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1. Results of Nonlinear Effect Studies
Table S1 Results of Nonlinear Effect Studies®

L2b: 5 mol%

? COOoPh Et,Zn: 10 mol%
CE&OH * NP THE 400
o
1a 2a
L2b
Ar? = p-CH3CgHy

entry ee of L2b yield (%) ee” of 3aa (%)

1 0 90 0

2 20 92 54

3 40 89 64

4 60 91 84

5 80 87 92

6 100 92 99

#Reaction conditions: unless otherwise noted, all reactions were conducted with 1a (0.2 mmol), 2 (0.21 mmol),
5 mol % of L2b, 10 mol % of ZnEt, (1 M in hexanes) in THF (1.5 mL) under nitrogen at 40 °C. ® Determined by
chiral HPLC.
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2. Discussion of Mechanism

To provide the evidence for reaction sequence, involving Michael addition then
transesterification, We tried several methods for the separation of the intermediate III (Scheme 4)
from the reaction system, but failed. Therefore, an ester compound a was prepared. Under the
optimal conditions, the compound a was examined for the intramolecular Michael addition
reaction.’ As a result, the reaction did not take place. This result suggested that the reaction
sequence was not transesterification then Michael addition.

According to the Trost’s work? (Org. Lett., 2012, 14, 2446) and our previous work® (Org. Lett.,
2019, 21, 7089), which involved a catalytic asymmetric Michael addition-transesterification
reaction sequence in the presence of the same type of chiral catalyst, we proposed the similar
reaction mechanism, as in Scheme 4.

(0]
(0]
L2b: 5 mol%

0 Et,Zn: 10 mol% .
———————— > No Reaction

THF, 40 °C

Scheme S1 Reaction of intramolecular reaction of ester a.

Reference:

1 X. Wang, G. Li, Y. Yang, J. Jiang, Z. Feng and P. Zhang, Chin. Chem. Lett., 2019, 31, 711.
2 B. M. Trost and K. Hirano, Org. Lett., 2012, 14, 2446.

3 M.-M. Liu, X.-C. Yang, Y.-Z. Hua, J.-B. Chang and M.-C. Wang, Org. Lett., 2019, 21, 7089.
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3. X-ray Crystal Datas of 3ac

|

Figure S1. Crystal Structure of Compound 3ac (CCDC: 1921049). The thermal
ellipsoids are drawn at a 50% probability level.

Single crystals suitable for XRD were obtained by vapor diffusion experiment:
compound 3ac (45 mg) was dissolved in 2 mL trichloromethane and 6 mL hexane in a
glass vial, which was then placed in sealed glass container with 10 ml of hexane.

Crystals were obtained in 1 day.
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Table 1 Crystal data and structure refinement for 20190118.

Identification code 20190118
Empirical formula Cas5H17ClO4
Formula weight 416.83
Temperature/K 293(2)

Crystal system monoclinic
Space group C2

alA 17.9619(4)

b/A 9.8922(2)

c/A 22.6104(5)

o/° 90

/e 96.832(2)

v/° 90

Volume/A® 3988.97(15)

z 8

pealcg/em’ 1.388

w/mm™ 1.948

F(000) 1728.0

Crystal size/mm? 0.17 x0.13 %0.1
Radiation CuKa (A= 1.54184)
20 range for data collection/®9.92 to 134.15
Index ranges -21<h<20,-11 <k<11,-27<1<25
Reflections collected 17206

Independent reflections 7132 [Rint = 0.0290, Rsigma = 0.0310]
Data/restraints/parameters ~ 7132/1/541

Goodness-of-fit on F? 1.036

Final R indexes [I>=2c (I)] R =0.0392, wR, = 0.1060

Final R indexes [all data] R;1 =0.0423, wR, = 0.1099

Largest diff. peak/hole / e A*0.24/-0.21

Flack parameter -0.007(7)
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4. Synthesis of ortho-ester chalcones 2a-s.

COOPh
©:COOH . j\ 1) KOH, EtOH COOCH PhOH,DCC, DMAP
—_—
R
CHO R 2) conc. HCI = R CH,CI,, reflux, overnight 7

0 2 O

To a solution of 2-carboxybenzaldehyde (3 g, 20 mmol), substituted acetophenone
(20 mmol) and EtOH (20 mL) at 0 °C was added a solution of potassium hydroxide
(1.5 equiv) in EtOH. The first 1 equiv. of the potassium hydroxide solution was added
dropwise over 20 min. The last third was added as one portion and the reaction was
stirred at room temperature for 2 h. The precipitate was collected by filtration, washed
twice with cold EtOH, once with ether and dried under vacuum to furnish the
potassium salt. To a solution of potassium salt in H,O (100 mL) at room temperature
was added a solution of concentrated HCI. Then a great deal of precipitation appeared
and the reaction was stirred for 3 h. Then precipitate was collected by filtration,
washed thrice with distilled water and dried under vacuum to furnish the
ortho-carboxy chalcone which was used as an intermediate, without further
purification. To a solution of ortho-carboxy chalcone (10 mmol, 1.0 equiv), phenol
(1.88 g, 20 mmol, 2.0 equiv) and DMAP(1.46 g, 12 mmol, 1.2 equiv) in CH,Cl, (1M)
was added DCC (3.10 g, 15 mmol, 1.5 equiv) at room temperature. The resulting
mixture was refluxed overnight. The heterogeneous reaction mixture was cooled to
room temperature and filtered through a short pad of silica gel with suction and the
product was eluted with ethyl acetate. The filtrate was washed with aqueous NaOH
and brine, dried over Na,SO,4 and concentrated in vacuo. Then the pale yellow
product was purified by column chromatography on silica gel (EtOAc:petroleum ether
= 1:4) to give the corresponding product 2.

Phenyl (E)-2-(3-oxo-3-phenylprop-1-en-1-yl)benzoate (2a). Pale yellow solid;
yield 70% (2.30 g); mp 35.2-35.8 °C. 'H NMR (400 MHz, CDCl5) ¢ 8.55 (d, J = 15.8
Hz, 1H), 8.23-8.20 (m, 1H), 8.00-7.98 (m, 2H), 7.77 (d, J = 7.8 Hz, 1H), 7.68-7.63 (m,
1H), 7.57-7.53 (m, 2H), 7.47-7.41 (m, 4H), 7.33-7.28 (m, 2H), 7.25-7.21 (m, 2H). *C
NMR (100 MHz, CDCl3) 6 191.2, 165.2, 150.7, 144.0, 137.84, 137.79, 133.1, 132.8,
131.4, 129.7, 129.6, 129.4, 128.8, 128.6, 128.3, 126.12, 126.08, 121.7. IR (neat) v
2929, 1726, 1660, 1601, 1592, 1564, 1477, 1455, 1447, 1288, 1243, 1215, 1194,
1120,1047, 1016 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for CyHi603Na*
351.0992; Found 351.0995.

Phenyl (E)-2-(3-(4-fluorophenyl)-3-oxoprop-1-en-1-yl)benzoate (2b). Pale yellow
solid; yield 77% (2.67 g); mp 79.4-80.3 °C. *"H NMR (400 MHz, CDCls) ¢ 8.53 (d, J
= 15.8 Hz, 1H), 8.24-8.21 (m, 1H), 8.05-8.01 (m, 2H), 7.76 (d, J = 7.7 Hz, 1H),
7.68-7.63 (m, 1H), 7.57-7.53 (m, 1H), 7.46-7.41 (m, 2H), 7.30-7.21 (m, 4H),
7.14-7.09 (m, 2H). **C NMR (100 MHz, CDCls) 6 189.6, 165.6 (d, J = 252.6 Hz),
165.1, 150.7, 144.2, 137.7, 134.1 (d, J = 2.9 Hz), 133.1, 131.46, 131.37, 129.7, 129.6,
129.3, 128.3, 126.2, 125.8, 121.7, 115.8, 115.6. IR (neat) v 2922, 1730, 1660, 1606,
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1594, 1568, 1481, 1238, 1221, 1191, 1120, 1059, 1044, 1026, 973 cm™; HRMS
(ESI-TOF) m/z: [M + Na]" Calcd for C,,H;sFO3Na* 369.0897; Found 369.0899.
Phenyl (E)-2-(3-(4-chlorophenyl)-3-oxoprop-1-en-1-yl)benzoate (2c). Pale yellow
solid; yield 73% (2.65 g); mp 85.3-86.0 °C. *H NMR (400 MHz, CDCls) ¢ 8.54 (d, J
= 15.8 Hz, 1H), 8.24-8.21 (m, 1H), 7.95-7.91 (m, 2H), 7.75 (d, J = 7.7 Hz, 1H),
7.67-7.63 (m, 1H), 7.58-7.53 (m, 1H), 7.46-7.40 (m, 4H), 7.30-21 (m, 4H). *C NMR
(100 MHz, CDCl3) ¢ 190.0, 165.1, 150.7, 144.5, 139.2, 137.7, 136.1, 133.1, 131.5,
130.2, 129.8, 129.6, 129.3, 128.9, 128.3, 126.2, 126.7, 121.7. IR (neat) v 2923, 1716,
1662, 1603, 1589, 1488, 1399, 1319, 1277, 1206, 1177, 1087, 978 cm™; HRMS
(ESI-TOF) m/z: [M + Na]" Calcd for C,,H;5CIOsNa* 385.0602; Found 385.0605.
Phenyl (E)-2-(3-(4-bromophenyl)-3-oxoprop-1-en-1-yl)benzoate (2d). Pale yellow
solid; yield 71% (2.89 g); mp 88.6-89.0 °C. 'H NMR (400 MHz, CDCls) ¢ 8.53 (d, J
= 15.8 Hz, 1H), 8.24-8.21 (m, 1H), 7.87-7.74 (m, 2H), 7.75 (d, J = 7.7 Hz, 1H),
7.68-7.63 (m, 1H), 7.59-7.54 (m, 3H), 7.46-7.42 (m, 2H), 7.31-26 (m, 1H), 7.24-7.20
(m, 3H). °C NMR (100 MHz, CDCl3) 6 190.2, 165.1, 150.7, 144.6, 137.7, 136.5,
133.2, 131.9, 131.5, 130.3, 129.8, 129.6, 129.3, 128.3, 127.9, 126.2, 125.7, 121.7. IR
(neat) v 2925, 1716, 1662, 1603, 1583, 1490, 1477, 1396, 1247, 1178, 1043, 977 cm™;
HRMS (ESI-TOF) m/z: [M + Na]® Calcd for CyHisBrOsNa® 429.0097; Found
429.0098.

