (2f, 552 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h to afford the title compound in 45% yield (Yellow
oil, 137 mg). 'H NMR (500 MHz, CDCls) 6 10.17 (s, 1H), 8.37
(t,J=1.8 Hz, 1H), 8.20-8.13 (m, 1H), 7.96 (dd, /="7.7, 1.8 Hz,
1H), 7.83-7.78 (m, 1H), 7.70 (dd, J = 7.7, 1.8 Hz, 1H), 7.44 (t,
J=17.9 Hz, 2H), 7.31 (d, J= 8.2 Hz, 1H). *C NMR (125 MHz,
CDCl3) & 188.4, 163.6, 151.5, 136.9, 135.3, 133.1, 131.0,
130.2, 128.8, 128.0, 126.7, 123.4. IR (CHCl3;, cm™): 1743,
1704, 1605, 1246, 1207. MS (EI, m/z): 303. Anal. calcd. for
C14HyBrOs: C, 55.11; H, 2.97; Found: C, 55.18; H, 3.17.
2-Formylphenyl [1,1'-biphenyl]-4-carboxylate (3ag):
Following the general procedure, the reaction was carried out
by heating a mixture of salicylaldehyde (1a, 122 mg, 1.0
mmol), 4'-phenyl-2-bromoacetophenone (2g, 548 mg, 2.0
mmol), and Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0
mL) at 100 °C for 10 h to afford the title compound in 68%
yield (solid, 205 mg). M.p.: 93-94 °C. 'H NMR (500 MHz,
CDCl;) & 10.24 (s, 1H), 8.30 (d, J = 8.3 Hz, 2H), 7.98 (dd, J =
7.7, 1.8 Hz, 1H), 7.77 (d, J = 8.2 Hz, 2H), 7.67 (d, J = 7.8 Hz,
2H), 7.56 — 7.38 (m, 5H), 7.36 (d, J = 8.1 Hz, 1H). *C NMR
(125 MHz, CDCl;) ¢ 188.4, 164.8, 152.2, 146.7, 139.6, 135.3,
130.8, 130.2, 128.9, 128.3, 127.4, 127.3, 126.4, 123.5. IR
(CHCl;, cm™): 1739, 1700, 1605, 1265, 1065. MS (EI, m/z):
302. Anal. caled. for C,0H405: C, 79.46; H, 4.67; Found: C,
77.61; H, 4.40.
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2-Acetylphenyl benzoate (3ja): Following the general
procedure, the reaction was carried out by heating a mixture of
2-hydroxyacetophenone (1j, 136 mg, 1.0 mmol), 2-
bromoacetophenone (2a, 396 mg, 2.0 mmol) and
Cu(OAc),.H,0 (192 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 76% yield
(Yellow oil, 182 mg). 'H NMR (500 MHz, CDCls) & 8.22 (d, J
= 8.4 Hz, 2H), 7.87 (d, J = 7.8 Hz, 1H), 7.71-7.63 (m, 1H),
7.62-7.58 (m, 1H), 7.57-7.49 (m, 2H), 7.42-7.35 (m, 1H), 7.29-
7.21 (m, 1H), 2.55 (s, 3H). 3C NMR (125 MHz, CDCl;) &
197.5, 165.1, 149.3, 133.7, 133.3, 131.1, 130.2, 129.1, 128.6,
126.1, 123.8, 29.7 IR (CHCl;, cm™): 1740, 1688, 1602, 1449,
1261, 799. MS (EI, m/z): 240. Anal. calcd. for C;5H;,03: C,
74.99; H, 5.03; Found: C, 74.87; H, 4.92.
2-Acetyl-4-methylphenyl benzoate (3ka): Following the
general procedure, the reaction was carried out by heating a
mixture of 2"-hydroxy-5"-methylacetophenone (1k, 150 mg, 1.0
mmol), 2-bromoacetophenone (2a, 396 mg, 2.0 mmol) and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 70% yield
(Yellow oil, 178 mg). 'H NMR (500 MHz, CDCl;) 6 8.21 (d, J
= 8.4 Hz, 2H), 7.67-7.63 (m, 2H), 7.53 (t, J = 7.6 Hz, 2H),
7.41-7.35 (m, 1H), 7.12 (d, J = 8.2 Hz, 1H), 2.53 (s, 3H), 2.42
(s, 3H). BC NMR (125 MHz, CDCls) & 197.7, 165.2, 147.1,
135.9, 133.9, 133.7, 130.5, 130.2, 129.2, 128.6, 123.5, 29.8,
20.8. IR (CHCIs3, cm!): 1741, 1689, 1268, 1202, 1060, 708.
MS (EIL, m/z): 254. Anal. calcd. for C(H405: C, 75.57; H,
5.55; Found: C, 75.64; H, 5.60.
2-Acetyl-4-methoxyphenyl benzoate (3la):  Following the
general procedure, the reaction was carried out by heating a
mixture of 2-hydroxy-5'-methoxyacetophenone (11, 166 mg,
1.0 mmol), 2-bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘"AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 63% yield
12



