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1. General information

Solvents were purified by standard procedures. THF, CH,Cl, and CHCl; were dried over
Na/benzophenone and CaH,, respectively, and freshly distilled before using. Flash
chromatography was done on silica gel (GF;s4, 200-300 mesh). The reactions were monitored by
thin layer chromatography (TLC) and analysis of TLCs was done using UV light (254 nm).
Melting points were determined using a standard melting point apparatus and were uncorrected.
'H and >C NMR spectra were recorded on a Bruker AV 300 spectrometer in CDCl;. Chemical
shifts are expressed in ppm with TMS as internal standard. High-resolution mass spectra (HRMS)
were measured with ESI. Optical rotations were determined on a Perkin-Elmer 343 Polarimeter.
IR spectra were recorded as KBr disks. Enantiomeric excess (ee) determination was carried out on
an Agilent 1260 interfaced to a HP 71 series computer workstation with a Chiralpak AD-H

column.
2. General procedure for the preparation of chiral tertiary amine-thioureas 1-7

The bifunctional tertiary amine-thioureas 1-7 were synthesized following the similar procedures
according to our previous report.!

4b as a representative:

_ L. HN, DIAD CS,, DCC, THE

2. PPh,
3.H,0

9-deoxyepiquinine isothiocyanate  (R)-2-amino-2-phenylethan-1-ol

4b

NaBH,/I,

D-Phenylglycine

Scheme 1. Procedure for the preparation of 4b

Among them 5-7 are new compounds.



oM ﬁj White solid, 82% yield; m.p. 167.5-167.8 °C; [a]p2 -107.2 (¢ 0.25,
s CH,CL); IR (KBr): v 3272, 3213, 2929, 2864, 2357, 1538, 1509, 1471,
S

L Py 1455, 1359, 1227, 1029, 918, 853, 743, 701 cm'; 'H NMR (CDCls, 400

Sph /,ii/OH MHz): 5 = 8.65 (s, 1 H), 8.01 (d, J=9.2 Hz, 1 H), 7.78 (s, 2 H), 7.41 -
5 7.21 (m, 6 H), 5.73 - 5.64 (m, 1 H), 5.02 - 4.97 (m, 2 H), 3.98 (s, 3 H),
3.88 - 3.82 (m, 2 H), 3.26 - 3.20 (m, 2 H), 2.73 - 2.68 (m, 3 H), 2.33 (s, 2 H), 2.13 - 2.07 (m, 1 H),
1.97 (s, 1 H), 1.70 (s, 1 H), 1.65 (s, 2 H), 1.43 - 1.32 (m, 2 H), 0.94 - 0.89 (m, 2 H) ppm; *C NMR
(100 MHz, CDCLy): & 182.8, 182.3, 180.3, 158.3, 147,8. 136.5, 131.4, 128.4, 127.0, 126.9, 126.8,
117.7, 102.6, 65.8, 59.8, 56.1, 53.5, 52.7, 45.9, 36.4, 29.7, 26.7, 24.2, 22.6, 14,1 ppm; HRMS (ESI)

caled for Co9H;35N40,S [M+H*]: 503.2475, found: 503.2487.

White Solid, 80% yield; m.p. 145.7-146.2 °C; [a]p?® +224.4 (¢ 0.25,
CH,ClL,); IR (KBr): v 3343, 2954, 2924, 2850, 1736, 1622, 1509, 1462,
1377, 1226, 1028, 917, 851, 784, 691 cm™!; 'H NMR (CDCls, 400 MHz):

§8.63 (s, 1 H), 7.99 (d, J=9.2 Hz, 1 H), 7.69 (s, 2 H), 7.40 - 7.22 (m, 6

6 H), 5.91 - 5.83 (m, 1 H), 5.19 - 5.11 (m, 2 H), 3.96 (s, 3 H ), 3.85 - 3.80
(m, 2 H), 3.00 - 2.94 (m, 3 H), 2.58 (q, J= 7.2 Hz, 2 H), 2.31 (d, J = 7.2 Hz, 2 H), 2.08 - 2.02 (m,
1 H), 1.97 (s, 1 H), 1.66 (s, 1 H), 1.54 - 1.49 (m, 2 H), 1.26 - 1.21 (m,2 H), 0.97 - 0.85 (m, 2 H)
ppm; 3C NMR (100 MHz, CDCLy): & = 188.8, 179.3, 158.2, 147.6, 144.5, 138.2, 131.3, 128.7,
128.5, 127.9, 126.7, 122.6, 116.3, 102.1, 66.2, 60.5, 55.9, 48.9, 45.6, 37.7, 37.6, 31.6, 29.7, 26.7,

24.8,24.7, 24.6, 22.7, 14.1 ppm; HRMS (ESI) caled for C0H35N40,S [M+H*]: 503.2475, found:

503.2486.
/@ ome White solid, 76% yield; m.p. 97.4-97.7 °C; [a]p?® +127.2 (c 0.25,

N
= g CH,Cly); IR (KBr): v 3442, 3334, 3267, 2928, 2873, 1658, 1472, 1435,

HN X
| _N 1227, 1135, 1065, 1029, 852, 701, 690 cm™'; '"H NMR (CDCl;, 400
HN s

HO_~p, MHz): 5 8.71 (s, 1 H), 7.98 (d, J=9.2 Hz, 1 H), 7.74 (s, 2 H), 7.38 - 7.32

7
(m, 6 H), 5.86 - 5.78 (m, 1 H), 5.26 - 5.17 (m, 1 H), 4.08 - 4.01 (m, 1 H),

3.94 (s,3H ), 3.81 - 3.74 (m, 2 H), 3.59 - 3.49 (m, 1 H), 2.79 - 2.74 (m, 3 H), 2.33 (s, 2 H), 2.04
(s, 1 H), 1.70 (s, 1 H), 1.58 (s, 2 H), 1.31 - 1.26 (m, 2 H), 1.12 - 1.04 (m, 2 H), 0.93 - 0.89 (t, 1 H)
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ppm; 3C NMR (100 MHz, CDCl3): 8 = 183.0, 158.5, 147.9, 144.7, 139.3, 139.2, 136.7, 131.3,
129.0, 128.5, 127.0, 122.9, 120.1, 117.2, 102.4, 65.3, 60.9, 60.4, 57.7, 56.2, 52.5, 49.5, 47.3, 45.9,
36.5, 29.7, 26.5, 24.4, 14.2 ppm; HRMS (ESI) calcd for C,9H35N4O,S [M+H™]: 503.2475, found:

503.2488.
3. Optimization of Reaction conditions

The Michael addition of chalcone (8a) with diethyl malonate (9) was chose as model reaction
for the screen of catalysts and reaction conditions.
3.1 Screening of catalysts

0 catalyst Ph O

Ph/\)J\Ph + <002Et (1: m(:ZJ) EtOZCMPh

. C:)zEt 0322 C|; " CO,Et

10a
Entry* Catalyst Yield (%)? ee (%)° Config.

1 la 30 0 rac®
2 1b 35 0 rac
3 2a 26 15 S
4 2b 30 55 S
5 3a 29 0 rac
6 3b 37 5 R
7 4a 24 51 R
8 4b 35 65 R

@All reactions were carried out with 0.1 mmol of Chalcone, 0.12 mmol of Diethyl
malonate and 100 mol % Na,COj; as base additive in 0.5 mL CH,Cl, at room
temperature for 48 h. ’Isolated yield. ‘Determined by HPLC analysis (Chiralpak
AD-H). 4Absolute configuration was determined by comparison of the optical

rotation with the value previously reported.? ¢ racemic

Catalyst 4b was defined as the best catalyst for further examination.

3.2 Screening of solvents



o 4b Ph O

/\)J\ COEt (10 mol%) Et0,C_ A
Ph Ph * < o "

CO,Et  Na,COj CO,Et
8a 0 solvent, rt 108
Entry® Solvent Yield (%)? ee (%)°

1 CH,Cl, 30 65
2 Toluene 45 9
3 MeCN 65 0
4 CHCl; 35 87
5 THF 56 3
6 Et,O 95 40
7 MeOH 98 0
8 Diethyl malonate 50 5
9 Acetone 69 0
10 DMSO 75 0
11 n-Hexane 35 40
12 n-Heptane 56 50
13 Isopropanol 68 0
14 1,4-Dioxane 60 5
15 Cyclohexane 32 42
16 EtOAc 52 8
17 Liquid petrolatum 35 47

9All reactions were carried out with 0.1 mmol of Chalcone, 0.12 mmol of
diethyl malonate,10 mol% 4b, 100 mol % Na,CO; in 0.5 mL solvent at room
temperature for 48 h. ‘Isolated yield. ‘Determined by HPLC analysis
(Chiralpak AD-H).

4. General procedure for enantioselective Michael addition

Typical Procedure for Asymmetric Michael Addition of Diethyl Malonate to Chalcones
catalyzed by 4b: Reaction of 8a as a Representative. To a solution of Chalcone 8a (20.83 mg,
0.1 mmol) and thiourea catalyst 4b (5.2 mg, 0.01 mmol) in CHCIl;(0.5 mL) was added NaOH(0.2
mg, 0.005 mmol) and diethyl malonate 9 (19.3 pL, 0.12 mmol) successively at -20 °C. The
reaction mixture was stirred at -20 °C for 8 h. The residue was directly purified by flash column

chromatography on silica gel (petroleum ether/ EtOAc = 10/1 as eluant) to afford the adduct 10a.

Typical Procedure for Asymmetric Michael Addition of Diethyl Malonate to Chalcones
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catalyzed by 7: Reaction of 8a as a Representative. To a solution of Chalcone 8a (20.83 mg, 0.1
mmol) and thiourea catalyst 7 (5.2 mg, 0.01 mmol) in CHCI3(0.5 mL) was added NaOH(0.2 mg,
0.005 mmol) and diethyl malonate 9(19.3 pL, 0.12 mmol) successively at -50 °C. The reaction
mixture was stirred at -50 °C for 10 h. The residue was directly purified by flash column

chromatography on silica gel (petroleum ether/ EtOAc = 10/1 as eluant) to afford the adduct 10a.
Diethyl 2-(3-0xo0-1, 3-diphenylpropyl)malonate (10a) 3

White solid; m.p. 67-69 °C; IR (KBr): v 3062, 3029, 2981, 1733, 1683,
O o 1455, 1367, 1302, 1257, 861, 750, 691 cm’; 'H NMR (CDCls, 400
Flooe O MHz): § 7.90 (d, J = 7.6 Hz, 2 H), 7.53 (t, J= 7.2 Hz, 1 H), 7.42 (t, J =
C(:;): t 7.2 Hz, 2 H), 7.26 - 7.17 (m, 5 H), 4.23 - 4.16 (m, 3 H), 3.98 - 3.93(q, J
=7.2 Hz, 2 H), 3.82 (d, J = 10.0 Hz, 1 H), 3.57 - 3.42(m, 2 H), 1.24 (t, J= 7.2 Hz, 3 H), 1.00 (t, J
=7.2Hz, 3 H) ppm.
(R)-10a: 99% vyield; [a]p?® -18.2 (¢ 0.72, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyajor = 15.36 min, tyinor = 29.28 min, 94% ee.
(S)-10a: 97% vyield; [0]p?® +17.6 (¢ 1.18, CHCL3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 30.59 min, tyinor = 15.53 min, 94% ee.
Diethyl 2-(1-(3-methylphenyl)-3-0xo0-3-phenylpropyl)malonate (10b)

e White solid; m.p. 38.3-40.1 °C; IR (KBr): v 2981, 2913, 1748, 1731,
O o 1686, 1448, 1367, 1302, 1257, 1151, 861, 784, 690 cm’'; 'H NMR
E100C O (CDCls, 400 MHz):8 7.90 (d, J = 7.2 Hz, 2 H), 7.53 (t, J= 7.2 Hz, 1 H),
Cof,it 7.43 (t,J=8.0 Hz, 2 H), 7.14 - 6.97 (m, 4 H), 4.24 - 4.12 (m, 3 H), 3.97
(q, J=7.2 Hz, 2 H), 3.80 (d, J = 9.6 Hz, 1 H), 3.56 - 3.42(m, 2 H), 2.28 (s, 3 H), 1.24 (t, J = 7.2
Hz, 3 H), 1.02 (t, J = 7.2 Hz, 3 H) ppm. 3C NMR (100 MHz, CDCls): & 196.5, 167.4, 166.7,
139.3, 136.8, 135.8, 131.9, 128.0, 127.5, 127.2, 127.0, 126.8, 124.1, 60.6, 60.2, 56.5, 41.5, 39.6,
20.4, 12.95, 12.69 ppm; HRMS (ESI) calcd for Co3Hy605 [M+Nat]: 405.1672, found: 405.1665.
(R)-10b: 95% yield; [a]p2° -14.9 (¢ 0.68, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 12.11 min, tyinor = 17.96 min, 92% ee.
(S)-10b: 95% yield; [a]p* +16.4 (¢ 1.58, CHCly); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 18.54 min, tyinor = 12.26 min, 92% ee.