Phenyl (E)-2-(3-oxo-3-(p-tolyl)prop-1-en-1-yl)benzoate (2e). Pale yellow solid;
yield 65% (2.22 g); mp 85.1-86.0 °C. *H NMR (400 MHz, CDCl5) § 8.53 (d, J = 15.7
Hz, 1H), 8.22-8.19 (m, 1H), 7.91 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 7.8 Hz, 1H),
7.67-7.62 (m, 1H), 7.56-7.52 (m, 1H), 7.45-7.41 (m, 2H), 7.33-7.22 (m, 6H), 2.41 (s,
3H). *C NMR (100 MHz, CDCls) 6 190.6, 165.2, 150.7, 143.6, 143.5, 137.9, 135.3,
133.0, 131.4, 129.6, 129.4, 129.3, 128.9, 128.3, 126.1, 121.7, 21.7. IR (neat) v 3068,
3037, 1732, 1656, 1594, 1564, 1478, 1454, 1319, 1285, 1184, 1056, 1014, 999, 974
cm™: HRMS (ESI-TOF) m/z: [M + Na]" Calcd for CasHis0sNa* 365.1148; Found
365.1152.

Phenyl (E)-2-(3-(4-methoxyphenyl)-3-oxoprop-1-en-1-yl)benzoate (2f): Pale
yellow solid; yield 69% (2.47 g); mp 99.8-100.4 °C. *H NMR (400 MHz, CDCls) 6
8.51 (d, J = 15.7 Hz, 1H), 8.21-8.19 (m, 1H), 8.03-7.99 (m, 2H), 7.76 (d, J = 7.8 Hz,
1H), 7.67 -7.62 (m, 1H), 7.56-7.51 (m, 1H), 7.45-7.41 (m, 2H), 7.33-7.23 (m, 4H),
6.95-6.90 (m, 2H), 3.86 (s, 3H). *C NMR (100 MHz, CDCls) 6 189.3, 165.3, 163.4,
150.8, 143.0, 138.0, 133.0, 131.4, 131.1, 130.7, 129.6, 129.5, 129.4, 128.3, 126.1,
126.0, 121.7, 113.8, 55.5. IR (neat) v 3071, 3013, 1750, 1654, 1570, 1478, 1421, 1319,
1294, 1240, 1193, 1034, 968 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
Ca3H1304Na’ 381.1097; Found 381.1099.

Phenyl (E)-2-(3-(3-fluorophenyl)-3-oxoprop-1-en-1-yl)benzoate (2g). Pale yellow
solid; yield 62% (2.14 g); mp 40.6-41.1 °C. "H NMR (400 MHz, CDCls) ¢ 8.58 (d, J
= 15.7 Hz, 1H), 8.22-8.20 (m, 1H), 7.78-7.73 (m, 2H), 7.68-7.62 (m, 2H), 7.56-7.51
(m, 1H), 7.44-7.37 (m, 3H), 7.28-7.21 (m, 5H). *C NMR (100 MHz, CDCls) ¢ 189.6
(d, J =1.9 Hz), 165.1, 162.8 (d, J = 246.4 Hz), 150.7, 144.7, 139.9 (d, J = 6.1 Hz),
137.6, 133.2, 131.5, 130.3 (d, J = 7.7 Hz), 129.9, 129.6, 129.4, 128.3, 126.2, 125.4,
124.5 (d, J = 2.9 Hz), 121.7, 119.8 (d, J = 21.3 Hz), 115.5 (d, J = 22.2 Hz). IR (neat) v
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3073, 3044, 2934, 1731, 1603, 1582, 1567, 1477, 1438, 1286, 1244, 1191, 1121, 1068,
973 cm™; HRMS (ESI-TOF) m/z: [M + Na]" Calcd for C,HisFOsNa* 369.0897;
Found 369.0901.

Phenyl (E)-2-(3-(3-chlorophenyl)-3-oxoprop-1-en-1-yl)benzoate (2h). Pale yellow
solid; yield 65% (2.36 g); mp 100.0-100.8 °C. *H NMR (400 MHz, CDCls) ¢ 8.57 (d,
J=15.8 Hz, 1H), 8.24-8.21 (m, 1H), 7.96-7.95 (m, 1H), 7.88-7.85 (m, 1H), 7.76 (d, J
= 7.8 Hz, 1H), 7.68-7.64 (m, 1H), 7.58-7.50 (m, 2H), 7.45-7.36 (m, 3H), 7.30-7.22 (m,
4H). *C NMR (100 MHz, CDCls) 6 189.7, 165.1, 150.7, 144.9, 139.4, 137.6, 134.9,
133.1, 132.7, 131.4, 129.94, 129.88, 129.6, 129.4, 128.8, 128.3, 126.8, 126.1, 125.4,
121.7. IR (neat) v 3054, 2930, 2848, 1736, 1660, 1602, 1587, 1489, 1334, 1296, 1161,
1119, 1056, 1041, 980 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
C,2H15CIOsNa* 385.0602; Found 385.0605.

Phenyl (E)-2-(3-(3-bromophenyl)-3-oxoprop-1-en-1-yl)benzoate (2i). Pale yellow
solid; yield 67% (2.73 g); mp 117.5-118.3 °C. *H NMR (400 MHz, CDCls) § 8.57 (d,
J =15.8 Hz, 1H), 8.24-8.22 (m, 1H), 8.11 (t, 1.7 Hz, 1H), 7.92-7.90 (m, 1H), 7.76 (d,
J = 7.7 Hz, 1H), 7.69-7.64 (m, 2H), 7.58-7.54 (m, 1H), 7.46-7.41 (m, 2H), 7.34-7.28
(m, 2H), 7.26-7.21 (m, 4H). *C NMR (100 MHz, CDCls) ¢ 189.7, 165.1, 150.7,
144.9, 139.6, 137.6, 135.6, 134.1, 131.7, 131.4, 130.2, 129.9, 129.6, 129.4, 128.4,
127.3, 126.1, 125.4, 122.9, 121.7. IR (neat) v 1734, 1659, 1603, 1587, 1489, 1322,
1295, 1240, 1160, 1041, 1023, 980 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
Ca2H1sBrOsNa* 429.0097; Found 429.0099.

Phenyl (E)-2-(3-(3-methoxyphenyl)-3-oxoprop-1-en-1-yl)benzoate (2j). Pale
yellow solid; yield 58% (2.08 g); mp 83.1-83.6 °C. 'H NMR (400 MHz, CDCls) ¢
8.54 (d, J = 15.8 Hz, 1H), 8.22-8.19 (m, 1H), 7.75 (d, J = 7.7 Hz, 1H), 7.67-7.62 (m,
1H), 7.58-7.52 (m, 3H), 7.44-7.40 (m, 2H), 7.36-7.32 (m, 1H), 7.29-7.21 (m, 4H),
7.11-7.08 (m, 1H), 3.83 (s, 3H). *C NMR (100 MHz, CDCls) 6 190.9, 165.2, 159.8,
150.7, 144.0, 139.2, 137.8, 133.1, 131.4, 129.67, 129.56, 129.4, 128.3, 126.1, 121.7,
121.4,119.6, 112.9, 55.5. IR (neat) v 3064, 3006, 1728, 1651, 1595, 1577, 1566, 1488,
1336, 1278, 1238, 1193, 1153, 1059, 1038, 981 cm™; HRMS (ESI-TOF) m/z: [M +
Na]" Calcd for C3H1g04Na™ 381.1097; Found 381.1098.

Phenyl (E)-2-(3-(2-chlorophenyl)-3-oxoprop-1-en-1-yl)benzoate (2k). Pale yellow
solid; yield 52% (1.89 g); mp 77.5-78.2 °C. *H NMR (400 MHz, CDCls) ¢ 8.28 (d, J
= 16.1 Hz, 1H), 8.20-8.17 (m, 1H), 7.76-7.74 (m, 1H), 7.67-7.62 (m, 1H), 7.56-7.52
(m, 1H), 7.47-7.32 (m, 5H), 7.30-7.22 (m, 2H), 7.13-7.10 (m, 2H), 6.98 (d, J = 16.0
Hz, 1H). *C NMR (100 MHz, CDCls) § 194.2, 165.1, 150.6, 145.6, 138.6, 137.0,
133.1, 131.6, 131.4, 131.3, 130.2, 130.0, 129.56, 129.53, 129.46, 129.4, 128.3, 126.8,
126.1, 121.6. IR (neat) v 1730, 1640, 1590, 1567, 1478, 1292, 1255, 1186, 1124, 1054,
980 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C,,H15CIOsNa* 385.0602;
Found 385.0603.