(Yellow oil, 170 mg). 'H NMR (500 MHz, CDCl;) 6 8.32-8.13
(m, 2H), 7.71-7.61 (m, 1H), 7.53 (t, J = 7.8 Hz, 2H), 7.36 (d, J
= 3.0 Hz, 1H), 7.19-7.07 (m, 2H), 3.87 (s, 3H), 2.53 (s, 3H).
3C NMR (125 MHz, CDCl;) 6 197.2, 165.4, 157.1, 142.8,
133.7, 131.7, 130.2, 129.1, 128.6, 124.7, 119.1, 114.2, 55.7,
29.9. IR (CHCl;, cm™): 1740, 1689, 1489, 1266, 1233, 707.
MS (EIL, m/z): 270. Anal. calcd. for C;sH404: C, 71.10; H,
5.22; Found: C, 71.18; H, 5.41.
2-Acetyl-4-fluorophenyl benzoate (3ma): Following the
general procedure, the reaction was carried out by heating a
mixture of 2"-hydroxy-5'-fluoroacetophenone (Im, 154 mg, 1.0
mmol), 2-bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘"AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 61% yield
(Yellow oil, 157 mg). '"H NMR (500 MHz, CDCls) & 8.21 (dd,
J =84, 1.3 Hz, 2H), 7.70-7.65 (m, 1H), 7.59-7.50 (m, 3H),
7.33-7.26 (m, 1H), 7.22 (dd, J = 8.9, 4.6 Hz, 1H), 2.54 (s, 3H).
3C NMR (125 MHz, CDCl;) é 196.1, 165.1, 159.8 (d, J =
246.3), 158.9, 145.1, 133.9, 132.4, 130.2, 128.7, 125.5 (d, J =
7.5 Hz), 120.2 (d, J = 23.8 Hz), 116.5 (d, J = 25.0 Hz), 29.7.
IR (CHCI3, cm): 1741, 1692, 1484, 1266, 1172. MS (EI, m/z):
258. Anal. calcd. for CisHFO;: C, 69.76; H, 4.29; Found: C,
69.83; H, 4.37.
2-Acetylphenyl 4-methylbenzoate (3jb): Following the
general procedure, the reaction was carried out by heating a
mixture of 2'-hydroxyacetophenone (1j, 136 mg, 1.0 mmol), 4'-
methyl-2-bromoacetophenone (2b, 428 mg, 2.0 mmol) and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 71% yield
(Yellow oil, 180 mg). '"H NMR (500 MHz, CDCl;) 6 8.11 (d, J
= 8.2 Hz, 2H), 7.86 (dd, J = 7.8, 1.6 Hz, 1H), 7.62-7.55 (m,
1H), 7.41-7.30 (m, 3H), 7.27-7.18 (m, 2H), 2.54 (s, 3H), 2.46
(s, 3H). 13C NMR (125 MHz, CDCl3) 6 197.6, 165.1, 149.4,
144.7, 133.3, 131.3, 130.3, 130.1, 129.3, 126.3, 126.0, 123.8,
13
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29.8, 21.7. IR (CHCl;, ecm!): 1736, 1688, 1604, 1449, 1268,
1177 745. MS (EI, m/z): 254. Anal. calcd. for C;sH405: C,
75.57; H, 5.55; Found: C, 75.63; H, 5.59.
2-Acetylphenyl 4-fluorobenzoate (3jd): Following the general
procedure, the reaction was carried out by heating a mixture of
2-hydroxyacetophenone (1j, 136 mg, 1.0 mmol), 4'-fluoro-2-
bromoacetophenone (2d, 432 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 10 h under air to afford the title compound in 70% yield
(Yellow oil, 181 mg). 'H NMR (500 MHz, CDCl;) 6 8.30-8.18
(m, 2H), 7.88 (d, J= 7.8 Hz, 1H), 7.60 (t, /= 7.8 Hz, 1H), 7.39
(t, J= 7.6 Hz, 1H), 7.27-7.14 (m, 3H), 2.55 (s, 3H). *C NMR
(125 MHz, CDCl3) ¢ 197.4, 166.2 (d, J = 251.2 Hz), 164.2,
149.1, 133.4, 132.8 (d, J = 10.0 Hz), 130.9, 130.3, 126.2, 125.4,
123.8, 115.8 (d, J = 22.5 Hz), 29.5. IR (CHCl;, cm™): 1741,
1688, 1603, 1507, 1267, 757. MS (EI, m/z): 258. Anal. calcd.
for C;sH1FO;: C, 69.76; H, 4.29; Found: C, 69.71; H, 4.54.
2,2-Dibromo-1-phenylethanone (4a): Following the general
procedure, the reaction was carried out by heating a mixture of
2-bromoacetophenone (2a, 396 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘"AmOH (6.0 mL) at 100
°C for 5 h under air to afford the title compound in 42% yield
(Yellow oil, 234 mg). '"H NMR (500 MHz, CDCls) & 8.08 (dd,
J = 8.5, 1.3 Hz, 2H), 7.71-7.58 (m, 1H), 7.57-7.41 (m, 2H),
6.73 (s, 1H). 3C NMR (125 MHz, CDCl;) & 185.9, 134.4,
130.7, 129.6, 128.9, 39.6. IR (CHCl;, cm™): 1698, 1595, 1449.
MS (EI, m/z): 276. Anal. calcd. for CgH¢Br,O: C, 34.57; H,
2.18; Found: C, 34.71; H, 2.10.
2,2-dibromo-1-(p-tolyl)ethanone (4b): Following the general
procedure, the reaction was carried out by heating a mixture of
4'-metyl-2-bromoacetophenone (2b, 424 mg, 2.0 mmol), and
Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0 mL) at 100
°C for 5 h under air to afford the title compound in 41% yield
(Solid, 238 mg). M.p.: 88-89 °C. 'H NMR (500 MHz, CDCl;)
14
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7.97 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.72 (s, 1H),
2.44 (s, 3H). BC NMR (125 MHz, CDCl;) & 185.5, 145.7,
129.7, 129.6, 128.8, 39.9, 21.8. IR (CHCl;, cm™): 1740, 1688,
1602, 1449, 1261, 799. IR (CHCl;, cm™): 1687, 1604, 1278,
1196, 753. MS (EI, m/z): 290. Anal. calcd. for CoHgBr,O: C,
37.02; H, 2.76; Found: C, 37.11; H, 2.84.
2,2-Dibromo-1-(4-methoxyphenyl)ethanone (4c): Following
the general procedure, the reaction was carried out by heating a
mixture of 4’-methoxy-2-bromoacetophenone (2¢, 456 mg, 2.0
mmol) and Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0
mL) at 100 °C for 5 h under air to afford the title compound in
39% yield (Yellow oil, 239 mg). 'H NMR (500 MHz, CDCl;) &
8.11-8.04 (m, 2H), 6.98 (dd, J = 8.9, 1.4 Hz, 2H), 6.69 (s, 1H),
3.90 (s, 3H). 3C NMR (125 MHz, CDCls3) 6 184.6, 164.4,
132.1, 123.2, 114.1, 55.6, 39.9. IR (CHCI3, cm™): 1679, 1599,
1509, 1264, 1179, 846. MS (EI, m/z): 306. Anal. calcd. for
CoHgBr,0,:  C, 35.10; H, 2.62; Found: C, 35.24; H, 2.65.
HRMS Calcd (ESI) m/z for CoHoBr,O,: [M+H]* 306.8965,
found: 366.8969.

