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1. General Information

Unless otherwise noted, all reactions were carried out under a nitrogen
atmosphere; materials obtained from commercial suppliers were used directly without
further purification. The [a]p was recorded using PolAAr 3005 High Accuracy
Polarimeter. 'H NMR spectra and *C NMR spectra were recorded on a Bruker 400
(or 500) MHz spectrometer in chloroform-ds. 3P NMR were recorded on a Bruker
300 MHz spectrometer in chloroform-ds. Chemical shifts (in ppm) were referenced to
tetramethylsilane (5 = 0 ppm) in CDCl; as an internal standard. **C NMR spectra
were obtained by using the same NMR spectrometers and were calibrated with CDCl;
(6 =77.00 ppm). The data is being reported as (s = singlet, d = doublet, dd = doublet
of doublet, t = triplet, m = multiplet or unresolved, br = broad signal, coupling
constant(s) in Hz, integration). Noteworthy, splitting signals between **C nucleus and
3p nucleus in some Peng-Phoses were difficult to distinguish and these *C NMR
signals were reported as singlet entirely. Infrared (IR) spectra were obtained using a
Bruker tensor 27 infrared spectrometer.

Trichloromethane (CHCI3), carbon tetrachlorid, dichloromethane, dichloroethane
and ethyl acetate were freshly distilled from CaH,; tetrahydrofuran (THF), toluene
and ether were dried with sodium benzophenone and distilled before use; Ph,PCH3
was purchased from Acros Company.

Reactions were monitored by thin layer chromatography (TLC) using silicycle
pre-coated silica gel plates. Flash column chromatography was performed on silica
gel 60 (particle size 200-400 mesh ASTM, purchased from Yantai, China) and eluted

with petroleum ether/ethyl acetate.
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2. Typical Synthetic Procedure and Datas for Peng-Phoses.

Typical Procedure for the Preparation of Methylphosphonic Lithium

nBuLi (1 equiv)
thPCH3 > thPCH2L|
TMEDA (1equiv), RT

The diphenyl methyl phosphonic lithium was prepared according to the literature!!:
According to Peterson’s method, 5 mmol nBuLi (1.6 M in hexane) was slowly added
to a Schlenk tube that containing TMEDA (5.0 mmol), the mixture was stirred for 30
minutes. Then methyldiphenylphosphane (5 mmol) was added slowly to the solution
of nBuLi and TMEDA. The mixture was stirred until a bright yellow precipitate was
generated. At last, a solution of methyl phosphonic lithium was formed by the
addition of few milliliters of THF.

Typical Procedure for the Synthesis of Phosphines (S,Rs)-P1~8.

o tBu
1 (@] H

=S+
CHO p NSy S-S, PhaPCHLE O "NH
Qe e——— N tBu —————> _PPh
A THF,50°C THF, RT @(V 2
r i Ar i
Ar

85-94% yield 57-68% yield

{Bu {Bu gBu ﬁBu
O/ NH O’ NH
‘\/:th ‘\/:FTZ ‘\/:P\hz ‘/\\i
(S,Rs)-P1 (S.Rs)-P2 (S.Rs)-P3 (S.Rs)-P4
d.r.=14:1 d.r.=12:1 d.r.=15:1 dr.=9:1
68% 56% 63% 54%
{Bu {Bu gBu gBu
O/ NH
PPh, PPh, PPh, PPh,
\ tBu tBu ‘/\;
‘/i ‘/\;OMe
(S.Rs)-P5 (S.Rs)- PG (S,Rs)-P7 (S.Rg)- P8
d.r. =81 d.r. = 12:1 d.r. = 15:1 dr. = 14:1
57% 56% 53% 52%

A solution of diphenyl methyl phosphonic lithium (1.5 mmol) that containing
TMEDA (1.5 mmol) in anhydrous THF was added to the solution of corresponding

chiral sulfinyl imines® (1.0 mmol chiral sulfinyl imines in 2 mL anhydrous THF) at
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room temperature. The mixture was stirred until completion of imine as indicated by
TLC, followed by hydrolysis with 10 mL of water and diluted with EtOAc. The
organic layer was separated, the aqueous phase was extracted three times with EtOACc
(3X10 mL). The combined organic phases were dried over MgSO, and the solvents
were removed in vacuo. The residue was purified by silica gel chromatography using

petroleum ether/EtOAC as the eluent to afford the desired Peng-Phoses.
Procedure for the Synthesis (S,Rs)-P9.

tBu

o‘é‘w@) 0/’31‘@

CI KOH (2 equiv) O
‘

19%
(S,Rs)-P5 (S,Rs)-P9

A stirred solution of (S,Rs)-P5 (0.3 mmol), KOH (0.6 mmol), tetrabutyl
ammonium bromidein (0.12 mmol) in ether (2 mL) was added CHzl (0.6 mmol)
slowly. The mixture was stirred at 25 °C until completion of (S,Rs)-P5 as indicated by
TLC, after completion of the reaction, the reaction mixture was directly purified by
silica gel chromatography using petroleum ether/EtOAc as the eluent to afford the
desired (S,Rs)-P9 in 19% vyield (noteworthy, a great deal of phosphonium salts were

obtained during the methylation process).
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General Data for (S,Rs)-P1~9

gBu

o‘S‘UH

PPh,

(S,Rs)-P1; White solid. m.p. = 159-161 °C; [0]p®® = + 20.9 (c = 0.33, CHCl5); 'H
NMR (400 MHz, CDCls): & 7.56 (d, J = 7.6 Hz, 1H), 7.38-7.35 (m, 1H), 7.31-7.10
(m, 17H), 4.71-4.64 (m, 1H), 3.82 (d, J = 6.0 Hz, 1H), 2.61-2.55 (m, 1H), 2.47-2.41
(m, 1H), 1.12 (s, 9H); *C NMR (100 MHz, CDCls): & 141.06, 140.41, 141.09 (d,
Jep= 4.9 Hz), 137.90 (d, Jep= 12.5 Hz), 137.35 (d, Jep= 12.8 Hz), 132.64 (d, Jcp=
19.2 Hz), 132.26 (d, Jep= 18.9 Hz), 130.23, 129.36, 128.55, 128.43, 128.40, 128.33,
128.12, 128.00, 127.36, 127.01, 126.56, 56.25, 54.30 (d, Jcp= 16.8 Hz), 38.52 (d,
Jep= 15.4 Hz), 22.41; 3P NMR (121.5 MHz, CDCls) & = -24.36 ppm; HRMS (ESI)
m/z calcd. for C3H3;NNaOPS [M+Na] * = 508.1834, found = 508.1845; IR (neat): v
3231, 3051, 2961, 2922, 1476, 1430, 1398, 1366, 1181, 1065, 1044, 1031, 894, 771,
744,695 cm™,

tBu

0”7 *NH

PPh,

OMe

(S,Rs)-P2; White solid. m.p. = 127-129 °C; [0]o®® = + 17.6 (c = 0.33, CHCl5); *H
NMR (400 MHz, CDCls): & 7.54 (d, J = 8.0 Hz, 1H), 7.36-7.33 (m, 1H), 7.28-7.12
(m, 14H), 6.82 (d, J = 8.4 Hz, 2H), 4.74-4.67 (m, 1H), 3.83-3.82 (m, 4H), 2.61-2.55
(m, 1H), 2.45-2.40 (m, 1H), 1.14 (s, 9H); *C NMR (100 MHz, CDCl5): & 158.56,
140.72, 140.36 (d, Jcp= 5.0 Hz), 137.89 (d, Jcp= 12.5 Hz), 137.41 (d, Jep= 13.1 Hz),
132.72 (d, Jcp= 19.5 Hz), 132.23 (d, Jcp= 18.7 Hz), 130.43, 128.53, 128.36, 128.29,
127.79, 127.35, 126.44, 113.55, 56.25, 55.13, 54.11 (d, Jcp= 16.7 Hz), 38.60 (d, Jcp=
15.2 Hz), 22.46; P NMR (121.5 MHz, CDCls) 6 = -24.36 ppm; HRMS (ESI) m/z
calcd. for Cs;H3sNNaO,PS [M+Na] * = 538.1940, found = 538.1954; IR (neat): v
3224, 2950, 2927, 1607, 1512, 1478, 1431, 1391, 1290, 1243, 1176, 1061, 1042, 999,
897, 834, 778, 738 cm™.
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tBu

O/’S\NH

PPh,

Ph
(S,Rs)-P3; White solid. m.p. = 160-162 °C; [0]o™ = + 8.3 (¢ = 0.33, CHCl5); *H NMR
(400 MHz, CDCls): & 7.64 (d, J = 7.6 Hz, 2H), 7.59 (d, J = 7.6 Hz, 1H), 7.53 (d, J =
8.0 Hz, 2H), 7.49-7.46 (m, 2H), 7.41-7.35 (m, 2H), 7.32—7.28 (m, 3H), 7.23-7.20 (m,
6H), 7.17-7.10 (m, 5H), 4.77-4.70 (m, 1H), 3.86 (d, J = 5.6 Hz, 1H), 2.64-2.59 (m,
1H), 2.48-2.43 (m, 1H), 1.15 (s, 9H); *C NMR (100 MHz, CDCls): & 140.62 (d, Jcp=
7.3 Hz), 140.22 (d, Jcp= 4.7 Hz), 139.66, 139.36, 137.77 (d, Jep= 12.5 Hz), 132.27 (d,
Jep= 13.0 Hz), 132.69 (d, Jep= 19.5 Hz), 132.21 (d, Jep= 18.5 Hz), 130.27, 129.83,
128.73, 128.58, 128.38, 128.30, 128.11, 127.47, 127.25, 126.96, 126.77, 126.58,
56.28, 54.09 (d, Jcp= 16.5 Hz), 38.74 (d, Jcp= 15.3 Hz), 22.46; *'P NMR (121.5 MHz,
CDCl3) & = -24.55 ppm; HRMS (ESI) m/z calcd. for C3sHzsNNaOPS [M+Na] * =
584.2147, found = 584.2152; IR (neat): v 3212, 3054, 3024, 2955, 2921, 1477, 1451,
1430, 1392, 1367, 1180, 1042, 1029, 900, 841, 753, 740 cm™.

tBu

o’/s‘r;lH

~_PPh,
(S,Rs)-P4; White solid. m.p. = 212-214 °C; [a]p® = + 5.3 (¢ = 0.33, CHCl5); 'H NMR
(400 MHz, CDCl3): & 7.86-7.62 (m, 5H), 7.52—7.27 (m, 6H), 7.11-6.85 (m, 9H), 4.71
(br, 1H), 3.90 (br, 1H), 2.54-2.43 (m, 2H), 1.15 (s, 9H); **C NMR (100 MHz, CDCly):
& 140.90, 140.44 (d, Jcp= 4.9 Hz), 137.96, 137.74 (d, Jcp= 12.4 Hz), 136.95 (d, Jcp=
12.9 Hz), 133.16, 132.51 (d, Jep= 19.5 Hz), 132.36, 132.13 (d, Jcp= 18.8 Hz), 130.47,
128.47, 128.32, 128.28, 128.22, 128.18, 128.16, 128.10, 127.75, 127.63, 127.48,
126.60, 126.16, 125.95, 56.37, 54.41 (d, Jcp= 16.0 Hz), 38.82 (d, Jcp= 15.2 Hz),
22.48; *'P NMR (121.5 MHz, CDCls) & = -24.46 ppm; HRMS (ESI) m/z calcd. for
C34H34NNaOPS [M+Na] * = 558.1991, found = 558.2004; IR (neat): v 3224, 3050,
2957, 1483, 1468, 1429, 1391, 1366, 1265, 1233, 1179, 1155, 1042, 1030, 900, 860,

826, 754, 737 cm™,
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£Bu

_S.
0”7 NH

PPh,

(S,Rs)-P5; White solid. m.p. = 82-84 °C; [a]o®® = + 96.8 (c = 0.33, CHCl3); *H NMR
(400 MHz, CDCly): & 8.54 (s, 1H), 8.12 (d, J = 8.8 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H),
7.90 (d, J = 8.0 Hz, 1H), 7.66-7.60 (m, 2H), 7.51-7.43 (m, 4H), 7.37-7.29 (m, 2H),
7.25-7.18 (m, 4H), 7.09-7.04 (m, 3H), 6.87-6.84 (m, 2H), 6.36-6.33 (m, 2H),
4.07-4.05 (m, 1H), 3.91-3.84 (m, 1H), 2.29-2.17 (m, 2H), 0.78 (s, 9H); *C NMR
(100 MHz, CDCls): & 143.26 (d, Jcp= 6.1 Hz), 137.53 (d, Jep= 11.5 Hz), 136.62,
135.82 (d, Jep= 12.1 Hz), 134.56, 132.58, 132.39, 132.04, 131.84, 131.53, 131.35,
131.29, 130.64, 129.94, 128.78, 128.70, 128.44, 128.37, 128.34, 128.21, 128.17,
128.10, 127.61, 127.37, 127.12, 127.03, 126.64, 125.72, 125.70, 125.40, 125.20,
56.68, 55.94 (d, Jcp= 12.1 Hz), 38.31 (d, Jcp= 16.2 Hz), 21.94; *'P NMR (121.5 MHz,
CDCl3) & = -24.19 ppm; HRMS (ESI) m/z calcd. for CsgH3sNNaOPS [M+Na] * =
608.2147, found = 608.2152; IR (neat): v 3050, 2864, 2348, 1725, 1432, 1356, 1047,
885, 844, 792, 736 cm™.