Phenyl (E)-2-(3-(2-bromophenyl)-3-oxoprop-1-en-1-yl)benzoate (21). Pale yellow
solid; yield 56% (2.28 g); mp 84.6-85.1 °C. *H NMR (400 MHz, CDCls) ¢ 8.25 (d, J
= 16.1 Hz, 1H), 8.19-8.16 (m, 1H), 7.75 (d, J = 7.7 Hz, 1H), 7.66-7.62 (m, 1H),
7.56-7.52 (m, 2H), 7.43-7.38 (m, 3H), 7.30-7.22 (m, 3H), 7.12-7.09 (m, 2H), 6.96 (d,
J = 16.0 Hz, 1H). *C NMR (100 MHz, CDCls) ¢ 195.1, 165.1, 150.6, 146.0, 140.6,
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136.9, 133.4, 133.2, 131.6, 131.4, 130.0, 129.5, 129.4, 129.34, 129.30, 128.3, 127.3,
126.1, 121.6, 119.5. IR (neat) v 1725, 1640, 1587, 1567, 1484, 1425, 1290, 1242,
1187, 1121, 1097, 1054, 1041, 977 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
C22H158r03Na+ 429.0097; Found 429.0098.

Phenyl (E)-2-(3-(2-methoxyphenyl)-3-oxoprop-1-en-1-yl)benzoate (2m). Pale
yellow solid; yield 47% (1.68 g); mp 59.6-60.1 °C. 'H NMR (400 MHz, CDCl3) ¢
8.38 (d, J = 15.9 Hz, 1H), 8.17-8.14 (m, 1H), 7.74 (d, J = 7.3 Hz, 1H), 7.64-7.57 (m,
2H), 7.53-7.49 (m, 1H), 7.46-7.39 (m, 3H), 7.29-7.26 (m, 4H), 7.00-6.93 (m, 2H),
3.84 (s, 3H). *C NMR (100 MHz, CDCls) 6 193.3, 165.3, 158.0, 150.7, 142.4, 137.6,
132.9, 132.8, 131.3, 130.4, 130.3, 129.54, 129.52, 129.4, 128.9, 128.2, 126.0, 121.7,
120.7, 111.6, 55.7. IR (neat) v 3067, 3040, 1725, 1638, 1594, 1568, 1488, 1461, 1434,
1289, 1241, 1161, 1069, 986 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
Ca3H150,Na* 381.1097; Found 381.1098.

phenyl (E)-2-(3-(2,4-dichlorophenyl)-3-oxoprop-1-en-1-yl)benzoate (2n): Pale
yellow solid; yield 55% (2.18 g); mp 64.3-65.1 °C. 'H NMR (400 MHz, CDCls) ¢
8.27 (d, J = 16.1 Hz, 1H), 8.20-8.18 (m, 1H), 7.73 (d, J = 7.7 Hz, 1H), 7.77-7.62 (m,
1H), 7.56-7.52 (m, 1H), 7.44-7.39 (m, 3H), 7.37-7.36 (d, J = 1.9 Hz, 1H), 7.31-7.24
(m, 1H), 7.22-7.19 (m, 1H), 7.13-7.10 (m, 2H), 6.95 (d, J = 16.1 Hz, 1H). *C NMR
(100 MHz, CDCl3) 6 193.1, 165.0, 150.6, 146.1, 136.88, 136.87, 136.80, 133.2, 132.4,
131.7, 130.5, 130.20, 130.18, 129.6, 129.3, 129.2, 128.3, 127.2, 126.2, 121.6. IR (neat)
v 3070, 3033, 1725, 1645, 1622, 1583, 1552, 1493, 1479, 1369, 1292, 1263, 1188,
1159, 1054, 987cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for CzH14Cl,03Na”
419.0212; Found 419.0217.

Phenyl (E)-2-(3-(3,4-dichlorophenyl)-3-oxoprop-1-en-1-yl)benzoate (20). Pale
yellow solid; yield 62% (2.46 g); mp 84.6-85.3 °C. 'H NMR (400 MHz, CDCls) ¢
8.57 (d, J = 15.8 Hz, 1H), 8.26-8.23 (m, 1H), 8.08-8.07 (d, J = 2.0 Hz, 1H), 8.84-8.81
(m, 1H), 7.76 (d, J = 7.7 Hz, 1H), 7.70-7.65 (m, 1H), 7.60-7.55 (m, 1H), 7.53 (d, J =
8.3 Hz, 1H), 7.46-7.42 (m, 2H), 7.31-7.27 (m, 1H), 7.24-7.17 (m, 3H). *C NMR (100
MHz, CDCl3) ¢ 188.8, 165.0, 150.7, 145.3, 137.5, 137.4, 137.3, 133.3, 133.2, 131.5,
130.7, 130.0, 129.6, 129.3, 128.4, 127.8, 126.2, 125.1, 121.6. IR (neat) v 3083, 3013,
1733, 1655, 1590, 1566, 1547, 1480, 1469, 1373, 1296, 1246, 1194, 1163, , 1121,
1058, 1029, 980 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for Cy,H14Cl,O3Na*
419.0212; Found 419.0213.

Phenyl (E)-2-(3-(2,4-dichloro-5-fluorophenyl)-3-oxoprop-1-en-1-yl)benzoate (2p).
Pale yellow solid; yield 47% (1.95 g); mp 90.1-90.8 °C. *H NMR (400 MHz, CDCls)
08.33 (d, J = 16.1 Hz, 1H), 8.23-8.20 (m, 1H), 7.74-7.72 (m, 1H), 7.68-7.63 (m, 1H),
7.59-7.54 (m, 1H), 7.45-7.40 (m, 3H), 7.31-7.25 (m, 2H), 7.15-7.12 (m, 2H), 6.95 (d,
J = 16.0 Hz, 1H). *C NMR (100 MHz, CDCls) § 191.6, 164.9, 156.6 (d, J = 250.7
Hz), 150.5, 146.5, 138.3 (d, J = 5.4 Hz), 136.7, 133.2, 132.0, 131.7, 130.3, 129.6,
129.3, 128.6, 128.3, 126.8 (d, J = 3.8 Hz), 126.2, 124.0 (d, J = 18.9 Hz), 121.5, 117.4
(d, J =23.5 Hz). IR (neat) v 3071, 3037, 1720, 1659, 1619, 1594, 1567, 1466, 1380,
1272, 1259, 1247, 1220, 1184, 1124, 1086, 1055, 977 cm™; HRMS (ESI-TOF) m/z:
[M + Na]" Calcd for C2,H13Cl,FO3Na* 437.0118; Found 437.0122.
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Phenyl (E)-2-(3-oxo-3-(thiophen-2-yl)prop-1-en-1-yl)benzoate (2q). Pale yellow
liquid; yield 35% (1.17 g). *H NMR (400 MHz, CDCls) § 8.24 -8.22 (m, 1H),
7.69-7.67 (m, 1H), 7.63 (d, J = 12.2 Hz, 1H), 7.58-7.56 (m, 1H), 7.51-7.47 (m, 1H),
7.44-7.39 (m, 4H), 7.28-7.24 (m, 1H), 7.22-7.19 (m, 2H), 7.04-7.02 (m, 1H), 6.78 (d,
J =12.2 Hz, 1H). *C NMR (100 MHz, CDCls) ¢ 184.6, 165.1, 150.8, 145.4, 142.5,
139.3, 134.2, 132.9, 132.8, 130.84, 130.80, 129.5, 128.4, 128.2, 127.5, 126.0, 124.7,
121.8. IR (neat) v 3073, 3037, 1728, 1648, 1592, 1567, 1479, 1456, 1412, 1353, 1286,
1240, 1187, 1161, 1122, 1053, 973 cm™; HRMS (ESI-TOF) m/z: [M + Na]" Calcd for
Co0H1403SNa* 357.0556; Found 357.0559.

Phenyl (E)-2-(3-(naphthalen-2-yl)-3-oxoprop-1-en-1-yl)benzoate (2r). Pale yellow
liquid; yield 60% (2.27 g); mp 97.8-98.6 °C. *H NMR (400 MHz, CDCls) ¢ 8.62-8.54
(m, 2H), 8.23-8.20 (m, 1H), 8.07-8.05 (m, 1H), 7.92-7.79 (m, 4H), 7.66 (t, J = 7.1 Hz,
1H), 7.59-7.49 (m, 3H), 7.45-7.38 (m, 3H), 7.28-7.21 (m, 3H). *C NMR (100 MHz,
CDCl3) ¢ 191.0, 165.2, 150.8, 144.0, 137.9, 135.5, 135.1, 133.1, 132.5, 131.4, 130.5,
129.7, 129.60, 129.57, 129.4, 128.6, 128.4, 127.8, 126.8, 126.1, 124.7, 121.7. IR (neat)
v 3057, 3041, 2930, 1718, 1631, 1593, 1475, 1350, 1290, 1252, 1161, 1055, 974cm™;
HRMS (ESI-TOF) m/z: [M + Na]® Calcd for CasHigOsNa® 401.1148; Found
401.1150.

