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1. General remarks

'H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts were reported
in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCls, 6 = 7.26;
DMSO, & = 2.49). Spectra were reported as follows: chemical shift (6 ppm), multiplicity (s = singlet, d
= doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), integration and assignment.
13C NMR spectra were collected on commercial instruments (100 MHz) with complete proton
decoupling. Chemical shifts are reported in ppm from the tetramethylsilane with the solvent resonance
as internal standard (CDCls, 8 = 77.0; DMSO, & = 39.6). Melting points (m.p.) were measured on
electrothermal digital melting point apparatus and were uncorrected. Enantiomeric excesses (ee) were
determined by HPLC analysis using the corresponding commercial chiral column as stated in the
experimental procedures at 23 °C. Optical rotations were reported as follows: [a]"p (c g/100 mL, in
ethyl acetate). HRMS was recorded on a commercial apparatus (ESI Source). All catalytic reactions
were run in dried glassware using standard techniques. CH.Cl,, DCE, CHCI,CHCl,was distilled over
CaH,. Toluene and THF were freshly distilled from sodium metal prior to use. All liquid alkynes were
commercial aviable.

2. Typical procedure for catalytic asymmetric [3+2] cycloaddition of oxiranes
and alkynes



N,N'-dioxide L2 (7.7 mg, 0.11 mmol), Ni(ClO4), 6H20 (3.7 mg, 0.01 mmol), LiNTf, (15 mol%) and 4
A MS (20.0 mg) were stirred in 0.5 mL CHCI,.CHCI, at 35 °C under N2 atmosphere for 0.5 h, then
1-ethynyl-4-methoxybenzene (26.0 pL, 0.2 mmol) was added. After the temperature decreased to 30 T,
(3-phenyloxirane-2,2-diyl)bis(phenylmethanone) 1a (32.8 mg, 0.1 mmol) was added. The mixture was
stirred at 30 <C for 24 h. The reaction mixture was purified by flash chromatography (petroleum ether:
ethyl acetate = 5:1) on silica gel to afford the desired product.

3. Investigation of the molar ratio of L6 to Ni(ClOa4)2 6H20

L-metal(10 mol%) COPh
/&<COPh . PP LiNTf, (15 mol%) o COPh
- 20 mg 4A MS
Ph COPh O
Ph PMP
1a 2a 3a
(2.0 eq.)
entry ligand L/metal yield (%)° ee (%)°

1 L6 11 93 88
2 L6 1.1:1 93 92
3 L6 1.2:1 70 92
4 L6 15:1 28 90

[a] Unless otherwise noted, all reactions were carried out with L-metal (10 mol%), 1a (0.10 mmol), 2a (0.20 mmol, 2.0 eq.), LINTf2 (15

mol%), and 20 mg 4A MS in CHCI,CHCI, (0.5 mL) under N2 at 30 °C for 24 h. [b] Isolated yield. [c] Determined by chiral HPLC analysis.

4. Characterization of the oxiranest*]
o (E)-(3-styryloxirane-2,2-diyl)bis(phenylmethanone): Yellow solid;
X COPh  M.p.: 66-68 °C; 'H NMR (400 MHz, CDCl3) & 8.16 — 8.02 (m, 4H),
Moph 7.60 — 7.51 (m, 2H), 7.49 — 7.40 (m, 4H), 7.00 (d, J = 15.9 Hz, 1H),
5.88 — 5.75 (m, 1H), 4.31 (dd, J = 8.5, 1.9 Hz, 1H) ppm; 3C NMR (101
MHz, CDCls) 8 = 192.29, 192.10, 138.83, 135.34, 134.87, 134.46, 134.35, 129.93, 129.83, 128.83,
128.80, 128.67, 126.91, 120.79, 72.62, 63.10 ppm.
o (3-phenyloxirane-2,2-diyl)bis((4-bromophenyl)methanone):
0 O By White solid; M.P.: 58-60 °C; *H NMR (400 MHz, CDCly) 3 8.10 -
7.98 (m, 2H), 7.85 — 7.75 (m, 2H), 7.69 — 7.58 (m, 2H), 7.54 — 7.46
O o (m, 2H), 7.32 — 7.24 (m, 5H), 4.64 (s, 1H) ppm; *C NMR (101
O MHz, CDCls) & = 191.03, 190.02, 133.15, 132.70, 132.28, 132.04,
Br 131.91, 131.57, 131.14, 130.34, 130.04, 129.19, 128.59, 126.20,
73.80, 62.68 ppm.

5. Characterization of the products
PhOC (3-(4-methoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bis(p
0 COPh henylmethanone) 3a: 42 White solid; M.P.: 56-58 °C; 93% yield
Y’ (petroleum ether : EtOAc = 5: 1); [a]?% = +268.37 (c 0.72,
O O CH.Cly); the ee was determined by HPLC analysis using a chiral

OMe ¢ column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t, (minor)

= 8.63 min, t; (major) = 13.73 min, 93% ee; *H NMR (400 MHz, CDCls): 8.05 — 7.98 (m, 2H), 7.94 —

7.88 (m, 2H), 7.61 — 7.53 (m, 1H), 7.49 — 7.42 (m, 5H), 7.33 — 7.27 (m, 2H), 7.27 — 7.23 (m, 5H),

2



6.82 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 2 Hz, 1H), 6.17 (d, J = 2 Hz, 1H), 3.77 (s, 3H) ppm; C NMR
(101 MHz, CDCls) & = 198.58, 196.56, 159.77, 141.46, 138.90, 135.99, 134.79, 133.13, 132.73, 130.08,
129.83, 129.27, 128.61, 128.56, 128.42, 128.38, 128.14, 127.18, 124.39, 113.70, 101.63, 88.98, 55.24

ppm.
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PhOC (5-(2-fluorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran-2,2-
o “OFn diyl)bis(phenylmethanone) 3b: Viscous oil in 68% yield

(petroleum ether : EtOAC = 5: 1); [a]**p = +261.09 (¢ 0.59, CH2Cly);
the ee was determined by HPLC analysis using a chiral 1C column
(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t, (minor) = 7.49 min,

tr (major) = 9.80 min, 92% ee; *H NMR (400 MHz, CDCls) & 8.05 — 8.00 (m, 2H), 7.97 — 7.92 (m, 2H),
7.61 —7.56 (m, 1H), 7.52 — 7.45 (m, 5H), 7.38 — 7.33 (m, 2H), 7.24 — 7.17 (m, 1H), 7.15 — 7.09 (m,
1H), 7.03 — 6.93 (m, 2H), 6.82 (d, J = 8.8 Hz, 2H), 6.62 (t, J = 1.6 Hz, 1H), 6.51 (d, J = 1.3 Hz, 1H),
3.77 (s, 3H) ppm; 3C NMR (101 MHz, CDCl3) & = 198.42, 196.22, 160.99, 159.78, 158.54, 141.30,
135.87, 134.68, 133.21, 132.84, 130.06, 129.80, 129.77, 129.68, 129.23, 128.58, 128.24, 127.94,
127.90, 127.05, 126.32, 126.19, 124.39, 124.36, 124.20, 115.33, 115.12, 113.68, 101.39, 82.65, 82.61,
55.23 ppm; EI-HRMS: Calcd for Cs1H23FO4 [M+Na]* 501.1473, Found 501.1474.
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PhOC (5-(3-methoxyphenyl)-3-(4-methoxyphenyl)-2,5-dihydrof
0 uran-2,2-diyl)bis(phenylmethanone) 3c: @ White solid;
MeO Y M.P.: 38-40 °C; 99% yield (petroleum ether : EtOAc = 5: 1);
O O [a]?'o = +293.43(c 0.97, CHCl,); the ee was determined by

OMe  HpLc analysis using a chiral 1C column (iPrOH/hexane =

20/80, 1.0 mL/min, 254 nm), t. (minor) = 9.37 min, t (major) = 14.26 min, 92% ee; 'H NMR (400
MHz, CDCl3): 6 8.05 - 7.99 (m, 2H), 7.97 - 7.91 (m, 2H), 7.61 — 7.54 (m, 1H), 7.49 — 7.42 (m, 5H),
7.35-7.29 (m, 2H), 7.20 — 7.13 (m, 1H), 6.86 — 6.80 (m, 3H), 6.79 - 6.74(m, 2H), 6.53 (d, J =2
Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 3.76 (s, 3H), 3.59 (s, 3H) ppm.; 3C NMR (101 MHz, CDCl3) § =
198.70, 196.31, 159.85, 159.77, 141.25, 140.58, 135.98, 134.59, 133.19, 132.79, 130.16, 129.81,

129.55, 129.23, 128.58, 128.27, 128.21, 124.37, 119.14, 114.80, 113.70, 111.53, 101.63, 88.91, 55.24,
55.06 ppm; EI-HRMS: Calcd for Cs2H260s [M+K]*529.1412, Found 529.1418.
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PhOC (3-(4-methoxyphenyl)-5-(3-phenoxyphenyl)-2,5-dihydrofu

o COPh ran-2,2-diyl)bis(phenylmethanone) 3d: @ White solid;