gBu

O/”S\NH

_PPh,

tBu
(S,Rs)-P6; White solid. m.p. = 58-60 °C; [a]o®® = + 36.8 (c = 0.33, CHCl3); *H NMR
(400 MHz, CDCl3): 8 7.59 (d, J = 7.6 Hz, 1H), 7.46-7.47 (m, 1H), 7.39-7.35 (m, 1H),
7.29-7.26 (m, 1H), 7.23-7.11 (m, 11H), 7.05-7.02 (m, 2H), 4.79-4.72 (m, 1H), 3.84
(d, J = 6.8 Hz, 1H), 2.48-2.36 (m, 2H), 1.32 (s, 18H), 1.08 (s, 9H); *C NMR (100
MHz, CDCls): & 150.54, 141.94, 140.64 (d, Jcp= 5.0 Hz), 139.92, 138.52 (d, Jcp=
13.0 Hz), 136.79 (d, Jep= 12.5 Hz), 132.53 (d, Jep= 19.4 Hz), 132.23 (d, Jcp= 18.9
Hz), 130.31, 128.48, 128.41, 128.38, 128.31, 127.73, 127.14, 126.51, 123.93, 120.77,
56.32, 54.84 (d, Jcp= 15.5 Hz), 38.77 (d, Jcp= 15.6 Hz), 34.89, 31.46, 22.33; P
NMR (1215 MHz, CDCl3) 6 = -24.72 ppm; HRMS (ESI) m/z calcd. for

C33H4sNNaOPS [M+Na] * = 620.3086, found = 620.3099; IR (neat): v 2957, 2902,
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2866, 1592, 1476, 1432, 1392, 1361, 1246, 1053, 899, 879, 739 cm™.

tBu

O 5 __PPh,

(S,Rs)-P7; White solid. m.p. = 54-56 °C; [a]p®® = + 34.2 (c = 0.33, CHCl3); *H NMR
(400 MHz, CDCls): & 7.57 (d, J = 8.0 Hz, 1H), 7.37-7.33 (m, 1H), 7.28-7.15 (m,
12H), 7.09-7.06 (m, 2H), 4.82-4.78 (m, 1H), 3.80-3.73 (m, 4H), 2.53-2.48 (m, 1H),
2.41-2.36 (m, 1H), 1.41 (s, 18H), 1.09 (s, 9H); *C NMR (100 MHz, CDCls): &
158.45, 143.28, 141.60, 140.58 (d, Jcp= 4.9 Hz), 138.45 (d, Jcp= 13.2 Hz), 137.05,
134.92, 132.55 (d, Jcp= 19.5 Hz), 132.19 (d, Jcp= 19.8 Hz), 128.59, 128.49, 128.41,
128.34, 127.90, 127.61, 127.14, 126.61, 64.12, 56.27, 54.87 (d, Jcp= 16.3 Hz), 38.64
(d, Jep= 15.6 Hz), 35.80, 32.15, 22.34; *'P NMR (121.5 MHz, CDCls) = -24.49 ppm;
HRMS (ESI) m/z calcd. for CaoHsoNnaO,PS [M+Na] * = 650.3192, found = 650.3212;
IR (neat): v 2957, 2867, 1411, 1391, 1360, 1257, 1220, 1115, 1053, 1010, 888, 764,

738, cm™,

tBu

Z__PPh,

(T
Ph

(S,Rs)-P8; White solid. m.p. = 71-73 °C; [a]p® = + 42.6 (c = 0.33, CHCl3); 'H NMR
(400 MHz, CDCl3): & 7.80 (s, 1H), 7.65-7.63 (m, 5H), 7.52 (s, 2H), 7.45-7.40 (m,
5H), 7.37-7.25 (m, 4H), 7.23-7.15 (m, 5H), 7.11-7.00 (m, 5H), 4.81-4.74 (m, 1H),
3.91 (d, J = 6.0 Hz, 1H), 2.65-2.59 (m, 1H), 2.49-2.44 (m, 1H), 1.07 (s, 9H); **C
NMR (100 MHz, CDCls): & 141.63, 141.54, 140.73, 140.61, 140.26 (d, Jcp= 5.1 Hz),
137.79 (d, Jep= 12.4 Hz), 137.00 (d, Jcp= 12.9 Hz), 132.48 (d, Jcp= 19.3 Hz), 132.22
(d, Jep= 18.9 Hz), 130.30, 128.70, 128.58, 128.46, 128.37, 128.34, 128.31, 128.27,
128.16, 127.44, 127.41, 127.25, 127.16, 126.94, 124.71, 56.31, 54.92 (d, Jcp= 16.2
Hz), 38.78 (d, Jcp= 15.5 Hz), 22.32; *'P NMR (121.5 MHz, CDCl3) & = -24.07 ppm;
HRMS (ESI) m/z calcd. for C4,HsNNaOPS [M+Na] * = 660.2460, found = 660.2480;

IR (neat): v 3054, 3031, 2951, 1592, 1575, 1432, 1411, 1361, 1182, 1052, 882 cm™.
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(S,Rs)-P9; White solid. m.p. = 184-186 °C; [0]p®™® = + 59.5 (c = 0.33, CHCl5); 'H
NMR (400 MHz, CDCls): & 8.54 (s, 1H), 8.09-8.04 (m, 2H), 7.82 (d, J = 7.6 Hz, 1H),
7.65 (d, J = 8.8 Hz, 1H), 7.57-7.52 (m, 2H), 7.48-7.42 (m, 3H), 7.32—7.26 (m, 3H),
7.14-7.02 (m, 4H), 6.93-6.90 (m, 2H), 6.80-6.77 (m, 2H), 6.52-6.48 (m, 2H),
3.88-3.83 (m, 1H), 2.66—2.60 (m, 1H), 2.39-2.33 (m, 4H), 0.83 (s, 9H); **C NMR
(100 MHz, CDCl5): & 142.92 (d, Jep= 4.7 Hz), 138.58 (d, Jcp= 13.7 Hz), 137.36,
136.78 (d, Jep= 13.8 Hz), 135.08, 132.68, 132.48, 132.14, 132.06, 131.87, 131.47,
131.22, 130.65, 130.07, 128.46, 128.41, 128.21, 128.15, 128.09, 128.03, 127.57,
127.54, 127.03, 126.90, 125.83, 125.33, 125.27, 62.25 (d, Jcp= 15.3 Hz), 58.54, 33.92
(d, Jep= 17.4 Hz), 29.68, 23.36; *'P NMR (121.5 MHz, CDCls) & = -22.55 ppm;
HRMS (ESI) m/z calcd. for C3gH3sNNaOPS [M+Na] * = 622.2304, found = 622.2311;
IR (neat): v 2921, 2851, 1648, 1632, 1468, 1432, 1357, 1237, 1195, 1068, 1027, 902,
847, 735, 697 cm™,

3. %P NMR Experiments of (S,Rs)-P5 in the Cross RC Reaction

For better understanding of the catalytic process of (S,Rs)-P5 in the cross RC reaction,
series of *'P NMR experiments were carried out (Figure 1). The 3P NMR spectrum
containing 3-aroyl acrylates (Figure 1b) hardly had any difference compared with the
b NMR spectrum of the pure (S,Rs)-P5 (Figure la) demonstrated a fact that
(S,Rs)-P5 had no interaction with 3-aroyl acrylates. Noteworthy, a newly formed *'P

peaks was observed by the addition of acrolein to the (S,Rs)-P5 solution (Figure 1c).
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(S,Rs)-P5
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zhauw-5-208n
(-]
g
(1b) 3
EBu
_S.
O NH o
O PPh, ©)J\/\’roa
‘ (]
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(S,Rg)-P5
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EBu
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Figure S1. (a) *P NMR spectrum of pure (S,Rs)-P5; (b) 3P NMR spectrum of (S,Rs)-P5 containing 3-aroyl

acrylates; (c) 3P NMR spectrum of (S,Rs)-P5 containing acrolein.
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4. Optimization of Xiao-Phoses and Wei-Phoses in the Cross R-C

Reaction

h,P,

Ph,P. o Ph,P o ]
thPj\ o (S,Rs)-X1, R = isopropyl g oo 'SO’ Pr g
1 -X2 = -, e .S, .S.,
s, (S,Rs)-X2,R = cyclohexyl H Bu NS, .
R™ "N"""1gy (S.Rs)-X3, R = adamantyl N N
" M iPr iPr

(S,Rs)-X4, R = phenyl eO
OMe
(S,Rs)-X5 (S,Rs)-X6 (S,Rs)-X7
Ph,P. Ph,P.
Ph,P. o thp\_ o 2 9 PhZP\: o 2 9
m H n < 11
’S"/ : /S'/ /S"‘/ : ’S’w ’S"u/
N @\ﬂ” . N8y N8y N "Bu
OH OH OTE OTES oTIPS
(S,Rs)-X8 (R.Rg)-X8 (S,Rs)-X9 (R.Rg)-X9 (S,Rs)-X10
Phy,P. PhyP. Ph,P.
Ph,P_ PN o N o PPN o Y ¢
= m B 1 B
: .S, ,S.,/// ’S"//, .S “w, N” S “,
@\H B N tBu @\/\ N "“Bu N tBu ©?H tBu
OTIPS OTBS OTBS OTBDPS OTBDPS
(R.Rs)-X10 (S,Rg)-X11 (R.Rg)-X11 (S,Rg)-X12 (R.Rs)-X12
Ph,P. Ph,P. Ph,P.
Phy,P. 0 2 0 ('s? gS,)
H “tBu ” “tBu N tBu H tBu
PAr, PAr, PAr, PAr2
Ar = Ph Ar = 4-Me-CgH, 3,5-Me,CeH3 Ar = 3,5-(tBu),CgH3
(S,Rg)-W1 (S,Rg)-W2 (S,Rs)-W3 (S,Rs)- W4

Figure S2. Screened Xiao-Phoses and Wei-Phoses.
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Table S1: Optimization of Xiao-phoses and Wei-Phoses for the cross R-C reaction of

3-aroyl acrylates and acrolein®.

o]
©)?\/\C02Et . \iH Cat.* 10 mol% o ] H
1a ) Solvent, Temperatue, ¢ CO,Et
3a
Entry Cat.* Tem. [°C] Solvent t[h] Yield [%]™ ee [%]™@
1 (S,Rs)-X4 25 CHCl, 12 49 46
2 (S,Rs)-X4 25 DCM 12 24 51
3 (S,Rs)-X4 25 DCE 12 42 40
4 (S,Rg)-X4 25 Et,0 12 <5 -
5 (S,Rs)-X4 25 THF 12 13 54
6 (S,Rg)-X4 25 CH;CO,Et 12 12 53
7 (S,Rg)-X4 25 Acetone 12 63 39
8 (S,Rs)-X4 25 Toluene 12 41 36
9 (S,Rg)-X1 25 Acetone 12 27 36
10 (S,Rs)-X2 25 Acetone 12 34 35
11 (S,Rg)-X3 25 Acetone 12 21 17
12 (S,Rs)-X5 25 Acetone 12 39 36
13 (S,Rs)-X6 25 Acetone 12 42 38
14 (S,Rg)-X7 25 Acetone 12 33 27
15 (S,Rs)-X8 25 Acetone 12 15 23
16 (R,Rs)-X8 25 Acetone 12 18 -47
17 (S,Rs)-X9 25 Acetone 12 37 28
18 (R,Rs)-X9 25 Acetone 12 24 -55
19 (S,Rs)-X10 25 Acetone 12 62 34
20 (R,Rs)-X10 25 Acetone 12 60 -67
21 (R,Rs)-X10 0 Acetone 14 57 78
22 (R,Rs)-X10 -10 Acetone 14 45 85
23 (R,Rs)-X10 -20 Acetone 24 <10 --
21 (S,Rs)-X11 25 Acetone 12 58 36
22 (R,Rs)-X11 25 Acetone 12 42 -65
23 (S,Rg)-X12 25 Acetone 12 40 32
24 (R,Rs)-X12 25 Acetone 12 53 -64
25 (S,Rs)-W1 25 Acetone 12 69 58
26 (S,Rs)-W2 25 Acetone 12 64 50
27 (S,Rs)-W3 25 Acetone 12 68 45
28 (S,Rs)-W4 25 Acetone 12 67 44
29 (S,Rs)-W1 0 Acetone 12 55 61
30 (S,Rs)-W1 -10 Acetone 12 49 65
31 (S,Rs)-W1 -20 Acetone 16 37 67

[a] Unless otherwise specified, all reactions were carried out with 1a (0.1 mmol), 2 (0.3 mmol) , Xiao-Phos OR
Wei-Phos (10 mol%) in solvent (2 mL). [b] Yield of isolated products. [c] Determined by HPLC analysis using

a chiral stationary phase.
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5. Typical Procedure for the Peng-Phos Catalyzed Cross R-C
Reaction of Active Alkenes and Acrolein.