2,2-Dibromo-1-(4-fluorophenyl)ethanone (4d): Following
the general procedure, the reaction was carried out by heating a
mixture of 4'-fluoro-2-bromoacetophenone (2d, 432 mg, 2.0
mmol) and Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0
mL) at 100 °C for 5 h under air to afford the title compound in
40% yield (Yellow oil, 238 mg). '"H NMR (500 MHz, CDCl;) 6
8.21-8.10 (m, 2H), 7.23-7.14 (m, 2H), 6.65 (s, 1H). *C NMR
(125 MHz, CDCl;) 6 184.5, 166.2 (d, J = 257.5 Hz), 132.6 (d, J
= 10.0 Hz), 126.94, 116.1 (d, J = 22.5 Hz), 39.3. IR (CHCl;,
cm!): 1698, 1598, 1507, 1271, 1241, 1190, 1160, 850. MS (EI,
m/z): 294. Anal. calcd. for CgHsBr,FO: C, 32.47; H, 1.70;
Found: C, 32.64; H, 1.78.
2,2-Dibromo-1-(3,4-dichlorophenyl)ethanone (4e):
Following the general procedure, the reaction was carried out
by heating a mixture of 3’,4’-dichloro-2-bromoacetophenone
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(2e, 532 mg, 2.0 mmol) and Cu(OAc),.H,O (200 mg, 1.0
mmol) in AmOH (6.0 mL) at 100 °C for 5 h under air to afford
the title compound in 39% yield (Solid, 265 mg). M.p.: 68°C.
'"H NMR (500 MHz, CDCl3) 6 8.19 (d, J = 2.1 Hz, 1H), 7.95
(dd, J=8.5,2.2 Hz, 1H), 7.60 (d, J = 8.5 Hz, 1H), 6.57 (s, 1H).
3C NMR (125 MHz, CDCl;) & 183.9, 139.1, 133.6, 131.6,
130.8, 130.1, 128.6, 38.7. IR (CHCI3, cm™): 1706, 1582, 1466,
1388, 1277, 1194, 1032. MS (El, m/z): 345. Anal. calcd. for
CsH4Br,CL,O: C, 27.70; H, 1.16; Found: C, 27.87; H, 1.19.
2,2-Dibromo-1-(3-bromophenyl)ethanone (4f): Following the
general procedure, the reaction was carried out by heating a
mixture of 3’-bromo-2-bromoacetophenone (2f, 552 mg, 2.0
mmol) and Cu(OAc),.H,O (200 mg, 1.0 mmol) in ‘"AmOH (6.0
mL) at 100 °C for 5 h under air to afford the title compound in
42% yield (Yellow oil, 294 mg). '"H NMR (500 MHz, CDCl;) §
8.27-8.17 (m, 1H), 8.03 (d, J= 7.9 Hz, 1H), 7.76 (d, J = 8.0 Hz,
1H), 7.40 (t, J = 7.9 Hz, 1H), 6.64 (s, 1H). °C NMR (125
MHz, CDCl3) 8 184.6, 137.2, 132.5, 132.4, 130.3, 128.1, 123.1,
39.0. IR (CHCl;, cm!): 1703, 1567, 1419, 1253, 1192. MS (EI,
m/z): 354. Anal. calcd. for CgHsBr;O: C, 26.93; H, 141,
Found: C, 27.15; H, 1.38.
1-([1,1'-Biphenyl]-4-yl)-2,2-dibromoethanone(4g): Following
the general procedure, the reaction was carried out by heating a
mixture of 4'-phenyl-2-bromoacetophenone (2g, 548 mg, 2.0
mmol) and Cu(OAc),.H,O (200 mg, 1.0 mmol) in ‘AmOH (6.0
mL) at 100 °C for 5 h under air to afford the title compound in
37% yield (Solid, 260 mg). M.p.: 116 °C. 'H NMR (500 MHz,
CDCl,) 6 8.23-8.11 (m, 2H), 7.79-7.68 (m, 2H), 7.67-7.59 (m,
2H), 7.54-7.38 (m, 3H), 6.73 (s, 1H). 3C NMR (125 MHz,
CDCl3) & 185.5, 147.1, 139.2, 130.3, 129.3, 129.0, 128.6,
127.4,127.2, 39.7. IR (CHCl;, cm™): 1682, 1600, 1486, 1407,
1208. MS (EI, m/z): 354. Anal. calcd. for Ci4H;,Br,O: C,
47.50; H, 2.85; Found: C, 47.80; H, 2.80. HRMS Calcd (ESI)
m/z for C4Hy;Br,O: [M+H]" 352.9172, found: 352.9177.
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2,2-Dibromo-1-(3-nitrophenyl)ethanone (4h): Following the
general procedure, the reaction was carried out by heating a
mixture of 3'-nitro-2-bromoacetophenone (2h, 486 mg, 2.0
mmol) and Cu(OAc),.H,O (200 mg, 1.0 mmol) in ‘AmOH (6.0
mL) at 100 °C for 5 h under air to afford the title compound in
44% yield (Yellow oil, 282 mg). '"H NMR (500 MHz, CDCls) &
8.96 (s, 1H), 8.58-8.42 (m, 2H), 7.77 (t, J = 8.0 Hz, 1H), 6.64
(s, 1H). 13C NMR (125 MHz, CDCl3) 6 183.9, 148.3, 135.3,
132.0, 130.1, 128.4, 124.6, 38.5. IR (CHCl3, cm™): 1706, 1613,
1531, 1350. MS (EI, m/z): 321. Anal. calcd. for CsHsBr,NOs:
C, 29.75; H, 1.56; N, 4.34; Found: C, 29.87; H, 1.31; N, 4.31.
2,2-Dibromo-1-(4-nitrophenyl)ethanone (4i): Following the
general procedure, the reaction was carried out by heating a
mixture of 4'-nitro-2-bromoacetophenone (2i, 486 mg, 2.0
mmol) and Cu(OAc),.H,0 (200 mg, 1.0 mmol) in ‘AmOH (6.0
mL) at 100 °C for 5 h under air to afford the title compound in
43% yield (Yellow oil, 276 mg). '"H NMR (500 MHz, CDCl3) &
8.47 — 8.25 (m, 4H), 6.62 (s, 1H). 3*C NMR (125 MHz, CDCl5)
d 184.4, 150.7, 135.5, 130.9, 123.8, 38.7. IR (CHCI;, cm!):
1705, 1602, 1525, 1346, 1262. MS (EI, m/z): 321. Anal. calcd.
for CgHsBr,NOs: C, 29.75; H, 1.56; N, 4.34; Found: C, 29.80;
H, 1.62; N, 4.09.
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6. NMR-spectra