Diethyl 2-(1-(4-methylphenyl)-3-oxo0-3-phenylpropyl)malonate (10c) *

- White solid; m.p. 71.4-72.5 °C; IR (KBr): v 2982, 2359, 2332, 1729,
O 1684, 1447, 1254, 1228, 1178, 1153, 1033, 861, 737, 690 cm’!; 'H NMR
c00c i (CDCl3, 400 MHz): § 7.90 (d, J = 7.6 Hz, 2 H), 7.53 (t, J = 7.2 Hz, 1 H),
COOEt O 7.42 (t,J=7.6 Hz, 2 H), 7.14 (d, J= 7.2 Hz, 2 H),7.04 (d, J= 7.2 Hz, 2
o H), 4.24 - 4.11 (m, 3 H), 3.97 (q, J=7.2 Hz, 2 H), 3.79 (d, /= 9.6 Hz, 1
H), 3.55 - 3.39 (m, 2 H), 2.26 (s, 3 H), 1.24 (t,J=7.2 Hz, 3 H), 1.03 (t, J= 7.2 Hz, 3 H) ppm.
(R)-10¢c: 97% yield; [o]p?® -9.1 (¢ 0.76, CHCl3); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyj0r = 15.36 min, fyinor = 29.28 min, 94% ee.
(S)-10¢c: 98% yield; [a]p?® +13.8 (¢ 1.27, CHCI); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 32.98 min, fyinor = 16.12 min, 94% ee.
Diethyl 2-(1-(2-methoxyphenyl)-3-0xo0-3-phenylpropyl)malonate (10d)

Colorless oil; IR (KBr): v 3548, 2982, 1732, 1684, 1599, 1494, 1447,
Hico O o 1246, 1151, 1028, 861, 755, 690 cm’!; 'TH NMR (CDCls, 400 MHz): &
Et00C O 791 (d, J=7.2Hz, 2 H), 7.52 (t, J= 7.2 Hz, 1 H), 7.42 (t, J = 7.6 Hz, 2
CO::,? H), 7.14 (t, J = 7.6 Hz, 2 H), 6.80 (t, J= 7.2 Hz, 2 H), 4.35 - 4.29 (m, 1
H), 4.23 - 4.15 (m, 3 H), 3.92 (q, J = 7.2 Hz, 2 H), 3.81 (s, 3 H), 3.68 - 3.62 (dd, J, = 6.4 Hz, J, =
8.0 Hz, 1 H), 3.48 - 3.43 (dd, J; =4.0 Hz, J, = 16.4 Hz, 1 H), 1.24 (t, J=7.2 Hz, 3 H), 0.98 (t, J =
7.2 Hz, 3 H) ppm; 13C NMR (100 MHz, CDCl5): § 197.2, 167.8, 167.1, 156.4, 136.0, 131.7, 129.7,
127.4, 127.1, 119.3, 109.8, 60.4, 60.1, 54.2, 54.0, 39.6, 37.1, 13.0, 12.7 ppm; HRMS (ESI) calcd
for Cp3H,eNaOg [M+Na*]: 421.1622, found: 421.1618.
(R)-10d: 98% yield; [a]p2° -26.5 (¢ 0.61, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 10.47 min, tyinor = 13.03 min, 92% ee.
(5)-10d: 99% yield; [a]p?® +18.9 (¢ 1.33, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 13.10 min, #yinor = 10.40 min, 94% ee.

Diethyl 2-(1-(4-methoxyphenyl)-3-oxo-3-phenylpropyl)malonate (10e) 3



oCH, White solid; m.p. 62.2-62.4 °C; IR (KBr): v 2983, 2359, 2334, 1730,
O 1684, 1448, 1254, 1226, 1153, 10233, 857, 732, 691 cm™! em-!; 'TH NMR
F000 i (CDCl3, 400 MHz): § = 7.90 (d, J = 7.2 Hz, 2 H), 7.53 (t, J = 7.2 Hz, 1
COOEt O H), 7.43 (t,J=7.2 Hz, 2 H), 7.17 (d, J = 8.8 Hz, 2 H), 6.77 (d, J = 8.8
" Hz, 2 H), 4.24 - 4.10 (m, 3 H), 3.97 (q, J= 7.2 Hz, 2 H), 3.78 (d, J= 9.6
Hz, 1 H), 3.74 (s, 3 H), 3.54 - 3.49 (dd, J, = 4.4 Hz, J, = 16.8 Hz, 1 H), 3.44 - 3.37 (dd, J, = 9.6
Hz,J, = 16.8 Hz, 1 H), 1.25 (t, 3 H), 1.03 (t, 3H) ppm.
(R)-10e: 94% yield; [a]p2? -16.4 (¢ 0.85, CHCls); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 24.35 min, tyinor = 68.12 min, 94% ee.
(S)-10e: 93% yield; [a]p2® +11.6 (¢ 0.77, CHCI); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 69.22 min, tyinor = 25.12 min, 90% ee.
Diethyl 2-(1-(2-trifluoromethylphenyl)-3-0xo-3-phenylpropyl)malonate (10f)
White solid; m.p. 64.3-65.2 °C; IR (KBr): v 2984, 2939, 1733, 1684,
F\C O o 1558, 1494, 1448, 1369, 1311, 1154, 1126, 1037, 861, 770, 749, 691 cm"
Fooe 1o O I, 'TH NMR (CDCl;, 400 MHz): 6 7.90 (d, J = 8.0 Hz, 2 H), 7.64 (d, J =
10f 7.6 Hz, 1 H), 7.53 - 7.49 (m, 2 H), 7.45 - 7.39 (m, 3 H), 7.30 (t, /= 7.6
Hz, 1 H),4.56 (q,J=7.2 Hz, 1 H), 4.19 - 4.01 (m, 5 H), 3.74 - 3.69 (dd, J, =5.2 Hz, J, = 16.8 Hz,
1 H),3.63-3.57(dd, J; =8.0 Hz, J, =16.8 Hz, 1 H), 1.17 (t, /= 7.2 Hz, 3 H), 1.09 (t, /= 7.2 Hz,
3H) ppm; 3C NMR (100 MHz, CDCl;): 8 197.4, 168.3, 167.8, 140.0, 136.8, 133.1, 131.8, 128.7,
128.5, 128.4, 128.1, 127.1, 126.6, 126.5, 61.6, 56.1, 41.3, 35.9, 13.9, 13.7 ppm; HRMS (ESI)
caled for C,3Hp3F3NaOs [M+Na*]: 459.1390, found: 459.1393.
(R)-10f: 95% yield; [0]p*® -19.5 (¢ 1.35, CHCl); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fpjor = 8.32 min, fyiner = 14.27 min, 93% ee.
(S)-10f: 96% yield; [a]p2° +20.6 (¢ 1.07, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fpjor = 14.62 min, fyine: = 8.35 min, 96% ee.

Diethyl 2-(1-(4-trifluoromethylphenyl)-3-o0xo0-3-phenylpropyl)malonate (10g)



oF, White solid; m.p. 101-102 °C; IR (KBr): v 2917, 2360, 2340, 1729,
O 1680, 1327, 1243, 1161, 1114, 1069, 846, 749, 668 cm!; 'H NMR
Fo00c i (CDCl3, 400 MHz): & 7.90 (d, J = 8.0 Hz, 2 H), 7.57 - 7.51 (m, 3 H),
COOEt O 7.46 - 7.41 (m, 4 H), 4.28 - 4.17 (m, 3 H), 3.97 (q, J = 7.2 Hz, 2 H), 3.83
e (d, J=9.6 Hz, 1 H), 3.60 - 3.47 (m, 2 H), 1.25 (t, J = 7.2 Hz, 3 H), 1.02
(t, J= 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl;): & 195.9, 166.9, 166.4, 143.7, 135.4, 132.2,
127.7, 124.3, 60.8, 60.5, 56.0, 41.1, 39.3, 12.9, 12.6 ppm; HRMS (ESI) caled for Cy3H,3F3NaOs
[M+Na*]: 459.1390, found: 459.1400.
(R)-10g: 98% vyield; [a]p?® -18.1 (¢ 0.51, CHCl3); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 15.12 min, fyinor = 32.76 min, 95% ee.
(5)-10g: 98% vyield; [o]p>® +17.9 (¢ 0.80, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyj0r = 33.50 min, fyinor = 15.07 min, 94% ee.
Diethyl 2-(1-(2-chlorophenyl)-3-0x0-3-phenylpropyl)malonate (10h) 3

Colorless oil; IR (KBr): v 3479, 2982, 2359, 1733, 1687, 1597, 1447,

o O o 1368, 1243, 1252, 1227, 1154, 1035, 846, 753, 668 cm'; 'H NMR

EtooC (CDCls, 400 MHz): § 7.93 (d, J= 7.2 Hz, 2 H), 7.53 (t, J= 7.2 Hz, 1 H),
COOEt

10h 743 (t,J=7.6 Hz, 2 H), 7.34 - 7.30 (m, 2 H), 7.17 - 7.10 (m, 2 H), 4.68-

4.62 (m, 1 H), 421 - 4.11 (m, 2 H), 4.07 (d, ] = 8.8 Hz, 1 H), 4.03 (q, /= 7.2 Hz, 2 H), 3.72 - 3.58
(m, 2 H), 1.20 (t, J=7.2 Hz, 3 H), 1.08 (t, /= 7.2 Hz, 3H).