H

o 0
(S,Rs)-P5 (10 mol%) o o
R JJ\/\CORZ + \)J\ H R c
1

Toluene, -20 °C OR?
2 3

A stirred solution of 1! (0.2 mmol) and (S,Rs)-P5 (0.02 mmol) in toluene (2 mL) was
cooled to -20 °C. Subsequently, 2 (0.6 mmol) in toluene (2 mL) added slowly over 4 h.
The mixture was stirred for another 8 h, the solvents were removed in vacuo and the
residue was directly purified by silica gel chromatography using petroleum

ether/EtOAC as the eluent to afford the desired RC product.

6. X-ray crystal structure for 3g and (S,Rs)-P9

The H-atoms on the aryl ring have been removed for claritry.
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7. Experimental Procedure for the Transformations of 3a

Experimental procedure for the Wittig reaction of 3a

H o)
+ Phsp\ o
Ph CO,Et \)LPh Toluene, 100°C, 12h  Ph CO,Et
3a 4
92% ee 81%, 92% ee

A stirred solution of 3a (0.2 mmol) in toluene (2 mL) was added (1-phenyl-2-
(triphenylphosphoranylidene)-ethanone (0.6 mmol). The mixture was stirred at 100 °C
for 12 h. After completion of the reaction, the reaction mixture was directly applied to
a silica gel chromatography column to afford the desired 4 in 81% yield without loss

of enantiopurity.

Experimental procedure for the selective reduction of 3a

H
0 OH
mo NaBH(OAc), /u\j\ﬂ
Ph CO,Et THF,60°C,3h  Ph COEt
3a 5
92% ee 74%, 92% ee

Under Ar, a stirred solution of 3a (0.2 mmol) in THF (2 mL) was added
NaBH(OACc)s (0.6 mmol). The mixture was stirred at 60 °C for 3 h. After completion
of the reaction, the reaction mixture was directly applied to a silica gel
chromatography column to afford the desired 5 in 74% yield without loss of

enantiopurity.

Experimental procedure for the condensation reaction of 3a with

TSNHNH,
H
X, . NHTs
+  TsNHNH >
Ph CO,Et 2 dioxane, r.t., 0.5 h Ph CO,Et
3a 6
92% ee 94%, 92% ee
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A stirred solution of 3a (0.2 mmol) in dioxane (2 mL) was added TsSNHNH
(0.24 mmol). The mixture was stirred at r.t. for 0.5 h. After completion of the reaction,
the reaction mixture was directly applied to a silica gel chromatography column to

afford the desired 6 in 94% yield without loss of enantiopurity.

Experimental procedure for the Diels-Alder reaction of 3a

H Me
Me
m ° ¥ Me< FRBORL L 6
Ph CO,Et Me DME, 35°C,2h CHO
3a Ph 7 CO,Et
92% ee

d.r.=2:1,89%, 92% ee
A stirred solution of 3a (0.2 mmol) and 2,3-dimethyl-1,3-butadiene (0.6 mmol)
in DME (2 mL) was added boron fluoride ethyl ether (0.08 mmol). The mixture was
stirred at 35 °C for 2 h. After completion of the reaction, the reaction mixture was
directly applied to a silica gel chromatography column to afford the desired 7 in 89%
yield without loss of enantiopurity (d.r. = 2:1, the diasterecisomers of 7 were

inseparable through silica gel chromatography).

Experimental procedure for the Michael addition of 3a with

4-Chlorothiophenol

A
H Cl r\S H
O O *
)J& + DABCO 20 mol% mo
Ph CO,Et DCM,r.t.,2h Ph CO,Et
3a L Ar = 4-CI-CgH, 8
92% ee d.r. = 1:1, 96%, 92% ee

A stirred solution of 3a (0.2 mmol) in DCM (2 mL) was added
4-chlorothiophenol (0.24 mmol), DABCO (0.04 mmol). The mixture was stirred at r.t.
for 2 h. After completion of the reaction, the reaction mixture was directly applied to
a silica gel chromatography column to afford the desired 8 in 96% yield without loss

of enantiopurity (d.r. = 1:1).
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Experimental procedure for the dipolar cycloaddition of 3a

H o]
ph—4
L e+ AR
+ _ > %
Ph CO,Et =N o o)
+'N">Ph  DCE,65°C,1.5h CHO
3a Ph CO,Et
92% ee 9

d.rr. =4:1,91%, 92% ee

A stirred solution of 3a (0.2 mmol) in DCE (2 mL) was added
benzoyl(3,4-dihydroisoquinolin-2-ium-2-yl)amide” (0.4 mmol). The mixture was
stirred at 65 °C for 1.5 h. After completion of the reaction, the reaction mixture was
directly applied to a silica gel chromatography column to afford the desired 9 in 91%

yield without loss of enantiopurity (d.r. = 4:1).

Experimental procedure for the R-C of 3a with methyl vinyl ketone

H

0 H
Q 0 . Ve Ph,PCH, G N
Ph CO,Et N

I DCM, 25°C, 8 h
3a Ph CO,Et

92% ee 10
d.r.=1.3:1, 86%

A stirred solution of 3a (0.2 mmol) and methyl vinyl ketone (0.6 mmol) in DCM (2
mL) was added Ph,PCHjz (0.04 mmol). The mixture was stirred at 25 °C for 8 h. After
completion of the reaction, the reaction mixture was directly applied to a silica gel
chromatography column to afford the desired 10 in 86% vyield. (d.r. = 1.3:1, the
diastereoisomers of 10 were inseparable through silica gel chromatography and we

have not found suitable chiral stationary for determining the ee).
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8 General Datas and HPLC Spectra for 3,4, 5,6, 7, 8,9

3a (S)-ethyl 3-formyl-2-(2-oxo0-2-phenylethyl)but-3-enoate
H

o 0
CO,Et

3a; Colorless oil; [a]p?® = + 127.1 (c = 0.33, CHCI3); *H NMR (400 MHz, CDCl5): &
9.55 (s, 1H), 7.96-7.93 (m, 2H), 7.59-7.54 (m, 1H), 7.47—7.44 (m, 2H), 6.49 (d, J =
0.8 Hz, 1H), 6.20 (s, 1H), 4.23 (dd, J = 8.0, 5.6 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H),
3.69 (dd, J = 18.0, 8.0 Hz, 1H), 3.22 (dd, J = 17.6, 5.6 Hz, 1H), 1.23 (t, J = 7.2 Hz,
3H); 3¢ NMR (100 MHz, CDCl5): 6 197.06, 192.68, 172.08, 147.31, 136.37, 136.18,
133.30, 128.59, 128.03, 61.26, 39.77, 39.70, 13.98; Enantiomeric excess: 95%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 85/15; flow rate 1.0 ml/min;
25 C; 220 nm), first peak: tg = 10.10 min, second peak: tg = 11.30 min; HRMS (ESI)
m/z calcd. for C1sH1NaO4 [M+Na] " = 283.0941, found = 283.0950; IR (neat): v 2983,
2939, 2907, 2824, 1727, 1691, 1679, 1594, 1448, 1401, 1362, 1325, 1211, 1174, 1159,
1096, 1022, 975, 753, cm™.

35 g2 #272 [modified by dell zw-4-75-1-ADH-851502523010 uv_VIS 1
= Al WVL:230 nm|
1-11.153
30.04
] 2-13.347
2501
2004
15.0—:
1:.0—:
0. 1 S IV |
S — [
a.00 10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo
1 11.15 na. 30.976 8536 4977 na.  BMB*
2 13.35 n.a. 28.161 8616  50.23 na.  BMB*
Total: 59.137 17.152  100.00 0.000
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450 ZW #6836 [modified by dell] zgj-2-24-1-adh-8515 Uv_VIS_1
T gmAU WWL:220 nim
] 2-11.300
4:0-:
35.0-:
3:0-:
2501 H
] (@] @)
200
CO,Et
1504 (+)-3a
1:0-:
s
E 1-10.107
1 1
T T
mir
T
8.00 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.90
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 1011 na. 10.643 281 245 na. BMB*
2 11.30 n.a. 398.288 111844 9755 na._ BMB*
Total: 408931 114655 100.00 0.000

3b (S)-ethyl 2-(2-(4-fluorophenyl)-2-oxoethyl)-3-formylbut-3-enoate
H
(0] (6]
CO,Et
F

3b; Colorless oil; [a]p® = + 167.2 (c = 0.33, CHCI3); *H NMR (500 MHz, CDCls): §
9.56 (s, 1H), 8.00-7.97 (m, 2H), 7.15-7.12 (m, 2H), 6.50 (s, 1H), 6.22 (s, 1H), 4.22
(dd, J = 8.5, 5.5 Hz, 1H), 4.17 (g, J = 7.0 Hz, 2H), 3.68 (dd, J = 18.0, 8.5 Hz, 1H),
3.17 (dd, J = 18.0, 5.5 Hz, 1H), 1.24 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCly):
6 195.50, 192.69, 172.02, 165.84 (d, Jcr = 253.63 Hz), 147.19, 136.30, 132.78 (d, Jcr
= 3.0 Hz), 130.69 (d, Jcr = 9.4 Hz), 115.71 (d, Jcr = 21.8 Hz), 61.31, 39.79, 39.58,
13.97; Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 85/15; flow rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 10.79
min, second peak: tg = 11.86 min; HRMS (ESI) m/z calcd. for CisH;5FNaO4 [M+Na]
*=301.0847, found = 301.0855; IR (neat): v 2982, 2918, 2848, 1729, 1684, 1648,
1628, 1595, 1507, 1409, 1363, 1322, 1212, 1173, 1156, 1096, 1024, 972, 821 cm™.
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1,100

ZVW #5646 [modified by dell]

zgj-2-29-1w-adh-8513 LV VIS 1

Jnal WWL:220 nm
': 1-10.853
] 2-11.953
875
7504
525 H
5004 o 0
] CO,Et
4 F (£)-3b
2501
1254
n : mir
oo — 1 LA UL L L LI 4
8.00 .00 10.00 11.00 12.00 13.00 14.00 15.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU"min %Yo
1 10.85 n.a. 958757 262172 4999 na. BMB*
2 11.95 n.a. 902274 252317  50.01 na.  BMB*
Total: 1861.031 524450 100.00 0.000
oo ZW #548 [modified by del] 20j-2-29-1s-adh-8515 Uv_WIS 1
o AU WL 220 nmy
i 2-11.860
5:0—-
4004
| H
300~ o) (o)
] CO,Et
2001 E (+)-3b
100~
] 1-10.793
oo E— 1 1 .
" 1 T
-100 T — 1 1 LI — 1 L LI T
.00 5.00 10.00 11.00 12.00 12.00 14.00 15.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 10.79 n.a. 17.841 4472 283 na.  BMB*
2 11.86 n.a. 5476685 153823 9717 na. BMB*
Total: 565506 158.285 100.00 0.000
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3c (S)-ethyl 2-(2-(4-chlorophenyl)-2-oxoethyl)-3-formylbut-3-enoate
H
O o
CO,Et
Cl

3c; Colorless oil; [0]p® = + 130.2 (c = 0.33, CHCls); *H NMR (500 MHz, CDCl5): &
9.57 (s, 1H), 7.91-7.89 (m, 2H), 7.46-7.43 (m, 2H), 6.51 (s, 1H), 6.22 (s, 1H), 4.22
(dd, J = 8.0, 5.0 Hz, 1H), 4.18 (g, J = 7.5 Hz, 2H), 3.68 (dd, J = 18.0, 8.5 Hz, 1H),
3.16 (dd, J = 18.0, 5.5 Hz, 1H), 1.24 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl5):
0 195.92, 192.69, 171.98, 147.15, 139.79, 136.35, 134.66, 129.46, 128.93, 61.35,
39.79, 39.64, 13.98; Enantiomeric excess: 94%, determined by HPLC (Chiralpak
AD-H, hexane/i-PrOH = 85/15; flow rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg =
12.34 min, second peak: tg = 13.33 min; HRMS (ESI) m/z calcd. for C15H15CINaO,
[M+Na] "= 317.0551, found = 317.0557; IR (neat): v 2981, 2921, 2823, 2703, 1730,
1685, 1627, 1588, 1571, 1400, 1306, 1246, 1213, 1173, 1090, 991, 827 cm™.