Phenyl (E)-2-(3-oxobut-1-en-1-yl)benzoate (2s). Pale yellow liquid; yield 30% (0.86
g). '"H NMR (400 MHz, CDCls) § 8.48 (d, J = 16.3 Hz, 1H), 8.28-8.26 (m, 1H),
7.68-7.61 (m, 2H), 7.56-7.52 (m, 1H), 7.47-7.43 (m, 2H), 7.32-7.28 (m, 1H),
7.24-7.21 (m, 2H), 6.54 (d, J = 16.4 Hz, 1H), 2.39 (s, 3H). *C NMR (100 MHz,
CDCl) ¢ 199.1, 165.1, 150.7, 142.9, 137.7, 133.4, 131.6, 130.9, 129.75, 129.69,
128.4, 128.3, 126.2, 121.7, 26.7. IR (neat) v 3070, 2928, 1723, 1673, 1594, 1475,
1235, 1187, 1160, 979, 745 cm™; HRMS (ESI-TOF) m/z: [M + Na]* Calcd for
C17H14NaO3" 289.0835; Found 289.0838.
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5. Copies of NMR spectra for ortho-ester chalcones 2a-s

81c”
LET"
ove:
7S¢
08z”
98¢"
86¢"
Gee”
€IV "
A%
vev”
6vy”
41
697"
€€G”
9€G”
6€G”
[4°i°p
0LS”
9€9°
8€9°
GG9°
LS9
7L9"
9L9"
8GL"
LLL”
786"
L86"
S00°
§s0¢”
80¢”
§gee”
Lee:
626"
696"

S e

© © 000000~ [~~~ [~ [~~~ S~~~

ove:
vse”
08c¢"
98¢"
86¢C"
gee”
€TV "
437
veEY”
6%
41
697"
€eg”
9€6°
6€EG”
[4°°l
0LS”
9€9°
8€9°
G59°
LS9
VL9 "
9L9"
8GL"
LLL®

786"
L86"
S00°

S0¢”
80¢”
§ze”
Lze:

6¢S
699

~

~

Vv

o~ o~

W

g
A

COOPHh
=

2a

7.2 ppm

7.3

Ppm

10 10

11

'H NMR of compound 2a

S11



507 11>
wm.wnx\\
TL°1ct
80°9¢T
¢1°9c¢t
rE"8CT
19°8¢1
8L°8CT
07 6CT ~X
6G°6CT
L9 mma\\\
¢ 1eT
08°C€T
80"€€ET
6L LET
mw.wmak\\
€0 VPT
EL0ST—

0c*

LT

GOT—

T6T—

COOPHh

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

3C NMR of compound 2a

S12



€60°
STT”
9€T”
61C”
oge”
8€¢C”
GG¢C”
oLe:
vec”
€0¢€”
8T¥ "
LEY "
LST "
9€g”
GGG °
vLG"
8€9°
LS9"
SL9"
[472%
oL
¢10°”
LTO"
§20°
AN
440
L70"
vice
L1C"
vee:
g€’
606"
8vG”

00 00 00 0 GO GO G0 00 0 ©0 CO O [~ [~ [~ [~ [~ [~ [~ [~ [~ [~~~ 0~~~ >~~~

€60°
STT”
9€T”
61¢”
oee”
8ec”
§G¢”
oLz
78¢”
€0¢”
81v "
LET®
LST"
9€6”
§SS°
LG”
8€9°
LS9"
SL9"
[47%
ToL"

(AN
LTO"
§20°
reo”
440
LY0"
viec
L1Z"
vees
g9gec”

606"
8¥S-

r

COOPHh

2b

Ppm

8.6 8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7

.7

'H NMR of compound 2b

S13



vLT9L
mo.Fhwww
8e"LL
Z9°GT1
v8 mHﬁUﬂ(
69°12T
9L°6ZT
971921
pE-82ZI
€€ mmﬁ;/r
19 mNHHMV
SL6ZT—
LETTET
9% Hmﬁk\\
€T1°€€T
€T PET
9T peT
SLTLET
AR AT
2L 0ST—
€€ PIT~_
pPT°G9T—
G8 99T
£9°68T—

COOPH

80

90

100

110

3C NMR of compound 2b

T T T T T
160 150 140 130 120

170

180

40 30 20 10 ppm

60 50

70

190

S14



11e”
Lee:
cee”
GEC”
15¢”
€6¢”
99¢”
G8¢”
€0¢e”
40
90% "
817"
X4
6Cv"
8EV”
LGY "
GES”
LES”
7GG”
966°
CLS”
SLS®
L€Y"
969"
€LY
SLY”
6EL”
8GL"
LT6"
€26°
8¢6°
0ve "
A4
056"
vic
L1C”
veec:
Lez:
€15°
€6G6°

o R e e e e e el e ol o e e e i Sl e ol e o ol o e e e e e

11e’
Lze:
ceT”
seeC”
i8¢
€3¢
99¢"
G8c”
€0e”
407
90% "
81¥ "
€cr”
6Ch "
8EV”
LSY "
GeG”
LES®
40
98S”
CLS”
SLS®
LEY™
969"
€L9"
SL9"
6EL"
8GL"

LT6"
€26°
8¢C6°
0v6 "
44
056"

A%
Liez”
vee:
Leec:

€16
€GG°

o~ o~

NSNS

L

T2

[ N

8

8 —

8

g —

C

COOPh

2c O

Ppm

ppm

10 10

11

91v" ¥
Z81°¥
690°T
860°T
—~JIr0°T

]

£€60°¢

—LtoV ¢

T20°1

—rtcy *

000°T

'H NMR of compound 2c

S15



BTN
g Ll
89° 121
895271
LT°92T
pe 82T
€6 mmﬁg//
£e mmﬁ;/z
To 62T\
z8 mmﬁuw»
€z omH\\‘
LY Hmﬁk\\
1 mmﬁk\\
Z19eT
89" LET
61 mmﬂk\\
€5 pHT
TL0ST—
Z1°69T—
10" 06T —

C

COOPh

2c O

| HLH\

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

190

3C NMR of compound 2¢

S16



coc”
€1e”
1€t
vee:”
e
LST®
69¢"
1Le”
vLe:
0ec”
60€"
€2y "
Lev:
444
€y
LST "
[
0vs”
[4°4°0
TLG®
886"
266°
0v9-
[4h
6G9°
299"
8L9"
089°
L
0oL
v8”
Ly8"
4
798"
698"
7L8”
61¢"
[444
8€C”
e
€16°
[4°i°l

z0z L
€1z°L
T€2°L
vET L
e L
SN%/
@N%/
Tl X
iﬂﬁ“
062" L7/
60€°L
gzv L
LTy L
QT%/
AN
LSy L—F
297" L
0vS" L
295°L
TL6 L\
886" L—
265 L
079" L~—

Zh9-L
@9&\
299°L
8L9°L
89f\
Qﬁﬁ\
09L" L
T8 L~
Lv8°L

A\\
Nmm.hk\\
www.h
698" L
VL8 L

6128
QN%V
8ez 8 —~
19278

€15 8—

25868 —

€0 00 00 G0 00 GO [~ [ M~ [~ [ [~ [~ M~ [ D S S S S s S s D S S D S

COOPh

=
2d

ppm

ppm

7

.5

.0

10

10

11

'H NMR of compound 2d

S17



€L°9L
mo.hhwww
LELL
89°12T
L9°6ZT
817921
68°LZT
e mNH/
€€ mNH;//
29 oNHHM«
€8°62T—7
2s omﬁwxw
8F TET
T6°T€T
GT-€€T
£G6°9€T
99 nmﬂk\\
19°9h1
0L"0ST—"
TT°G9T—
£2°06T—

Br

COOP

Ll

T T T T T T T T T
160 150 140 130 120 110 100 90 80

170

180

60 50 40 30 20 10 ppm

70

190

3C NMR of compound 2d

S18



80% " ¢—

Tce:
€ce”
cve”
96¢”
8LT”
88¢"
Lec:
Lee:®
A%
TEV”
€EV”
49
440
Ges”
N7
%40
096"
€96°
0€9°
ce9”
679"
169°
899°
0L9"
LGL"
oLL"
T106°
1¢6”
S6tl”
861"
vice
LTC"
(A%
45

© 00 00 00 0O O [~ [~ [~ [~ [~ [~ [~ [~~~ 0~~~ >~~~ e~~~

\\N\wx%%

1ce”
€ce”
cve”
96¢”
8LC”
88¢"
Lec"
Lee:
A8
1€V
€EV”
4
440
§es”
e
€vS°
096~
€96
0€9°
ce9”
679"
159"
899°
0L9"
LSL®
9LL"

106°
126"

S6T”
861"

.?\
e

vic
LT1C

Z16”
[49°n

88—

g—

COOPh

2e O

7.1 ppm

7.2

je

ppm

10

10

000" €

—JY &

—7€6°¢C
2881
Tl T
PI0°T
866°0

—986°0

€56°1

—£§6°T

—6€6°0

L2670

'H NMR of compound 2e

S19



0L 12—
€L 9L
mo.hhwwm
9e LL

ZL 12T

60 mmﬁ;/r

ze° 821

6 mNH;//

ze @NH;//

Th 62T

95621

8¢ Hmﬁuwm

€0 mmﬁk\\

8T GET
88°LET

Ly EpT

Z9°€pT

SL 0GT—

bz 69T —

657 06T —

COOPh

2e O

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

3C NMR of compound 2e

S20



198°€—

916"
8€6”
oge”
cee”
16¢”
vee”
8G¢”
8LZ”
68¢”
96¢"
8ze”
AN
6T%"
€€V’
SER”
At
816"
Tes”
LES”
0vs”
96§~
6G6G°
8¢9
0€9”
LY9-"
679"
999°
899°
E€GL”
ELL”
S00°
Lzo"
43
S6T”
11’
vice
€6¥”
€€5°

|

OMe

COOPHh

oee”
cee”
16¢°
vse”
8G¢"
8LT”
68¢C"
96¢"
8ce”
vIiv”
6TV "
€EV”
SEV”
AT
816"
1ese”
LES”
0vs”
98S”
656"
829"
0€9-°
Lv9"
679"
999"
899°
€SL”
€LL"

S00°
Lzo"

4%
Setl
11¢
A4

€6
€EG”

L

8—

g—

8
BN
‘g7
.m\

g—
g —

2f

Ji§

7.1 ppm

7.2

A

ppm

[te}

€€C"¢

8T19°%
A4
LLO"T
— vwo“a
—Zs0°T

9T1°¢
9¥0°T

000" T

'H NMR of compound 2f

S21



09~

eL”

LE"