(R)-10h: 96% yield; [a]p2 -44.9 (¢ 0.48, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyj0r = 11.51 min, fyinor = 23.93 min, 96% ee.
(5)-10h: 95% yield; [a]p?® +37.2 (¢ 1.50, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyj0r = 23.69 min, fyinor = 11.46 min, 96% ee.
Diethyl 2-(1-(3-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10i)
Cl O White solid; m.p. 75-77 °C; IR (KBr): v 3488, 2980, 1730, 1685, 1596,
0 1367, 1255, 1154, 1032, 846, 755, 692 cm’'; 'H NMR (CDCl;, 400
o COOE O MHz): 6 791 (d, J=8.0 Hz, 2 H), 7.55 (t, J=72 Hz, | H), 7.44 (t, J =
10i 7.2 Hz, 2 H), 7.20 - 7.17 (m, 4 H), 4.24 - 4.14 (m, 3 H), 4.00 (q, J=7.2

Hz,2 H),3.79 (d,J=9.6 Hz, 1 H), 3.57-3.42 (m, 2 H), 1.24 (t, J=7.2 Hz, 3 H), 1.05 (t, J= 7.2



Hz, 3H) ppm. 13C NMR (100 MHz, CDCl): & 197.1, 168.1, 167.5, 142.7, 136.6, 134.1, 133.2,
129.6, 128.6, 128.4, 128.1, 127.4, 126.7, 61.8, 61.5, 57.2, 42.2, 40.3, 14.0, 13.8 ppm; HRMS
(ESI) calcd for C;,Hp;CINaOs [M+Na*]: 425.1126, found: 425.1124.

(R)-10i: 98% yield; [a]p2° -30.2 (¢ 0.37, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 14.64 min, tyinor = 17.73 min, 92% ee.
(5)-10i: 99% vyield; [a]p?® +24.7 (¢ 1.62, CHCLy); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyajor = 17.66 min, tyinor = 14.62 min, 99% ee.
Diethyl 2-(1-(4-chlorophenyl)-3-0x0-3-phenylpropyl)malonate (10j) 3

cl White solid; m.p. 97-98.8 °C; IR (KBr): v 3062, 2982, 1748, 1731, 1686,
O 1486, 1450, 1367, 1250, 1225, 1028, 860, 750, 665 cm'; 'H NMR
E0OC i (CDCls, 400 MHz): 6 7.91 (d, J = 7.2 Hz, 2 H), 7.56 (t, 1 H), 7.45 (t, 2
COOEt O H), 7.24 (s, 4 H), 4.27 - 4.15 (m, 3 H), 4.00 (q, /= 7.2 H, 2 H), 3.80 (d, J
" =9.6 Hz, 1 H), 3.58 - 3.42 (m, 2 H), 1.27 (t, J=7.2 Hz, 3 H), 1.07 (t, J =
7.2 Hz, 3H) ppm.
(R)-10j: 99% yield; [0]p?® -9.4 (¢ 0.67, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 18.47 min, tyinor = 45.98 min, 94% ee.
(5)-10j: 94% yield; [a]p2° +6.3 (¢ 0.64, CHCL3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 42.85 min, tyinor = 17.83 min, 90% ee.
Diethyl 2-(1-(3-bromophenyl)-3-0xo0-3-phenylpropyl)malonate (10k)

. White solid; m.p. 59.6-60.7 °C; IR (KBr): v 2922, 2850, 1733, 1687,

O . 1579, 1447, 1367, 1254, 1223, 1150, 1027, 887, 784, 750, 688 cm'; 'H
F100¢ O NMR (CDCls, 400 MHz): § 7.91 (d, J = 8.0 Hz, 2 H), 7.55 (t, J= 7.2 Hz,

S 1 H), 7.44 (t,J = 7.6 Hz, 2 H), 7.31 (d, J= 7.6 Hz, 1 H), 7.24 (d, J = 8.4
Hz, 2 H), 7.13 (t, J = 8.0 Hz, 1 H), 4.22 - 4.13 (m, 3 H), 4.00 (q, J = 7.2 Hz, 2 H), 3.78 (d, J = 9.6
Hz, 1 H), 3.57 - 3.42 (m, 2 H), 1.24 (t, J = 7.2 Hz, 3 H), 1.06 (t, J = 7.2 Hz, 3H) ppm; 3C NMR
(100 MHz, CDCLy): § 196.0, 167.0, 166.5, 142.0, 135.5, 132.2, 130.2, 129.2, 128.9, 127.5, 127.0,
126.1, 121.3, 60.7, 60.5, 56.1, 41.1, 39.2, 13.0, 12.7 ppm; HRMS (ESI) calcd for Cy,Hy;BrNaOs

[M+Na*]: 469.0621, found: 469.0616.



(R)-10k: 97% yield; [a]p? -24.9 (¢ 0.50, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 14.73 min, tyinor = 17.81 min, 90% ee.
(8)-10k: 99%yield; [o]p?® +25.1 (¢ 1.76, CHCl3); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 18.42 min, tyinor = 15.07 min, 90% ee.

Diethyl 2-(1-(4-bromophenyl)-3-0x0-3-phenylpropyl)malonate (101)

il White solid; m.p. 105-106 °C; IR (KBr): v 3062, 2981, 1747, 1729,

O o 1684, 1487, 1447, 1367, 1250, 1225, 1151, 1028, 861, 750, 668 cm’'; 'H
Fto0C O NMR (CDCls, 400 MHz): & 7.89 (d, J = 7.6 Hz, 2 H), 7.55 (t, /= 7.2 Hz,

Cof,.a 1 H), 7.43 (t, J= 7.6 Hz, 2 H), 7.37 (d, J= 8.4 Hz, 2 H), 7.16 (d, J= 8.4
Hz, 2 H), 4.24 - 4.12 (m, 3 H), 4.04 (q, /= 7.2 Hz, 2 H), 3.78 (d, J= 9.6 Hz, 1 H), 3.55 - 3.40 (m,
2 H), 1.25 (t, J = 7.2 Hz, 3 H), 1.05 (t, J = 7.2 Hz, 3H) ppm; 3C NMR (100 MHz, CDCl;): &
196.1, 167.0, 166.5, 138.5, 135.5, 132.2, 130.4, 129.0, 127.6, 127.0, 120.0, 60.7, 60.5, 56.2, 42.3,
39.1, 13.0, 12.8 ppm; HRMS (ESI) caled for C,,H,3;BrNaOs [M+Na*]: 469.0621, found:
469.0615.
(R)-101: 89% vyield; [a]p2° -5.9 (¢ 0.36, CHCls); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 19.58 min, tyinor = 48.46 min, 93% ee.
(S)-101: 90% vyield; [a]p?® +6.6 (¢ 0.58, CHCI3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 47.18 min, tyinor = 19.98 min, 90% ee.
Diethyl 2-(1-(4-fluorophenyl)-3-oxo-3-phenylpropyl)malonate (10m)

F White solid; m.p. 77-79 °C; IR (KBr): v 3473, 3415, 2982, 2849, 1732,
O 1684, 1618, 1151, 1223, 1178, 1097, 847, 739, 612 cm’'; 'H NMR
FI00C i (CDCls, 400 MHz): § 7.89 (d, J= 7.2 Hz, 2 H), 7.54 (t, J= 7.2 Hz, 1 H),
COf:)Et O 743 (t,J=17.6 Hz, 2 H), 7.24 (t, J = 7.2 Hz, 2 H), 6.93 (t, /= 8.8 Hz, 2

m
H), 4.27 - 4.14 (m, 3 H), 3.97 (q, J = 7.2 Hz, 2 H), 3.78 (d, J= 9.6 Hz, 1
H), 3.56 - 3.51 (dd, J; = 4.4 Hz, J, = 16.8 Hz, 1 H), 3.45 - 3.39 (dd, J; = 9.6 Hz, J, = 16.8 Hz, 1
H), 1.25 (t, J= 7.2 Hz, 3 H), 1.03 (t, /= 7.2 Hz, 3 H) ppm; '*C NMR (100 MHz, CDCL): 5 196.3,
167.1, 166.6, 161.9, 159.5, 135.6, 135.1, 132.1, 128.9, 128.8, 127.5, 127.0, 114.2, 114.0, 60.7,
60.4, 56.5, 41.6, 39.0, 13.0, 12.7 ppm; HRMS (ESI) caled for C5,H,;FNaOs [M+Na*]: 409.1422,

found: 409.1411.
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(R)-10m: 99% yield; [a]p?° -22.5 (¢ 0.43, CHCI3); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 16.48 min, tyinor = 44.42 min, 92% ee.
(8)-10m: 99% yield; [a]p?® +20.3 (¢ 1.69, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 41.96 min, tyinor = 16.31 min, 90% ee.
Diethyl 2-(1-(furan-2-yl)-3-0x0-3-phenylpropyl)malonate (10n) >

White solid; m.p. 39-40 °C; IR (KBr): v 1732, 1684, 1596, 1451, 1367,
Q 1255, 1225, 1154, 1096, 1013, 859, 737, 691 cm’!; 'H NMR (CDCl;,

EtOOC

oot 400 MHz): § 7.97 (d,J =72 Hz, 2 H), 7.57 (t, J = 7.2 Hz, 1 H), 7.45 (t,J

1on = 7.6 Hz, 2 H), 7.29 (s, 1 H), 6.25 -6.24 (m, 1 H), 6.13 (d, J=3.2 Hz, 1

H), 4.38 - 4.32 (m, 1 H), 4.26-4.18 (m, 2 H), 4.13 (q, J = 7.2 Hz, 2 H), 3.93 (d, J = 8.0 Hz, 1 H),
3.63 - 3.46 (m, 2 H), 1.26 (t,J=7.2 Hz, 3 H), 1.19 (t, J= 7.2 Hz, 3 H) ppm.

(R)-10n: 87% yield; [a]p?° -16.9 (¢ 0.47, CHCl;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 11.80 min, #yinor = 14.76 min, 91% ee.
(S)-10n: 85% yield; [a]p?® +14.6 (¢ 0.89, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyj0r = 14.87 min, tyinor = 11.95 min, 91% ee.
Diethyl 2-(1-(naphthalen-1-yl)-3-0xo0-3-phenylpropyl)malonate (100) °
OO White solid; m.p. 75.6-77.3 °C; IR (KBr): v 3419, 2982, 2359, 1730,
0 1687, 1597, 1448, 1367, 1248, 1219, 1152, 1030, 860, 779, 690 cm’!; 'H
- OOk O NMR (CDCl;, 400 MHz): 6 8.30 (d, J=8.4 Hz, 1 H), 7.88 (d, J = 7.6
100 Hz, 2 H), 7.81 (d, J= 8.0 Hz, 1 H), 7.70 (d, J = 8.0 Hz, 1 H), 7.56 - 7.34
(m, 7 H), 5.16 (d, J= 6.4 Hz, 1 H), 4.20 - 4.10 (m, 2 H), 4.03 (d, /= 8.4 Hz, 1 H), 3.90 - 3.84 (m,
2 H),3.73(d,/J=6.4Hz, 2 H), 1.18 (t, /= 7.2 Hz, 3 H), 0.88 (t, /= 7.2 Hz, 3H) ppm.
(R)-100: 80% yield; [a]p?® -80.9 (¢ 0.31, CHCI;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 15.14 min, tyinor = 22.25 min, 94% ee.
(S)-100: 83% yield; [a]p?® +56.3 (¢ 1.89, CHCIls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyj0r = 23.43 min, tyinor = 15.24 min, 95% ee.