gﬂﬂxﬁlgﬁsﬁﬁQEEEEEE%%%EEEEEHEEE@’?#??H%QHHS 2 g
| 2 FESANEEREEEERSERNARANRI95AT T S
=) e e e e e e e e o T e ool S S 1 =
I sl N : | |
|
_ [
| |
||
[ 1] | 295 18
) ' i wp
| A
CI—}O
[ 3ba
== 0 - J J
(e}
3aa
— T i S A T T
T e v R v v T 7 T 7 T T T T e e e T T
|
J | W I
5 ] L L 1t
. 2 s EZasz=4q -1
z 3 i=Enng 3
120 15 10 W5 T e T T T T —T T T T T
11,5 1.0 105 100 9.5 2.0 &5 8.0 7.5 70 8.5 0 55 50 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 o0 05 -10 L5
1 (ppm)
5 g 5 EREEEEET sde
g g g 3855585 =¥ I
| | [ RO W 3
=l & 2 & FAAENREE =4 o
g g q £ HARARKRAE =¥ &= =
| | k] RN R I
CHO
(0]
CHO
I3 o
3aa
(0]
3ba

200 150

180 170 160 150 140 130

120 110




— 1022

R R E
R B |
CHO
| ‘Bu o
| /1 | 0
| I| II | .I
3ca
EE L RRREED #an 8
” v e i
e 2 =
JVL N i G L Y JL
D
Ll_j\l‘l l S
T L 1
E AERY El
- NN -2
T d T T T T T T ‘ T Y | A | ¥ T v T ol T ™7 Y T v T v T A T T T ¥ T T T ¥ T T T v T v T T T T Ty T
0 115 110 105 100 95 90 &5 80 75 70 65 60 55 50 45 40 35 30 25 20 L5 10 05 00 -05 -L0 -LS
1 {ppm}
[ & Zi HENRETYTE EF o
g g g% HARANFNSY EEE =
| | N e |
CHO
Bu o)
o
3ca
T v T T v T ol T T T T ¥ T v T ¥ T T T r T x T v T T v T w T Y T T T T
150 180 170 160 150 140 130 120 110 100 0 70 ] 50 a0
f1 (ppm)



mw-—

wi

e

T
=

CHO

OMe

3da

75 74

1 (pem)
|

7%

=i

=T

oot

Bz

Eopr b

LT

EopE b

=t

60 55 50 45 40 35 3o 2.5 20 L5 1.0 05 00 -05
1 (ppm}

6.5

115 110 105 100 55 90 85 &40

12.0

T

CHO

OMe

3da

B —

SUTEL

SR

BETET
LEEET~

L

THeEr—

170

10

20

30

50

&0

100
fi {ppm}

110

120

150 140

160

150

200

20



21

CHO
3ea

MeO

L=
-
u
=
SR La
(=]
L
o) =
Q =
o B -
Q
I 1) F
(@) n
-
@] L=
Q ~
= i
Lo
~ e
L=
-
()]
™
I AU,
- - — Em7 |2 055
= L
. L
@ =+
y ' w2 =1
& [
\ 3 | .
i S -
o= - e
| ? Sm
5 I =2
= L=
] R —
i . | LT —
7 o B
| - — vt a
~