4
Le:

€

TEET
TLET

GG —

(a0}
—
—

—— O O OO 0 O O
MM OMNNNNNNN
R e e R s B B e B B B e B |

NS\

™
<
—

"0GT—

68T —

OMe

COOPHh

| MVJAH

80

95
3C NMR of compound 2f

\
100

110

120

60 50 40 30 20 10 ppm

70

180 170 160 150 140 130

190

S22



vice
[4%4
99¢"
tLe”
8¢
vLe:
vee-
00% "
0cy”
0vv-
0¢s”
8€G”
866"
129
0%9-
869"
289°
SeEL”
LSL®
6GL"
08L"
102C”
€0c”
0ze”
€ce”
096"
66G"°

T\l

(I,

vic
cee”
99¢"
TLe”
v8c”
rLe”
ree”
00% "
0cy -
0vv-

0es”
8€G”
866"
129°
0v9 "
8G9
289"
GEL®
LSL®
6GL"
08L"

10c”
€0c”
0ce”
€ce”

096~
66G"

COOP

7.1 ppm

7.2

e

I

'H NMR of compound 2g
S23

2g o




SRTAN
e

SVLL

8E€'GTT

09°GTT

€L°6TT

76"6TT

oL 1Ct

05" vet

zsTvet

0¥ §ct

@ﬁ.omﬁ///

wm.mmﬁﬂﬁw

6€ @Nﬁuww

19°6CT

06 mNﬁ\\\

9¢°0¢€T

rE0ET

9% " 1€T

LT €ET

8G LET

T6"6€T

L676ET

69 VT

€L°0GT

T9° 19T —

80 V9T —

ZT 99T —

297681

w@.mmﬁwv‘

COOPh

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
3¢ NMR of compound 2g

190

S24



tces
ove-
eve”
GGeC”
09c-
08c-
86¢C"°
7o€E”
€8¢
€0v "
SEV”
vSv -
806G~
TIG"
Tes”
€€G”
9¥%S -
799G~
186°
78S "
vvo-
9v9 "
G99°
289"
789"
osL”
oLL”
7S8°
868"
198"
vL8”
LL8"
088"
GG6°
096"
796"
61cC"
[44
6eC”
474
066~
686"

ool e e e e e e e e e e e e e e T e e e e O O e o

1ce”
ove:
€ve”
GG<C”
09c-
08c*
86¢C"
roe-
€8¢€"
€0V -
SeER”
iA<i’
806"
116"
Tes”
€eg”
9%Sg "
799G~
186°
786~
vvo-
9v9 "
G99°
Z289°
789"
osL”
oLL:
7Ge8-”
8G8°
198~
vL8"
LL8”
088"
GG6
096"
796"

61cC”
44
6€C”
cve”

066~
68G°

COOPHh

[ N A e S ol S S o o o

S~~~

TSy sSaaWN e

[l N S N o o o

0 00

N

8
8

7.1 ppm

7.2

.3

7

7

8

8.3

4

ppm

0.0

6.0

10 10

11

'H NMR of compound 2h

S25



vLT9L
920 »»wWw
8e"LL

L9 12T
£v°62T
yT°9ZT

98" 92T

ve" 8zt

08

60

€L”

TGOT —

68T —

COOPHh

Cl

M

\ \
90 80

100

110

ppm

60 50 40 30 20 10

70

180 170 160 150 140 130 120

190

3C NMR of compound 2h

S26



c1e:
Tces”
€ce”
cve”
sve”
[4°7
18¢”
ooe-
coe”
[44%
cve”
91¥% "
SeEv”
9ev”
GG °
SvS*
796"
996"
986"
99"
879"
999"
899"
£€89°
989"
889"
osL”
oLL”
006"
706"
L06"
026"
£€26°
926"
[N
LTIT®
Tet”
1ce”
vece:
e
vve:
LYS”
986"

€0 C0 00 00 00 00 00 0 GO [~ [~ [~ [~ I~ [~ [ [ [~ [ [~ 0 0 DS DS DS DS S S S D S S S S S S

z1zL
Tz L
€2z L
vzl
Sz
zsz L
182 L
00€" L~
z0E L—"
Nmm.»“
Zre L

9T L

mmq.pw
9€p "L

ssp-L-

mwm.»
Em.h/
99G°L—\
98G°L—
9%9° L

8%9 " L—x

999" L—7
w@wé\
€89°L
989" L

www.h\
0GL"L
OLL"L
006" L
woméV
L06"L—f
026°L
£26°L
926° L
N
8—=
1218
1228
wmm.mV
vz 88—
im.w\

/=

ERTEIn.

LS 8—
986°8—

COOPh

=
2j

ppm

.1

7

.2

ppm

10

10

11

'H NMR of compound 2i

S27



MP.QPV
S0TLL—>
LETLL
89 121
S6° 2zl
ARETAS
b1 92T
T LZT
wm.mmﬂg//
wm.mmﬁ;/r
mm.mNHuM«
68°62T—7.
61 oma&\\
SprTeT
€L°TET
ST €€1
€9°G€1T
09°LET
mw.mmﬂk\\
T6 7hT
TL 0GT—
80°G9T —
99°68T —

COOPh

Br

2i O

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

3C NMR of compound 2i

S28



9€8"

780"
980"
060°
40
90T"
Tits
Liz”
6€C”
[4°74
vLe”
43
ree”
€eve”
€9¢€°
80¥% "
8¢
Lv¥”
7est
0vG”
€96°
G9G”
786"
L29"
9%9°
G99~
899°
vvL”
€9L"
661"
10C"
61C"
G2s”
796"

c—

e\

© 00 0 G0 00 [~ [~ [~ [~ [~ [~ [~ [~ [~ M 0 D s 0

OMe

COOPh

060°L
i:é/
90T"L
TIT L

LTZ L
mmmé%
zST L

im.h/
26¢° L~Z
VeeT L~
Eve L—
€9 L—"
807" L—
82V L—
Lvv L
P28 L
095" L—=
£9G°L

G9S"L

785" L

L29°L

@w@.h\
MMW&

L
vyLTL
€9L"L

mﬁ.m
078>
6128~

GG 8—
7968 —

7.1 ppm

7.2

bk

'H NMR of compound 2j

S29



9% GG —
SL 9L
ho.wbwwm
6E°LL

88 ZTT —

LG 6TT

LE HNH///

1L HNHuM«

117921

Ge8zIT

LE mNHHMm

957621 —

L9 mmﬁu“m

LE Hmﬁx\‘

60°€€T

Z8 hmHK\w

2z 66T

pO PYT

GLT0GT —

G8 65T —

6T°G9T —

26"

06T —

COOPh

OMe

\
80

90

100

ppm

60 50 40 30 20 10

70

180 170 160 150 140 130 120 110

190

3C NMR of compound 2j

S30



896"
800"
LOT"
60T"
8¢T”
TE€T”
9ze”
8vc”
LSC"
z9¢”
Loz
08¢
96¢”
66¢C"
T0€”
Tce”
gce”
ve”
Sve”
z9¢e”
0g8e”
96¢”
LTV
9€r”
41’
897"
oLY"
€2G°
926~
4740
SvS-”
196~
79G6*
LZ9"
629°
9%9°
679"
G99°
L99"
€vL”
9L
9oL
SLT®
8LT"
vetT”
L6T"
19¢"
T0€”

e ol e R e e e e e e e e e e e e e e o e e e e e R e e e e i ol e e}

896"
800"
LOT"
60T"
8CT"
TET"
9ce:
8ve”
LSZ"
z9cC”
Loz
08z
96¢"
66¢C"
T0€"
Tce”
Gce”
e
Sve”
z9¢”
08¢e-
96¢”
LTV
9€V”
43
897"
oLV
€26
92¢G-
44N
4
196"
79G*
L29"
629"
9v9 -
679"
G99°
L99 "
€vL”
oL
4

SLT"
8LT"
76T
L6T"

19¢”
T0€"

[ e R e o o e el o ol o R O O Ll e ol ol o S ol ol ol o e ol ol ol S X}

TSI\l

8 —\
8 —r
8

g—
g—

COOPH

e MM\WWMMUL

ppm

.0 ppm

0

0.5

.0

1

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

.5

8

9.0

10.0 9.5

10.5

11.0

TL0°T
8¢l ¢
66V ¢
98€°¢
c0T"T
LLO"T
—FrL0"T

8G0°T

—000"T

'H NMR of compound 2k

S31



cL 9L
vo.hhwWW
9€"LL
c91c¢t
TI1°9¢t1
8L°9CT
0g"8eT
9€°6¢CT
LV 62CT
€976¢CT
wm.mNH\\\
00°0€T
14 omak\\
cer1el
LETTET
LSTTET
€1 eet
96°9¢1
om.mMH\\\
Z9°GPvT
Hm.omﬁk\\

80

ST*

TG9T—

76T —

=

COOPh

Cl

2k g

T
80

90

100

60 50 40 30 20 10 ppm

70

180 170 160 150 140 130 120 110

190

3C NMR of compound 2k

S32



=]
o,
[oH
o
— -2
[Te)
[ o
F e
[oR
o,
o
Ee =
o
8€6°9—
8L6°9— o [
| - . —
~
G60 " L~_ P ] \M
PIT L—0 N
o1t L
8zz" L N -
mmm.ﬁ/ £ o
wmm.»% = o
HEIANENS
182 L——_ - -
962" L——+ o F
coc L - «
z6E" L
oow.ﬁ% <« -
2TV L—= F e o
€cyL—r
€V L
125" L )
€26 LU P o
665G L—
665" L—7
295 L £ "
929" L~ ~ Fa
829 L~/
mww.ﬁx -
LYo L £
v99° L = -2
ShLTL—
voL L— o
8€6°9 P [ w0
8L6°9 "
G60° L
PIT L £
9TT L ~ [ o
822 L ©
€€z L o
vSZoL £
v9Z" L * 0
182 L [ ©
962" L -
0" L Fo
c6e"L mf.m»/ [ = 290°1
007" L TLT 8~ =~ — 180 ¢
elv’t 8818 —~ L iree
€gy L 161°8 © —_TLe'e
IEV L L7z 58— [ o 60C°¢€
1S L—F 97" 8 < UH:.N
€25° L E e —GL0°1T
6€5°L © — 8901
655" L o
Z9s°L s
929" L £ —Lv0 T
829" L —000°T
SS9 L o
LY L s
799" L
ShLTL
voL"L o
. — I
69178 o o
ZL1"8
88T°8
T61°8 - "
L22°8 o O F oo
L9Z"8 O —
N
S N\ -
o
=t
O =
=}
=
o
e
=