Diethyl 2-(1-phenyl-3-0x0-3-(4-methylphenyl) propyl)malonate (10p)

O White solid; m.p. 86.5-88.4 °C; IR (KBr): v 2981, 2928, 1728, 1685,
0
E10,C 1607, 1465, 1368, 1179, 1148, 1029, 865, 818, 699 cm'; '"H NMR
CO,Et 11

CH
10p 3



(CDCl;, 400 MHz): 6 7.79 (d, J = 8.0 Hz, 2 H), 7.27 - 7.14 (m, 7 H), 4.25 - 4.13 (m, 3 H), 3.97 -
3.92(q,J=7.2 Hz, 2 H), 3.82 (d, /= 9.6 Hz, 1 H), 3.53 - 3.39(m, 2 H), 2.38 (s, 3 H), 1.24 (t, J =
7.2 Hz, 3 H), 1.00 (t, J= 7.2 Hz, 3 H) ppm.

(R)-10p: 96% yield; [a]p?® -17.0 (¢ 1.24, CHCI;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 22.77 min, tyinor = 44.48 min, 94% ee.
(5)-10p: 95% yield; [a]p?® +22.4 (¢ 1.20, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 44.14 min, tyinor = 22.02 min, 94% ee.
Diethyl 2-(1-phenyl-3-0x0-3-(4-methoxyphenyl) propyl)malonate (10q) 3

O White solid; m.p. 70.1-70.5 °C; IR (KBr): v 2979, 2926, 2841,
E10,C i 1736, 1673, 1598, 1369, 1249, 1225, 1168, 1021, 841, 763, 691
C%f‘ O OCH, cm’; 'TH NMR (CDCls, 400 MHz): 8 7.89 (d, /= 9.2 Hz, 2 H), 7.27
-7.14 (m, 5 H), 6.89 (d, /= 8.8 Hz, 2 H) 4.25 - 4.14 (m, 3 H), 3.97
-3.92(q,J=7.2 Hz, 2 H), 3.85 (s, 3 H), 3.82 (d, /= 10.0 Hz, 1 H), 3.51 - 3.35(m, 2 H), 1.24 (t, J
=7.2 Hz, 3 H), 1.00 (t, J=7.2 Hz, 3 H) ppm.
(R)-10q: 98% yield; [a]p?® -11.8 (¢ 1.25, CHCI;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 35.15 min, tyinor = 61.07 min, 96% ee.
(5)-10q: 96% yield; [a]p?® +18.7 (¢ 1.01, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyajor = 60.61 min, tyinor = 34.10 min, 94% ee.

Diethyl 2-(1-phenyl-3-0x0-3-(4-trifluoromethylphenyl) propyl)malonate (10r)

O White solid; m.p. 49.7-50.2 °C; IR (KBr): v 2981, 2920, 1732, 1694,

(e}
fo.C 1461, 1324, 1257, 1167, 1129, 1066, 1014, 852, 699 cm-'; 'H NMR
COLEt (CDCls, 400 MHz): & 8.00 (d, J = 8.4 Hz, 2 H), 7.69 (d, J = 8.0 Hz, 2

F
10r CFs

H), 7.27 - 7.16 (m, 5 H), 4.27 - 4.13 (m, 3 H), 3.99 - 3.93(q, /= 7.2
Hz, 2 H), 3.82 (d, /= 9.6 Hz, 1 H), 3.62 - 3.37(m, 2 H), 1.25 (t, /= 7.2 Hz, 3 H), 1.01 (t,J=7.2
Hz, 3 H) ppm.
(R)-10r: 99% vyield; [a]p®® -12.7 (¢ 1.80, CHCls); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 18.23 min, tninor = 28.86 min, 95% ee.
(S)-10r: 98% yield; [a]p2° +14.3 (¢ 1.71, CHCI); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fmajor = 29.09 min, tyinor = 18.15 min, 90% ee.
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Diethyl 2-(1-phenyl-3-0x0-3-(4-chlorophenyl) propyl)malonate (10s) 3

O White solid; m.p. 54.6-55.2 °C; IR (KBr): v 2981, 2920, 1733, 1689,

(0]
f0,C 1589, 1400, 1256, 1152, 1093, 1031, 829, 764, 699 cm!; 'H NMR
COLEt (CDCls, 400 MHz): & 7.84 (d, J = 8.4 Hz, 2 H), 7.39 (d, J = 8.4 Hz, 2

Cl
10s

H), 7.24 - 7.15 (m, 5 H), 4.26 - 4.11 (m, 3 H), 3.98 - 3.93(q, J=7.2
Hz, 2 H), 3.80 (d, /= 9.6 Hz, 1 H), 3.55 - 3.37(m, 2 H), 1.24 (t, /= 7.2 Hz, 3 H), 1.00 (t, J=7.2
Hz, 3 H) ppm.
(R)-10s: 96% yield; [a]p?® -14.0 (¢ 1.98, CHCI3); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fy0r = 20.75 min, fyinor = 46.50 min, 96% ee.
(5)-10s: 97% vyield; [a]p?® +15.4 (¢ 1.75, CHCl;); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fyj0r = 46.45 min, tyinor = 20.47 min, 92% ee.
Diethyl 2-(1-phenyl-3-o0x0-3-(4-fluorophenyl) propyl)malonate (10t)

O White solid; m.p. 68.6-69.7 °C; IR (KBr): v 2982, 2930, 1729, 1689,
EI0,C i 1597, 1507, 1254, 1230, 1156, 1031, 840, 699 cm™'; 'TH NMR (CDCl;,
CO,Et O £ 400 MHz): 6 7.95 - 7.91 (m, 2 H), 7.25 - 7.06 (m, 7 H), 4.26 - 4.12 (m,
1°‘ 3 H),3.98 -3.93(q, J=7.2 Hz, 2 H), 3.81 (d, J=9.6 Hz, 1 H), 3.55 -
3.37(m, 2 H), 1.24 (t,J= 7.2 Hz, 3 H), 1.01 (t,J= 7.2 Hz, 3 H) ppm.
(R)-10t: 99% yield; [a]p?® -16.4 (¢ 1.78, CHCI;); chiral HPLC Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 17.74 min, tyinor = 39.34 min, 95% ee.
(S)-10t: 99% yield; [a]p2? +14.7 (¢ 1.95, CHCls); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, fuajor = 39.44 min, tyinor = 17.57 min, 90% ee.
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6. Spectra of organocatalysts 5-7
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'"H NMR of 7

Mass Spectrum SmartFormula Report

Analysis Info
Analysis Name

Method tune_low 50-500.m
Sample Name  Sample
Comment

Acquisition Date 2013-5-13 16:20:36

C:\Documents and Settings\Administrator\xAAze\A&OAAl\gzh-lyl-c.d

Operator NwWU
Instrument / Ser## micrOTOF-Q Il 10280

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set Collision Cell RF ~ 110.0 Vpp Set Divert Valve Source
Intens. 1 +MS, 0.1-0.3min #(3-19)
x1047 OMe
] N
5 = R
4 HN A
1 503.2488 |
] N
3] HN™ s
b HO
2‘: Ph
] 504.2519 7
1 505.2571
3 J\ 506.2613
r—_ T T —T——T—T—
502.0 5025 503.0 503.5 504.0 504.5 505.0 505.5 506.0 506.5 miz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
5032488 1 C29H35N402S 100.00 503.2475 -1.3 -2.6 59.1 145 even ok
Intens. ] C29H35N4028 ,503.25
x1043
57
43
] 503.2475
3
27
. ] 504.2508
] 505.2539
] 506.2467
5020 5025 5030 5035 5040 5045 5050 5055 5060 5065  miz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule

20




o o o o o o o =3
~ © © 4_4 @ nﬂ .fl f

—35.0
—30.0
250
[—200
15.0

NN YT T T T T |

Michael adducts 10a, 10c, 10e, 10h, 10j, 10n, 100, 10p, 10q, 10r, 10s and 10t are known

compounds, and their spectra are in accordance with those reported in the literature.

7. Spectra of new compounds of Michael adducts
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HRMS of 10b

Mass Spectrum SmartFormula Report

Analysis Info

Analysis Name H:\gzh_lianghao_2.d
Method tune_low 50-500.m
Sample Name  Sample

Comment

Acquisition Date 2013-5-9 15:42:27

Operator

NWU

Instrument / Ser#t micrOTOF-Q Il 10280

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set Collision Cell RF 110.0 Vpp Set Divert Valve Source
Intens. +MS, 0.1-0.4min #(6-24
x106.| H,C (6-24)
®
1 o]
081 EtoOC
405.1665
067 COOEt
0.4+ 10b
0.2 406.1694
00 1 4071713
404.0 4045 '405.0 4055 '406.0 4065 ‘407.0 | 4075 " miz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
4051665 1 C23H26Na0O5 100.00 405.1672 0.7 1.7 54 10.5 even ok
Intens. C23H26NaO5 ,405.17
x106.|
1.0
0.8-
| 405.1672
0.6
0.4
0.21 406.1706
00 1 407.1739
4040 ‘4045 4050 4055 4060 " 4065 " 4070 " 4075 C iz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e;¥Conf N-Rule
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"H NMR of 10d
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HRMS of 10d

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  2013-5-9 15:45:07
Analysis Name C:\Documents and Settings\Administrator\xAAze\A6ORAG\gzh_lianghao_4.d

Method tune_low 50-500.m Operator NWU

Sample Name  Sample Instrument / Ser## micrOTOF-Q Il 10280
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set Collision CellRF  110.0 Vpp Set Divert Valve Source
Intens. +MS, 0.1-0.5min #(8-32)
x104 O
45 HaCO 0
] EtOOC
3] 421.1618
E COOEt
2] 10d
17 422.1649
o 423.1669
4200 4205 " 4210 0 4215 4220 | 4225 4230 " 435 " iz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
4211618 1 C23H26Na0O6 100.00 421.1622 0.3 0.8 14 105 even ok
Intens.4 C23H26Na0O6 ,421.16
x104
4]
3] 4211622
2
17 4221655
o 423.1688
4200 4205 421.0 4215 422.0 4225 423.0 4235 miz

Meas.m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥onf N-Rule
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'H NMR of 10f
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HRMS of 10f

Mass Spectrum SmartFormula Report

Analysis Info
Analysis Name

Acquisition Date 2013-5-9 15:50:01
C:\Documents and Settings\Administrator\xAAz\A6OrRAl\gzh_lianghao_6.d

Method tune_low 50-500.m Operator NwWU
Sample Name  Sample Instrument / Ser# micrOTOF-Q Il 10280
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar

Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C

Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min

Scan End 3000 m/z Set Collision CellRF  110.0 Vpp Set Divert Valve Source
Intens.