& eor (b
5
at Remee bz 8, |L I THEET -

1 (opm)

& J ezl ke
= N S T g ™ WTOEL~
mm /,, 01 h.ru_.._.ﬂ L NH”%\.
2 ? L=
= ]
2 -
| )
R o
TEOGT
3 La
[
\ (0]
— Jta o [T
! e @ e —
3 L=
|
., T " u
— —_— Lwi L@
= =1
=
e
B ST
w
b
-
=
=1

120 18D 170 10 150 140 130 120 110 100 20 &0
1 {ppm}

200



— 1023
a4
a2q

£
i
A
i
ThH?
6
T
66
757
757
THG
755
TS5
75
L]
ThI
752
752
751
750
37
a5
A
T2
-
T
Falz
4.1z
411
a.10
4
4iA
A
Bl
k]
132
131
131
130
L1

i
3 EmuaAssAAAAne AR ANE
[l Ve (X v/

OEt
3fa

M M Jk

— L i e S

¢ g Fl 2

550 85 840 835 830 835 620 815 810 805 I 735 730 735 730 275 70 765 740 755 78 745 740 735 730 738 720 738 710 705
o

W

[ G tald

H 1 T F
g & 234 P E
z £ =2Ex 3 >
—— T T T
110 10.5 100 9.5 9.0 8.5 8.0 7.5 70 65 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 15 1.0
1 {ppm}
5 2 8§ L ENRARE DR E
g Z g d HHERESH 58 z
| | | e N Y |

CHO

OEt
3fa

e B . N s s B s B s S s B S B B T -
200 150 180 170 180 150 140 130 120 110 i 100} 50 &0 0 ] 50 40 30
1 {ppm

1451



0

— 1R
225

[ f
| ¢

51597 GENNREEAEmAEREAZEIEAN ELEEECLEEELLET) 93833u9888
2 P L ey ~ CHO
|
2 p
f [ ' o
& / /
/ |
/ 7 1 / 7 / (o]
/ VA w e
3ga
i Pl nar ey L an. —_
i : 3 :

8483 82 818073 78 77 76 75 74 73 72 71 70 63 68 &) 6€ 65 64 €3 €2 €1 60 53 58 57 56 55 54 53 52 5150 43
i

| l ! I
A _J‘IL'L lLJ A _/'ll\_ J ot |
- o iy HH T gl
£l & HAHER 2 I S
= - el = i =
R T e I S S S T It S S S T S T T LT S e Tt e T e S e
11.5 110 105 10.0 95 90 85 80 A5 70 65 &0 5.5 50 45 4.0 35 30 25 20 15 10 05 00 05 1.0
1 {ppm}
& & o AEENEEHE 07 szl =
g b 5 SHLHRANHANSS refs z
| | Sty | e o
= CHO
o}
O
3ga
et
LN S e A S S S B S m e e e —
200 190 1ED 170 10 150 140 130 120 110 0 ].00} 0 &0 -] 40 30 20 10 1]
1 {ppm

23



zS SAOONANRERRRE
W ARG
[ |
1 {n/ /!’
/ £ /
y, e f

M —

e ral
EE] Bl

—_— bt
] ERE]

590 835 830 835 820 815 810 805 £ 735 750 785 780 775 70 745 740 755 750 745 780 735 730 725 720 715 70 705 7.00
. G

—

CHO

3ha

¥ L LY
El q RENAR
= e
v T — v | G T ¥ T -1 ¥ T v T v T ¥ | P T v T v T v T v | T v T M \
120 115 11.0 105 100 95 50 &5 80 75 70 &5 &0 55 50 45 40 35 30
f1 (ppm
& B A b HAEARAYO TR =Y B
& Z g g ARRRHANN D = F
| | | SN Y -
T T ¥ T T T A ¥ T ¥ | m— T ‘ T ¥ T ¥ T ¥ T
00 1% 180 170 160 150 140 130 120 110 100 90
f1 (ppm})

25

20

T T T
15 10 05 00 05

A5 =X

CHO

F
3ha

24



3 [ ARG EEERd e RS RN RAR R RS 9RS 888 iz g
4 B e N e e 5 ES
| paeanL I
|
II
| CHO
v 0
! Ir- O
| | OH
- y 3ia
M| | [M'll' | \
,“L‘\k M TN ) JUkl,,
55 850 625 830 8.5 810 55 80 75 7;0‘7‘5;‘7110‘7;5‘7‘70‘:15;3&‘7’;5‘75‘0‘7;5‘7
LL‘MA |
k| —— H '[Illl '||
El g i 2y
3 = = B
L e 5 e
125 120 115 110 105 100 55 90 &5 &0 75 70 s.sf-s_.o }5.5 50 45 40 35 30 25 20 15 10 05 0.0 -05
1 [ppm
5 5 2 BRARZEHA T P
& & g AAHARAANS EgE
S R
CHO
o}
¢}
OH
3ia

e e e e o s e L S e o e AR e
200 150 180 170 160 150 140 130 120 10 100 50 &0
1 (ppm}