'H NMR of compound 2l
S33



GL 9L
@o.iw
8" LL

25 61T

€9° 121

€17 92T

0€°LZT

o€ 821

T€ 62T

mm.mNHer

6€ 62T~

PG 62T

mo.oma&\\

LETTET

65 TET

9T €€T

ge €ET

68°9€T

19700 T

L6°SHT

65 0T~

80 69T —

90"

S6T—

COOPH

9‘0 80
3C NMR of compound 21

T
100

110

130

180

20 10 ppm

60 50 40 30

70

120

160 150 140

170

190

S34



LEB E—

ve6”
966"
SL6"
766"
966"
L9T"
891"
L8T"
06T’
retl”
vee”
GG¢”
TLe”
06c”
66€"°
LTV"
LEY®
I6%°
SSh "
497
96"
€18°
S16°
[43°
veS”
7LS”
6LS"
€6G°
866"
€29°
0%9-°
428
ceL”
[4°7h
LyT”
0G6T"
99T~
691"
[4°258
[40

e R e eI eI e e T i i o e e el Sl S o ol o ol ol o o ol o ol o o ol o o S S S (VR

COOPh

ree”
966"
SL6”
66"
966"
L9T"
89T~
L8T"
06T
vetl”
vee:
§§¢”
TLe”
06c”
66€"
LTV®
LEV®
16%°
A
vev -
967"
€16°
GIS”
430
ves”
vLS”
6LG"
€6G°
866"
€29°
0v9-
440
ceL”
[4°7%

LYT”
061"
991"
691"

[4°25%
[0

[ i el ol el ol el ol e\ S Ve Ve Vo Vo]

e Ve e

~ o~

~

L e i el

8
AN
g—r
o/

g —
g—

OMe

2mo

J\

6.9 ppm

.0

7

.1

L

ppm

7 7

8

10 10

11

—lel"¢

06T°¢
—2L9"¢

'H NMR of compound 2m

S35



oL

L
90"
8¢€"

4%

45

6Z"

G —

8GT—

€6T—

COOPhH

OMe

2m

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
13
C NMR of compound 2m

190

S36



T€6°
TL6"
GOT”
LOT"
9¢t”
621"
€6tT”
861"
€1¢”
81¢"
8ve”
69¢”
88¢"
90¢”
T9¢”
£6€”
80% "
€Tv”
62"
8V -
440
§¢s”
I
Pys”
096~
€967
129
€29°
0v9 "
cr9”
659"
T199°
ocL”
6EL”
18T"
78T’
10¢”
v0c*
15¢”
Te6c”

e R el e e e i e el el ol o ol ol e o Sl o St}

T€6°
TL6"

SOT”
LOT"
9¢1"
6CT"
€61
861"
€1e”
81¢"
8ve”
69¢C°
88¢"
90¢”
19¢”
€6¢e”
807"
€TV "
6V "
8v¥ -
[44°0
§es”
820
Pye”
096~
€96
1¢9°
€29°
0v9 "
9
669"
199"
ocL”
6EL"

181"
81"
10¢”
voc
15¢”

T6C"

Cl

COOPHh

8

8 —

e

g—

Cl

2n

ol

Ppm

'H NMR of compound 2n

S37



6L°9L
Hﬂ.hhuuv
cv-i
85" 12T
zz 921
[AANRA
0€°82T
127621
Hm.mmﬁu/r
297621
wﬁ.omﬁmww
om.omﬁk\\
Hm.OMﬁ\\‘
@@.HMﬁk\w
8e-zeT
vzUeeT
08°9¢€T
L8°9€T
68°9¢€T
60°9%T
9G 06T~
v0°G9T—

LO"

€6l —

Cl

COOPHh

Cl

2no

80

90

T
3¢ NMR of compound 2n

100

110

60 50 40 30 20 10 ppm

70

180 170 160 150 140 130 120

190

S38



08T"
6Tc”
ove”
09¢”
€Le”
43
0te”
SCh-
Svy-
SoF”
916"
LES”
6G5S°
296
186"
009"
099"
8L9"
§69°
L69"
LvL”
99L"
S18°
0z8-”
9€8”
8-’
LLO"
80"
6€C”
e
8G¢”
19¢"
67S°
885"

e\ ——

© 00 00 GO 00 00 0 0O [~ [~ [~ [~ [~ [~ [~ [~ [~~~ 0~~~ 0~~~ o~~~

081"
61C"
ove:
(s
€Le”
43
0Te"

Gev”
Shy-
S9b”
916"
LES™
65S°
296
186"
009°
099"
8L9"
G69°
L69"
LyL®
99L”
SI8°
0z8-”
9€8”
INAch

LLO"
zc80°

6€C”
e

.?\
o

8G¢C
19¢

675"
886"

8 —

8—
g —

Cl

COOPHh

Cl

I\ MLW@MUM

ppm

7.2

ppm

~

[T]

~

©

©

10

10

11

ATAR
=/6G50"1
JLET T

. =%G50"T

—=.£80"T

=960°T
\CEIAN
\090"T
—600"T
o

920" 1T

—ZcY b

000°T

—JYY b

'H NMR of compound 20

S39



Hﬁ.whwuv
€0 PP\\\
GE°LL

G9° 12T

60°62T

817921

G8°LZT

9¢ wmﬁ;//

ve mmﬂ/

09 mmﬁuM«

66°62T—

€L OMﬁuww
0G°T€T

0Z €€t

62°€€T

ZETLET

6€°LET

pSTLET

LTSI

89°0GT—

70 G9T—

z8°88T—

™

Cl

COOPh

Cl

o H,,LH |

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
3¢ NMR of compound 20

190

S40



T€6°
TL6”
Set”
Let:”
9FT"
671"
§sec”
Loc"
88¢C"
€6¢C”
cre”
S0%”
STv”
0cy”
9€v”
A
9%s "
67G”
G96°
L9G”"
€86°
L8G”
8€9°
09
869"
099°
9L9"
6L9°
8cL”
6cCL”
LyL®
Lozc*
0T¢”
9¢e”
6cc”
rie”
G6e”

oo e e e ol e e e el el ol ol o ol ol ol el o ol o e S e L e e e ]

T€6°
TLe”

Get”
Let:
oL’
6VT”
§§¢”
L9c"
88¢"
€6c”
(AR
S0%°
STV”
0cy”
9€v "
Al
9%G§”
6vG”
G9G*
L9G"
€8G°
L8S”
8€9°
v9°
869"
099"
9L9"
6L9°
8¢CL
6CL
LvL®

Loz
ote”
9ce”
62¢C

AR
Gge”

9—
9—

8
s\

g—r
.m\

g—

Cl

COOPH

C

2p O

6.9 ppm

7.0

ppm

10 10

11

—o90°T
—cLoz
_eiz'e
V60t
—Zo0 T

780" T
—090° T

—Zzo 1

—_—ccy

“000°T

'H NMR of compound 2p

S41



SLT9L
90 1L

wm.i\

8¢’
Is8°
0s”
96"
ST”
ves
18"
68"
Le:
96~
e’
9"
ve”
oL”
L6
§¢”
89"
9¢”
Te”
16°
[4°n

€v”
TLST—

S6°

6G°

GGT—

79T —

T6T—

Cc

COOPh

Cl

2p O

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
3¢ NMR of compound 2p

190

S42



TLL”
208"
0c0~
0e0”
ze0”
Zvo-
L6T"
91¢”
61C"
Lve:
Loc:
G8¢”
idoia
91V ”
vew:”
vEV”
evy”
VLY
LLY
€6’
T1s”
STIS”
€96°
996"
9LS”
8LS"
€29°
£€69°
6L9"
189"
889"
169"
Tces”
ove-
vve:

[ e e e e e e S e S o S S o o e S o o S o o S S V]

TLLT9 —
2089 —

020~
0€0~
ze0”
Zvo-

L6T"
91¢"
6T1C"
Lve-®
Loz
s8¢c-
vov -
91V ”
vev:
147
evy”
YLy
LLY®
€ov”
116"
SIS~
€967 L
996"
9LG"
8LG"
£€29°
€69°
6L9"
189"
889"
169°

DSOS DS DS S

o=z N\l

walal o |

S

SIS~

12278~
0%z 8 —
vrz 8~

COOPH

2q

.