252 8541 [modified by dell 20j-2-2Tw-adh-8515 Uy WIS 1
- :mAL.l WHLIZ20 nm
4009 1-12.380 213373
35
3004
] H
0 o) o
200 CO,Et
*)-3c
1e0] Cl ()
1009
5
] : - —
: T0r
B LA R S S R L R L B BN B LA S B S B B I B S B B B
10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.97
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Y
1 12.36 na. 392800 114485 4887 na.  BMB*
2 13.37 na. 388201 119773 5113 na.  BMB*
Total: 781.091 234259 100.00 0.000
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5002 #642 [modified by dell 2g)-2-27s-adh-8515 Uy WIS 1
T mal WWVL:220 nm
] 2-13.333
400+
H
300+
o o
CO,Et
200+ cl (+)-3¢
100+
1-12.347
i 1 I 1 i
c ] mir
-50 T T 4 T 4 T T T N T T T T N T T T T 4
10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Y
1 12.35 n.a. 17.151 4.798 3.23 na. BMB*
2 13.33 n.a. 468.642 143877 9677 na __ BMB*
Total: 485793 148676 100.00 0.000

3d (S)-ethyl 2-(2-(4-bromophenyl)-2-oxoethyl)-3-formylbut-3-enoate
H
(0] o
CO,Et

Br

3d™: Colorless oil; [a]p? = + 119.1 (c = 0.33, CHCI3); *H NMR (500 MHz, CDCls):
$9.56 (s, 1H), 7.82 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 6.50 (s, 1H), 6.22 (s,
1H), 4.22 (dd, J = 8.0, 5.5 Hz, 1H), 4.18 (g, J = 7.0 Hz, 2H), 3.67 (dd, J = 18.0, 8.5
Hz, 1H), 3.15 (dd, J = 18.0, 5.5 Hz, 1H), 1.24 (t, J = 7.0 Hz, 3H); **C NMR (125
MHz, CDCls): 6 196.10, 192.67, 171.95, 147.12, 136.33, 135.04, 131.91, 129.55,
128.51, 61.33, 39.76, 39.60, 13.97; Enantiomeric excess: 95%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 85/15; flow rate 1.0 ml/min; 25 <C; 220 nm), first
peak: tr = 13.24 min, second peak: tg = 14.92 min; HRMS (ESI) m/z calcd. for
CisH1sBrNaO, [M+Na] * = 361.0046, found = 361.0054; IR (neat): v 2981, 2921,
2849, 1730, 1685, 1628, 1584, 1568, 1396, 1307, 1246, 1213, 1173, 1069, 990, 822,
786 cm™.
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ZW #5643 [modified by dell]

zgj-2-28w-adh-8515

Uy WIS 1

2o AU WHLIZ20 nm
- 1-13.087
2-14.780
400
H
3004 (¢}
CO,Et
poo] Br (£)-3d
100+
_4__//-\ —— L ¢ |
-50 T — T L — T T — T 7 L — T 1 — 1 T —
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 13.09 n.a. 480415 147772 4944 na BMB*
2 14.78 n.a. 444732 151112 5056 n.a BMB*
Total: 925147 298.884 100.00 0.000
o ZW #8545 [modified by dell] 20j-2-28-2s-adh-8515 Uv_VIS 1
350 maU WL:220 nm
] 2-14.927
3004
25-0-:
] H
200
] (@) O
150_: CO,Et
Br (+)-3d
1:0-:
5o
1-13.247
- - r S
'SL“"l''|"|"|"|"|"|"rnl
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU'min Yo
1 13.25 n.a. 9.742 2775 264 na. BMB*
2 14.93 n.a. 302169 102297 9736 na. _ BMB*
Total: 311911 105072 100.00 0.000
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3e (S)-ethyl 3-formyl-2-(2-oxo-2-(p-tolyl)ethyl)but-3-enoate
H
(0] O
CO,Et

Me

3e; White solid. m.p. = 48-50 °C; [a]p®° = + 117.6 (c = 0.33, CHCls); *H NMR (500
MHz, CDCl5): 6 9.56 (s, 1H), 7.85 (d, J = 8.5 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 6.50
(s, 1H), 6.20 (s, 1H), 4.23 (dd, J = 8.0, 5.5 Hz, 1H), 4.18 (g, J = 7.0 Hz, 2H), 3.67 (dd,
J=18.0, 8.0 Hz, 1H), 3.21 (dd, J = 18.0, 5.5 Hz, 1H), 2.42 (s, 3H), 1.24 (t, J = 7.0 Hz,
3H); 3¢ NMR (125 MHz, CDCls): 6 196.65, 192.73, 172.15, 147.32, 144.13, 136.22,
133.86, 129.25, 128.14, 61.22, 39.74, 39.55, 21.61, 13.98; Enantiomeric excess: 94%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min;
25 C; 220 nm), first peak: tg = 10.94 min, second peak: tg = 12.00 min; HRMS (ESI)
m/z calcd. for C1sH1gNaO4 [M+Na] * = 297.1097, found = 297.1109; IR (neat): v 2987,
2908, 2850, 1732, 1682, 1672, 1605, 1404, 1364, 1325, 1244, 1210, 1173, 1158, 1022,
976, 913, 813 cm ™,

2 LW 2852 [modified by dell] zgj-2-30-2w-adh-9010 UV VIS 1
T AU WWL:220 nimy
1-10.830
2:0-‘
150-
1004
1 Me
5o
P I T —
c 1 il
T 71T 7 T T T T T T T T T [ T T T T T T
7.00 8.00 a.00 10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 10.88 n.a. 223.649 79.934 4990 na. BMB*
2 12.04 n.a. 218.894 80.240 5010 na.  BMB*
Total: 442543  160.174 100.00 0.000
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45 ZW #6553 [modified by del] zgj-2-30-2s-adh-8010 Uv_VIS 1
T 4mal WHL220 nm
. 2-12.007
40
350
30
2503 H
2:0—5 0] (0]
150 CO,Et
Me (+)-3e
100+
5
] 1-10.840
o T S
: [T
-S0 4 T T T T 4 T T 4 T T T T T T T T T T T T T T
8.00 10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 10.94 n.a. 14.959 4.980 3.08 na. BMB*
2 12.01 n.a. 418821 156459 9692 na.  BMB*
Total: 433780 161438 100.00 0.000

3f (S)-ethyl 3-formyl-2-(2-(4-methoxyphenyl)-2-oxoethyl)but-3-enoate
H
(0] (@)
CO,Et
MeO

3f; Colorless oil; [a]p?® = + 123.6 (c = 0.33, CHCI3); *H NMR (500 MHz, CDCls): &
9.56 (s, 1H), 7.95-7.93 (m, 2H), 6.95-6.92 (m, 2H), 6.50 (s, 1H), 6.20 (s, 1H), 4.22
(dd, J = 7.5, 5.5 Hz, 1H), 4.18 (g, J = 7.0 Hz, 2H), 3.88 (s, 3H), 3.64 (dd, J = 17.5, 8.0
Hz, 1H), 3.20 (dd, J = 17.5, 6.0 Hz, 1H), 1.24 (t, J = 7.0 Hz, 3H); **C NMR (125
MHz, CDCls): 6 195.52, 192.77, 172.21, 163.63, 147.36, 136.22, 130.32, 129.44,
113.72, 61.21, 55.44, 39.81, 39.30, 13.99; Enantiomeric excess: 93%, determined by
HPLC (Chiralpak AD-H, hexane/i-PrOH = 85/15; flow rate 1.0 ml/min; 25 <C; 220
nm), first peak: tr = 20.54 min, second peak: tg = 29.41 min; HRMS (ESI) m/z calcd.
for C1gH1gNaOs [M+Na] * = 313.1046, found = 313.1057; IR (neat): v 2980, 2935,
2841, 1730, 1674, 1598, 1574, 1510, 1420, 1363, 1307, 1252, 1217, 1164, 1095, 1027,
989, 833 cm™,
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anp 2 #6847 [modified by dell 2qj-2-29-2w-adh-8515 Uy WIS 1
T qmal WYL:220 nm
350 1-19.160
3004

] 2-26.930
250
H
2007 o] o]
] CO,Et
1504
] MeO (*)-3f
100
o]
D-:_ - - L T
— miry
SH—_Tr—T7T——7Tr—r—T—J7T—r—7T 77T
14.0 16.0 18.0 20.0 220 24.0 26.0 28.0 20.0 a2.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Y
1 19.16 n.a. 341322 154839 4977 na. BMB*
2 26.98 na. 255491 156258  50.23 na.  BMB*

Total: 596813  311.097 100.00 0.000

35 ZW #5851 [modified by dell 2qj-2-28-28-adh-8515 Uv_WIS_1

:mAL.I 229413 WL220 nmy
30

2501

2001

] H

1501 o o

CO,Et
100] MeO (+)-3f
=0
1-20.547
1 1
| 1

£ iy
-50 T 7T T —T —7T 7T T T 7T T —T T T

16.0 18.0 200 22.0 24.0 26.0 28.0 30.0 320 24.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU min Yo

1 2055 n.a. 16.692 7.975 343 na  BMB*

2 29.41 n.a. 320643 224846 9557 na. __ BMB*
Total: 346335 232821 100.00 0.000
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39 (S)-ethyl 2-(2-([1,1'-biphenyl]-4-yl)-2-oxoethyl)-3-formylbut-3-enoate
H
(0] 0]
CO,Et
Ph

3g; White solid. m.p. = 101-103 °C; [o]p® = + 82.1 (c = 0.33, CHCls3); *H NMR (500
MHz, CDCls): & 9.59 (s, 1H), 8.04 (d, J = 8.5 Hz, 2H), 7.70 (d, J = 8.5 Hz, 2H),
7.65-7.63 (M, 2H), 7.50-7.47 (m, 2H), 7.44-7.41 (m, 1H), 6.53 (s, 1H), 6.23 (s, 1H),
4.27 (dd, J = 8.0, 6.0 Hz, 1H), 4.20 (q, J = 7.0 Hz, 2H), 3.75 (dd, J = 18.0, 8.0 Hz,
1H), 3.27 (dd, J = 18.0, 5.5 Hz, 1H), 1.26 (t, J = 7.0 Hz, 3H); °C NMR (125 MHz,
CDClIs): 6 196.63, 192.73, 172.10, 147.27, 145.96, 139.74, 136.28, 135.02, 128.91,
128.63, 128.23, 127.22, 61.28, 39.80, 39.69, 13.99; Enantiomeric excess: 94%,
determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 85/15; flow rate 1.0 ml/min;
25 C; 220 nm), first peak: tg = 17.18 min, second peak: tg = 20.84 min; HRMS (ESI)
m/z calcd. for Co1H0NaO4 [M+Na] * = 359.1254, found = 359.1267; IR (neat): v 2979,
2921, 2902, 2850, 2818, 1735, 1687, 1676, 1600, 1445, 1401, 1324, 1244, 1215, 1158,
1092, 973, 832, 760 cm™.

1ap 2V #5688 [modified by dell 2gj-2-33-1w-0z3-8515 Uv_ WIS 1
Jmal WWVLZ20 nm)
] 1-17.267
120+
100 2-20.793
a0
501
a0
20
- — L e -
a miry
L e L ) LA B iy BB S S B S B B B S DL S SR R S DL R
13.8 150 16.3 17.5 185 20.0 21.3 225 238 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAUmin Yo
1 17.27 n.a. 123.023 69455 5009 na.  BMB*
2 20.79 n.a. 95.8086 59.192 4991 na. BMB*
Total: 218.829 138.646 100.00 0.000
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160-2W #8667 [modified by dell 2gj-2-33-15-023-8515 _UY_ VIS 1
:mhL.l ¢ 17 16T WWL220 nm)
10
120
100 H
] 0 0
80~
] CO,Et
50 Ph (+)-3g
]
2o
] 220847
im 1 S —_— —
] miry
L I L e B B B I B R B e S DL B B B R S BN S B R S R R
13.5 15.0 16.3 17.5 18.8 20.0 213 22.5 238 25.0
No. | RetTime Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 17.19 n.a. 150.532 84393 96.86 na. BMB*
2 2085 n.a. 3.909 2735 3.14 na. BMB*
Total: 154.441 87.128 100.00 0.000

3h (S)-ethyl 2-(2-(2-fluorophenyl)-2-oxoethyl)-3-formylbut-3-enoate
H
o o
CO,Et
F