PhO Y M.P.: 42-44 °C; 90% vyield (petroleum ether : EtOAc = 5: 1);
O O [o]*p = +267.10 (c 0.99, CHCl,); the ee was determined by

OMe HpLc analysis using a chiral IC column (iPrOH/hexane =

20/80, 1.0 mL/min, 254 nm), t. (minor) = 9.47 min, t. (major) = 14.19 min, 93% ee; 'H NMR (400
MHz, CDCl3) 6 8.03 - 7.98 (m, 2H), 7.91 - 7.85 (m, 2H), 7.61 — 7.54 (m, 1H), 7.49 — 7.42 (m, 5H),
7.33 - 7.27 (m, 2H), 7.25 - 7.20 (m, 1H), 7.09 (t, J = 7.8 Hz, 1H); 6.99 (d, J = 8.0 Hz, 1H), 6.95 —
6.86 (m, 4H), 6.82 (d, J = 8.8 Hz,, 2H), 6.54 (d, J = 1.6 Hz, 1H), 6.14 (d, J = 1.6 Hz, 1H), 3.77 (s,
3H) ppm; 3C NMR (101 MHz, CDCls) & = 198.38, 196.37, 159.81, 157.39, 156.97, 141.71, 141.01,
135.90, 134.68, 133.16, 132.75, 130.05, 130.01, 129.84, 129.76, 129.27, 128.56, 128.14, 127.86,

124.29, 123.32, 121.69, 118.84, 118.70, 117.52, 113.70, 101.58, 88.41, 55.24 ppm; EI-HRMS: Calcd
for Ca7H2s0s [M+K]*591.1568, Found 591.1572.
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PhOC (3-(4-methoxyphenyl)-5-(m-tolyl)-2,5-dihydrofuran-2,2-diyl)b
o COPh is(phenylmethanone) 3e: @ Viscous oil in 97% yield (petroleum
y ether : EtOAC = 5: 1); [a]?*p = +244.81 (c 0.92, CH,Cl,); the ee
O O was determined by HPLC analysis using a chiral IC column

OMe  (iprOH/hexane = 20/80, 1.0 mL/min, 254 nm), t, (minor) = 8.31
min, tr (major) = 13.28 min, 90% ee; 'H NMR (400 MHz, CDCls): § 8.06 — 8.00 (m, 2H), 7.96 — 7.89
(m, 2H), 7.61 — 7.54 (m, 1H), 7.50 — 7.42 (m, 5H), 7.34 — 7.29 (m, 2H), 7.19 — 7.13 (m, 1H), 7.08
~7.02 (m, 3H), 6.83 (d, J = 9.2 Hz, 2H), 6.54 (d, J = 2 Hz, 1H), 6.13 (d, J = 1.6 Hz, 1H), 3.78 (s,
3H), 3.09 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) & = 198.55, 196.75, 159.74, 141.35, 138.79,
138.27, 135.91, 134.86, 133.14, 132.73, 130.11, 129.80, 129.34, 129.14, 128.55, 128.50, 128.43,
128.14, 127.92, 124.45, 124.22, 113.70, 101.57, 88.96, 55.25, 21.39 ppm; EI-HRMS: Calcd for
CaoH2604 [M+K]* 497.1723, Found 497.1734.
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PhOC (5-(3-fluorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran-2

COPh 2-diyl)bis(phenylmethanone) 3f. Viscous oil in 57% yield

F T Y (petroleum ether : EtOAc = 5: 1); [a]*®p = +239.71 (c 0.61,
O O CH,Cl,); the ee was determined by HPLC analysis using a chiral
OMe |c column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t,

(minor) = 7.83 min, t, (major) = 11.41 min, 92% ee; *H NMR (400 MHz, CDCls3) & 8.05 — 7.98 (m, 2H),
7.94 — 7.88 (m, 2H), 7.62 — 7.56 (m, 1H), 7.51 — 7.45 (m, 5H), 7.37 — 7.30 (m, 2H), 7.25 — 7.18 (m,
1H), 7.07 — 7.01 (m, 1H), 6.98 — 6.89 (m, 2H), 6.84 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 2.0 Hz, 1H), 6.17

(d, J = 1.2 Hz, 1H), 3.7 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) & = 198.30, 196.50, 164.06, 161.61,
159.87, 141.87, 141.53, 141.47, 135.84, 134.66, 133.24, 132.90, 130.24, 130.16, 130.02, 129.86,
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129.27, 128.60, 128.23, 127.57, 124.11, 122.54, 122,51, 115.36, 115.15, 114.12, 113.90, 113.73,
101.60, 88.13, 88.11, 55.25 ppm; EI-HRMS: Calcd for C31H23FO4 [M+K]*517.1212, Found 517.1217.
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(5-(3-chlorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran
-2,2-diyl)bis(phenylmethanone) 3g: White solid; M.P.: 44-46
°C; 67% vyield (petroleum ether : EtOAc = 5: 1); [a]**p =
+199.36 (c 0.62, CH.Cl,); the ee was determined by HPLC
analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0

mL/min, 254 nm), t. (minor) = 8.70 min, t. (major) = 13.58 min, 91% ee; *H NMR (400 MHz, CDCl5)
8 8.03 — 7.97 (m, 2H), 7.91 — 7.85 (m, 2H), 7.60 — 7.55 (m, 1H), 7.50 — 7.44 (m, 5H), 7.35 — 7.30 (m,
2H), 7.23 — 7.16 (m, 3H), 7.14 — 7.09 (m, 1H), 6.83 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 2.0 Hz, 1H), 6.12
(d, J=1.6 Hz, 1H), 3.77 (s, 3H) ppm; 3C NMR (101 MHz, CDCl3) & = 198.12, 196.63, 159.89, 142.05,
140.93, 135.79, 134.73, 134.44, 133.20, 132.88, 129.98, 129.94, 129.84, 129.29, 128.57, 128.48,
128.21, 127.41, 127.23, 125.10, 124.10, 113.74, 101.59, 88.03, 55.25 ppm; EI-HRMS: Calcd for
C31H23%*989ClO,4 [M+Na]* 517.1177, Found 517.1177; Calcd for Ca;H3%09%°ClO, [M+Na]* 519.1147,

Found 517.1166.
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(5-(3-bromophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran
-2,2-diyl)bis(phenylmethanone) 3h: 1 White solid; M.P.:
57-59 °C; 81% yield (petroleum ether : EtOAc = 5: 1); [a]?% =
+176.89 (c 0.87, CH.Cl,); the ee was determined by HPLC
analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0
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mL/min, 254 nm), t; (minor) = 8.75 min, t, (major) = 13.48 min, 89% ee; *H NMR (400 MHz, CDCly):
8.01-7.98 (m, 2H), 7.91-7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.49-7.44 (m, 5H), 7.40-7.31 (m,
4H), 7.12 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 1.6 Hz, 1H), 6.13 (d, J = 1.6 Hz,
1H), 3.08 (s, 3H) ppm; ¥C NMR (101 MHz, CDCls) & = 198.09, 196.65, 159.89, 142.09, 141.17,
135.77, 134.73, 133.21, 132.90, 131.41, 130.24, 130.13, 129.98, 129.84, 129.30, 128.57, 128.23,
127.37, 125,57, 124.10, 122.61, 113.75, 101.58, 87.96, 55.26 ppm; EI-HRMS: Calcd for
Ca1H2389183BrO, [M+K]* 577.0411, Found 577.0408; Calcd for CsiH238%91%BrO, [M+K]* 579.0391,
Found 570.0398.
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PhOC

(3-(4-methoxyphenyl)-5-(p-tolyl)-2,5-dihydrofuran-2,2-diyl)bi
s(phenylmethanone) 3i: @ White solid; M.P.: 50-52 °C; 95%