25



B ooncnef2cRRREEEEELIRERARANAY & E
 Fan RN RERRRARR AR 2 s AR AN 3 |
I| |
| |
( |
| |
W g kg O |
i _— ,// Il
' s " cHo
J / & .y o

3ab

w30 sls e sls i sos sw 73 730 7 7w 73 om 7es e 7hs 7 7as 7m 73 7 73 7k 7 7ae

L

=

=
I
L

|

Felid, e L
28558 &
PR R pe
T T T T T T T T T T T T T T T T T T T T T T T T
11.5 110 105 1.0 95 9.0 85 8.0 75 7.0 65 6.0 L 50 45 40 35 30 25 20 1.5 1.0 05 o0 05 -10
1 {ppm}
] 5 ¥ B ERZIEEE T E
g g 4 & HEARRHSHH RER a
| | | | ey | S
CHO
o
O
3ab
T T T T T T T T T T r T T T T T T T T T T
210 200 150 18D 170 160 120 140 130 120 110 90 20 70 ] 50 40 k] 20 10 1] -10

100
f1 {ppm}

26



3 SIERRARBELERIYAR NS z g
ReocaskonRies EH 3
| e et | |
|
| | OMe
CHO
5 o — L 5
T7 NP VA N7 kil O
| 5
,/ & A 3 | / 3ac
A = & T =z
T =% & W R A
J ) MAJ J :
It g I
g8 gzEs = g
= S =
T T T T T T T T T T T T T T T T T T T T T T
110 105 100 9 S50 B85 B0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 45 -1.0
1 {ppm}
3 CE] FUEHNNE  § maz 7
g ZZ 4HAREAE 4 REE 8
| Y PN - |
OMe
CHO
(o)
(0]
3ac
{ Il | |. 5 " 5 Je 3o P
| r . r . . . . 1 | 1 | 1 | | r . r .
200 150 180 170 180 150 140 130 120 110 100 50 70 &0 L] 40 30 20 10 [}
1 {ppm}

27



mwn—

CHO

3ad

835 830 525 820 8IS 810 805 800 755 730 785 780 775 7 765 760 755 750 745 740 235 730 725 720 735 710 705

i)

Lol

mﬁ_ﬁ.m I

HE

..(ﬁ..n b
e ||

ot L

-1.0

65 6.0 55 50 45 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 0.5
1 {ppm}

70

110 105 100 95 90 85 80 7S5

115

S5,

3ad

CHO

™
[ ¥ 04

BT

LEEE

1%0

] 10

2

40

170 160 150 140 130 120 110 100 %0
1 {ppm}

180

200

10

28



545 540 635 830 525 B0 B35 SI0 605 80D 755 730 78 U 775 N0 7SS 740 755 T8 745 740 735 73 725 7a0 75
i (pom)

3

—
m
726

CHO

3ae

— 1K)

Cl

Cl

12676
12354

z HRES0SRRTINNARREIRTRNAL
G R A A
| R
43 5828 HEEE
N R ey
|';.
|
|
i
M
| il
Lo i o b ot e e
S FEREEAY
= e
—_— e
105 10.0 9.5 9.0 8.5 &0 7.5 7.0 8.5
5 = 5 ENELELENSE
g g 5 BAH55A8E
I I | k| e

I |

=
10

T
200

-

T
130 180

- T
170 160

150

T
140

—

130

120

7715
3

CHO

3ae

Cl

Cl

29



- —

CHO

3af

Tt

T

o)

545 840 535 83X B2 520 BI5 510 505 800 795 790 735 78 775 700 765 760 755 750 745 740 735 730 725 720

L

|

Eorr |

5.5 50 45 40 35 30 25 20 15 10 05 00 -05

1 {ppm}

8.0

6.5

110 105 W0 S5 SO0 &5 80

115

SO S,

CHO

Br

3af

T

e

15T —

e

SUERL

mwmm»ﬂf mewmwm%mmm

10

20

&0

130 180 170 160 150 140 130 120 110 10D 50
1 {ppm )}

200

30



Ly

o
o
(@)
I
(@]
i
e
%
e
/r
//,
er— /;
= N,
4.
\
A a5
5 L]
\
oce— .,/ 1

e

w

s

-

T

150 845 840 835 830 825 §20 815 £10 805 80 795 790 735 78Q 775 770 765 760 755 750 745 740 735 730 725 720 745

i m)

|

ook

40 35 30 25 20 15 10 05 00 05 -0 -15

4.5

5.0

60 55 5,
1 {ppm}

6.5

50 85 &0

5.5

11.5 110 105 10,0

=

BLwOL—

e

30 20

40

50

100
1 {ppm}

150 180 7 160 150 140 130 120 110

200

31



—0m

a5
i
|
e (@)
(0]
O
3ja
'
i
|
il In oo N r\m
P N AP My A
i 1 S P
335 530 825 820 85 810 835 800 735 -,.;a'm‘ss‘7‘23?”‘;“‘7‘;‘7“70‘7;5‘;“m‘7“55‘7.‘w‘-,)s’7»0'7;;'7‘;;7‘;5';‘30
JL ,Lu .AJ J
g ——
g E=sgEs¥ E
o s =
e I B e B T T T L B L B i e e B L I T —
0.0 95 90 85 8D 7.5 70 &5 60 55 50 45 40 35 30 2.5 2.0 15 1.0 05 0.0
1 {ppm}
3 5 g RAZIR23Ez sde =
g g g 495 HAREY =% I k4
| | | “H\le ~ |
(0]
(0]
O
3ja
T T T T T T T ¥ T ¥ T T ¥ T ¥ T T T T T ¥ T ' T T T ¥
20 200 150 180 170 160 150 140 13X 120 ]*.:10. }].00 0 2 70 &0 ] a0 30 20 10
1 (ppm