3h; White solid. m.p. = 33-35 °C; [0]o™® = + 95.6 (¢ = 0.33, CHCIl5); *H NMR (500
MHz, CDCls): 6 9.57 (s, 1H), 7.90-7.86 (m, 1H), 7.56-7.51 (m, 1H), 7.25-7.22 (m,
1H), 7.16-7.12 (m, 1H), 6.48 (s, 1H), 6.21 (s, 1H), 4.25 (dd, J = 8.5, 5.0 Hz, 1H),
4.18 (g, J = 7.0 Hz, 2H), 3.69-3.63 (m, 1H) , 3.24-3.19 (m, 1H), 1.26 (t, J = 7.0 Hz,
3H); 3¢ NMR (125 MHz, CDCls3): 6 195.31, 192.59, 172.14, 162.10 (d, Jcr = 253.25
Hz), 147.27, 135.94, 134.90 (d, Jcr = 9.13 Hz), 130.65 (d, Jce = 2.38 Hz), 124.93 (d,
Jer = 12.75 Hz), 124.50 (d, Jcr = 3.13 Hz), 116.71 (d, Jcr = 23.50 Hz), 61.28, 44.59,
39.39, 14.02; Enantiomeric excess: 92%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 <C; 220 nm), first peak: tr = 10.32
min, second peak: tz = 11.25 min; HRMS (ESI) m/z calcd. for C15H15NaO,; [M+Na] *
=301.0847, found = 301.0854; IR (neat): v 2979, 2925, 2814, 2694, 1732, 1686, 1676,

1606, 1478, 1449, 1396, 1324, 1269, 1204, 1159, 1089, 974, 912 cm™.
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1 D002\ #6558 [modified by dell 2gj-2-31-2w-adh-9010 Uy VIS
:mau.L.l 1-10.347 WL:220 nm)
1 2-11.293
875
7504
525 H
50 (0] 0]
] CO,Et
375
] F (¥)-3h
2504
125
o Ls— r T
n : T
-100 T 1 L UL L L L 4
&.00 8.00 10.00 11.00 12.00 13.00 14.00 15.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min e
1 10.35 n.a. 943588 266131 50.07 na.  BMB*
2 11.29 n.a. 904.609 265381 4993 na. BMB*
Total: 1848197 531512 100.00 0.000
anp2W #659 [modified by dell] 20j-2-31-28-adh-9010 Uv_VIS 1
S qmAl WWVL:220 nm
3504 2-11.253
3004
2504
] H
200
0] O
150H
] CO,Et
100 F (+)-3h
«
] 1-10.320
s —
c ] mir
-5 T L UL — 1 T — 1 T L T
8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Y
1 10.32 n.a. 14.962 4.164 3.91 na. BMB*
2 11.25 n.a. 341.803 102462 96.09 na. BMB*
Total: 356.765 108.626 100.00 0.000
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3i (S)-ethyl 2-(2-(2-bromophenyl)-2-oxoethyl)-3-formylbut-3-enoate
H
o o
CO,Et

Br

3i; Colorless oil; [a]p?° = + 79.8 (c = 0.33, CHCl3); *H NMR (500 MHz, CDCl5): &
9.55 (s, 1H), 7.62—7.60 (m, 1H), 7.50—7.48 (m, 1H), 7.40-7.37 (m, 1H), 7.32—7.29 (m,
1H), 6.51 (s, 1H), 6.22 (s, 1H), 4.22 (dd, J = 8.5, 5.5 Hz, 1H), 4.17 (g, J = 7.0 Hz, 2H),
3.63 (dd, J = 18.0, 8.0 Hz, 1H), 3.16 (dd, J = 18.0, 5.5 Hz, 1H), 1.24 (t, J = 7.0 Hz,
3H); 3¢ NMR (125 MHz, CDCls): 6 200.70, 192.57, 171.72, 146.91, 140.67, 136.41,
133.73, 131.80, 128.89, 127.40, 118.67, 61.38, 43.33, 40.07, 13.98; Enantiomeric
excess: 87%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 90/10; flow
rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 12.66 min, second peak: tr = 14.36
min; HRMS (ESI) m/z calcd. for CisHisBrNaO, [M+Na] ™ = 361.0046, found =
361.0058; IR (neat): v 2918, 2849, 1730, 1688, 1649, 1629, 1587, 1467, 1428, 1211,
1171, 1093, 1024, 971 cm™.

1 2ppZW #562 [modified by dell 2gj-2-32-1w-0z3-8010 Uy _VIS 1
- ‘mAL.I WWL:220 nimy
] 1-12.693
1,0004
| 2-14.253
5004
] H
G500~
. (@) O
] CO,Et
4004 .
| Br (%)-3i
2:0:
-t T
-200 —rr 1 rrrrrr1rr1Tr<rrrrT1Tr 1T -7 —
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 12.69 n.a. 1059.166 399435  50.00 na. BMB*
2 14.25 n.a. 931543 309447 5000 na _ BMB*
Total: 1990.709 798.882 100.00 0.000
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1 000-2WY #8663 [modified by dell z0j-2-32-1s-023-9010 UV_VIS 1
Jmal WWL:220 nm
] i - 12,667
875
7504
525-: H
] 0 0
SO0
] CO,Et
a7 Br (+)-3a
2504
1254
] 2-14.380
) 1
] T T
n : i
Mt 7 T 7 T T T T T T
10.00 11.00 12.00 12.00 14.00 15.00 16.00 17.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %
1 12.67 n.a. 905.790 342116  93.38 na. BMB*
2 14.36 n.a. 51.314 24 319 5.64 na.  BMB*
Total: 967104 366435 100.00 0.000

3] (S)-ethyl 2-(2-(2,4-dichlorophenyl)-2-oxoethyl)-3-formylbut-3-enoate
H
(0] (0]
CO,Et
Cl Cl

3j; Colorless oil; [0]o®® = + 85.5 (c = 0.33, CHCI3); *H NMR (500 MHz, CDCls): &
9.55 (s, 1H), 7.54 (d, J = 8.5 Hz, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.34-7.32 (m, 1H),
6.48 (s, 1H), 6.22 (s, 1H), 4.21 (dd, J = 8.5, 5.0 Hz, 1H), 4.16 (g, J = 7.5 Hz, 2H),
3.63 (dd, J = 18.0, 8.5 Hz, 1H), 3.12 (dd, J = 18.0, 5.0 Hz, 1H), 1.23 (t, J = 7.0 Hz,
3H); 3¢ NMR (125 MHz, CDCl3): 6 198.62, 192.53, 171.72, 146.91, 137.67, 136.57,
136.33, 132.16, 130.60, 130.46, 127.33, 61.41, 40.22, 29.64, 13.96; Enantiomeric
excess: 88%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 90/10; flow
rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 11.08 min, second peak: tr = 12.74
min; HRMS (ESI) m/z calcd. for Ci5H14Cl,NaO, [M+Na] * = 351.0161, found =
351.0168; IR (neat): v 2981, 2916, 2847, 1730, 1690, 1628, 1581, 1552, 1464, 1371,
1209, 1171, 1092, 990, 957 cm™.
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a0 2V #656 [modified by del]

zgj-2-31-1w-023-9010

Uy VIS 1

Jmal WL:220 nm
] 1-10.993
7004
500
500 H
- ] O o
400
] CO,Et
7 ¢l cl (2)-3]
2004
100+
— S 1
] mil
-100 — 1 L L — T L LA N
.00 a.00 10.00 11.00 12.00 12.00 14.00 15.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 10.99 n.a. 745192 249813 4989 na.  BMB*
2 12.57 n.a. 635325 250922 50.11 na. BMB*
Total: 1380517 500.735 100.00 0.000
app 2 #657 [modified by dell] 2gj-2-31-15-023-9010 UV_VIS 1
T mal WWL:220 nm
a:r_‘._: 1-11.087
?:D-:
5:0—:
5004 O O
] CO,Et
400+
] Cl cl (+)-3)
3004
2004
100
h 2-12.740
o - :
n : mir
100 — T 1 L L — 1 L LA T
.00 8.00 10.00 11.00 12.00 12.00 14.00 15.00
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAUmin Yo
1 11.09 na. 780877 266630 9419 na. BMB*
2 12.74 n.a. 43.922 16.452 5.81 na. BMB*
Total: 824798 283.082 100.00 0.000
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3k (S)-ethyl 2-(2-(3-bromophenyl)-2-oxoethyl)-3-formylbut-3-enoate
H

o o
CO,Et

Br

3k; Colorless oil; [a]p?® = + 110.6 (c = 0.33, CHCIl5); *H NMR (500 MHz, CDCls): &
9.57 (s, 1H), 8.09-8.08 (m, 1H), 7.89-7.87 (m, 1H), 7.71-7.69 (m, 1H), 7.37—7.34 (m,
1H), 6.51 (s, 1H), 6.23 (s, 1H), 4.22 (dd, J = 8.0, 5.0 Hz, 1H), 4.18 (g, J = 7.0 Hz, 2H),
3.68 (dd, J = 18.0, 8.5 Hz, 1H), 3.16 (dd, J = 18.0, 5.5 Hz, 1H), 1.24 (t, J = 7.0 Hz,
3H); 3¢ NMR (125 MHz, CDCls): 6 195.79, 192.66, 171.91, 147.08, 138.02, 136.36,
136.15, 131.11, 130.21, 126.57, 122.96, 61.37, 39.75, 39.72, 13.98; Enantiomeric
excess: 94%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 90/10; flow
rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 11.37 min, second peak: tr = 12.64
min; HRMS (ESI) m/z calcd. for CisHisBrNaO, [M+Na] * = 361.0046, found =
361.0053; IR (neat): v 2981, 2923, 2823, 1730, 1687, 1627, 1566, 1420, 1303, 1242,
1209, 1163, 1094, 1029, 956 cm™.

o ZW #560 [modified by del] 70j-2-31-3w-023-9010 Uy _WIS_1
AU WVL:220 nim|
| 1-11.160
n
] 2-12.487
7+
B0 H
50 o o
] CO,Et
40
. B )3k
3
204
1]
R e B
-10 —71irrr - 1~ 1 -1~ 1+ 1T v r°r- =
8.50 10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo
1 11.16 n.a. 80.527 29727 50 na  BMB*
2 12.49 n.a. 71.253 26366 49489 na_  BMB*
Total: 151.780 59.093 100.00 0.000
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1 1002 #887 [modified by dell] 2gj-2-37-35-023-8515(0.8) UY_VIS 1
mal WHL:220 nm|
—: 1-11.373
875
75.0.:
DES—: H
] o o
5004
] CO,Et
J?'Ev:
] B (+)3k
2504
125
] 2- 12647
L
1 |
-100 T — T T T L T — 1 4 1 T — L T —
9.00 10.00 11.00 12.00 13.00 14.00 15.00
No. | RetTime Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 11.37 n.a. 975108 373218 9717 na. BMB*
2 12.65 n.a. 27.849 10.865 283 na. BMB*
Total: 1002.957 384.083 100.00 0.000

3l (S)-ethyl 3-formyl-2-(2-(naphthalen-2-yl)-2-oxoethyl)but-3-enoate
H
(@) O

OO

3l; White solid. m.p. = 44-46 °C; [a]p?° = + 108.6 (c = 0.33, CHCl3); *H NMR (500
MHz, CDCl3): & 9.60 (s, 1H), 8.49 (s, 1H), 8.04-8.02 (m, 1H), 7.97 (d, J = 8.5 Hz,
1H), 7.92-7.88 (m, 2H), 7.64-7.56 (m, 2H), 6.56 (s, 1H), 6.24 (s, 1H), 4.31 (dd, J =
8.0, 5.5 Hz, 1H), 4.21 (g, J = 7.0 Hz, 2H), 3.85 (dd, J = 18.0, 8.0 Hz, 1H), 3.38 (dd, J
=18.0, 6.0 Hz, 1H), 1.26 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls): & 196.99,
192.80, 172.15, 147.32, 136.38, 135.67, 133.66, 132.43, 129.86, 129.56, 128.55,
128.47, 127.75, 126.81, 123.66, 61.31, 39.91, 39.72, 14.01; Enantiomeric excess:
95%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 90/10; flow rate 1.0
ml/min; 25 <C; 220 nm), first peak: tg = 18.38 min, second peak: tg = 25.35 min;
HRMS (ESI) m/z calcd. for C1gH1gNaO,4 [M+Na] * = 333.1097, found = 333.1105; IR
(neat): v 2957, 2922, 2852, 1730, 1688, 1675, 1624, 1593, 1467, 1372, 1317, 1258,

1226, 1170, 1093, 1016, 972 cm™.
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. ZW #6864 [modified by del] 2gj-2-32-2w-023-3010 Uv_WIS_1
800D WL 220 nn
] 1-18.273
700+
500
500+ 224907
] H
400 o o
‘ QT
3004 (2)-31
2004
100+
o] 1 1 .
— iy
Sl DA B e L T 7T T L LI L L
13.0 18.0 18.0 200 220 240 26.0 28.0 310
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 18.27 n.a. 708.044 375491 5002 na. BMB*
2 24 91 n.a. 484003 375158 4998 na. BMB*
Total: 1192.047 750649 100.00 0.000
002V #6565 [modified by dell] 20j-2-32-25-023-9010 Uv_ WIS 1
o AU WWVLZ220 nm
. 1-18.380
5004
4004
] H
3:0: o o
] LT o™
200~ (*)-31
100~
1 2-25.353
i L T
n i iy
-10C T_ ' 1 T 7T T T T T T T L
13.0 16.0 18.0 200 22.0 240 26.0 280 310
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU"min Yo
1 18.38 n.a. 535615 284860 9749 na. BMB*
2 2535 n.a. 10.242 7.328 2.51 na. BMB*
Total: 545957 292188 100.00 0.000
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3m (S)-ethyl 3-formyl-2-(2-(furan-2-yl)-2-oxoethyl)but-3-enoate
H
O O

x CO,Et
\_0

3m; White solid. m.p. = 34-36 °C; [a]p®° = + 146.5 (c = 0.33, CHCl3); *H NMR (500
MHz, CDCl5): § 9.54 (s, 1H), 7.59—7.58 (m, 1H), 7.20 (d, J = 4.0 Hz, 1H), 6.54 (dd, J
= 3.5, 1.5 Hz, 1H), 6.49 (s, 1H), 6.20 (s, 1H), 4.20—4.13 (m, 3H), 3.56 (dd, J = 17.5,
8.0 Hz, 1H), 3.08 (dd, J = 17.5, 6.0 Hz, 1H), 1.22 (t, J = 6.0 Hz, 3H); *C NMR (125
MHz, CDCls): 6 192.61, 186.11, 171.80, 152.18, 146.97, 146.48, 136.39, 117.29,
112.26, 61.28, 39.45, 39.16, 13.93; Enantiomeric excess: 94%, determined by HPLC
(Chiralpak OZ-3, hexane/i-PrOH = 85/15; flow rate 1.0 ml/min; 25 <C; 220 nm), first
peak: tr = 18.16 min, second peak: tg = 22.55 min; HRMS (ESI) m/z calcd. for
C13H1sNaOs [M+Na] * = 273.0733, found = 273.0739; IR (neat): v 3122, 2981, 2930,
2812, 1724, 1692, 1650, 1561, 1468, 1407, 1325, 1273, 1220, 1168, 1095, 1016, 979

-1

cm .