COPh
T Y yield (petroleum ether : EtOAc = 5: 1); [a]*°% = +360.52 (c 0.93,
O O CH.Cl,); the ee was determined by HPLC analysis using a chiral
OMe |c column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t,
(minor) = 9.27 min, t. (major) = 13.91 min, 92% ee; 'H NMR (400 MHz, CDCls) § 8.04 (d, J = 7.8 Hz,
2H), 7.94 (d, J = 7.8 Hz, 2H), 7.61 — 7.56 (m, 1H), 7.51 — 7.43 (m, 5H), 7.35 — 7.29 (m, 2H), 7.19 —
7.14 (m, 2H), 7.12 — 7.06 (m, 2H), 6.87 — 6.80 (d, J = 8.8 Hz, 2H), 6.54 (s, 1H), 6.16 (s, 1H), 3.78 (s,
3H), 2.30 (s, 3H) ppm; *C NMR (101 MHz, CDCls) & = 198.72, 196.57, 159.74, 141.38, 138.30,
136.03, 135.92, 134.80, 133.11, 132.69, 130.11, 129.82, 129.29, 129.27, 128.59, 128.55, 128.13,
127.33, 124.47, 113.69, 101.56, 88.96, 55.24, 21.17 ppm; EI-HRMS: Calcd for CaHs04 [M+K]*
513.1463, Found 513.1463.
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(5-(4-fluorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran-2
,2-diyl)bis(phenylmethanone) 3j: White solid; M.P.: 43-45 °C;
85% vyield (petroleum ether : EtOAc = 5: 1); [a]*®p = +291.93 (c
0.82, CH,Cly); the ee was determined by HPLC analysis using a
chiral IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm),

tr (minor) = 8.10 min, t. (major) = 14.02 min, 93% ee; 'H NMR (400 MHz, CDCls) 5 8.04 — 7.98 (m,
2H), 7.93 — 7.87 (m, 2H), 7.63 — 7.55 (m, 1H), 7.50 — 7.44 (m, 5H), 7.31 (t, J = 7.8 Hz, 2H), 7.25 —
7.20 (m, 2H), 6.95 (t, J = 8.6 Hz, 2H), 6.83 (d, J = 9.2 Hz, 2H), 6.52 (d, J = 2.0 Hz, 1H), 6.16 (d, J =

1.6 Hz, 1H), 3.78 (s, 3H) ppm; 3C
159.82, 141.76, 135.91, 134.76, 13

NMR (101 MHz, CDCls) & = 198.49, 196.54, 163.93, 161.47,
4.73, 134.62, 133.20, 132.79, 130.00, 129.84, 129.20, 129.16,

129.08, 128.58, 128.16, 127.92, 124.15, 115.61, 115.40, 113.71, 101.49, 88.31, 55.25 ppm; EI-HRMS:
Calcd for Cs1H23FO4 [M+Na]* 501.1473, Found 501.1475.
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PhOC (5-(4-chlorophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran
COPh

(0]
¢
cl OMe

-2,2-diyl)bis(phenylmethanone) 3k: White solid; M.P.: 45-47
°C; 95% vyield (petroleum ether : EtOAc = 5: 1); [0o]*®p =
+228.42 (c 0.94, CH.Cly); the ee was determined by HPLC
analysis using a chiral 1C column (iPrOH/hexane = 20/80, 1.0

mL/min, 254 nm), t. (minor) = 8.64 min, t. (major) = 13.83 min, 93% ee; *H NMR (400 MHz, CDCl5)
5 8.03 - 7.97 (m, 2H), 7.93 — 7.86 (m, 2H), 7.62 — 7.56 (m, 1H), 7.50 — 7.44 (m, 5H), 7.33 (t, J = 8.2

Hz, 2H), 7.25 — 7.15 (m, 4H), 6.83 (
1H), 3.77 (s, 3H) ppm; *C NMR (
135.90, 134.59, 134.25, 133.21, 13

d, J = 9.2 Hz, 2H), 6.51 (d, J = 2.0 Hz, 1H), 6.15 (d, J = 1.6 Hz,
101 MHz, CDCls) & = 198.41, 196.44, 159.86, 141.89, 137.42,
2.83, 130.00, 129.84, 129.19, 128.77, 128.58, 128.19, 127.64,

124.09, 113.72, 101.54, 88.23, 55.25 ppm; EI-HRMS: Cz1H,3%*%8CIO, [M+Na]* 517.1177, Found

517.1185.
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T T T [ I B
800 900 1000 1100

Mnutes

(O LR e e B (T
1200 1300 1400 1500

1.004

AU

0.50

13.83(

T T \‘%‘\““\““\““\‘ T T T
1.00 5.00 6.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
Minutes
Retention Time Area % Area
8.640 1617608 3.31
13.830 47223543 96.69

PhOC

(0]
¢
Br OMe

(5-(4-bromophenyl)-3-(4-methoxyphenyl)-2,5-dihydrofuran

-2,2-diyl)bis(phenylmethanone) 3I: M1 White solid; M.P.:
48-50 °C; 90% yield (petroleum ether : EtOAc = 5: 1); [a]'!p =
+251.71 (c 0.64, CH.Cly); the ee was determined by HPLC
analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0

mL/min, 254 nm), t. (minor) = 9.21 min, t. (major) = 15.15 min, 90% ee; *H NMR (400 MHz, CDCls):
58.02 - 7.97 (m, 2H), 7.91 — 7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.49 — 7.43 (m, 5H), 7.40 —
7.36 (m, 2H), 7.35-7.29 (m, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.50 (d, J =2
Hz, 1H), 6.12 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm; 3C NMR (101 MHz, CDCls) 5 = 198.41, 196.44,
159.88, 141.93, 137.96, 135.92, 134.62, 133.22, 132.85, 131.74, 130.01, 129.86, 129.20, 128.88,
128.59, 128.21, 127.59, 124.10, 122.47, 113.74, 101.57, 88.27, 55.25 ppm; EI-HRMS: Calcd for
Ca1H23"891BrO, [M+Na]* 561.0672, Found 561.0675; Calcd for Ca1H23%%%BrO, [M+Na]* 563.0651,

Found 563.0665.

2 L
I
0.00 === T v \‘H\HH\HH\"H\‘Hw‘HwHH\HH\‘F"H\HH\HH\
1.00 4.00 5.00 6.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 1500 16.00 17.00 18.00
S
S 0.40—E g 5
< 0.204 o o)
0.00- T — ‘/\\A‘—A T o ¢ ¢ — o v o ¢ L
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
%R
Retention Time Area % Area
9.210 1016873 5.71
15.150 16779688 94.29

(3-(4-methoxyphenyl)-5-(naphthalen-1-yl)-2,5-dihydrofuran-
2,2-diyl)bis(phenylmethanone) 3m: @ White solid; M.P.:
132-134 °C; 95% yield (petroleum ether : EtOAc = 5: 1); [a]'!p =

OMe

9



+49.57 (c 0.70, CH.Cl,); the ee was determined by HPLC analysis using a chiral IC column
(iPrOH/hexane = 10/90, 1.0 mL/min, 254 nm), t; (minor) = 14.47 min, t; (major) = 20.61 min, 91% ee;
!H NMR (400 MHz, CDCls) 5 8.14 — 8.09 ( m, 2H), 8.07 — 8.02 (m, 1H), 7.90 — 7.84 (m, 2H), 7.81 —
7.75 (m, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.62 - 7.55 (m, 1H), 7.52 — 7.42 (m, 7H), 7.38 — 7.30 (m, 2H),
7.19 (t, J = 7.8 Hz, 2H), 6.87 (s, 1H), 6.85 — 6.79 (m, 3H), 3.74 (s, 3H) ppm; **C NMR (101 MHz,
CDCls) 6 = 197.84, 196.97, 159.77, 142.63, 135.65, 134.89, 134.20, 133.72, 133.14, 132.76, 130.97,
130.00, 129.74, 129.66, 128.93, 128.78, 128.52, 128.01, 127.20, 126.40, 125.78, 125.30, 124.58,
124.11, 123.36, 113.74, 101.26, 85.07, 55.25 ppm; EI-HRMS: Calcd for CzsH2s04 [M+Na]*533.1723,
Found 533.1733.

0.157
A
0.10 [te]
2 S 3
Sl @
0.05 Py
N
0-00"“““““‘““‘“““““““““““““““‘
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Poi

1.00

AU

0.00— /T\
0.00 2.00 4.00 6.00 8.00 10.00 15;;0 14.00 16.00 18.00 20.00 22.00
Retention Time Area % Area
14.472 2910205 4.41
20.614 63121765 95.59
PhOC (3-(4-methoxyphenyl)-5-(naphthalen-2-yl)-2,5-dihydrofur

COPh an-2,2-diyl)bis(phenylmethanone) 3n:? White solid; 43-45

T Y °C; 94% vyield (petroleum ether : EtOAc = 5: 1); [0]*p =
OO O +297.66 (c 0.94, CH.Cly); the ee was determined by HPLC
OMe analysis using a chiral 1C column (iPrOH/hexane = 20/80, 1.0
mL/min, 254 nm), t. (minor) = 10.52 min, t; (major) = 18.52 min, 93% ee; *H NMR (400 MHz, CDCls):
58.09 - 8.04 (m, 2H), 7.96 — 7.91 (m, 2H), 7.80 — 7.72 (m, 2H), 7.72 — 7.66 (m, 2H), 7.63 — 7.57
(m, 1H), 7.53 — 7.42 (m, 7H), 7.36 (dd, J = 8.8, 1.8 Hz, 1H), 7.32 — 7.27 (m, 2H), 6.85 (d, J = 9.2
Hz, 2H), 6.62 (d, J = 2 Hz, 1H), 6.34 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm; **C NMR (101 MHz,
CDCls) 4 = 198.57, 196.69, 159.82, 141.66, 136.27, 135.99, 134.82, 133.24, 133.18, 133.11, 132.75,
130.10, 129.86, 129.32, 128.59, 128.53, 128.16, 128.14, 128.09, 127.67, 126.35, 126.29, 126.26,
124.79, 124.41, 113.74, 101.69, 89.13, 55.26 ppm; EI-HRMS: Calcd for CasH2604 [M+K]*549.1463,
Found 549.1472.