32



EHE=—
A

1B

L

3ka

76

77
2 (gm)

78

Ml

|

Fave
Feez

4.0 35 30 25 20 15 10 0.5 0.0

4.5

1 {ppm}

5.0

55

&0

6.5

70

W,
i

BIRL—

3ka

150

10

20

40

100 20
1 {ppm}

10

140 120

120 180 170 160

200

33



222
222
822
221
220
P
a7
.y
TG
FhH6
Fh0
ThAS
Fir
L7
755
753
752
736
|- 7.36
726
716
A6
7.4
Tz
L7z
71
L0
— 387
253

hhhhhhh [
S |

1
|

s30 s sl0 bis sio 635 800 735 2N i i s m 7E 7 ks 2w 2k 730 735 730 725 230 735 20 7bs
s

MeO

=000

3la

i b, it e -
E EEEE 5 E
= ey = -

; - = - = ' B e S e S e T
9.5 9.0 85 BED 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25
1 {ppm}
= b 4 % RRE93% E ﬁ CET T
g g 5 £ BoHEEASR & S
| | | | Ssiés | e
— T T T P T P S E ——

HO 200 150 18D 170 180 150 140 130 120 110 100 20 0 (-]

f1{ppm}

— 5572

MeO

—xa

3la

34



o

3ma

i

£45 840835 830 825 820 815 5.10 805 600 755 750 795 780 75 27 785 760 755 750 745 740 735 730 725 720 75 710 705 70
£ oo

my

s

Wl i
205
o PR R

55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 {ppm}

6.0

6.5

9.5 5.0 BS 8.0

10.0

3ma

BYET

ST

Erier

Fiea o

ET'5W] —

LEEST—
Rl S
fu e

LIS —

150 1ED 170

200

-10

10

20

120 140 130 120 110 100 90
1 {ppm )}

160

210

35



SEREREOEE ARG EAARA AR s g
BERER R e e e e e e
Sy e — ¥, I
f Fid
| |
EH ' s e AmRmmsy N
i 0 R VS N |
|
. / =
/ ; o / s |
J S | I| o
I
(0]
(0]
3jb
J ol
[ § g g [
U el s v ek s 7k e 7k TR T e T 7 7k 7 7 7 7 7 7 7 e
JL__J|._A_, L L
L O o e
E 5 5 &5 23
A= == EE
e . A e e L e e e o T B e S e e e
5.0 B85 B.D 75 7.0 &5 6.0 55 5.0 4.5 4.0 35 30 25 20 1.5 1.0 0.5 0.0 -0.5
1 {ppm}
F z 4 & R”EQIHGRE Tk a g
§ g £ § HaBgA849 REE % A
| N Sl | |
(@)
O
O
3jb
— 7T T T T T 7T T T
210 200 150 180 170 1&D 150 140 130 120 fll? }100 50 B0 70 (-] 50 40 30 20 10 ]
1 (ppm

36



wre-—

3jd

1 w}"xﬂw'

W
W
N

MU

e

!

o

72
. (pem)

78

i

he

35 30 25 20 15 1.0 0.5 a0 -0.5

4.0

1 {ppm}

4.5

50

b |
fgee
=y
N ANy

Foot

Fuet b

5.5

6.0

6.5

70

8.0

8.5

5.0

B £ —

o0,

)

3jd

T
[y Ed

WSTE
TESTT \/..1
et
ST )
LT~
LT,
DOITET ~
Faitan B
e i
figan o

LIVEET

e —
e —

jig

T
20

T T T T T T T
180 150 140 130 120 110 100 90
1 {ppm )}

170

—
200

T
210

37



oo —

Br

Br

4a

Fn

75 74 73
 (spm)

75

=507
T

el

LE 1o LB 0.0

20

4.0 3.5 3.0 .5

f1 {ppm)

4.5

B0 7.8 0 8.5 &0 55 5.0

8.5

B
SEE
e

Br

Br

4a

10

30

50 80 70
1 (ppm}

100

110

180 170 160 150 140 130

150

38



a.72

=2

4b

i)

Br

Br

N P I R T
oy B I
g = ES 2
B IS E B
T T T d T T T T T T T T T T T T
9.5 B5 ED 7.5 7.0 &5 6.0 5.5 5.0 4.5 4.0 35 30 2.5 2.0 L5 1.0 0.5 0.0 0.5
1 (ppm)

5 4 ELA -3 z e

E E any REE A 7

| | N ~ | |

O
Br
Br
4b
| , ;
T T T T T T T T T T r T T . T T T T T T T
210 200 130 18D 170 180 150 140 130 120 110 : %CID ) 50 E0 70 =] L] 40 30 0 10 -10
1 [ppm

39



0.0

Br
Br
4c
20 1.‘5 1.0 0.5

MeO

2.5

%

GBS

L w1 Trid
[l

— 5 EFie

4.0

f1 (ppm)