+MS, 0.1-0.3min #(4-19)

X105 O
0.8+ FiC (o]

1 EtOOC
0.6 459.1393
i COOEt
0.4 10f
0.2 460.1414
oo 1 461.1448
458.0 4585 459.0 4595 4600 4605 4610 " 4615 miz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
4591393 1 C23H23F3NaO5 100.00 459.1390 03 0.6 46 105 even ok
Intens. C23H23F3Na05 459.14
X105
0.8
0.6 459.1390
0.4
0.2 460.1423
oo 1 /\ 461.1457
4580 | 4585 4500 4595 4600 4605 = 4610 4615 " iz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
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HRMS of 10g

Mass Spectrum SmartFormula Report

Analysis Info

Acquisition Date 2013-5-9 15:53:00

Analysis Name  C:\Documents and Settings\Administrator\xAAa\A6OnRAl\gzh_lianghao_7.d
Method tune_low 50-500.m

Sample Name  Sample
Comment

Operator NWU
Instrument / Ser# micrOTOF-Q Il 10280

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set Collision CellRF  110.0 Vpp Set Divert Valve Source
Intenss,; CF, +MS, 0.1-0.4min #(6-25)
X105
2.01 O
157 o
] 458.1400 Eo0C
1.0
] COOEt
] 10
0.5 9
] 460.1425
00 ] 461.1453
4580 4585 4500 4595 4600 4605 " a0 4815 miz
Meas.m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
4591400 1 C23H23F3NaO5 100.00 459.1390 -1.0 2.2 09 105 even ok
Intens. ] C23H23F3NaO5 ,459.14
x1057
2.01
1.5]
] 459.1390
1.0
05]
1 460.1423
00 ] 461.1457
4580 4585 4500 4595 4600 4605 4610 4615  miz

Meas. m/z # Formula

Score m/z err [mDa]

28

err [ppm] mSigma rdb ej¥Conf N-Rule



"H NMR of 10i
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HRMS of 10i

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  2013-5-13 16:22:42
Analysis Name C:\Documents and Settings\AdministratorixAAze\A5OfiAd\gzh-lyl-9.d

Method tune_low 50-500.m Operator NWU

Sample Name  Sample Instrument / Ser# micrOTOF-Q Il 10280
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set Collision Cell RF ~ 110.0 Vpp Set Divert Valve Source
Intens. | o +MS, 0.1-0.4min #(7-25)
%1057 O
] 0]
159 EtOOC
] 4251124 O
1.04 COOEt
] 10i
057 427.1102
i 426.1156
] 428.1133
00—~ —
424 425 426 427 428 429 miz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
4251124 1 C22H23CINaO5 100.00 425.1126 0.2 0.5 6.0 105 even ok
Intens. C22H23CINaO5 ,425.11
X105
157
1 4251126
1.0
057 427.1009
] 426.1160
] 428.1130
0.0 T T T T T T T T T T v T v T T T T T T T T T T T T T T T T
424 425 426 427 428 429 m/z

Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
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'"H NMR of 10k
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HRMS of 10k

Mass Spectrum SmartFormula Report

Analysis Info
Analysis Name

Method tune_low 50-500.m
Sample Name  Sample
Comment

Acquisition Date  2013-5-13 16:25:12

C:\Documents and Settings\Administrator\ixAAza\AsOriAd\gzh-lyl-11.d

Operator NWU
Instrument / Ser# micrOTOF-Q Il 10280

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set Collision Cell RF ~ 110.0 Vpp Set Divert Valve Source
Intens. +MS, 0.1-0.6min #(5-35)
x105- Br O
0.8+ o
064 EtOOC
: 469.0616 471.0598
COOEt
0.4+ 10k
021 470.0642 4720632
473.0644
0.0 — = r— T —t — T
468 469 470 471 472 473 m/z
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
469.0616 1 C22H23BrNaOS5 100.00 469.0621 0.5 1.0 1.2 105 even ok
Intens. | C22H23BrNaO5 ,469.06
x105
0.8+
0.6 469.0621 471.0602
0.4
0.21 470.0655 4720634
473.0668
00 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
468 469 470 471 472 473 m/z
Meas.m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
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"H NMR of 101
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HRMS of 101

Mass Spectrum SmartFormula Report

Analysis Info
Analysis Name

Acquisition Date 2013-5-13 16:27:23

C:\Documents and Settings\Administrator\xAAze\A5ORAU\gzh-lyl-12.d

Method tune_low 50-500.m Operator NwWU
Sample Name  Sample Instrument / Ser# micrOTOF-Q Il 10280
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set Collision CellRF  110.0 Vpp Set Divert Valve Source
Intenss.: Br +MS, 0.1-0.4min #(3-21)
x105]
1.5 O
] o)
1 AO: 469.0615 471.0598 EtOOC
1 COOEt O
0.5: 101
1 470.0642 472.0632
0o J\ —— J\ il
468 469 470 471 472 473 miz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
4690615 1 C22H23BrNaO5 100.00 469.0621 0.6 1.3 11.0 105 even ok
Intens. | C22H23BrNaOS5 ,469.06
x10°]
1.54
1.0 469.0621 471.0602
0.5
470.0655 472.0634
0.0 1 473.0668
7. . e v M W a
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule

34




"H NMR of 10m
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3C NMR of 10m

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  2013-5-13 16:29:42
Analysis Name C:\Documents and Settings\Administrator\xAAze\A6ORAU\gzh-lyl-14.d
Method tune_low 50-500.m Operator NWU
Sample Name  Sample Instrument / Ser# micrOTOF-Q Il 10280
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set Collision Cell RF 110.0 Vpp Set Divert Valve Source
Intens. ] F +MS, 0.1-0.4min #(4-26)
x105]
¥ ®
] (0]
3_
] 409.1411 EtOOC
2] COOEt O
] 10m
] 410.1438
0 411.1457
408.0 4085  409.0 " 4095 4100 4105 " M10 0 45 miz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
4091411 1 C22H23FNaO5 100.00 409.1422 11 2.6 3.1 10.5 even ok
Intens.] C22H23FNaOS5 409.14
x105]
4
3]
] 409.1422
2]
14
] 410.1455
o] 411.1489
4080 | 4085 4000 | 4095 4100 4105 4110 4115 me

Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb ej¥Conf N-Rule
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8. Copies of HPLC analysis

Enantiomeric excesses of Michael adducts were determined by HPLC analysis using chiral
column (¢ 4.6 mm x 250 mm, DAICEL CHIRALPAK AD-H).

HPLC data of Michael Reaction

I O
EtOOC
COOEt O

10a

Diethyl 2-(3-oxo-1, 3-diphenylpropyl)malonate (10a). Chiralpak AD-H column, r-hexane/i-

PrOH = 80:20, 1.0 mL/min, 254 nm.

1.200 ImAU
750
500
250
000 2‘0 4‘0 6‘0 8‘0 10‘0 &0 1/30 1(‘50 18‘0 260 2‘0 24‘0 ZéO 25‘0 3(‘30 32‘0 ! m3: 1
Ret.Tim .
Area Height | Rel.Area
No. | Peakname e | Amount | Type Resolution
mAU*min mAU %
min
1 n.a. 16.650 413.9912 n.a. BMB | 855.070 48.61 11.95
2 n.a. 29.533 437.6329 n.a. BMB | 501.193 51.39 n.a.
Total
851.6241 | 0.0000 1356.263 | 100.00
(R)-10a
49 AU
37.54
25.0-
00
Ret.Tim
Area Height | Rel.Area )
No. | Peakname e Amount | Type Resolution
) mAU*min mAU %
min
1 n.a. 15.358 20.4152 n.a. BMB* | 53.787 97.09 16.78

37



2 n.a. 29.275 0.6128 n.a. BMB* | 0.950 2.91 n.a
Total 21.0279 0.0000 54.737 100.00
(S)-10a
DADT A, Sig=254,4 Ref=360,100 (%] /& 4~ 4] S MICHAELI &% [ [%\EXP9-26-11 #.D)
mAU 4 <
- 5\
%0 n
] 3
100 J! i |
03— \\,_J'g‘ Jf\),_ ,j :
L TR L TR R N AR L LTITE A | T L I | T T
5 10 15 20 25 30 35 40 min
W CREFE(E] SRAY IR TR Ui 7 Ui TRT R
% [min] [min] [mAU*s] [mAU] %
=== [====] === [ === | === | =====— \
1 15.534 BBA 0.4417 53.66717 1.89898 3.0866
2 30.594 BB 1.0255 1685.02466 24.52580 96.9134
nE o 1738.69183 26.42478

Diethyl 2-(1-(3-methylphenyl)-3-0xo0-3-phenylpropyl)malonate (10b). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

1254
-6",86 ‘ 1C‘lv0 11‘ 0 12‘v0 1:; 0 14‘ 0 15‘ 0 1(1:.0 17.0 180 19‘0 20‘.0 21‘.0 22‘ 0 2:‘5.0 240 250 ‘ i
Ret.Tim
Area Height | Rel.Area )
No. | Peakname e Amount | Type Resolution
) mAU*min mAU %
min
1 n.a. 13.208 15.6786 n.a. BMB | 46.211 50.80 8.13
2 n.a. 18.258 15.1855 n.a. BMB | 33.372 49.20 n.a
Total
30.8642 0.0000 79.583 | 100.00
(R)-10b
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mAU
200
100+
“74 5‘0 9‘0 100 11‘0 12‘0 1(;.0 1410 150 16.0 1'}0 18‘0 m1n 5
Ret.Tim
Area Height | Rel.Area
No. | Peakname e Amount | Type Resolution
) mAU*min mAU %
min
1 n.a. 12.117 168.5480 n.a. BMB | 518.781 95.90 9.69
2 n.a. 17.958 7.2021 n.a. BMB* | 16.560 4.10 n.a.
Total: 175.7500 0.0000 535.341 100.00
(S)-10b
DADT A, Sig=254,4 Ref=360,100 (X] L J& 1+ ] A MICHAELJII /& [ |%\EXPS-21-2.D)
mAU 3 ©
175—%
1503
1253
1005
75
503 §
253 o
04 L T '
i i T T T i T i T " " T " T i " i T T " " " T T
5 10 15 20 mi
I CRETI (A 2SR 0T Ui [T R I U 1T FH
# [min] [min] [mAU*s] [mAU] %

1 12.264 BB 0.3111 256.25427 12.71763 3.7375
2 18.538 BB 0.4817 6600.03271 212.87347 96.2625

ME 6856.28699 225.59110

CH,

I (o}
EtOOC
COOEt O

10c
Diethyl 2-(1-(4-methylphenyl)-3-0xo0-3-phenylpropyl)malonate (10c). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.
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702

mAU
50.0-
375
250+
1’\ T T \‘ T T T T T T T T T ™
98 120 140 16.0 180 200 20 240 260 280 300 320 340 360 380 398
Ret.Tim .
Area Height | Rel.Area
No. | Peakname e Amount | Type Resolution
mAU*min mAU %
min
1 n.a. 17.350 23.4333 n.a. BMB | 53.731 49.82 14.29
2 n.a. 30.858 23.6072 n.a. BMB | 30.108 50.18 n.a
Total
47.0405 0.0000 83.839 | 100.00
(R)-10c
44.7mAU
250+
1254
0.0+
T TR e A kA A s & do e T A A
Ret.Tim
Area Height | Rel.Area )
No. | Peakname e Amount | Type Resolution
) mAU*min mAU %
min
1 n.a 15.358 20.4152 n.a. BMB* | 53.787 97.09 16.78
2 n.a 29.275 0.6128 n.a. BMB* | 0.950 291 n.a.
Total
21.0279 0.0000 54.737 | 100.00
(S)-10¢
DADT A, Sig=254,4 Ref=360,100 (X1 1 J2 4~ %] 7 MICHAEL N [ S1\EXP9-30-3.D)
mAU o )
60
50
40
30
205 =
:
0 T T \I' — U — T — T
5 10 175 25 30 35 min|
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b PRETES ] A bR Ui T AL U (e Ui T AL
# [min] [min] [mAU*s] [mAU] %