2 0504

106
?1&71&

o _

T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
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0.60
0.40
Ed

0.20

OMe

tr (major) = 14.46 min, 95% ee;

T
14.00

Retention Time Area % Area
10.521 1405811 3.54
18.499 38291172 96.46

T T T T
16.00 18.00 20,00 22,00

(4-(4-methoxyphenyl)-2,5-dihydro-[2,3'-bifuran]-5,5-diyl)bis(phe
nylmethanone) 3o: @ Viscous oil in 81% yield (petroleum ether :
EtOAc = 5: 1); [a]**n = +234.43 (c 0.73, CH,Cly); the ee was
determined by HPLC analysis using a chiral IC column
(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t, (minor) = 9.45 min,
H NMR (400 MHz, CDCls) & 8.02 — 7.96 (m, 2H), 7.94 — 7.89 (m,

2H), 7.60 — 7.54 (m, 1H), 7.49 — 7.42 (m, 5H), 7.36 — 7.31 (m, 3H), 7.28 (t, J = 1.6 Hz, 1H), 6.82

(d, J=9.2 Hz, 2H), 6.47 (d, J =

2 Hz, 1H), 6.25 (d, J = 1.2 Hz, 1H), 6.15 (d, J = 2 Hz, 1H), 3.78 (s,

3H) ppm; ¥C NMR (101 MHz, CDCls) § = 198.17, 196.53, 159.80, 143.63, 141.93, 140.51, 135.71,
134.64, 133.19, 132.76, 130.03, 129.79, 129.33, 128.51, 128.14, 127.20, 124.28, 124.16, 113.71,

109.38, 101.07, 80.99, 55.24
473.1367.

ppm; EI-HRMS: Calcd for CaH220s [M+Na]® 473.1359, Found

= %&
O.Og.OO ‘ 2.60 ‘ 4.60 6.60 ‘ 8.60 ‘ ‘10.‘00‘ ‘ ‘12.‘00‘ ‘14.‘00“_| ‘16.‘00‘ ‘18.‘00
3%
< 0.50 §
0.00 : : = : ﬁg% : : : :
0.00 2.00 4.00 6.00 8.00 5]\%;0.00 12.00 14.00 16.00 18.00
Retention Time Area % Area
9.445 1000405 2.30
14.462 42567568 97.70
COPh (3-(4-methoxyphenyl)-5-(thiophen-3-yl)-2,5-dihydrofuran-2,2-di
0 COPh yDbis(phenylmethanone) 3p: @ White solid; M.P.: 40-42 °C; 90%
Y yield (petroleum ether : EtOAc = 5: 1); [a]¥® = +265.55 (c 0.84,
7 | CH,Cly); the ee was determined by HPLC analysis using a chiral I1C

OMe
10.01 min, t, (major) = 15.84 m
7.88 (m, 2H), 7.60 — 7.54 (m,
7.16 —7.12 (m, 1H), 6.95 (dd,

column (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t. (minor) =
in, 95% ee; *H NMR (400 MHz, CDCls) § 8.02 — 7.97 (m, 2H), 7.94 —
1H), 7.49 — 7.43 (m, 5H), 7.34 — 7.29 (m, 2H), 7.22 — 7.19 (m, 1H),
J=5.2,1.2Hz, 1H) 6.83 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 1.6 Hz, 1H),

6.25 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm; *C NMR (101 MHz, CDCls) & = 198.30, 196.56, 159.78,
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141.60, 140.28, 135.76, 134.67, 133.19, 132.77, 130.05, 129.81, 129.34, 128.54, 128.15, 127.64,
126.56, 126.48, 124.31, 123.28, 113.70, 101.26, 84.40, 55.25 ppm; EI-HRMS: Calcd for CaeH2,04S
[M+Na]*489.1131, Found 489.1126.

-, 1.001
z ] ) -
] o T}
0.00—— ‘ ‘ ‘ =

B I e e
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

paiii
1.00;
2 1 -
0.50] 3
o s
0.00 2.60 4.60 6.60 8.(50 10.‘00 12.‘00 14.‘00 16.‘00 18.‘00
5%
Retention Time Area % Area
10.012 1614225 2.70
15.838 58188529 97.30

(E)-(3-(4-methoxyphenyl)-5-styryl-2,5-dihydrofuran-2,2-d
iyl)bis(phenylmethanone) 3q: Yellow solid; M.P.: 38-40 °C;
97% vyield (petroleum ether : EtOAC = 5: 1); [a]'!p = +214.83
(c 0.94, CH.Cl,); the ee was determined by HPLC analysis
using a chiral 1C column (iPrOH/hexane = 20/80, 1.0 mL/min,
254 nm), tr (minor) = 8.04 min, t. (major) = 12.06 min, 90% ee; *H NMR (400 MHz, DMSO) § 7.97 —
7.85 (m, 4H), 7.71 — 7.66 (m, 1H), 7.65 — 7.61 (m, 1H), 7.58 — 7.49 (m, 4H), 7.46 — 7.41 (m, 2H), 7.33
—7.21 (m, 5H), 6.93 — 6.83 (m, 3H), 6.63 — 6.53 (m, 1H), 6.24 - 6.11 (m, 1H), 5.88 (d, J = 6.8 Hz, 1H),
3.73 (s, 3H) ppm; *C NMR (101 MHz, DMSO) & = 197.91, 197.06, 159.75, 141.67, 135.98, 135.52,
134.96, 133.15, 132.96, 132.86, 130.03, 129.73, 129.51, 128.59, 128.47, 128.23, 128.16, 127.39,
126.74, 126.51, 124.39, 113.70, 101.07, 88.05, 55.24 ppm; EI-HRMS: Calcd for CasHzs04 [M+Na]*
509.1723, Found 509.1730.

1.001q
2
g
S )
B
g
/&r
© N R s e e e e S e :
1 3.0 5.00 6. 8.00

—— T e ]
9.00 10.00 11.00 12.00 13.00 14.00

AU

Minutes

AU

T
j»s 03
}F

0.00-¢

Minutes

Retention Time Area % Area
8.169 3280247 4.98
12.343 62558130 95.02
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(3-(4-methoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bis(p-t
olylmethanone) 3r: White solid; M.P.. 52-54 °C; 82% vyield
(petroleum ether : EtOAc = 5: 1); [0]%*p = +293.61 (¢ 0.80, CH,Cly);
the ee was determined by HPLC analysis using a chiral 1C column
(iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t, (minor) = 8.04 min,
tr (major) = 12.06 min, 94% ee; 'H NMR (400 MHz, CDCls) & 7.93

OMe (d,J=8.4Hz 2H), 7.83 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.8 Hz, 2H),
7.29 —7.25 (m, 5H), 7.25 — 7.23 (m, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 6.51 (d, J
=2.0 Hz, 1H), 6.17 (d, J = 2.0 Hz, 1H), 3.75 (s, 3H), 2.41 (s, 3H), 2.32 (s, 3H) ppm; *C NMR (101
MHz, CDCls) 6 = 198.16, 196.14, 159.65, 144.00, 143.50, 141.72, 139.03, 133.29, 132.12, 130.26,
129.85, 129.43, 129.23, 128.84, 128.58, 128.33, 128.19, 127.17, 124.55, 113.61, 101.64, 88.83, 55.23,
21.78, 21.67 ppm; EI-HRMS: Calcd for CasH2s04 [M+Na]*511.1880, Found 511.1887.

> 1.00] i
2 .
] b}
0.00 T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00
5%
0.50; — 2
2 1 =S ﬁ\
N
] i
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00
DFhR
Retention Time Area % Area
12.941 1578987 3.24
21.871 47194512 96.76

(3-(4-methoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bi
s((4-bromophenyl)methanone) 3s: White solid; M.P.: 62-64
°C; 98% vyield (petroleum ether : EtOAc = 5: 1); [a]'p =
+235.41 (c 1.21, CHyCly); the ee was determined by HPLC
analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0
mL/min, 254 nm), t. (minor) = 6.96 min, t, (major) = 11.17 min,
90% ee; 'H NMR (400 MHz, DMSO) & 7.93 — 7.86 (m, 2H),
7.82 - 7.77 (m, 2H), 7.76 — 7.71 (m, 2H), 7.68 — 7.62 (m, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.33 — 7.25 (m,
3H), 7.25 — 7.20 (m, 2H), 7.05 — 6.99 (m, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.38 (s, 1H), 3.73 (s, 3H) ppm;
13C NMR (101 MHz, DMSO) § = 197.96, 195.07, 159.27, 138.98, 138.80, 133.66, 132.79, 132.19,
131.72, 131.35, 130.78, 129.39, 129.36, 128.56, 128.41, 128.21, 127.45, 126.87, 123.71, 113.61,
100.59, 88.81, 55.08 ppm; EI-HRMS: Calcd for CgiH,,"89183Br80-91638rQ, [M+Na]* 640.9764, Found
640.9757; Calcd for Ca1H22"89%Br,0, [M+Na]* 638.9777, Found 638.9781.