1802 #671 [modified oy del] z0j-2-33-2w-023-8515 UW_VIS_1
Jmal WWL:220 nmy
] 1- 18187

1601

120]

120
] 2-22173

1:0-:

ar]

a0

40

0]
E : L |
'ED"I"'I"'I"'I '|"'|"'|'mir1
13.0 16.0 180 20.0 220 240 27.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU min Yo

1 18.17 n.a. 163.892 82811 5058 na. BMB*
2 2217 n.a. 112.851 80703 4942 na.  BMB*

Total: 276.743 163.315 100.00 0.000
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350 ZW 2670 [modified by dell zgj-2-33-25-023-8515 UV VIS 1
= mau WWL:220 nim
] 1-18.160
300
2501
2:0-:
15.0-:
1:0-:
50
] 2-22.553
H— L T T
-Sh "I'"'I""I""_I""I""I""I""I_""I""I"m'in
13.0 15.0 16.3 17.5 18.8 200 21.3 225 23.8 26.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %Yo
1 18.16 n.a. 308.703 157832 9679 na. BMB*
2 2255 n.a. 7.969 5227 3.21 na.  BMB*
Total: 316.673 182.859 100.00 0.000

3n (S)-ethyl 3-formyl-2-(2-oxo-2-(thiophen-2-yl)ethyl)but-3-enoate
H
O O

A CO,Et
\_s

3n; Colorless oil; [a]p® = + 158.1 (c = 0.33, CHCls); *H NMR (500 MHz, CDCl3): &
9.55 (s, 1H), 7.74—7.73 (m, 1H), 7.66-7.64 (m, 1H), 7.14-7.12 (m, 1H), 6.50 (s, 1H),
6.21 (s, 1H), 4.21-4.14 (m, 3H), 3.63 (dd, J = 17.5, 8.0 Hz, 1H), 3.18 (dd, J = 17.5,
6.0 Hz, 1H), 1.22 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl5): § 192.75, 189.98,
171.88, 147.00, 143.49, 136.60, 133.92, 132.20, 128.17, 61.37, 40.04, 39.96, 13.99;
Enantiomeric excess: 94%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH =
85/15; flow rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 15.21 min, second peak:
tr = 19.28 min; HRMS (ESI) m/z calcd. for Ci3H14NaO,S [M+Na] * = 289.0505,
found = 289.0510; IR (neat): v 3095, 2981, 2921, 2849, 2703, 1729, 1688, 1658, 1518,
1414, 1366, 1304, 1218, 1163, 1093, 1024, 957, 940 cm™.
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1802 #671 [modified by del] 2qj-2-33-2w-0z3-8515 UV_VIS_1
JmAl WVL220 nimy
] - 18.187
1601
1407
124
1 2-22173
1:0-:
a0
60
40
]
| I 1
1
- mirg
-20 T L L L T —_r r r 1
13.0 16.0 18.0 20.0 220 24.0 27.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %o
1 18.17 n.a. 164.010 82863 5083 na. BMB*
2 2217 n.a. 112.897 80792 4937 na. BMB*
Total: 276.907 163.654 100.00 0.000
3502 #672 [modified by dell] 20j-2-33-38-023-8515 Uy VIS 1
Jmau 4.15.213 WWL:220 nm)
3:0-:
2501
2:0-:
15.0-:
100
=
2-19.280
I 1
4 I T
] mirg
S T T T T T T T T T T
12.0 13.0 14.0 15.0 16.0 17.0 18.0 18.0 200 21.0 22.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 15.21 na. 328952 137119 9596 na. BMB*
2 19.28 n.a. 7.324 4.301 3.04 na. BMB*
Total: 337277 141420 100.00 0.000
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30 (S)-ethyl 2-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-3-formylbut-3-enoate
H
O O

B CO,Et
S

30; Colorless oil; [o]p® = + 117.7 (c = 0.33, CHCIl3); *H NMR (500 MHz, CDCls): §
9.58 (s, 1H), 8.01 (s, 1H), 7.91-7.88 (m, 2H), 7.50—7.47 (m, 1H), 7.44-7.41 (m, 1H),
6.55 (s, 1H), 6.24 (s, 1H), 4.25 (dd, J = 7.5, 6.5 Hz, 1H), 4.19 (g, J = 6.0 Hz, 2H),
3.76 (dd, J = 17.5, 8.0 Hz, 1H), 3.30 (dd, J = 17.5, 6.0 Hz, 1H), 1.24 (t, J = 7.5 Hz,
3H); 3¢ NMR (125 MHz, CDCls): 6 192.75, 191.56, 171.75, 146.91, 142.85, 142.51,
139.01, 136.72, 129.43, 127.53, 126.00, 125.04, 122.95, 61.42, 40.14, 39.90, 13.98;
Enantiomeric excess: 93%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH =
80/20; flow rate 0.8 ml/min; 25 <C; 220 nm), first peak: tg = 16.51 min, second peak:
tr = 19.18 min; HRMS (ESI) m/z calcd. for Ci17H1sNaO,S [M+Na] * = 339.0662,
found = 339.0670; IR (neat): v 2981, 2923, 2851, 2814, 2694, 1732, 1690, 1657, 1592,
1514, 1401, 1330, 1214, 1156, 1095, 975 cm™.

52 #896 [modified by dell] zw-6-108-11-0z3-80202200825 Uv_VIS 1
“TamAl WWL:220 nim)
_: 1-16.500
1?5-: 2-19.193
1504
125
1004
75
s
L T T
'EC."'I"'I"'I"'I"'I"'I"'I"'I'"I"r'nin
13.0 14.0 15.0 16.0 17.0 18.0 19.0 200 210 220 23.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Ye
1 16.50 n.a. 196.921 75333 50.05 na. BMB*
2 19.19 n.a. 174.989 75197 4995 na. BMB*
Total: 371909 150.530 100.00 0.000

S38



=2y #8E7 [modified by dell zw-6-108-22-023-80202200825 UV_VIS_1
- mAU WVL220 nimy
1 2-19.180
4004
30
2004
1004
1-16.513
. — | ——
'E'C"'I"'I"'I"'I'"I"'I"'I"'I"'I"r'mn
13.0 14.0 150 16.0 17.0 18.0 19.0 200 21.0 220 23.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 16.51 n.a. 19.609 7.244 3.72 na. BMB*
2 19.18 n.a. 434796 187585 95.28 na.  BMB*
Total: 454406 194799 100.00 0.000

3p (S)-ethyl 5,5-dimethyl-4-ox0-2-(3-oxoprop-1-en-2-yl)hexanoate
H
o} o
CO,Et

3p; Colorless oil; [a]p® = + 67.1 (c = 0.33, CHCI5); *H NMR (500 MHz, CDCls): &
9.54 (s, 1H), 6.42 (s, 1H), 6.16 (s, 1H), 4.15 (g, J = 7.0 Hz, 2H), 4.04 (dd, J = 8.0, 5.0
Hz, 1H), 3.19 (dd, J = 18.0, 8.5 Hz, 1H), 2.73 (dd, J = 18.0, 5.0 Hz, 1H), 1.23 (t, J =
7.0 Hz, 3H), 1.16 (s, 9H); *C NMR (125 MHz, CDCls): & 212.96, 192.72, 172.20,
147.49, 135.97, 61.16, 43.86, 39.62, 38.17, 26.36, 14.00; Enantiomeric excess: 91%,
determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 90/10; flow rate 0.8 ml/min;
25 C; 220 nm), first peak: tg = 8.30 min, second peak: tg = 9.38 min; HRMS (ESI)
m/z calcd. for C13H0NaO4 [M+Na] * = 263.1254 found = 263.1260; IR (neat): v 2959,
2922, 2852, 2704, 1734, 1693, 1628, 1478, 1462, 1396, 1366, 1304, 1233, 1190, 1165,
1098 ,1035, 959 cm™.
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ZW #5885 [modified by dell]

Zgj-2-37-1w-0z3-8010(0.3) LV VIS 1

110

sl WWL:220 nm
. 2.9.507
] 1-8.427
5]
5]
s (@)
]
. (¥)-3p
13
: T
M T T T 7 T T T T T 1 T
8.50 7.00 7.50 .00 8.50 9.00 8.50 10.00 10.50
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %Yo
1 843 n.a. 93.538 27400 5203 na. BMB*
2 9.51 n.a. 96.771 25267 4797 na. BMB*
Total: 150.309 52666 100.00 0.000
» spp_ZWY #5681 [modified by del] 2gj-2-37-1s-023-8010(0.8) UV VIS 1
T mau VWWL:220 nim)
1-8.307
E.fJ:D-
1 500 H
o (@]
1,000 CO,Et
(+)-3p
5:0-
] 2-9.380
o] 1 ; 1 I
. i mir
-500 T T T T T T T N T T T T
6.00 7.00 8.00 9.00 10.00 11.00 12.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %
1 a.31 n.a. 2249768 889615 9542 na. BMB*
2 938 n.a. 146.794 33.132 458 na.  BMB*
Total: 2396562 722747 10000 0.000
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3q (S)-ethyl 2-(2-cyclohexyl-2-oxoethyl)-3-formylbut-3-enoate
H
(0] O
CO,Et

3q; Colorless oil; [a]p® = + 20.3 (c = 0.33, CHCls); *H NMR (500 MHz, CDCl5): &
9.53 (s, 1H), 6.42 (s, 1H), 6.16 (s, 1H), 4.15 (g, J = 7.0 Hz, 2H), 4.04 (dd, J = 8.5, 5.0
Hz, 1H), 3.16 (dd, J = 18.0, 8.5 Hz, 1H), 2.64 (dd, J = 18.0, 5.5 Hz, 1H), 2.39-2.33
(m, 1H), 1.91-1.77 (m, 4H), 1.69-1.66 (m, 1H), 1.39-1.22 (m, 8H); *C NMR (125
MHz, CDCl5): 6 210.89, 192.71, 172.10, 147.42, 135.99, 61.20, 50.63, 41.49, 39.56,
28.33, 28.30, 25.78, 25.58, 25.53, 13.99; Enantiomeric excess: 92%, determined by
HPLC (Chiralpak OZ-3, hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 <C; 220
nm), first peak: tg = 11.67 min, second peak: tg = 13.51 min; HRMS (ESI) m/z calcd.
for CisH»NaO, [M+Na] © = 289.1410, found = 289.1418; IR (neat): v 2927, 2853,
1732, 1692, 1627, 1448, 1370, 1297, 1228, 1164, 1097, 1024, 956, 922 cm™.