1 16.117 BB 0.5294 149.76488 4.18617 2.84889
2 32.983 BBA 1.1629 5107.18604 66.13708 97.1511

MR 5256.95091 70.32325

HaCO E 0
EtOOC
COOEt O

10d

Diethyl 2-(1-(2-methoxyphenyl)-3-0x0-3-phenylpropyl)malonate (10d). Chiralpak AD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

DAD1 A, Sig=254,4 Ref=360,100 (1 T Ji A % BRMICHAEL I ol Sz VT 45 FR A0 0k 7 o+ R £ 5.D)

mAU 7 o) @
-
3 |
.
20 I
] \
10 ( " ‘If \
] \
0+ |\
_1054 ,\\\- — ! Jl f j \;4
25 5 75 10 125 15 175 20 25 min]
W CREE TR S8 U U 111 B U U I FR
# [min] [min] [mAU*s] [mAU] %

R B | === | === | == | === | === |
1 10.203 BB 0.3475 1376.61414  60.48577 49.9361

2 12.679 BB 0.4104 1380.13660 50.89090 50.063¢%

2756.75073 111.37666

ISS=+
(R)-10d
162 mAU
100+
50
0|
1639 Q;JJ 9.‘50 10.00 10.50 11‘.00 11.50 12‘00 12‘.50 13‘.00 13‘50 ":;78
Ret. Tim
Area Height | Rel.Area
No. | Peakname e Amount | Type Resolution
mAU*min mAU %
min
1 n.a. 10.475 15.3548 n.a. BMB | 56.765 95.81 5.86
2 n.a. 13.025 0.6715 n.a. BMB | 2.543 4.19 n.a.
TOtal 1402460 O-0000 20 20Q 10000
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($)-10d

DAD1 A, Sig=254,4 Ref=360,100 (x| f A~ xf FxMICHAELJI i 2 % \EXP9-30-4.D)
mAU J @
80
60 -]
40
20 §
1 e
0 U T T I| U LI T T
25 5 7.5 10 12.5 15 17.5 20 mi
WE LREFIT ] SO IR I TR U U TR
3 [min] [min] [mAU*s] [mAU] %
il Bttt [====] === [ === | === | =—==———=
1 10.396 BB 0.3646 92.65488 3.85224 2.9696
2 13.099 BB 0.4524 3027.44360 100.80955 97.0304
M 3120.09848 104.66178

OCH,

E o
EtOOC
COOEt O

10e

Diethyl 2-(1-(4-methoxyphenyl)-3-oxo-3-phenylpropyl)malonate (10e). Chiralpak AD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

349

mAU
200
10.0+
T B A W ke & ke @ e de o A "ol
Ret.Tim
Area Height | Rel.Area )
No. | Peakname e | Amount | Type Resolution
mAU*min mAU %
min
1 n.a. 28.217 24.7966 n.a. BMB | 34.088 51.17 20.13
2 n.a. 66.983 23.6616 n.a. BMB | 13.962 48.83 n.a
Total
48.4581 0.0000 48.050 100.00
(R)-10e
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DAD1 A, Sig=254,4 Ref=360,100 (X T J& 4~ 4 #MICHAEL Il &% % [N \EXP9-7-5.D)
mAU ] 2
60 |
40
20
0—: o
] 8
-20 @
:‘\/\m( L . .
10 20 30 4 50 60 70min
UE CREFHTE] SR I U THI AN U U [T R
# [min] [min] [mAU*s] [mAU] %
el e el e | === | === | ——=——=== |
1 24.349 BB 0.6574 4330.48389 101.98273 96.8067
2 68.120 BBA 1.2947 142.84593 1.29925 3.1933
B 4473.32982 103.28197
(S)-10e
DAD1 A, Sig=254,4 Ref=360,100 (41 T J& A~ 1] -MICHAEL Il &% J< '/\EXP10-24-5.D)
mAU 3
3 8
E ]
350 2
300
2503
200 3
150 >
100 =
E| wn
50 ] o
‘ 10 " &0 "4 s 60 ‘ 70 80 mi
I CRETRS A AR I LEATTE W vy 1T
# [min] [min] [mAU*s] [mAU] %

1 25.119 VB 0.7840 276.74765 5.17456 5.1093
2 69.220 vv 2.2344 5139.83203 33.23292 94.8907

A 5416.57968 38.40749

Diethyl 2-(1-(2-trifluoromethylphenyl)-3-oxo-3-phenylpropyl)malonate (10f). Chiralpak AD-

H column, n#-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.
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mAU
200
150+
100+
50+
0;1 5‘0 6‘0 7‘0 B‘O 9‘0 100 1.0 12‘0 1:‘%0 14‘0 15‘0 16.0 170 18‘0 ! mWn4
Ret.Tim .
Area Height | Rel.Area
No. | Peakname e ~ | Amount | Type Resolution
mAU*min mAU %
min
1 n.a. 8.492 45.4058 n.a. BMB | 194.270 50.69 11.92
2 n.a 14.008 44.1640 n.a. BMB | 124.071 49.31 n.a.
Total
89.5698 0.0000 318.341 | 100.00
(R)-10f
300+
200+
100+
A5.9 7‘0 5‘.0 9‘.0 100 11‘.0 12‘.0 1(;.0 13.0 15‘.0 16.0 ":n 5
Ret.Tim
Area Height | Rel.Area )
No. | Peakname e Amount | Type Resolution
. mAU*min mAU %
min
1 n.a 8.317 93.7649 n.a BMB | 412.909 96.38 13.07
2 n.a 14.267 3.5253 n.a BMB* | 10.290 3.62 n.a.
Total
97.2902 0.0000 423.199 | 100.00
(S)-10f
DADT A, Sig=254,4 Ref=360,100 (X% J& A~ 7 MICHAEL I % )2 M)\ EXPS-30-6.D)
mAU 7 @
100%
80 -
60 -
40
] «©
20 &
] o0
0 1 T T T T ‘ T
25 5 7.5 10 12.5 15 17.5 20 25 mi
lee {RBH TR EM U R UEE T FR U U THT AR
#  [min] [min] [mMAU*s] [mAU] g
ininind Rttt | =========== [-====== [-=====- | === I
1 8.348 BB 0.3054 90.24258 4.47210 2.2469
2 14.618 BB 0.5106 3926.08447 116.66838 97.7531
S 4016.32705 121.14048
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CF;

‘ o
EtOOC
COOEt O

109

Diethyl 2-(1-(4-trifluoromethylphenyl)-3-oxo0-3-phenylpropyl)malonate (10g). Chiralpak AD-

H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

mAU
150+
100+
50+
083 160 120 14‘0 16.0 ‘ 180 260 22‘0 24‘0 zéo 2!‘30 30‘0 32‘0 ‘3‘;0 3é0 1‘5{1
Ret.Tim .
Area Height | Rel.Area
No. | Peakname e ~ | Amount | Type Resolution
) mAU*min mAU %
min
1 n.a. 15.842 66.7600 n.a. BMB | 166.843 50.07 17.58
2 n.a. 32.300 66.5778 n.a. BMB | 83.403 49.93 n.a.
Total
133.3379 | 0.0000 250.247 | 100.00
(R)-10g
DADT A, Sig=2544 Ref=360,100 (X1 1 J&. -] FRMICHAEL T 2 W\EXP9-5-7.D)
mAU 3 0
350
3003
250 =
2004
150
1003 s
505 ~
©
04 : ' ;
5 0 15 2 % 3 40 mir
e fRFI ] A UgNE LEJTaE A U v e 1T RH
# [min] [min] [mAU*s] [mAU] %
it Bttt [====]======= [ === [ === | === \
1 15.115 BB 0.4382 1.20377e4 420.27466 97.2936
2 32.761 BBA 0.8586 334.85385 6.02273 2.7064
5% g 1.23726e4 426.29739
(5)-10g
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DAD1 A, Sig=254 4 Ref=360,100 (X T J&A~ ¥ FRMICHAEL T /% [ W\EXP9-30-7 5 #l].D)
mAU
175
150
125
1004
753
50 2 3
257 @ ]
0 L
‘ — ‘ —— — — —
5 10 15 20 25 30 35 mir]
e CREFRS(E] ST TR e TR o2t U EATTE 2
# [min] [min] [mAU*s] [mAU] %
il e [l | === | === | ———————- \
1 15.066 BB 0.3480 28.86505 1.33644 2.9315

2 33.504 BB 1.1466 955.77594 12.27279 97.0685

B 984.64099 13.60923

Diethyl 2-(1-(2-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10h). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

Mo
-1089 100 1.0 120 130 140 150 16.0 17.0 180 190 20 210 20 230 240 250 260 27‘0 ! m2:4
Ret.Tim .
Area Height | Rel.Area
No. | Peakname e Amount | Type Resolution
) mAU*min mAU %
min
1 n.a. 13.408 26.7492 n.a. BMB | 79.931 50.07 15.28
2 n.a. 24.692 26.6727 n.a. BMB | 43.569 49.93 n.a.
Total
53.4220 0.0000 123.499 | 100.00
(R)-10h
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DAD1 A, Sig=254,4 Ref=360,100 (1 I JE A~ 4] FrMICHAEL N & J5 [ \ie JC.CAT GRETE 7 R 1% Z I8.D)
mAU A e
200
150—3
100—5
504 °
] o
Q
0 . ! ]
5 10 15 20 25 30 35 mir|
W fRETRSE] AEAY T ESTiTE Al U 5y [E AT
# [min] [min] [mAU*s] [mAU] %
=== |==== === |- | === |- |
1 11.510 BV 0.3946 5922.13477 226.84277 97.9198
2 23.928 BV 0.7654 125.80910 2.41645 2.0802
o 6047.94387 229.25922
(S)-10h
DAD1 A, Sig=254.4 Ref=360,100 (] F JE A~ 4T FrMICHAEL N ke 5 \8 55 #F i 1 5 &1.D)
mAU 1 o
400—f
300
200
] (3]
100 £
0 |‘_ . I
—— 1 - - T - 1 - T T T 1 T r T T T ' r T r 1 . r T T T ' T T T T
5 10 15 20 25 30 35 mi
W TR R A AR IR U THIAH U v W TR R
# [min] [min] [mAU*s] [mAU] %
=== === [====]======= | === [===—————— [ ======== \
1 11.463 BB 0.3798 541.72778 21.50977 1.8650
2 23.692 BB 0.8305 2.85056e4 520.87469 98.1350
5=y 2.90473e4 542.38447

Diethyl 2-(1-(3-chlorophenyl)-3-oxo0-3-phenylpropyl)malonate (10i). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

mAU
150+
100+
50+
m T T
“ ]
15 130 1‘;0 150 15‘0 17‘0 15‘0 19‘0 20‘0 210 2‘0 Z;U 240 25‘0
No. | Peakname | Ret.Tim Area Amount | Type | Height | Rel.Area | Resolution
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e mAU*min mAU %
min
1 n.a. 17.150 74.7607 n.a. BMB | 176.692 49.94 2.82
2 n.a. 19.133 74.9432 n.a. BMB | 158.639 50.06 n.a.
Total
149.7039 | 0.0000 335.331 100.00
(R)-10i
405 ImAU
300
m4.0 5‘.0 6‘.0 7‘.0 8‘.0 9‘.0 10‘.0 11‘.0 12‘.0 1:‘5.0 11‘{0 15‘).0 16‘.0 17‘ 0 1é 0 m1n 9
Ret. Tim
Area Height | Rel.Area )
No. | Peakname e Amount | Type Resolution
. mAU*min mAU %
min
1 n.a 14.642 145.4153 n.a BMB | 359.866 95.82 4.70
2 n.a 17.733 6.3423 n.a BMB* | 15.061 4.18 n.a.
Total
151.7577 0.0000 374.927 | 100.00
(S)-10i
DAD1 A, Sig=254,4 Ref=360,100 (X I J& A~ 4] F MICHAELRN 1% iz V] 5 2 H-A+4 - Fe - £ he9'5 20130709-2.D)
mAU 5 ©
woé
160
150
140
130 ©
120 . s
s s " s 0 125 45 w75 20 a3s mi
W fRETRS ) MY bR ESTITE oot U EATTRA
# [min] [min] [mAU*s] [mAU] %
el [==== === | -=—==———= | -=——=—————= | === \
1 14.618 BB 0.3793 5.30831 1.71404e-1 0.4347
2 17.663 BB 0.2865 1215.87598 70.73312 99.5653
BE 1221.18429 70.90452
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C