2.00
£
. ©
< 1004
—— T T [ T T —— — — — e

0.00

— —
10.00 11.00 12.00 13.00
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Retention Time Area % Area
6.842 3602505 5.24
10.847 65205560 94.76

(3-(4-ethoxyphenyl)-5-phenyl-2,5-dihydrofuran-2,2-diyl)bis(phen
o ylmethanone) 3t: White solid; M.P.: 36-38 °C; 93% yield (petroleum
Y ether : EtOAc = 5: 1); [a]®p = +300.46 (c 0.88, CH,Cl,); the ee was
O O determined by HPLC analysis using a chiral IC column
OFEt (iPrOH/hexane = 20/80, 1.0 mL/min, 254 nm), t. (minor) = 9.24 min,
tr (major) = 13.78 min, 91% ee; *H NMR (400 MHz, CDCls) & 8.06 — 7.97 (m, 2H), 7.95 — 7.88 (m,
2H), 7.60 — 7.52 (m, 1H), 7.48 — 7.41 (m, 5H), 7.32 — 7.27 (m, 2H), 7.27 — 7.22 (m, 5H), 6.80 (d, J =
8.8 Hz, 2H), 6.54 (d, J = 1.6 Hz, 1H), 6.17 (d, J = 2.0 Hz, 1H), 3.98 (g, J = 7.0 Hz, 2H), 1.37 (t, J = 7.0
Hz, 3H) ppm; ¥C NMR (101 MHz, CDCls) & = 198.63, 196.58, 159.17, 141.48, 138.92, 135.99,
134.78, 133.14, 132.74, 130.09, 129.82, 129.28, 128.61, 128.56, 128.42, 128.25, 128.15, 127.19,
124.17, 114.20, 101.61, 88.99, 63.39, 14.82 ppm; EI-HRMS: Calcd for CsH2604 [M+Na]* 497.1723,
Found 497.1734.

PhOC COPh

0.60

9.17
13.687

0.40
2)
<

0.20q

L I B B e e e et UL B By B By S B B
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

020] 3
o : : : : ‘ : ‘ : *%Tg‘ ‘ ‘ ‘ ‘ ‘ ‘
o 2o 3o oo sho oo BT ek ol W w2 W | mbo | oo | 6o
Retention Time Area % Area
9.242 1146017 458
13.778 23896275 95.42

PhOC

o COPh (5-phenyl-3-(thiophen-2-yl)-2,5-dihydrofuran-2,2-diyl)bis(phenylmetha
Y/ | S none) 3u: White solid; M.P.: 35-37 °C; 90% yield (petroleum ether : EtOAc
/

= 5: 1); [a]*%p = +386.07 (c 0.79, CHCl,); the ee was determined by HPLC
analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254
nm), t; (minor) = 10.46 min, t. (major) = 11.26 min, 92% ee; *H NMR (400 MHz, CDCls) & 8.06 — 7.98
(m, 2H), 7.97 — 7.89 (m, 2H), 7.63 — 7.55 (m, 1H), 7.52 — 7.42 (m, 3H), 7.32 (t, J = 7.8, 2H), 7.27 —
7.20 (m, 6H), 7.16 (d, J = 3.6 Hz, 1H), 6.99 — 6.92 (m, 1H), 6.55 (d, J = 2.0 Hz, 1H), 6.19 (d, J = 2.0
Hz, 1H) ppm; 3C NMR (101 MHz, CDCls) & = 198.40, 195.79, 138.58, 135.87, 135.27, 134.37,
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134.08, 133.26, 132.87, 130.11, 129.21, 128.67, 128.63, 128.55, 128.22, 127.94, 127.12, 125.94,
101.52, 89.21 ppm; EI-HRMS: Calcd for C2sH2003S [M+Na]* 459.1025, Found 459.1036.

0.50

AU

Retention Time Area % Area
10.458 1397310 3.99
11.264 33620711 96.01

PhOC copn (5-phenyl-3-(thiophen-3-yl)-2,5-dihydrofuran-2,2-diyl)bis(phenylmetha
none) 3v: White solid; M.P.: 48-50 °C; 85% vyield (petroleum ether : EtOAC
=5:1); [a]*®p = +377.53 (c 0.67, CH.Cl,); the ee was determined by HPLC
analysis using a chiral IC column (iPrOH/hexane = 20/80, 1.0 mL/min, 254
nm), t (minor) = 6.36 min, t, (major) = 6.89 min, 95% ee; 'H NMR (400
MHz, CDCls) 6 8.06 — 7.97 (m, 2H), 7.96 — 7.88 (m, 2H), 7.61 — 7.56 (m, 1H), 7.49 — 7.42 (m, 4H),
7.33 - 7.26 (m, 3H), 7.25 — 7.18 (m, 6H), 6.55 (d, J = 2.0 Hz, 1H), 6.20 (d, J = 1.6 Hz, 1H) ppm; 3C
NMR (101 MHz, CDCls) 6 = 198.90, 196.09, 138.79, 136.39, 135.96, 134.47, 133.24, 132.82, 132.34,
130.11, 129.21, 128.65, 128.61, 128.60, 128.50, 128.21, 127.35, 127.14, 125.42, 125.11, 101.45, 89.15
ppm; EI-HRMS: Calcd for C2sH2003S [M+Na]* 459.1025, Found 459.1028.

O
Y \ A\
S

0.60]
—, 0.407 P =5
= 0.20; «©
0.00-1 - — T 7 T
1.00 2.00 3.00 4.00 5.00 6.00 7.00
55%h
= 1.00—: o m
=4 ] g
0'0G7 L L A | ‘:?\ T T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
535
Retention Time Area % Area
6.360 564813 2.77
6.893 19857633 97.23
PhOC (3-(4-methoxyphenyl)-5-phenyltetrahydrofuran-2,2-diyl)bis(phe
o COPh nylmethanone) 4a: White soild, M.P.: 33-35 °C; 96% vyield
(petroleum ether : EtOAc = 10: 1); [a]?*’p = -165.84 (c 0.85 CH-Cl,);
O O The ee was 82% ee, dr = 93:7; H NMR (400 MHz, CDCl3) 5 8.12
OMe 306 (m, 2H), 7.70 — 7.65 (m, 2H), 7.63 — 7.57 (m, 2H), 7.47 — 7.35
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(m, 4H), 7.33 — 7.27 (m, 3H), 7.17 — 7.11 (m, 4H), 6.62 — 6.55 (m, 2H), 5.11 — 4.97 (m, 2H),, 3.65 (s,
3H), 2.93 — 2.81 (m, 1H), 2.55 — 2.42 (m, 1H) ppm; *C NMR (101 MHz, CDCls) & = 197.35, 195.40,
158.53, 140.41, 136.14, 134.84, 133.18, 132.57, 130.52, 130.24, 130.09, 129.21, 128.54, 128.35,
127.90, 127.81, 126.46, 113.51, 97.86, 81.16, 55.16, 49.46, 42.11 ppm; EI-HRMS: Calcd for CaH2604
[M+Na]* 485.1723, Found 485.1728.

‘ VNENG 5 —
Retention Time Area % Area
7.609 2232874 8.16
8.839 171999 0.63
9.844 23129122 84.50
10.993 1837936 6.71
The hydrogeneration of 3a:
oo ‘\“"\‘“‘\““\““\““\““\‘{*ﬁ‘\‘ ‘\““\“‘T‘\“H\
Retention Time Area % Area
7.482 546670 3.66
8.666 966862 6.48
9.659 13369508 89.60
10.732 38852 0.26

6. Reference

1) W. L. Chen, L. L. Lin, Y. F. Cai, Y. Xia, W. D. Cao, X. H. Liu, X. M. Feng, Chem. Commun. 2014,

50, 2161.
2) Some 'H NMR datas of products were based on the *H NMR spectra in low concentration.

3) R. Liu, M. Zhang, J. Zhang, Chem. Commun. 2011, 47, 12870
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7. X-ray structure of 3m

Single crystal of 3m [CssH2604] was obtained from the
solvent of CH3CN. The absolute configuration of 3m is R.
CCDC 1003922 contains the supplementary crystallographic
data which can be obtained free of charge from The

Cambrige

Crystallographic Data Centere via

www.ccdc.cam.ac.uk/data_request/cif.