4.5

U]

© e —

5.5

3 LTETT
o N )
L .

&5

—

73

_ Eoon
IA_ e80T (|

74
(o)
70

75

76

ED

s — EbrE

EE

~ I
=7 e T Rl L —

2.0

Br
Br

4c

MeO
40

10

100 S0 &0 70 (=]

f1 (ppm)

110

120

130

160 150 140

170




-

Br

Br

4d

73

74

] }

75

78

0.0 0.5

0.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0
1 (ppm)

7.0

2.0 EE B0

S

pRi]

TERE—

RN
_NRM

EOrT
e .V.

jayang
T8I >

[l
BT —

Br

Br

4d

MW.WLLWﬂ WWJWM

10

20

40

120 18D 170 160 150 140 130 120 110 100 90
1 {ppm)

200

41



LG —

5o

w—

i
we

i
g

o

e
e

Br

Cl

Br

Cl

de

72

73

74
1 (ppm)

75

78

3.5 3.0 2.5 2.0 1.5 10 LR 0.0 -0.5

40
f1 (ppm)

4.5

EZ 8.0 7E 70 8.5 &0 55 5.0

2.0

T
B
BFEL

VIR
WIET W
DOTET =

TOEET
TVEET —

SEERT —

Br

Cl

Br

Cl

de

-10

10

110 100 90
f1 (ppm}

120

200 150 180 170 180 150 140

210

42



-

e,

et

o

r—

i
i

Br

Br.

Br

4f

R b

1 (pem)

IJ_I_|1 |

Ewrt

Eeot ||

oy
Frot

0.0 €5 -L0

0.5

2.0 15 10

25

30

35

€.0 5.5

[

70

0

25

2.0

95

Br

Br

BEFO
O
BlaL

SETT —
OBET =,
BTLET ™,
LWEET
jarins
BIET —

Br

4f

100

L]

18D 170 160 150 140 130 120 110 | 90
1 (ppm}

150

43



iy
M=
T
_ 1
m . La
— (=]
B
o Lo
o (=]
< 1
(=]
I=
1 o —
=
o Lo
-
|
3
|
o
La OO,
= 2L
mes s
L
(]
(=}
Ly L 4.1%
~ Lo
w— — _— [ Ga
K | 3 =
g I
" 17
L L BEerT |
i [T
L | T
. sreet
L | B et
I
L3 s VTR —
—— tuc| &
= b L
1 w o] —
& e Bl Foor (-
I l=
\ E—— b ™~
[# — I
7 — el
L. S—— |
3 oz
A L=
5 — tw 5 i
\ g Froe ||
ta
L o —
& o
Le
o

Br
Br

Ph
49
20 10
44

»

40

it ..‘..JJA

100 50

f1 (ppm}

110

Vg

120

160 150 140

170

150

"

200

L



g
= = H
| | |
RN e 3
SNie 1 [}
/ o
Os5N Br
Br
4h
N J“““‘L ‘“ld\ I} -‘\
i i ; 3
T2TdL b %k g 7 te 65 84 83 83 83 b 7 78 D3 7 75 74 73 7 71 e €2 €8 €7 ek 65 6
Il | l
o o o
2 2 E E
= ~ = =
——— A s e e A S B e S e SR T
10.0 S0 .5 B0 75 70 &5 [X] 5 50 4.5 4.0 35 20 15 1.0 0.5 0.0 -0.5 -1.0
i (ppm}
& | kA ERTS 5
g g gAY EgR B
| | [N ~- |
O
OsN Br
Br
4h
T T T T T T T T ¥ T v T T o T r T ¥ T T T ¥ T T T T
200 190 180 170 180 150 140 130 120 110 100 1] 70 L1] 40 30 20 10 1]
1 (ppm

45



—-0.0

A8 AN R 5 d
pu s e S 2
R o
5 E
i :
(0]
{ Br
. Br
O,N
4i
| ‘\
_,‘I‘“-Jll)[ ) ‘\
:
57 86 &5 84 83 82 81 80 79 78 77 76 76 74 73 72 71 70 63 68 67 66 6
f1 {pom)
|
e pa—
g 2
E =
T ¥ T T v T T ¥ T ¥ ¥ T ¥ T v T T T T ¥ T v T ¥ T T T ¥ T v T T
95 90 &5 B0 75 70 65 5.0 55 50 48 4.0 3.5 3.0 25 20 15 10 05 0D D5
1 (ppm}
b g g 3 & =y =
g & 48 4 FEE ]
e | o |
(0]
Br
Br
O,N
4i
T T T v T T T v T - T o T v T v T o T v T v T - T T T T T - T
00 10 180 170 180 150 140 130 10 me _mo} 30 70 &0 50 40 30 20
1 {ppm

46



Edit View Process Help

[ weE s Mo

Single Mass Analysis

Tolerance = 2.0 PPM / DBE: min =-1.5, max = 50.0

Element prediction: OF

Number of isotope peaks used for -IT = 3

Monoisotopic Mass. Even Electron lons.

93 formulale) evaluated with 1 results within limits (up to 50 dlosest results for sach mass)
Elements Used:

i

PPM | DBE [ Formula
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Edit View Process Help

H meE 8 M O X

Single Mass Analysis

Tolerance = 2.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: OF

Number of isotope peaks used for -FIT = 3 =
Monaisotopic Mass, Even Electron lons.

118 formulaie) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
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