: o
EtOOC
COOEt O

10j

Diethyl 2-(1-(4-chlorophenyl)-3-0x0-3-phenylpropyl)malonate (10j). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

19

ImAU
75|
50+
} A
S e P A
Ret.Time Area Height Rel.Area )
No. | Peakname Amount | Type Resolution
min mAU*min mAU %
1 n.a 19.767 44,9388 n.a. BMB 91.879 50.02 18.28
2 n.a 43.133 44.8956 n.a. BMB 39.407 49.98 n.a.
Total
89.8344 0.0000 131.286 100.00
(R)-10j
DADT A, Sig=254,4 Ref=360,100 (X I & A~ f FiMICHAELI 1k 2 F\EXP9-5-10.D)
mAU J =)
1203
100
80
60
40
20 S
E ki
1h ZID BIU 4‘D ‘ 5‘0 mi
W R RIE) AW TR U AT AR U 7 U THT AR
# [min] [min] [mAU*s] [mAU] %
el [==== === === | === | =======- |
1 18.469 BB 0.4751 4140.06055 135.26331 96.7624
2 45,982 BB 0.9244 138.52345 1.80701 3.2376
B 4278.58400 137.07031
(5)-10j
DADT A, Sig=254,4 Ref=360,100 (X 1. J& A~ iR MICHAEL I 2 F\G] 24 B 9+ 14/ £ /5105 20130718.D)
mAU g
20 ’[ \
E \
15 ‘
] 8 I
10 N [\
] ) ]_\ ’i \
S — JN I N
o S 3 40 s i
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WE RETII A A WY W R T
# [min] [min] [MAU*s] [mAU] %
el e R e |-====—=——= [ === [ -======- |

1 17.830 BBA 0.5207 117.61896 3.45878 5.2181
2 42.852 BB 1.4198 2136.42505 22.58013 94.7819
o B 2254.04401 26.03891

Diethyl 2-(1-(3-bromophenyl)-3-oxo-3-phenylpropyl)malonate (10k). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

@y]
100+
751
50
25+
4 T T T T T ! : T T ! T T T T T T T
14 130 140 150 16.0 170 180 190 200 210 20 230 240 250 260 269
Ret.Tim .
Area Height | Rel.Area
No. | Peakname e Amount | Type Resolution
mAU*min mAU %
min
1 n.a. 16.400 46.2073 n.a. BMB | 110.896 50.47 2.92
2 n.a 18.433 45.3432 n.a. BMB | 96.528 49.53 n.a.
Total
91.5505 0.0000 207.424 | 100.00
(R)-10k
-
200
m4.8 ! S‘D 7‘.0 8‘.0 9.‘0 10‘v0 11‘.0 12‘.0 13‘:0 14{0 15‘).0 1(12.0 17‘0 18‘.0 n:n.A
Ret.Tim
Area Height | Rel.Area )
No. | Peakname e Amount | Type Resolution
) mAU*min mAU %
min
1 n.a 14.733 117.3051 n.a BMB | 297.215 94.87 4.67
2 n.a 17.808 6.3473 n.a. BMB* | 14.733 5.13 n.a.
Total 123.6524 | 0.0000 311.947 | 100.00
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(S)-10k

DAD1 A, Sig=254.,4 Ref=360,100 (X 1 & A4~ 11 kMICHAEL I % [ '\EXP9-22-11.D)
mAUE ®
350
300 3
250 5
200
150
1004 B
E S
50 3 o
04 .
h T T T T T
5 10 15 20 25 mi
I PRETETIA S bgEE U TR U e TRI AR
# [min] [min] [mAU*s] [mAU] %
----------- [==== === | = e e | e
1 15.067 BB 0.3776 770.50568 31.70139 5.2221
2 18.418 BB 0.4929 1.39842e4 439.90903 94.7779
PSSy 1.47548e4  471.61042

Diethyl 2-(1-(4-bromophenyl)-3-oxo0-3-phenylpropyl)malonate (101). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

69.5

mAU
50.0
375
250+
125+
T T e T e e " "H "SI " " e e
Ret.Tim
Area Height | Rel.Area )
No. | Peakname e | Amount | Type Resolution
mAU*min mAU %
min
1 n.a. 20.817 30.8878 n.a. BMB | 57.525 50.42 18.43
2 n.a 45317 30.3714 n.a. BMB | 26.342 49.58 n.a
Total
61.2592 0.0000 83.867 100.00
(R)-101
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DAD1 A, Sig=254,4 Ref=360,100 (X T JE A~ X F-MICHAEL I 1k [ FZ\EXP9-14-12.D)
mAU 3
200
150—:
100—?
] (=]
50 €
1 g
0 T i T i — — i T T T T i T i — —
10 20 30 40 50  mir|
U PREFETE] ST IR U T A U iy [lE ST A
# [min] [min] [mAU*s] [mAU] %
e R | =====mmmm- | ====mmmm- |=====--- |
1 19.584 BB 0.5035 8691.88965 267.23639 96.6274
2 48.460 BB 1.0941 303.37488 3.79737 3.3726
B 8995.26453 271.03376
(S)-101
[ DAD1 A, Sig=254,4 Ref=360,100 (1] & Ji A4 FMICHAEL I i he W\R 35 1 EE A+ - - 2. Wii12%,20130729.D)
mAU a
350 =
300
250
200
150 3
100 b
N e
0
' 10 20 30 40 50 min
W CREFET TR 288 S U THI R U U THI AR
# [min] [min] [mAU*s] [mAU] %
el EEEEEE e B | === | == | -=———- |
1 19.984 BBA 0.5499 227.54240 6.63763 5.2097
2 47.183 BB 1.5558 4140.08838 39.14755 94.7903
gy 4367.63078 45.78518

Diethyl 2-(1-(4-fluorophenyl)-3-oxo0-3-phenylpropyl)malonate (10m). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

(]

100

[,
=]

o

DAD1 A, Sig=254.4 Ref=360,100 (X Ji. A~ X #iMICHAEL Jin ik [ I \EXP9-12-3.D)

44.260
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W LRI (R] A I U T I vy e THT AR

# [min] [min] [mAU*s] [mAU] %

il Rttt [====]======= [ === [ === | === |
1 16.703 BB 0.4347 6452.30664 230.38689 49.2792

2 44.260 BBA 1.2002 6641.06201 85.49921 50.7208

B 1.30934e4  315.88610
(R)-10m
[ DAD1 A, Sig=254,4 Ref=360,100 (X T 7 A 4] FRMICHAEL i1 12 1%\EXP9-28-14 D)
mAU | ©
120 %
100 "
80 ‘|
60 I
40 R
20- I 3
|\ :
0 - J \¥_| —— — S— L
10 ) 20 30 40 " i
b PREFES A AL TR Ui TR U vy e T A
# [min] [min] [mAU*s] [mAU] %
il Rttt === === | === [ === | === |
1 16.476 BB 0.5402 5361.76563 148.17935 95.8502
2 44.418 BBA 1.0379 232.13522 2.73041 4,1498
ME 5593.90085 150.90977
(S)-10m
DAD1 A, Sig=254,4 Ref=360,100 (1| = Jz 4~ 4 FEMICHAEL B i Jz 92\14-5 ¥ i11.D)
mAUE o
600
500
400
300 b
E ]
2005 ©
1007;4_@\_/%@&%’_
0 T T T T T T " " i 7 " T " T i i i \I i T T " T "
10 - ) 20 _ 30 40 50  min
U OB Y U U TR U vy Ve [T R
# [min] [min] [MAU*s] [mAU] %

R e | —=mmmm | —==mmm - |-
1 16.311 BBA 0.4868 4439.25781 140.41568 5.2301
2 41.958 BB 1.7340 8.04390e4 660.86523 94.76899

S 8.48782e4 801.28091

EtOOC

COOEt
10n

Diethyl 2-(1-(furan-2-yl)-3-oxo-3-phenylpropyl)malonate (10n). Chiralpak AD-H column, n-
hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.
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DAD1 A, Sig=254,4 Ref=360,100 (X T J&. 4~ X 7 MICHAEL I ik ;X S\ EXP9-12-1.D)
mAU 2 2
80 g
70 N
60
503
403
304
203
10
0 . ‘ ‘
Y S 2 .
W TR R A AR IR U THIAH U v W TR R
# [min] [min] [mAU*s] [mAU] %
il Bttt [ === === | === [===———— [ === \
1 12.038 BB 0.2929 1677.15320 88.58865 49.8443
2 15.059 BB 0.3645 1687.62793 71.71877 50.1557
BE 3364.78113 160.30743
(R)-10n
DADT A, Sig=254,4 Ref=360,100 (X ¥ & 4~ 4 FRMICHAEL I He [ M\EXP10-28-G13.D)
mAU é w0
140
120
100
807
60
40 >
20 2
04 I
203 T T T T T i T T T i i — T i i i T 7 i i i i l i
5 10 15 20 25 min
W PR PEIETE) ZEHY R WA THT RS U U THT AR
¥ [min] [min] [mAU*s] [mAU] %
=== == [====] === | === | === | —==———== |
1 11.795 BB 0.3819 4565.66992 180.01645 95.5960
2 14.759 VB 0.4655 210.33310 6.75129 4.4040
M 4776.00302 186.76774
(5)-10n
DAD1 A, Sig=254,4 Ref=360,100 (1] £ JZ A 4] FrMICHAEL I ik iz I'\AEXP9-22-13.D)
mAU 3 -
250
2003
150 3
100 3 w
503 ?;_
03 L ‘
2 4 6 8 10 12 14 16 min
W CREITE] SR R U [ AR U 1y ETOESA
# [min] [min] [mAU*s] [mAU] %

e R | === | === | === |
1 11.845 MF 0.2435 334.28808 22.87820 4.4591
2 14.871 VBA 0.3615 7162.54590 307.73297 95.5409

M 7496.83398 330.61117
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LD,
EtOOC
COOEt O

100
Diethyl 2-(1-(naphthalen-1-yl)-3-0x0-3-phenylpropyl)malonate (100). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

DAD1 A, 5ig=254,4 Ref=360,100 (XL J& A4 Ff MICHAEL I R MEV1-25 2 TE TN #2  & B 1551 471 e D)
AU P
“ :
o0
15 0 ]
{ o«
125 [ o
10 |‘ " M
75 R [
5 H I [
| | \.\ i A\
25 | o B JoN_ -
05— S e — -
T T T T .
5 10 15 20 25 30 min
W LRRIETIR) AL IR I TH] A U vy U [T A
# [min] [min] [mAU*s] [mAU] %

e e | ==mmmmmmmm | ==mmmmm | —==—==-
1 15.185 BB 0.5017 578.23468 17.48882 50.7800
2 23.243 Vv 0.7598 560.47076 11.04870 49.2200