6.8 ppm

6.9

7

7.2

7

7.5

7 7.8

8.0

.1

8

8.2

8.3

.0 ppm

0

.5

1.0

1

2.0

2

3.0

.5

.0

4

5

5.5

6.0

.5

8.0

10.5 .0 .5 9.0 8.5

.0

11

'H NMR of compound 2q

S43



8L 9L
OH.»PW
Zv L

T

z9°

TG9T —

78T —

COOPh

11 Ml

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

3C NMR of compound 2q

S44



£
Q,
[oNy
o
3 ore
w
[ o
m
= Q) .
[ =
STz L ~
qmm.»y S
LET L— o
vz L— g
z8z L \m
88¢€"L
:qé/ °
»Nq.»/ E e
ISTAVANG =
167" L\
806G L~ £ 0
926" L— = Mo
P L—
VLG L—, £
Nmmé\ =~ o
P65 L For
Nwwé\ =
Smé\ =
8L9°L -
P6L L~ s Eo
P18 L— -
9v8 L —
L8 L— o o
§68°L—" F o Fa
816" L~
o
050°8 Fo 0
qmo.wV [«
1L0°8—7 -
mwo.w\ Few
o
SRS £
9728~ “
o |
£ -
STz L @
vezTL
LEZ L £ .
v9Z L © re
z8Z° L
88€° L £
TP L @ o
R S¥S 88— F o
TSh "L ¥85 8 — | o
167 L 29 8 — ©
805 L °
925" L Fe~ e
PrSTL @ -
pLS"L _ fle’e
NmmK% P 0 EET €
iy e
— —LLO'T
Swé\ B —
oy | Lo 1t
P8 L © 80T
9p8° L —000°T
TL8"L -
G68°L o —€20°1
816" L —000°T
050°8
¥S0°8 o
TLO"8 F o
GL0°8
90Z°8
vzz'8 e
9z2"8 o O L
S¥s°8 O . <
¥85°8 (@) / ~
v29°8 O

10

10.

11

'H NMR of compound 2r
545



6L°9L
OH.PFWWW
ZrLL
€L TZT
9979721
117921
907921
287 L2t
Tp 82T
65°82T
€v6eT
LG 62T
09°62T
mo.mmﬂk\\
06 0€T
6€ TET
PG ZET
ZreeT
€T°GET
67 GET
68°LET
€0 FPT
9L 06T~
b2 69T —
L6°06T—

COOPH

| lnllHMl‘

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
3¢ NMR of compound 2r

190

S46



vee Cc—

§2s”
996"
S1¢”
L1Z"
0ce”
9€e”
6€C”
8G¢”
8¢’
96¢"
662"
S1eE”
8T€"
Tce”
9€v "
SGP
LST"
SLY*
Tcs”
§¢S”
6€G”
9s°
€vs”
85G°
€9G°
029"
44N
6€9°
cvo-
LS9
099"
€99°
899"
€89°
L89°
€9¢”
§9¢”
€82
§8¢"
LSF "
867"

e e R e B e e e e e el el ol e e e e e L el et ol ol ol o ol ol o ol o Ce R \e]

§25°9 —

99679 —

STz L
L1z L
0z L
%€z L
6€2°L
857" L
182" L
962" L
662°L
STE L
8TE" L
TzE L
9ev L
ssyL
LSEL
SLyL
TzS°L
GZ8°L
6€5°L
195 L
€95 L
855 L
€967 L
6€9° L~
9 L%
LS9°L

099°L

€99°L
899°L
€89°L

€82°8
G8¢°8

LSV 8 —
867 "8—

COOPhH
///

2s

6.55 ppm

ppm

ppm

L

ppm

10 10

11

000" €

8L6°0

—666°T
— 066°0
811" ¢C
160°T

100°¢

¥66°0
0L6°0

'H NMR of compound 2s

S47



TL°97—
8L 9L
Oﬂ.ﬁhwwm
TP LL
89°TZT
bz 9T
Lz wNH//‘
€% mNH;/z
69 mNHWWH
sLi62T—7
€6 oma\\\
66 HmH\\‘
g€ EET
€LTLET
L8 2P T—
69° 06T —
€T°69T —
LO"66T—

COOPh

2s

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

200

3C NMR of compound 2s

S48



6. Copies of NMR spectra for product 3 and 4
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7. Copies of two-dimensional NMR spectra for product 4
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8. HPLC Specture of product 3

and 4
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Time(Min)
hadhatit R 0 ')
Integration Flesult | Calculation Result| TimeT able |
No. Retention Time Peak Area Peak Height PeakArea(%) Peak Width
2374 5070783 104725 29.64% 3.95 BB
2 26.80 3587902 63143 20.97% 4.243 BB
3 38.76 3417913 45587 19.98% 3.072 BV
4 4134 5033565 60742 29.42% 4.535 vB
Total 17,110,163 274,197 100.00%
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Time(Min)
1 T HO
Integration Result I Calculation Hesut' TimeT able |
No. F Time PeakArea Peak Height PeakArea(%) Peak Width
27.15 155546 3240 0.44% 1.871 BB
2 37.78 35304176 385251 99.56% 8.361 BB
Total 35,459,722 388,491 100.00%
s
g 08
06
04 ¥ 3
02 /\ .
YT Y NN
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S0
Time(Min)
T ¥ PO
Integration Result | Calculation Result| TimeT able |
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
1459 11322934 210460 41.19% 3516 BB
2 19.62 11483427 182813 41.77% 3815 BB
3 2419 2279898 33866 8.29% 2842 BV
4 27.20 2403172 31848 8.74% 3515 vB
Total 27,489,431 458,987 100.00%
12 9
5 .10]
g 08
o0&
04
02
00 =
o @ 4 [ 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 M
Time(Min)
ST I H0
Integration Result | Calculation Result| TimeTable |
No Retantion Time PeakArea Peak Height PeakArea(%) Peak Width
14.63 85420 2710 0.31% 1.069 BB
2 19.46 27133352 543561 99.69% 3.544 BB
Total 27,218,772 546,271 100.00%

HPLC spectra of product 3ba
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Integration Fiesult | Calculstion Resul | TimeT able

No. Retention Time I PeakArea | Peak Height
18.20 1985902 43241
2 2205 1955471 32637
3 2657 842024 13048
4 2919 856855 12276
Total 5,641,152 101,202

HPLC spectra of racemic 3ca
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Integration Result | Calculstion Result| TimeT able |

No Retention Time PeakArea Peak Height
18.21 39247 982
22173 13416447 233627
Total 13,455,694 234,609

HPLC spectra of product 3ca
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Time(Min)
- % t ¥ $ O
Integration Fiesult | Caloulation Result| TimeT able |
NO. Retention Time | PeakArea | Peak Height PeakArea(%) | Peak Width |
41.35 1701941 17469 31.28% 7.636 BB
2 50.72 1688473 13345 31.03% 8.086 BB
3 67.58 1004135 6567 18.46% 7.037 BV
4 7254 1046232 6350 19.23% 7.935 VB
Total 5440781 43731 100.00%

HPLC spectra of racemic 3da
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Integration Result | Calculation Result| TimeTable |
No. Retention Time | PeakArea | Peak Height PeakArea(%) Peak Width |
4099 138977 1536 0.48% 3889 BB
2 49.29 28898464 241368 99.52% 9.561 BB
Total 29,037 441 242904 100.00%

HPLC spectra of product 3da
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Integration Result | Calculation Result| TimeTable |
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
21.00 10153 190 1.23% 2335 BB
2 2988 12307 147 1.48% 2937 BB
3 3401 395705 4216 47.74% 4993 BB
4 4350 410645 3076 49.55% 7.168 BB
Total 828,810 7,629 100.00%

HPLC spectra of racemic 3ea
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Integration Rlesul | Calculation Resut| TimeT able
No. RetenionTime | PeakArea | PeakHeight |  PeakArea(%) | PeakWidh |
3308 58322 727 0.82% 2902 B8

2 4090 7073175 60456 99.18% 7841 BB
Total 7,131,497 61,183 100.00%

HPLC spectra of product 3ea
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Integration Resut | Calculation Resut| TimeT able
No. Retention Time Peak Area Peak Height PeakArea(%) Peak Width

15.67 1044029 27438 35.23% 2975 BB

2 2057 1035168 20537 3493% 2693 BB

32318 432935 8004 14.61% 3.055 BB

4 3006 451374 6041 15.23% 4744 BB

Total 2,963,506 62,020 100.00%

HPLC spectra of racemic 3fa
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Integration Result I Calculation Result | TimeTable
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
15.74 11857 389 0.13% 1.002 BB
2 2049 9291514 183252 99.87% 4.506 BB
Total 9,303,371 183,641 100.00%

HPLC spectra of product 3fa
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Integration Hesul] Calculation Result| TimeT able
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
1484 2383608 62708 32.85% 2928 BB
2 20.09 2373730 44887 32.71% 3.568 BB
3 25.18 1213758 19751 16.73% 2562 BV
4 2745 1285162 18621 17.71% 3.704 vB
Total 7.256,258 145967 100.00%
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Time(Min)
T PO
Integration Aesult | Calculation Result| TimeT able
No. Retention Time Peak Area Peak Height Peak Area(%) Peak Width
14.59 166081 4514 2.04% 1.584 BB
2 19.66 7974685 153987 97.96% 3.401 BB
Total 8,140,766 158,501 100.00%

HPLC spectra of product 3ga

g .
3 o
= (
£ o
2 0.2
0.1 =
0.0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S50 52 54 56 58 60 62 64 66
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Integration Result | Calculation Resut | TimeT able
No. Retention Time Peak Area Peak Height PeakArea(%) Peak Width
3278 13048272 143955 50.77% 6.651 BB
2 51.74 12654189 76872 49.23% 12.686 BB
Total 25,702,461 220,827 100.00%

HPLC spectra of racemic 3ed

<
=
o
g
e -0.02
-0.04
-0.06
0 5 10 15 20 25 30 35 40 45 50 55 80 85 70 75
Time(Min)
& t T $O0
Integration Result ] Calculation Result| TimeTable
No. Retention Time Peak Area Peak Height Peak Area(%) Peak Width
3294 48018 577 1.30% 311 BB
2 51.50 3652806 22961 98.70% 10.414 BB