Crystal data. C72HssNOg, M = 1062.17, monoclinic, a =
11.77380(9), b = 12.39402(7), ¢ = 19.49664(13) A, U =
2721.92(3) AS, T =100.0(2) K, space group P1211, Z = 2.
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95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 PO 3047
f1 (ppm) Phl: 17.4€
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140 135 130 125

1 (ppm)

~13.741

—101.571

—88.274

—55.252

PhOC coph

(o]
SRA®
Br OMe

HCNMR(101MHz CDCL) 5= 19841 19644 15938
14193 13706 13592 1346213322 1328313174 13001
12086 12920 12888 128512821 1275212410 1247
11374 10157 8827, 5323

T T T T T T
190 180 170 160 150 140

130

120

T T T T
110 100 90 80 70

200 60
1 (ppm)
0o HOoONOMNSOLO OB MmN ~~
SRARRNENRTINNY B®0©©® ~
g ELEes |
- o nw ~ - Qh@#ev—v—
AR~ ™ -~ 0 ® -
mmeS® ®N  BY¥&a &SNS
o« « Mo Lo Ll
CEXFETT O RIRT RES
e e
2% @83 s 8 S <
84 82 78 76 74 12
1 (ppm)
—,L‘U ‘l _lL 8 o e 1
- ¥
Ao MNE ©OM [}
228888ac3 39 S
rorOSr O ol o~
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

Current Data Paramaters

F2 - Acquisition Paramaters
DATE: 2014-01-15T21:24:15
PULPROG! =430

TD: 22768

Solvent: CDAL3

Ne: 32

D8: wndefined

SWH: 8223.7 Hx

AQ: undefined

TE: 251.3 C

CHANNEL 1
NUC1: 1H
P1l: 5.53 ugec
EF01: undafined MHE:x

F2 - Processing Paramatars
SI: E5EE

oC: 0.05

LE: 0.30 Hx

Firat Point: 0.50

FT: Hypes Quadsatusa
Phase: Maneal

PnO: 100.51

en1: 18.87

H NMR(400MEHz CDC1) & 816~ £10( . 2H). 809~ 804(m, 1H), 786~ 782z 2H). 781- 775 (x. 1H). 778(4, J= R 4Hz IH) 763- 757, IH) 754- 7440, TH) 741- 733 2. )

7.24-717(m 2H), §89(s, 1H), 637-881(m 3K\ 377(s. 3H)
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888%e 5 8228 R3TE
= a 3 T NMR (101MHz CDCL) 5 =19784, 19697, 13977, 14263

3 é ‘:! ‘8 8 S ?_) & g (;‘l.: g g é é g 135.65 13489,13420, 13372 13314, 13274 13097, 13000

PP A ] 129.74 12966,12893, 12878 12852, 12801 12720, 1264Q

12530, 12458, 12411, 12334 113.74 10126,85.07,

T

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 11(:’f1 1031 90 80 70 60 50 40 30 20 10 0
(pp

~—6.353
—3.782

88 §3 ERcHE 8 3UW GRRR 0P
T2 %7 REERY TRRTR ThES o

L G

Current Data Paramatars

fl (ppm) BAe GeE T ame i e

BULPROC: =zg30
TD: 32768
Selvent: CDO2
N8: 1€

DE: uwndafined
SWH: 8223.7 Hz
AQ: u=ndafinad
TE: 285.5 C

CHANNEL f1
NOC1: 1R

Pl: 5.53 ugec
" SF01: =ndafinad MHz
h
l 1
1 F2 - Processing Paramaters

8I: 65536

| A ‘L_L._A‘ 1 oC: 0.058

1LB: 0.30 H=:

Firsc Poinc: 0.50
FT: Hypes (uadsatusa

1.00=
3.09 =

T T T T T T T T T T T T T T T Phase: Mansal

5.0 40 3.0 20 1.0 0.0 Pno: 51.17
fl (ppm) Pnl: 17.07
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198,558
=195,
—159.817

133.178

133.112

133,241
132,752
_~130.088
—129.856
129,320
128,588
128.832
—128.091
—127.665
126,346
126.292
126,256

|

/
N\

T t 1 T
133 129
i (ppm)

131 127

—101.653
—89,130

-~ &5,257

COPh
COPh

(o]
s
U U

CNMR (10IMHz CDCL) 5=19857 19660, 15082
1416813627,13552 13482, 13324 13318 13311 13273
1301Q12086 12932 12859, 12853 12816 12814 12809,
1276712635 1262012626 12478 12441 11374 10163
80135526

T T T T T T
200 180 180 170 160 150

3.003
7.983
7.931
7.910

~T1.431

~7.260
~6.317

—6.482

—6.250

6162

8.003
/7983
7.591

1572
71554
_-1.469

— 143
\\1.320
v.zsa

7331
/

/

T
140

7.260

75 7.3

—

130 120

110

-3

T
100 S0 80

fl (ppm)

70

60 50 40 30 20 10 0

Phoc_ COPh
0

OMe

/\
0

Curvent Data Pavamatayrs

F2 - Acquisition Paramatars
DATE: 2013-11-30T05:44:28
PULPROG: 2330

TD: 22768

Solvent: CDC13

NS: 1€

DS: wndefined

SWH: 8223.7 Hx

AQ: undafined

TE: 235 C

CHANNEL 21

NUC1: 1H
Pl: 5.33 usaec
EF01: undafined ME:x

F2 - Procesaing Paramaters
‘ 8I: 65536
. oC: 0.08

¥

1.99

1808
8.98=
0.97

{1.00

.96 ——
? [

2.98-=

LE: 0.30 H:z
First Peint: 0.50
FT: Hypes Quadsatusze

> .97
® l2.01=

T
10.0 9.0

©
-

5.0
1 (ppm)

T

4.0

3.0

31

Phaza: Maneal
Pn0: 93.02
Pnl: 5.14
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ehoc,_ COP! OMe
N 0w NOT v ©o
=3 fF BRR =2 &€ 0
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O M OO0 ONN oo oo
e g adg dd ad
I | 7 e S B N 0
/\
U (o}
| L [
————— - -
136 134 132 130 128 126 124 . B ot
1 (ppm) C NMR (101 MEz CDCL)5 =19817, 19653, 15950 14363,
14193, 14051 13571, 13464 13319, 13276 13003, 12979,
12933, 12851, 12814, 1272 12428, 124.1§ 11371, 10938
10107, 8099, 55.24
T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0
1 {ppm)
o { -~
BEE3NT 9583 3 B
WPD N
REELAT WY T 9P _—
COPh
p S
o -
S835Y BEE U8 H/Y 5338 |/
e e I e e S N Tl e - R R R
RITEEORET TR ORLES
1
. ! ! : Curvent Data Parameters
o Y (ol | T | (0 ¥
f=>) w T F2 - 1cd »
= 3[ 2 . ‘Cl_ ':3; = 2 “C'”S : IS . mnf:g::in-:;n;f;::;"
8.0 7.7 7.4 74 s
fl (ppm) Zolvent: CDC13
N8: 32
DS: undafined
BWH: 8223.7 Hsx
| AQ: undafined
TE: 253.6 C
CHANNEL 21
] NUC1: 1H
! P1l: 5.33 usec
SFO1: undafined MHz
2 - szaaznq Paramatars
8I: 65836
b1 a | L A l oC: 0.0
’__h,rll nr—q‘ov T T L] LB: 0.30 H:
= NoIDDD D O Firat Peint: 0.50
daroaad; 219 FT: Eypar Quadsatuse
T T T T T T T T T T T T T T T T T T T T T Phase: Manual
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 Oty 9692
fl (ppm) PAl: 5.14
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—198.396
—195.793
—101524

3C NMR (101 MHz CDCY) 5 =19840, 19579, 13858,135.87,
13527, 13437, 134.08 13326,13287, 13011, 12921, 12867,
12863 12835,12822 12764,12712, 12564 10152, 8921

128670
8.633
~128.660
127938
127.120

——— —130.108
—— 120,207

e 128224

e

_J _)'__/J JL_

T T T T
1205 1285 1275
1 {ppm)

PhOC COPh

T T T T T T v T
200 190 180 170 160 150 140 120 120 110 100 S0

80

70 50
1 {ppm
N8I3 58228 =
- @ ~
ceaa ¥arnan N ~
- Ll @ L
SN [
85T R T S8% B8 s
SSae mun T ANT a9 8o
O MM Lol - Ll -] -
IS BT T TRT 798
oo u
s’s S5 s 38 58
80 78 76 74 72 70 638
1 (ppm)
JIAJ"LMJ ‘ Az AN e 1
g o h
MM N NS =
oo ooe e o L
N = & e b
T T T T T T T T T T T L] T T T T T
10.0 9.0 8.0 7.0 6.0 0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