3002 2592 [modified by dell zgj-2-37-4w-0z3-5010(0.8) Uv_VIS 1
T Jmal WAL:220 nim|
250 1-11.660
. 2-13.407
2001
] H
1504 O O
] CO,Et
1:0-‘ (*)-3q
sH
o] - I N
M
- rr < 1 <1 rrrrrTrrrrr 1T 1T+ T
10.00 11.00 12.00 13.00 14.00 15.00 16.50
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU'min Yo
1 11.66 n.a. 246587 144626 5045 na. BMB*
2 13.41 n.a. 236.939 142072 4955 na. _ BMB*
Total: 483526 286698 10000 0.000
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452\ #6983 [modified by del] 2gj-2-37-4s-023-9010(0.8) Uv_VIS_1
T amALl WWL:220 nim)
4:0_: 1-11.673
JE—D‘:
J:E":
] H
2504
] O O
200 CO,Et
] (+)-3q
150
1004
504
] 2-13.507
D-:— I . 1 I_,_,/_\_
'SC‘"'I'"I"'I"'I"'I"'I"'I"'ml
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Ye
1 11.67 n.a. 400.6835 198462  96.07 na. BMB"
2 13.51 na. 16.327 8121 393 na.  BMB*
Total: 416.962 206.584 100.00 0.000

3r (S)-methyl 3-formyl-2-(2-oxo-2-phenylethyl)but-3-enoate
H
O O
CO,Me

3r; Colorless oil; [a]p?® = + 108.6 (c = 0.33, CHCl3); *H NMR (500 MHz, CDCl): 5
9.57 (s, 1H), 7.97-7.95 (m, 2H), 7.60—7.57 (m, 1H), 7.49-7.46 (m, 2H), 6.51 (s, 1H),
6.22 (s, 1H), 4.27 (dd, J = 8.0, 6.0 Hz, 1H), 3.74-3.69 (m, 4H), 3.25 (dd, J = 18.0, 5.5
Hz, 1H); *C NMR (125 MHz, CDCly): 5 196.98, 192.68, 172.62, 147.11, 136.37,
136.25, 133.36, 128.61, 128.04, 52.41, 39.73, 39.48; Enantiomeric excess: 96%,
determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 85/15; flow rate 0.8 ml/min;
25 <C; 220 nm), first peak: tg = 18.39 min, second peak: tg = 22.85 min; HRMS (ESI)
m/z calcd. for C14H14NaO4 [M+Na] " = 269.0784, found = 269.0789; IR (neat): v 2953,
2922, 2851, 1734, 1683, 1627, 1596, 1448, 1358, 1306, 1246, 1164, 1001 cm™.
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25 ZW #5789 [modified by del] 2gj-2-35-2W-0z3-8515(0.8) Uv_VIS 1
AU WL:220 nm
1 - 18.400
2:0-
1505 222207 H
0] (0]
13“‘_ CO,Me
(£)-3r
5o
—_—
c 1 miny
-S0 T — T T — 7T r r r 1 v r°r 1 — T — T T T
14.0 16.0 18.0 200 220 24.0 26.0 28.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %
1 18.40 n.a. 217.893 97.728  48.66 na. BMB*
2 2221 n.a. 139679 103129 5134 na.  BMB*
Total: 357571  200.857 100.00 0.000
< 2W #580 [modified by dell] 2qj-2-35-25-023-8515(0.8) Uy VIS 1
el T WVL220 nm
1-18.383
4004
3004 H
(0] @)
- CO,Me
(+)-3r
1004
. , 2-22853
T I
ST T LA S B R R | T T il
13.0 18.0 18.0 200 220 24.0 26.0 28.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 18.39 n.a. 437509 200413 9792 na  BMB*
2 2285 n.a. 6.825 4.255 2.08 na. BMB*
Total: 444 333 204.668 100.00 0.000
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3s (S)-isopropyl 3-formyl-2-(2-oxo-2-phenylethyl)but-3-enoate
H
(0] o
CO,iPr

3s; White solid. m.p. = 61-63 °C; [o]p® = + 127.1 (c = 0.33, CHCls); *H NMR (500
MHz, CDCls): & 9.56 (s, 1H), 7.97—7.95 (m, 2H), 7.59-7.56 (m, 1H), 7.48-7.45 (m,
2H), 6.50 (s, 1H), 6.20 (s, 1H), 5.08-5.01 (m, 1H), 4.20 (dd, J = 8.0, 5.5 Hz, 1H),
3.69 (dd, J = 18.0, 8.0 Hz, 1H), 3.20 (dd, J = 18.0, 5.5 Hz, 1H), 1.26 (d, J = 6.5 Hz,
3H), 1.17 (d, J = 6.0 Hz, 3H); °C NMR (125 MHz, CDCl5): § 197.12, 192.73, 171.53,
147.42, 136.39, 136.12, 133.25, 128.57, 128.02, 68.69, 40.03, 39.64, 21.64, 21.39;
Enantiomeric excess: 93%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH =
85/15; flow rate 0.8 ml/min; 25 <C; 220 nm), first peak: tg = 10.41 min, second peak:
tg = 11.47 min; HRMS (ESI) m/z calcd. for C15H:1sNaO4 [M+Na] * = 297.1097, found
=297.1106; IR (neat): v 2983, 2935, 2902, 2814, 2697, 1725, 1689, 1677, 1595, 1448,
1377, 1326, 1246, 1211, 1179, 1101, 979 cm™.

o ZW #5881 [modified by del] zgj-2-35-3W-023-5515(0.8) Uv_VIS 1
Rl YN WWL:220 nm
1-10.293
80+
| 2-11.313
o]
601
] H
50+
] o o
4] CO,iPr
o] (*)-3s
204
10
o —
-1C- T T T T 4 T 4 T T T T T T 4 T T T T —
8.00 9.00 10.00 11.00 12.00 12.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU 'min Y
1 10.29 n.a. 83.457 26.250 5013 na. BMB*
2 11.31 n.a. 72.850 26117 49.87 na. BMB*
Total: 156.317 52 367 100.00 0.000
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15020 #682 [modified by dell] 20j-2-35-35-023-8515(0.8) Uv_vIS 1
- ImAl WWL:220 nm|
140 1-10.413
1204
1004
1 H
s o} o)
i COzlPr
iy (+)-3s
]
201
] 211473
(8 - L T
o T
-20 L T T T 4 T T 4 T T L T T T T T T T — T
&.00 8.00 10.00 11.00 12.00 13.00 14.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %Yo
1 1041 n.a. 140475 45912 96.37 na.  BMB*
2 11.47 n.a. 5.077 1.730 3.63 na. BMB*
Total: 145 552 47842 100.00 0.000

3t (S)-benzyl 3-formyl-2-(2-oxo-2-phenylethyl)but-3-enoate
H
(0] 0]
CO,Bn

3t; Colorless oil; [0]o®® = + 85.8 (c = 0.33, CHCl5); *H NMR (500 MHz, CDCls): &
9.55 (s, 1H), 7.97-7.95 (m, 2H), 7.60—7.57 (m, 1H), 7.49-7.46 (m, 2H), 7.38—7.32 (m,
5H), 6.45 (s, 1H), 6.19 (s, 1H), 5.17 (q, J = 7.5 Hz, 2H), 4.32 (dd, J = 7.5, 5.5 Hz, 1H),
3.72 (dd, J = 18.0, 8.0 Hz, 1H), 3.27 (dd, J = 18.0, 5.5 Hz, 1H); *C NMR (125 MHz,
CDCls): 6 196.94, 192.67, 171.96, 146.99, 136.40, 136.26, 135.53, 133.33, 128.59,
128.44, 128.16, 128.08, 128.03, 66.99, 39.72, 39.65; Enantiomeric excess: 94%,
determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 85/15; flow rate 0.8 ml/min;
25 C; 220 nm), first peak: tg = 17.80 min, second peak: tg = 21.56 min; HRMS (ESI)
m/z calcd. for CxoH1gNaO4 [M+Na] * = 345.1097, found = 345.1108; IR (neat): v 3063,
3033, 2924, 1732, 1684, 1596, 1580, 1449, 1305, 1212, 1157, 1088, 1001, 957 cm™.
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w
[=1
[=1

ZW 8677 [modified by dell] Zij-2-35-1W-023-3515{0.8) Uy IS 1

Jnal WVL220 nm
a:c-: 1-17.767
?:c-:
a:c-: 2-21.140
] H
500+
4 (@) (@)
400+
] CO,Bn
3004 (#)-3t
2004
1:0-:
D-. e |
'139- T T T L L ™ L T L | .m'in
13.0 150 16.3 175 18.8 200 213 225 23.8 26.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAUmin Yo
1 17.77 na. 771143 373431 5044 na. BMB*
2 21.14 n.a. 579.586 366.917 4956 na. BMB*
Total: 1350709 740.348 100.00 0.000
_ o ZW #678 [modified by del] 2qj-2-35-15-023-8515(0.8) UV_VIS 1
Rl TP WL 220 i
4 1-17.800
5:0—-
400+
4 H
1 (0] 0]
300
: COan
4 (+)-3t
200
1:0:
] 2-21580
o 1 ¥
o i miry
Bt S S B B B B B R S S RN B S B DL L B BN S B
13.0 15.0 16.3 17.5 18.8 200 21.3 225 23.8 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAUmin Yo
1 17.80 n.a. 540050 256136 9705 na. BMB*
2 21.56 n.a. 13.833 7.779 295 na. BMB*
Total: 553883 263915 100.00 0.000
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3u (S)-3-benzoyl-2-methylene-5-0x0-5-phenylpentanal
H

O

o)
(J

9

3u; Colorless oil; [a]p® = + 254.2 (c = 0.33, CHCIl3); *H NMR (400 MHz, CDCls): &
9.59 (s, 1H), 8.00-7.94 (m, 4H), 7.58-7.54 (m, 2H), 7.47—7.43 (m, 4H), 6.40 (s, 1H),
6.19 (s, 1H), 5.35 (dd, J = 9.6, 4.0 Hz, 1H), 3.86 (dd, J = 18.0, 9.6 Hz, 1H), 3.24 (dd,
J=18.0, 4.0 Hz, 1H); **C NMR (100 MHz, CDCls): & 198.53, 197.15, 192.47, 147.29,
136.97, 136.18, 135.74, 133.35, 133.31, 128.67, 128.58, 128.09, 41.40, 39.20;
Enantiomeric excess: 92%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH =
80/20; flow rate 0.8 ml/min; 25 <C; 220 nm), first peak: tg = 11.00 min, second peak:
tr = 15.75 min; HRMS (ESI) m/z calcd. for C19H16NaOs [M+Na] * = 315.0992, found
= 315.1001; IR (neat): v 3060, 2916, 2822, 1676, 1595, 1579, 1447, 1250, 1217, 1178,
999, 949 cm™,

e ZW 2743 [modified by dell] 2q)-2-46-1w-023-8020(0 8) UY_VIS_1
S mau WYL 254 nnd
300 1-10.983
25::-:
2-15.700
20
150—:
1:0—:
o] A .
] mir
ST T 7 T 7 T T - T T T T T T T T T | T T
9.80 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 10.99 na. 287810 102627 4997 na.  BMB*
2 15.70 n.a. 212155 102765  50.03 na. BMB*
Total: 499966 205392 100.00 0.000
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- ZW #744 [modified by dell] 2gj-2-46-18-023-5020{0.8) Uv_VIS 1
200 JnAl WL 254 nimy
1?5_: 1-11.000
150
135-:
1004
7]
50
=
] 215753
o 1
: i
27 T 7 T 7 T T T [ 7 [ T T T | T T T 7T
9.80 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU"min %
1 11.00 n.a. 173.758 60873 9573 na.  BMB*
2 15.75 n.a. 5.940 2717 427 na.  BMB*
Total: 179.698 6§3.590 100.00 0.000

3v (S)-3-(4-chlorobenzoyl)-5-(4-chlorophenyl)-2-methylene-5-oxopentanal

Cl

3v; Colorless oil; [o]p® = + 217.2 (c = 0.33, CHCI3); *H NMR (400 MHz, CDCls): 5
9.58 (s, 1H), 7.94-7.86 (m, 4H), 7.44-7.41 (m, 4H), 6.40 (s, 1H), 6.21 (s, 1H), 5.27
(dd, J = 10.0, 3.6 Hz, 1H), 3.82 (dd, J = 18.0, 10.4 Hz, 1H), 3.18 (dd, J = 18.0, 4.0 Hz,
1H); 3¢ NMR (100 MHz, CDCls3): 6 197.30, 195.94, 192.32, 146.87, 139.95, 139.88,
137.17, 134.38, 134.00, 130.07, 129.49, 129.02, 128.95, 41.39, 39.07; Enantiomeric
excess: 93%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 80/20; flow
rate 0.8 ml/min; 25 <C; 220 nm), first peak: tg = 10.23 min, second peak: tg = 12.03
min; HRMS (ESI) m/z calcd. for Ci9H14Cl,NaO; [M+Na] * = 383.0212, found =
383.0215; IR (neat): v 3074, 2920, 2851, 2699, 1676, 1589, 1506, 1399, 1313, 1216,
1155, 1090, 995 cm™,
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- ZW #7083 [modifisd by dell] 2gj-2-40-2w-0z3-8515(0.8) UV _VIS 1
1000 R WL 220 nm
] 1-10.887
875
)y 2-13.307
7504
szs-:
.JTS-:
2504
125
0—:-—— -
n ] miry
=77 T 1 T T ~—r 1 rrr 1T rrrrrrri1rrr
5.0 3.0 10.0 1.0 12.0 13.0 14.0 150 16.0 17.0 18.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min e
1 10.99 n.a. 935629 313698 5009 na.  BMB*
2 13.31 n.a. 790.761 312580 4991 na. BMB*
Total: 1726.390 626277 100.00 0.000
350 2 #749 [modified by del] 2j-2-48-25-022-8020(0.8) Uv_vIS 1
= jmal WL 254 nm|
3:0-: 1-10.233
250-:
200
150-:
1:0-:
2-12.033
o 1 — S~
— mir
-S0 — 1 1 7 —T1 1 —T1 —T1 1 —T1 T — T T
7.00 8.00 .00 10.00 11.00 12.00 13.00 14.00 15.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 10.23 n.a. 290.864 95364 9658 na.  BMB*
2 12.03 n.a. 9.888 3.401 3.44 na. BMB*
Total: 300.752 98.766 100.00 0.000
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3w (S)-3-(4-bromobenzoyl)-5-(4-bromophenyl)-2-methylene-5-oxopentanal
H

or
Br O

Br
3w; Colorless oil; [0]o® = + 185.0 (c = 0.33, CHCI3); *H NMR (400 MHz, CDCls): §