Total 3,700,824 23538 100.00%

HPLC spectra of product 3ed
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HPLC spectra
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33.61
2 61.31
Total

78313
4764159
4,842,472

HPLC spectra of product 3ee
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28.12
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4 41.41
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Retention Time

PeakArea
5576214
178134
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HPLC spectra of racemic 3ja
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Peak Width
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| Integration Resul | Calculation Resut| TimeT able
No. Time PeakArea Peak Height PeakArea(%) Peak Width
28.01 7291209 116001 4191% 4818 BB
2 3264 1828908 28594 10.51% 2268 BV
3 3482 1430060 17545 8.22% 4723 vB
4 41.03 6846359 66407 39.35% 7.18 BB
Total 17,396,536 228,547 100.00%

HPLC spectra of product 3ja
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fadhadb 2 3
Integration Hesull Calculation Result | TimeT able
No. lion Time PeakArea Peak Height PeakArea(%) Peak Width
3436 203085 2513 5.00% 3.607 BB
2 39.49 1774709 21037 43.68% 6.133 BB
3 5221 201353 1978 4.96% 5.231 BB
4 7538 1883586 11935 46.36% 10.823 BB
Total 4,062,733 37.463 100.00%

HPLC spectra of racemic 3ab
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Integration Hmll Calculation Flesull TmeTaHel
No. ion Time PeakArea Peak Height PeakArea(%) Peak Width
39.91 19875 324 0.16% 2287 BB
27418 12457418 74424 99.84% 12.164 BB
Total 12,477,293 74748 100.00%

HPLC spectra of product 3ab

002y An—————

0 5 10 15 20 25 30 35 40 45 S0 S5 60 65 70 75
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Time(Win)
hadhad 2 30 .-
Integration Flesult | Calculation Resut| TimeTable |
No. lion Time PeakArea Peak Height Peak Area(%) Peak Width
3425 1142167 16043 41.54% 5575 BB
2 50.78 1136670 10099 41.34% 6.931 BB
3 6449 236251 1764 8.59% 5123 BV
4 69.82 234231 1668 8.52% 5.877 vB
Total 2,749,319 29574 100.00%
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Integration Resul | Calculation Result| TimeT able
No. ion Time Peak Area Peak Height PeakArea(%) Peak Width
3370 84339 1350 0.52% 2538 BB
2 4911 16019872 146676 99.48% 8.327 BB
Total 16,104,211 148,026 100.00%

HPLC spectra of product 3ac
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HPLC spectra of racemic 3ad
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HPLC spectra of product 3ad
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HPLC spectra of racemic 3ae
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HPLC spectra of product 3ae
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Integration Result I Calculation Result | TimeTable

No. F Time PeakArea Peak Height PeakArea(%) Peak Width
3093 2622515 33251 49.91% 6.185 BB
2 50.00 2632331 19507 50.09% 9.307 BB
Total 5,254 846 52,758 100.00%

HPLC spectra of racemic 3af
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Integration Result I Calculation Result| TimeT able

No. ion Time PeakArea Peak Height PeakArea(%) Peak Width
31.00 50957 764 073% 2434 BB
2 4936 6917912 51339 99.27% 9.984 BB
Total 6,968,869 52103 100.00%
HPLC spectra of product 3af
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Integration Resut | Calculation Result| TimeTable
No. ion Time PeakArea Peak Height PeakArea(%) Peak Width

17.63 16854 454 1.26% 1.442 BB

2 2314 643596 12806 48 11% 3.03 BB

3 26.05 20710 404 1.55% 1.63 BB

4 2017 656550 10057 49.08% 4.128 BB

Total 1,337,710 23721 100.00%

HPLC spectra of racemic 3ag
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Integration Result I Calculation Result | TimeTable

No. ion Time PeakArea Peak Height Peak Area(%) Peak Width
231 38812 912 0.37% 1.452 BB
2 2882 10448827 164173 99.63% 4536 BB
Total 10,487,639 165,085 100.00%

HPLC spectra of product 3ag
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No. Retention Time Peak Area Peak Height PeakArea(%) Peak Width

2292 974416 19276 49.75% 3.575 BB
2 2731 8193 181 0.42% 1.68 BB
3 2972 11100 235 0.57% 1.788 BB
4 3274 964884 12846 49.26% 5.904 BB

Total 1,958,503 32,538 100.00%
HPLC spectra of racemic 3ah

06

Voltage(uy)
3218

0.4

02

0.0 o n :

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S
Time(Min)
Gt tdo

Integration Result ] Calculation Result| TimeT able
No. ion Time PeakArea Peak Height PeakArea(%) Peak Width
2294 255666 5272 1.25% 1.69 BB
2 32.16 20167446 276071 98.75% 5.417 BB
Total 20,423,112 281,343 100.00%
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Integration Result I Calculation Result| TimeT able
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width

19.35 96908 2356 4.00% 252 BB
2 2454 1138627 20485 46.99% 4.404 BB
3 3238 86139 1368 3.55% 2.432 BB
4 3525 1101555 13503 45.46% 5.309 BB

Total 2423229 37,712 100.00%
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Integration Result ] Calculation Result | TimeT able

No. Retention Time PeakArea Peak Height Peak Area(%) Peak Width
244 121795 2143 0.97% 2138 BB
2 3459 12496791 154493 99.03% 7381 BB
Total 12,618,586 156,636 100.00%
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No.

Time
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PeakArea(%)
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45.62
2 57.31
3 7198
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Total

6968643
6851540
479233
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No. Retention Time PeakArea Peak Height

PeakArea(%)

Peak Width

46.41 39462
2 57.40 7568249
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Total 53,966
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No. Time PeakArea Peak Height
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2 2737
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[ ntegration Resut | Calcuiation Resut] TimeT able
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
1840 9174901 228099 50.29% 3.898 BB
2 2573 9069037 171777 49.71% 4214 BB
Total 18,243,938 399,876 100.00%
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Integration Flesult | Calculation Resul | TimeT able |
No Retention Time PeakArea Peak Height PeakArea(%) Peak Width
18.47 186574 6363 0.48% 1.902 8B
2 25.03 38621680 683014 99.52% 4.503 88

Total 38.808.254 688,367 100.00%
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Integration Flesult | Calculation Result| TimeT able |

No Retention Time | PeakArea | PeakHeight | PeakArea(%) | Peak Width
21.05 135871 2529 1.03% 2528 BB
2 2439 127947 2232 0.97% 1.829 BV
3 26.46 6505095 87789 49.15% 5.841 vB
4 4045 6466483 58451 48.86% 6.537 BB
Total 13,235,396 151,001 100.00%
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No. ion Time Peak Area Peak Height PeakArea(%) Peak Width
27.22 192413 2665 1.06% 3.318 BB
2 40.88 17984159 156567 98.94% 7.402 BB

Total 18,176,572 159,232 100.00%
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Integration Fiesull Calculation Result| TimeT able
No. F ion Time PeakArea Peak Height PeakArea(%) Peak Width
16.56 3517182 82627 50.91% 4.236 BB
2 2852 3391990 41681 49.09% 5763 BB
Total 6.909.172 124308 100.00%
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| Integration Resuk | Celoulation Resut| TimeTable
No. lion Time Peak Area Peak Height Peak Area(%) Peak Width
17.18 384683 7014 1.15% 212 BB
2281 33150331 370022 98.85% 7.376 BB
Total 33,535,014 377,036 100.00%
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Integration Result I Calculation Result | TimeTable
Nao. Retention Time PeakArea Peak Height Peak Area(%) Peak Width
3313 6096683 93544 51.70% 4731 BB
2 4584 5695579 60353 48.30% 5.787 BB
Total 11,792,262 153,897 100.00%
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Integration Result | Calculation Resut | TimeT able |
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
33.91 231569 3491 1.70% 3.391 BB
2 46.62 13367317 137054 98.30% 7.707 BB
Total 13,598,886 140,545 100.00%
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No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
16.40 1616883 36312 37.26% 2.336 BV
2 18.40 1636735 33507 37.72% 2.868 VB
3 2361 541730 8681 12.48% 3.346 BB
4 2938 544052 7100 12.54% 3.823 BB
Total 4,339,400 85,600 100.00%
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No Retention Time PeakArea Peak Height PeakArea(%) Peak Width |
16.36 17444162 429029 98.14% 2.546 BV
2 18.30 330177 6843 1.86% 1.975 vB
Total 17,774,339 435872 100.00%
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MNo. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
54.18 3899114 35807 52.58% 6.658 BV
2 60.91 3516321 28156 47.42% 8.663 VB
Total 7415435 63,963 100.00%
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Integration Result ] Calculation Result| TimeT able
No. Time PeakArea Peak Height PeakArea(%) Peak Width
55.46 150396 1102 0.70% 3.932 BB
2 60.47 21284651 172655 99.30% 8.221 BB
Total 21,435,047 173,757 100.00%
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No. Time PeakArea Peak Height PeakArea(%) Peak Width
26.30 26983 37519 49.55% 5.303 BB
2 38.50 2747432 23652 50.45% 5761 BB
Total 5445754 61,171 100.00%
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Integration Result | Calculation Resut| TimeTable |
No. Time PeakArea Peak Height PeakArea(%) Peak Width
26.90 297019 441 0.46% 3.061 BB
2 3826 64959323 581346 99.54% 10.79 BB
Total 65,256,342 585,757 100.00%
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No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
11.83 205410 6031 50.62% 2.196 BB
2 18.76 200382 3743 49.38% 2.569 BB
Total 405792 9774 100.00%
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Integration Result | Calculation Resut| TimeT able
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width
172 76001 2533 0.78% 1.093 BB
2 18.41 9609686 167279 99.22% 4.882 BB
Total 9,685,687 169,812 100.00%

HPLC spectra of product 4
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