B 1138.70544 28.53752

Diethyl 2-(1-phenyl-3-0x0-3-(4-methylphenyl) propyl)malonate (10p). Chiralpak AD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

DAD1 A, Sig=254,4 Ref=360,100 (%] & /& A~ 4] /R MICHAE LT 5% i I \&T T 4% 7t H i JRAC.D)
mAU 2
500
4004 0
1 8
300 3
200
100-]
0
k T T T T : T T I‘i T
10 20 30 40 50 miny
U fREH TR SR R T AH U 7y WAE THT A
# [min] [min] [mAU*s] [mAU] %

e I | ===mmmmeme | === mmeee |===mmmms |
1 22.909 BB 0.8231 3.46400e4 632.31329 50.0226
2 44.585 BB 1.6518 3.46087e4 310.64136 49.9774

MR 6.92486e4  942.95465
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(R)-10p

DAD1 A, Sig=254,4 Ref=360,100 (X5 J& A~ %] s MICHAEL Il i [5/\% 7 3E 75 T i i CAT G D)
mAU ] o
350
300
250
200
150
100 @
E <
503 ‘ 3
04 T T
10 20 30 £ 50 mi
W CRE RS TR) AL WS U T A UE vy e AT A
# [min] [min] [mAU*s] [mAU] %
el [====]======= | === |=====————- | ======== |
1 22.772 BB 0.7935 1.96572e4 371.38565 97.1105
2 44.479 BB 1.1959 584.89990 5.74463 2.8895
S 2.02421e4  377.13028
(5)-10p
DAD1 A, Sig=254,4 Ref=360,100 (X % J& A~ #] FMICHAEL I H 17 1 \% 1 3 7 5 B il CAT . GHRUFT 41 .D)
mAU =
175 5
150 =
1255
100
75
50 ©
E =
253 PN
o—z . ‘ .
T 0 S ' o 50 i
e (R mE]) A TR T AH I I T AR
# [min] [min] [mAU*s] [mAU] %
el [ ====]======= [====————— [ === |=======- \
1 22.016 BB 0.7204 584.67456 12.34935 2.7527
2 44,137 BB 1.5106 2.06556e4 203.77536 97.2473
EiE 2.12403e4  216.12471

EtOOC
COOEt O
OCH,

10q

Diethyl 2-(1-phenyl-3-0x0-3-(4-methoxyphenyl) propyl)malonate (10q). Chiralpak AD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.
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DAD1 A, Sig=254 4 Ref=360,100 (1] 5 J& 4~ % FrMICHAEL I 1 i S\ FARUEE 75 F A ARAC.D)
mAU ] 5
250 o
200 =
1503 @
1003
50
0
,50_: L . L :
T T T T T T T T e T T T e T T T TR mi
I PRET AR R b Ui TR U e TRI A
# [min] [min] [mAU*s] [mAU] %
it Rttt [====] === | === | === | === |
1 35.461 BB 1.3001 3.22527e4 377.76276 49.9490
2 61.179 BB 2.2349 3.23185e4 209.14067 50.0510
B 6.45713e4 586.90343
(R)-10q
DAD1 A, Sig=254,4 Ref=360,100 (A1 I J& A~ #] - MICHAEL N 2 WA 3,3 75 1 R RCAT G D)
mAU 2
175
150
125
100
75
50 0
25 §
w
0 ‘ ‘
10 20 30 40 50 80 min
e R IR EH TR U TR U I T A
# [min] [min] [mAU*s] [mAU] %
il Bttt [====] === [ === [ === | ======—= |
1 35.153 BB 1.2456 1.62681led 198.19156 97.7618
2 61.068 BB 1.5263 372.44531 2.86952 2.2382
B 1.66405e4  201.06108
(5)-10q
DAD1 A, Sig=254 4 Ref=360,100 (X % /A~ #] 7 MICHAEL I A& I v \x] 1, 3t 71 1 R FUCAT A GRLEE 4.D)
mAU [T}
100
80
60
404
] w
20 ]
] 3
0 A\ -~ I ) .
R Y i ‘ mit]
b CRETRS A AR IR Ui 1f £ e 350 i [T AR
# [min] [min] [MAU*s] [mAU] 5
=== [==== === |- | === | -—==——- \
1 34.096 BB 1.0406 510.25381 7.04788 2.8519
2 60.605 BB 2.0206 1.73818e4 124.21184 97.1481
Jug= 1.78920e4  131.25972
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E 0
EtOOC
COOEt O

CF
10r 8

Diethyl 2-(1-phenyl-3-0x0-3-(4-trifluoromethylphenyl) propyl)malonate (10r). Chiralpak AD-

H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

DAD1 A, Sig=254,4 Ref=360,100 (X1 % J& A &) #MICHAEL A% iz [ \X] — 38, 1 3 75 1 A RAC.D)
mAU o @
20 o
] =]
D{ o
-20
-404
-0 . ‘
“I‘.‘r)“I‘_1IDI‘II_1‘_5II‘I_Z‘O‘___“IZ‘S‘I“CSIU‘I“SISm‘in
W fRETRS ] ST WEE ESTITE ool &3 W [T AR
# [min] [min] [mAU*s] [mAU] %
il Bttt [====] === | === [ === | ===—==—- \
1 18.459 BB 0.6768 4530.88281 100.71526 50.1559
2 29,072 BB 1.0761 4502.71436 62.68071 49,8441
SAE 9033.59717 163.39597
(R)-10r
DADT A, Sig=254,4 Ref=360,100 (X I J& A~ 41 7 MICHAELIN A& K ST — 35, 7 3 71 I B CAT G D)
mAU [~
80
60
40
] )
20 2
==}
b ST . . L=
0~ T T T T T T T T T T : T T T T I‘ T T T T T T T T T T T T
10 20 30 40 50 mir
W CREFRS(E] AR R U TR A e e [T R
# [min] [min] [mAU*s] [mAU] %
=== ==—==== [====]======= [====————— [ === | ======— |
1 18.227 BB 0.6664 4049,25049 91.83716 97.3205
2 28.863 BB 0.8023 111.48539 1.63742 2.6795
ME 4160.73588 93.47458
(S)-10r
DADT A, Sig=254,4 Ref=360,100 (X5 J& 4~ &) 74 MICHAEL NN HZ 2 7 \X] —= 38, ' 3 71 - B U CAT N GRUFE i D)
mAUj r~
3o—f
20—3
10—? :
bl <
T T8 R T T e T
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I {RE RS E] e TR U AT FEL [l = e T FH
# [min] [min] [mAU*s] [mAlI] %

1 18.146 BBA 0.6050 179.29201 4,.53731 5.2008
2 29.087 BB 1.0324 3268.08765 48.23912 94.799%2

D 3447.37965 52.77643

Diethyl 2-(1-phenyl-3-0x0-3-(4-chlorophenyl) propyl)malonate (10s). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

DAD1 A, Sig=254,4 Ref=360,100 (%1 T: &4 #f FRMICHAEL N 1k [ F2\AT 2 71 T B ifRAC.D)
mAU S
400
300 ] 2
] N
] 5
200
1002
0] ‘ ‘ ‘
- - - T T 1 T T T T v T v 1T T T T 1 T T T ]
10 20 30 40 50 60 mi
W fREIASE] R wEEE eI sl U i EATTR A
# [min] [min] [mAU*s] [mAU] %

e R | ==mmmmmmmm | ==mmmmmmmm | ===mmmm-
1 21.280 BB 0.7303 2.37602e4 491.19012 50.1124

2 47.298 BB 1.6561 2.36536e4 213.24799 49.8876

BE 4.74138e4  704.43811

(R)-10s

DAD1 A, Sig=254 4 Ref=360,100 (X1 ¥ J& A+ &1 FRMICHAEL I )2 \X] % 7% - B4 HLCAT G.D)

mAU e
700 E

600
500
400
300
200
100

0 ! T ! T

46.497

10 20 30 40 50 60

70

min

W CREFES ] 2T 0 U [ AR U 5 E2TTE
# [min] [min] [mAU*s] [mAU] %
=== === [====]======= [ === | === [ ======== \
1 20.745 BB 0.7219 3.62755e4 755.90344 97.7935
2 46.497 BB 1.2749 818.47736 7.89913 2.2065

BE 3.70940e4 763.80257

(S)-10s
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DAD1 A, Sig=254 4 Ref=360,100 (1 £ J 1+ ] % MICHAEL I 1 A 205 1 B CAT L. Gl 31.D)

mAU b

350

300

250

200

150

100
50

10 20 30 40 50 60 min
W LR A SR IR UEE T AR I e AT A
# [min] [min] [mAU*s] [mAU] %
il Rttt [==== === [ === | =======— | ======== |
1 20.473 BB 0.6768 1983.65479 44.27040 4.2166
2 46.454 BB 1.6327 4.50607e4 409.84174 95.7834

M 4.70443e4  454.11214

Diethyl 2-(1-phenyl-3-ox0-3-(4-fluorophenyl) propyl)malonate (10t). Chiralpak AD-H column,

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm.

DAD1 A, Sig=254,4 Ref=360,100 (XI| T J& A~ & FR-MICHAEL I i 2 % \k 5 H A iRAC.D)
mAU 7
80
60
b &
40 Ed
4 o«
204
0]
-20 L :
5 10 15 20 75 30 15 4o 45 min
W LRI R) A ST U [T R U LEATTR 2
# [min] [min] [mAU*s] [mAU] %
e R | === ===~ [ =====—m—m= [=====——-m= | ————-—- \
1 18.064 BB 0.6200 4655.13672 114.09566 50.0485
2 39.861 BB 1.3559 4646.11719 50.85120 49.9515
M 9301.25391 164.94687
(R)-10t
DAD1 A, Sig=254 4 Ref=360,100 (1] & JE A~ 5T FRMICHAEL I 1% 5 W \xf & 71 I Wil i(CATG D)
mAU ©
300
250
200
150
1004 ©
50 &
E 3
0 T .
T T T T T
10 20 30 40 mir|
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g {RBFEA] EAY b IETTE A ([t e 7 A
#  [min) [min] [MAU*s ] [mAU] 3
e | -===|=-——-—- | -—-——--——- |-——-—m - | -—-——--- |
1 17.743 BB 0.6203 1.38780e4  337.11984 97.6997
2 39.338 BB 0.9817 326.75610 3.93923  2.3003

ME 1.42047e4  341.05907
(S)-10t
DAD1 A, Sig=254 4 Ref=360,100 (I & JE A~ 5T FEMICHAEL I A% 5 W \xf & 7 I Al CAT X Gikitii].D)
mAU -
1753
1503
125
100
75 -
E ~
504 0
E ~
25 =
0 . /\ — .
k T T T T T 7 T T T T
10 ) ) 20 30 40 mir|
W DB E) SEAY IR LETOE A U T eI
# [min] [min] [mAU*s] [mAU] %
=== [==== === [ |======—— | === |
1 17.570 BB 0.5859 933.57733 24.10439 4.8448

2 39.437 BB 1.4153 1.8336le4 194.60355 95.1552

B o 1.92697e4 218.70793
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