33

30 20 10 0
COPh
o—L-CoP
/
[
S OMe

Current Data Paramatars

F2 - Acquisition Paramaters
DATE: 2013-11-30T10:52:25%
PULPROG: 930

TD: 32768

Solvent: CDO3

Pl: 9.53 usec
EF01: undafined MH:

F2 - Processing Paramatars
8I: €5536

oC: 0.0s

LE: 0.30 Hz

Firat Poinc: 0.50

FT: Hypar Quadsatuse

Pnl: 17.38



7 g E 8% EZzgcdg & g g
88 g 3¢ ggmnEme 3 3 g
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CNMR(101MHz CDCL) 5= 1983Q 19656 15978 1416Q 14028 1357613467, 1331913277,
13003 12981 12934 12854 12815, 127.64 12656 12648 12431 12328 1137Q 10126 844Q

COPh
< - (]
E 2 8533 2 88 & COPh
3 88 U888 § 88 8§ g
T SUVESN W | /
C ]
S OMe
|
U_A U_l_._\_
: ;
135 122 129 126
fi (ppm)
1
i |
1} |
| ‘ !
H i |
(B
|| | H “ 1 l I A y) e A J
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 S0 40 30 20 10
i (ppm)
2328 g3 e 3 se
aawE NS RB w= =~ 2o
Lol - - L NN
EET ORTTT S | N0
S28 85 ¥ 88 €3 £¢
aREe T2 & =S on B9
Ll Lo @ L3
FETRT TP
Current Data Paramatars
l ! i L F2 - Acquizition Paramatars
e T o & o s 8 DATE: 2013-12-21T06:32:41
F H r— PULPROG: =xg30
80 78 76 74 72 7.0 68 66 64 el
f1 (ppm) NS: 16
D8: uwndafined
SWH: 8012.8 H:z
AQ: undafined
TE: 291.7 €
CHANNEL 21
NUC1: 1E
Pl: 5.8 usec
£F01: undafined MH:x
L F2 - Processing Pavamatars
. l L1 | || T W
ST AY H Yy 1 FY 1s: 0.30 &
S8 2838 8 s 2a Firat Point: 2.50
R R - &5 FT: HEypes Quadeatesa
T T T T T T T T T T T T T T T T T T T T T Phase: Cloxal
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

'H NMR(400MEz CDC1) & 793 (4, J= 8 4Hz TH), 783 (d, J= 8 0Hz 2H) 746, J= 88 Hz TH), 729-7.25(x, SH). 7.25- 7.23(x. 0. 7.09(d, J=20Hz TH), 6 30(d, J= 88 Hz 2H). 651

{d.J=20 Hz 1H), §17(d.J=2.0Hz 1H). 375(s. 3H). 241 (5. 3H). 232(s. 3H).
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AC NMR (101 MHz CDCL)S =19816,196.14, 15965,
14400, 1435Q 14172, 13903 13329, 13212 13026,
12985, 12943 12923, 12884 12858, 12833 12819,
12717, 12455 113.61, 10164,88.83 5523 2178,21.67

- N 0 ® or @ gxmao
82 B 8 - 3@ gRec
=m = 0 oo O OO~
T =z O oM N NNNN
s 2 |28 HEEE
N I N =

koo

144

L1

136 132 128
1 (ppmj

~

140

) ‘H ” A | o

21.783
21.656

v

T

200

T T

170 160 150

T T T T T L Al T
120 110 100 S0 80 70 60
1 (ppm)

T T T T
180 180 140 130

261
el
218
frce)
05
e84
—6.30
—3.720

40 30 20 10 0

OMe

Currant Data Paramatars

F2 - Reguisition Paramatars
DATE: 2014-01-17T10:10:27
PULPROC: 2330

TD: 32768

Solvent: DMSO

NS: 32

DE: wndafined

SWH: 8223.7 Hs

AQ: wndafined

TE: 251.2 C

———— CHANNEL I1 seemmm——
NUC1: 1E

Pl: 5.353 ugaec

SF01: undefined MH:

%
¥
f

: 65536

2.08
3.068

oC: 0.0%

LE: 0.30 Hzx

Firac Poinc: 0.50
FT: Hypar Quadsatuse

306 = —

10.0 9.0

12,06
202

® 205
° |208

© 105
2,06
1.00 =

~ |208

6.0
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F2 - Procassing Paramaters
21
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o = miae i sNIE S e =
V1 | NS e | | [ |
© e N ow - we mew a -
el « o N o o o o - o - ~
=3 Ll T L AR wvY~N ¥ = 3T NMR (101MHz DMS0) 5§ =19796,
2 S Son o S8 SS8 © o= 19507, 15927, 13898, 1388Q 13366,
| 17 PR 13279, 13219, 13172, 13135 13078,
I I I . \I ! 12939, 12934 12856, 1284, 12821, Be =
| 2745, 12687 12371, 11361,100.59, 8881, \CJ\(
| | 3508
i >
I | ' ' h il ‘ AN - \\ B
e S W G0 | e | S S
I =
- T T T T T T 1! ~OMn
132 132 131 130 129 128 127
1 {ppm)
|
|
1
i
|
b )
|
T T T T T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 ° 80 70 € 50 40 30V 20 10 0 -10
1 {ppm
n NS NSNS OMmWLe w = - 4 @
S882CI-IIRBE 28 835 & @ S
QRO ITMNNN ® B wwe Ll ]
L i et i il @ w ™ ™ ~
PEESERERLLET §F F1 P
8§ 23328Re I8 H5eIL
R CUYNNKE By v oK
S N @ & v
T PoSETSF Y
M\A._ Currant Data Paramatars
.J \M-—«U-
‘-“-p <« <« <« F2 - Acquisition Paramatars
DATE: 2013-12-31T23:51:33
8.0 7.5 7.0 6.5 6.0 PULPROG: zg30
1 (ppm) TD: 32768
Selvaent: DMSO
N8: 32
D8: u=ndefined
8WH: 8223.7 H:z
AQ: undafined
TE: 238.1 ¢
CHANNEL f1
NUC1: 1E
Pl: 5.52 ugaec
SFO1: wndefined M=
m F2 - Processing Pavamaters
s Il d, S T 3
p— R Ll LB: 0.30 Hz
gZ22c8 88 88 ] First Point: 0.50
frerdain 8 S “ T ¢ Bypax Oadccatass
T T T T T T T T T T T T T T T T T T T T Phasa: Maneal
9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0 e e
f1 (ppm) Pnl: 11.52

*H NMR (400 MHz DMSO) & 7.97- 7.85(x, 4. 7.71- 7.66(m, 1H). 7.65- 7.61(m, 1H), 7.58- 7.4%(m. 0. 7.46- 7.41(m, TH). 7.33-7.21(m. 3H). §93- 683 (m. 3H), 6 63- 653 (m. 1H). §24-
& 11(m, 1H), 538(¢, J=488 Hz 1K), 373(z. 3H)

36



37

® o < T orouzo o © . -
58 g E RRSARE & 3 2
[ @ - NOOET m - 2 !
o0 0 T mUuNNN o @ w
2 # ¥ Q4gdgge ¢ e 2 b4
N i i NV | | i i
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wWwe moo oC0® ®©KrG6O
nOom oo MM N oNNN
ege 222 egg ggagad
P2l SN NP
130 NMR (101 MHz DM30)5 = 19791, 19706, 15975 14167, 135.98 13552,13496, 13315 13295,
13286,130.03 12973 12951, 12839, 12847, 12823 12816,127.30, 12674,12651, 12439 113.7Q
10107,88.05 5524,
N LU
L T T T T — T T
135 133 131 129 127
1 (ppm}
IO AN AT A
T T T T T T T T T - : - - : T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o
1 (ppm)
NOoOONOSSO o~ a™Mm N~ So NN 0 D
eeeaaa TN KB ww 3’.’!“} fu0n
© L Lo @®e o MM, h T
PEETET OTT TT S RS N
zEI3egss eg PhOC copn
T oA 0« ~ 0
Ll @
UT RIS 7 / g
‘ OE!
w - e -—-—M—- Current Data Paramaters
- . -
s P ? ! 4 s F2 - Requisition Pavameters
74 73 72 74 7.0 69 638 DATE: 2014-02-207T00:34:0%
1 (ppm) PULPROG: zg30
TD: 32768
Solvant: CDO 3
NS: 16
D8: undafinaed
SWH: 8223.7 H:x
AQ: wndefinad
TE: 253.4 C
CHANNEL £1
NUC1l: 1EH
Pl: 5.53 usec
8F01: undafined MH:
J l F2 - Processing Paramatars
8I: 65536
\ l l .| A A | 2C: 0.05
A Wiy oy y R T ¥ LE: 0.30 Hz
88 g“g g8z 8 S 8 First Point: 0.50
NN WeB N - o~ - FT: Hyper Quadratusa
T T T T T T T T T T T T T T T = T Phase: Maneal
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 BN0192 278
f1 (ppm) PRl: 17.78
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C NMR (101MHz CDCL)5 =19863, 19638, 13217, 14148, 13892 13399,134.78 13314,132.7¢
13009, 12982 12928, 1286), 12836, 128.42, 12825,12815, 12719, 12417, 11420, 101.6, $899,

6339 1482
8y F2Rr 258
o 8% hao Jd¥ee
@ o OO Om ®® K~ PhOC
ee QU oy Qoo COPh
1! NN ST

0
g0
OE!
.
153 1:'*,2 1:'*.1 '150 ' 129 ' 12;3' 157
1 (ppm}

I T . 4 -

T T T T T T T T T T T T T T T T T ' T T
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10
1 (ppm}

8858 BRSTEEEEE E88%3Y  BE B3 BEGELS
558y RRyIAEYY wENyEy Qg oy uvdde

PhOC COPh

N7 e 8ee 0
OMe
'
N3
65

o oo = O O Current Data Paramaters
o1 B
3.0 75 7.0 F2 - Roquisition Paramatars

f1 (ppm) DATE: 2014-04-08T10:44:57
PULPROG: 2530

TD: 32768

Selvent: €Dl

Ng: 32

D8: undefinea

SWH: 8223.7 Hx

AQ: mndafinad

TE: 235.8 C

C
T
|

|
! CHANNEL 21
/ NUC1: 1E
} P1: 5.53 usac
! EF01: undafined MH:z
F2 - Procassing Paramatars
BI: €553
e oC: 0.08

1B: 0.30 H:
Firxat Point: 0.50

x
1.001
110

119745 ?—-

0.30
4293

.0 4.0 3.0 20 1.0 0.0 Pno: s0.88
f1 (ppm) Tnl: 12.80

=)
g
=)
o

H NMR(400MHz CDC1L) 6 812- 806(m, TH), 7.70- 7.65 (. ). 7.63- 757 . TH) 747 735 (., 4), 733 - 727 (m. 3H), 717— 711 (m. 4H. 662 655 (m, 2K, 5. 11- 497(m. T 3.65
(5.3H.203-281 (= 1H). 255- 242(x 1H).
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H NMR(400MHz CDC1) & 810~ 798 (. 2H), 785775 (au 2H). 769~ 758 (. 2H), 754~ 746 (m. 2H), 732 724(m. SH). 464(s. 1H).

39
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IC NMR (101 M Hz CDCL)S =19735,19540, 13853 14041, 13614 13484, 13318 13257,130.52
13024, 13008, 12921, 12834 12835,127.9Q 12781, 12646, 11351, 9784 §1.14 3516, 4946 4211
PhOC
COPh
O I OMe
)
1,
ol
1
| 1
| '
' : ;
'
| ‘ ‘ ) J A | |
T T T T T T T T T 7 T T T T T T T T ¥ T
200 120 180 170 160 150 140 130 120 110 100 SO 80 70 80 50 40 20 20 10 0
1 (ppm
OV FTOMe——ODODD OO M OWLY -
MOOOOHOLNTHANNNNNNNN @D
U r 3 r Rl il gy il ior Al el o g T
3L
CuTT =TT O —an ©MNOWvY ol
SS600 Bh@erDQ hee AN
=R o N r~ [
Ly R RN R 1 S 2 O
¢ L)
Br
I‘ll -4 » ! » -t 1 o M
™ Current Data Paramatars
S S S o ©
o4 T T o TR T T T F2 - Acquisicion Pavamatays
8.0 7.8 7.6 7.4 7.2 DATE: 2014-05-1€T05:18:44
fl (ppm) PULPROC: 2330
TD: 32768
Solvant: CDCL3
xs: 32
D2: undafined
SWH: 8223.7 Hz
AQ: undafinea
TE: 236.1 ¢
CHANNEL £1
X NUC1: 1E
1 H Fl: 3.352 usac
SFO1: wndefined MHz
F2 - Processing Paramataers
8I: 5536
I oc: 0.08
T, 1)y 13! 0.30 H:
Ssagg =] Firsc Point: 0.50
o OO O = FT: Hyper Quadratuze
T T T T T T T T T T T T T T T T T T T t Phase: Mamual
9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0 EhOt 8398
i (ppm) Pnl: 15.6%
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=F=sh | ¢ NMR(101 MEz CDC1) 5= 19103 18002, 13315 13270, 13228 13204 13191 13157 1311413034 13004
. ; 12019 12859 12620 7380 6268
I ! 1
I
(o} Br
S — o
134 132 130 128 126
fi (ppm) O
il
X Br
|
|
1
:
|
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10. 'H NMR spectra for some products in low concentration.
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3a: 'H NMR (400 MHz, CDCls): 8.05-7.98 (m, 2H), 7.94-7.88 (m, 2H), 7.61-7.53 (m, 1H),
7.49-7.42 (m, 5H), 7.33-7.27 (m, 2H), 7.27-7.23 (m, 5H), 6.82 (d, J = 8.8 Hz, 2H), 6.54 (d, J =2
Hz, 1H), 6.17 (d, J = 2 Hz, 1H), 3.77 (s, 3H) ppm.
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3e: 'H NMR (400 MHz, CDCly): 8.06-8.00 (m, 2H), 7.96-7.89 (m, 2H), 7.61-7.54 (m, 1H),
7.50-7.42 (m, 5H), 7.34-7.29 (m, 2H), 7.19-7.13 (m, 1H), 7.08-7.02 (m, 3H), 6.83 (d, J = 9.2 Hz,
2H), 6.54 (d, J = 2 Hz, 1H), 6.13 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H), 3.09 (s, 3H) ppm.
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3c: 'H NMR (400 MHz, CDCl3): 8.05-7.99 (m, 2H), 7.97-7.91 (m, 2H), 7.61-7.54 (m, 1H),
7.49-7.42 (m, 5H), 7.35-7.29 (m, 2H), 7.20-7.13 (m, 1H), 6.86-6.80 (m, 3H), 6.79-6.74(m, 2H),
6.53 (d, J =2 Hz, 1H), 6.17 (d, J = 1.6 Hz, 1H), 3.76 (s, 3H), 3.59 (s, 3H) ppm.
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3d: 'H NMR (400 MHz, CDCls): 8.03-7.98 (m, 2H), 7.91-7.85 (m, 2H), 7.61-7.54 (m, 1H),
7.49-7.42 (m, 5H), 7.33-7.27 (m, 2H), 7.25-7.20 (m, 1H), 7.09 (t, J = 7.8 Hz, 1H); 6.99 (d, J = 8.0
Hz, 1H), 6.95-6.86 (m, 4H), 6.82 (d, J = 8.8 Hz,, 2H), 6.54 (d, J = 1.6 Hz, 1H), 6.14 (d, J = 1.6 Hz,
1H), 3.77 (s, 3H) ppm.
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3h: *H NMR (400 MHz, CDCls): 8.01-7.98 (m, 2H), 7.91-7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H),
7.49-7.44 (m, 5H), 7.40-7.31 (m, 4H), 7.12 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.51 (d, J

= 1.6 Hz, 1H), 6.13 (d, J = 1.6 Hz, 1H), 3.08 (s, 3H) ppm.
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31: 'H NMR (400 MHz, CDCls): 8.02-7.97 (m, 2H), 7.91-7.85 (m, 2H), 7.58 (t, J = 7.6 Hz, 1H),
7.49-7.43 (m, 5H), 7.40-7.36 (m, 2H), 7.35-7.29 (m, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.83 (d, = 8.8

Hz, 2H), 6.50 (d, J = 2 Hz, 1H), 6.12 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H) ppm.
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9.5
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7.32-7.27 (m, 2H), 6.85 (d, J = 9.2 Hz, 2H), 6.62 (d, J

3H) ppm.
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30: H NMR (400 MHz, CDCly): 8.02-7.96 (m, 2H), 7.94-7.89 (m, 2H), 7.60-7.54 (m, 1H),
7.49-7.42 (m, 5H), 7.36-7.31 (m, 3H), 7.28 (t, J = 1.6 Hz, 1H), 6.82 (d, J = 9.2 Hz, 2H), 6.47 (d, J
=2 Hz, 1H), 6.25 (d, J = 1.2 Hz, 1H), 6.15 (d, J = 2 Hz, 1H), 3.78 (s, 3H) ppm.
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3p: 'H NMR (400 MHz, CDCls): 8.02-7.97 (m, 2H), 7.94-7.88 (m, 2H), 7.60-7.54 (m, 1H),
7.49-7.43 (m, 5H), 7.34-7.29 (m, 2H), 7.22-7.19 (m, 1H), 7.16-7.12 (m, 1H), 6.95 (dd, J = 5.2,
1.2 Hz, 1H) 6.83 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 1.6 Hz, 1H), 6.25 (d, J = 1.6 Hz, 1H), 3.78 (s, 3H)

ppm.
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