9.58 (s, 1H), 7.86-7.79 (m, 4H), 7.61-7.59 (m, 4H), 6.39 (s, 1H), 6.21 (s, 1H), 5.26
(dd, J =10.0, 3.6 Hz, 1H), 3.81 (dd, J = 18.0, 10.0 Hz, 1H), 3.17 (dd, J = 18.0, 3.6 Hz,
1H); *C NMR (100 MHz, CDCls): § 197.49, 196.12, 192.32, 146.79, 137.22, 134.74,
134.37, 132.02, 131.94, 130.16, 129.58, 128.73, 128.64, 41.36, 39.02; Enantiomeric
excess: 92%, determined by HPLC (Chiralpak OZ-3, hexane/i-PrOH = 80/20; flow
rate 0.8 ml/min; 25 <C; 220 nm), first peak: tg = 11.73 min, second peak: tg = 14.20
min; HRMS (ESI) m/z calcd. for CigH14Br,NaOs [M+Na] * = 470.9202, found =
470.9209; IR (neat): v 3089, 2921, 2850, 1676, 1583, 1567, 1483, 1396, 1249, 1214,
1174, 1068, 992 cm™.

- ZW #750 [modifisd by dell] 20j-2-48-3W-023-8020(0.8) U _VIS 1
1200 D WL 254 nm
1,000+ 1-11.700

3004
500
4004
2:0:
o
2:C'"|"'|"'|"'|"'|"'|"'|"'|"'_|"r"nin
3.0 3.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo

1 11.70 n.a. 997971 379131 4970 na.  BMB*

2 14.11 n.a. 829624 383646 5030 na. BMB*
Total: 1827595 762777 100.00 0.000
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5002 #7851 [modifisd by dell] zgj-2-45-35-023-5020(0.8) _Uv VIS 1
JnauU WWL:254 nm|
] 1-11.733
200
400~
300+
200+
1:0-‘
2-14.207
1 i — _—
":C"'|'''|"-l-''|"'|"'|---|"'|"I'-r1I
.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 11.73 n.a. 527073 199.780 9588 na.  BMB*
2 14.21 n.a. 20487 8.580 412 na.  BMB*
Total: 547560 208.379 100.00 0.000

3x (S)-3-(4-methylbenzoyl)-2-methylene-5-oxo-5-(p-tolyl)pentanal

H

O
0}

Me

Me l

3x; Colorless oil; [o]p™ = + 264.2 (c = 0.33, CHCI3); *H NMR (400 MHz, CDCls): &
9.57 (s, 1H), 7.91-7.83 (m, 4H), 7.25-7.23 (m, 4H), 6.40 (s, 1H), 6.16 (s, 1H), 5.31
(dd, J = 9.6, 4.4 Hz, 1H), 3.81 (dd, J = 18.0, 9.6 Hz, 1H), 3.21 (dd, J = 18.0, 4.4 Hz,
1H), 2.40 (s, 3H), 2.39 (s, 3H); **C NMR (100 MHz, CDCls): & 198.21, 196.79,
192.55, 147.57, 144.20, 144.07, 136.84, 133.79, 133.28, 129.35, 129.23, 128.82,
128.20, 41.27, 39.07, 21.64; Enantiomeric excess: 93%, determined by HPLC
(Chiralpak OZ-3, hexane/i-PrOH = 80/20; flow rate 0.8 ml/min; 25 <C; 220 nm), first
peak: tg = 12.40 min, second peak: tr = 20.25 min; HRMS (ESI) m/z calcd. for
Co1HaoNaO3 [M+Na] * = 343.1305, found = 343.1314; IR (neat): v 2919, 2852, 1674,

1605, 1571, 1398, 1317, 1253, 1223, 1177, 999, 941 cm™.
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400

W #752 [modified by dell]

z0j-2-48-4W-0z3-5020(0.8)

Uy VIS 1

JnAl

300

200

10

o]

3504 1-12.413

WWL254 nimy

14.0

o
=]

No. Ret.Time
min

Peak Name

Height
mAU

Type

1 12.41 n.a.
2 2012 n.a.

341.274
214.723

BMB*
BMB*

Total:

555.998

4502V #753 [modified by dell

zqj-2-43-45-023-8020(0.5)

UV_VIS 1

JnAl

4004

2004
150
1004

504

1-12.407

WWL:254 nm)

T
14.0

—T
16.0

No. Ret.Time
min

Peak Name

Height
mAU

Rel.Area Amount

Type

1 12.41 n.a.
2 20.25 na.

383.584
9.937

BMB*
BMB*

Total:

393.521
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4 (S,E)-ethyl 3-methylene-6-0xo-2-(2-0xo0-2-phenylethyl)-6-phenylhex-4-enoate
@)
0 N X" pp
Ph CO,Et

4; Colorless oil; [a]p®® = + 92.3 (c = 0.33, CHCI5); 'H NMR (400 MHz, CDCl3): &
8.00-7.97 (m, 4H), 7.59-7.56 (m, 2H), 7.50-7.45 (m, 5H), 7.28 (d, J = 15.6 Hz, 1H),
5.71 (s, 1H), 5.65 (s, 1H), 4.27-4.18 (m, 3H), 3.85 (dd, J = 18.0, 9.6 Hz, 1H), 3.21
(dd, J = 18.0, 3.6 Hz, 1H), 1.26 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls): &
197.44, 190.08, 172.57, 144.49, 142.62, 137.73, 136.16, 133.41, 132.95, 128.61,
128.44, 128.04, 126.02, 122.59, 61.34, 42.16, 40.57, 14.01; Enantiomeric excess:
92%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 80/20; flow rate 1.0
ml/min; 25 <C; 220 nm), first peak: tg = 6.93 min, second peak: tg = 7.87 min; HRMS
(ESI) m/z calcd. for Cy3H,oNaO, [M+Na] * = 385.1410, found = 385.1425; IR (neat):
v 3058, 2923, 2852, 1725, 1681, 1596, 1447, 1282, 1212, 1173, 1018, 987 cm™.

2 #798 [modified by dell] zw-F-31-1-0dh-30202201025 UWV_VIS 1
T amALl WWL:220 nimy
] 1-6.900
175
1504 7.873
125-:
] (0]
100~ X
75 Ph CO,Et
] (*)-4
50
o — T
'ED_"I""I""I'"'I_""I""I""I""I"'rpl
5.70 8.50 7.00 7.50 3.00 .50 .00 8.50 10.00
No. | RetTime Peak Name Height Area Rel.Area Amount Type
min mAU  mAU'min Yo
1 5.90 n.a. 182.178 474168  49.21 na. BMB*
2 787 n.a. 146.053 48947 5079 na. BMB*
Total: 328.229 96.363 100.00 0.000
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2w #TET [modified by dell] zw-6-81-2-0dh-80202201025 UV WIS 1
Q“C_mu WHWL:220 nm|
8004

] 2.7.873
700]
s:c-:
5004
] 0]
400 )O\J\I\)L Ph
300 Ph CO,Et
] (+)-4
2004
1004
] 1-6.933
o T
":C_- T T 4 T T T LA | T T T T T T 4 T 4 T T T T 4 —
5.00 6.00 7.00 8.00 2.00 10.00 10.95
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %Yo
1 6.93 n.a. 40.838 10.250 3.90 na. BMB*
2 787 n.a. 762710 252396 9610 na _ BMB*
Total: 803548 262645 100.00 0.000

5 (S)-ethyl 3-(hydroxymethyl)-2-(2-oxo-2-phenylethyl)but-3-enoate

Ph CO,Et

5; Colorless oil; [o]p®® = + 32.0 (c = 0.33, CHCl3); ‘*H NMR (400 MHz, CDCl3): §
7.98 (d, J = 7.6 Hz, 2H), 7.60—7.56 (m, 1H), 7.49—7.45 (m, 2H), 5.25 (s, 1H), 5.13 (s,
1H), 4.26 (s, 2H), 4.21-4.14 (m, 2H), 3.82 (dd, J = 8.8, 5.6 Hz, 1H), 3.71 (dd, J =
17.6, 8.4 Hz, 1H), 3.32 (dd, J = 17.6, 5.2 Hz, 1H), 2.24 (s, 1H), 1.26 (t, J =7.2 Hz,
3H); 3¢ NMR (100 MHz, CDCls3): 6 197.89, 173.10, 145.90, 136.37, 133.38, 128.62,
128.06, 113.17, 65.73, 61.19, 43.05, 40.35, 14.04; Enantiomeric excess: 92%,
determined by HPLC (Chiralpak OJ-H, hexane/i-PrOH = 85/15; flow rate 1.0 ml/min;
25 C; 220 nm), first peak: tg = 11.85 min, second peak: tg = 17.38 min; HRMS (ESI)

m/z calcd. for C1sH1gNaO4 [M+Na] * = 285.1097, found = 285.1100; IR (neat): v 3456,
2976, 2924, 2870, 1725, 1681, 1596, 1448, 1212, 1171, 1020, 1001 cm™.
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zw #810 [medified by dell]

zw-8-87-1-0jh-85152201025

Uy VIS 1

250 AU WL:220 nm
] 1-11.827
2004
] 2-17.120
150+
. @) OH
100+
Ph CO,Et
: (%)-5
S0+
J ] _ S !
c ] miry
-50 T 1 T 1 T rr T rrr1 —fT r 1T rrrrr-rr
a.0 10.0 10 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 11.83 n.a. 207.782 87.856 4994 na. BMB*
2 17.12 n.a. 158.157 88.070 5006 na._ BMB*
Total: 365939 175925 100.00 0.000
1pp-2 #811 [modified by dell zw-8-87-2-0jh-85152201025 UW_VIS 1
Jmal WWL220 nimy
1604
4 2 -17.380
a0
130-:
100
a0
a0
40
- ) ]
n : miry
LT T T~ T T L DAL L R R LI B
a.0 10.0 11.3 12.5 13.8 15.0 16.3 17.5 18.8 20.8
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 11.85 n.a. 8.468 3.436 393 na. BMB*
2 17.38 n.a. 151.954 83.958  96.07 na._ BMB*
Total: 160.421 87.394 100.00 0.000
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6 (S,E)-ethyl 2-(2-oxo0-2-phenylethyl)-3-((2-tosylhydrazono)methyl)but-3-enoate
H

Ph CO,Et

6; Colorless oil; [a]p® = + 60.2 (¢ = 0.33, CHCI3); 'H NMR (400 MHz, CDCls): &
8.78 (s, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.60-7.57 (m, 1H),
7.48-7.44 (m, 3H), 7.10 (d, J = 8.0 Hz, 2H), 5.57 (s, 1H), 5.40 (s, 1H), 4.26 (dd, J =
9.2, 4.0 Hz, 1H), 4.13-4.05 (m, 2H), 3.59 (dd, J = 18.0, 9.6 Hz, 1H), 2.93 (dd, J =
18.0, 4.0 Hz, 1H), 2.21 (s, 3H), 1.17 (t, J = 7.2 Hz, 3H); ©*C NMR (100 MHz, CDCly):
0 197.81, 172.61, 147.57, 144.09, 141.75, 136.34, 134.79, 133.18, 129.45, 128.52,
128.02, 127.96, 124.41, 61.02, 41.78, 40.09, 21.33, 13.90; Enantiomeric excess: 92%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 C; 220 nm), first peak: tg = 13.88 min, second peak: tg = 22.44 min; HRMS (ESI)

m/z calcd. for Co5H24N2NaOsS [M+Na] * = 451.1298, found = 451.1308; IR (neat): v
3229, 2904, 1726, 1681, 1596, 1448, 1359, 1309, 1210, 1161, 1086, 884 cm™.

350 2% #2300 [modified by dell zw-6-83-1-adh-80202201025 UV_VIS_1
== Jmau WWL:220 nm
300 1-13.983
250-:
2004 223180
i H
150+ X - N
] )Ol\j\\/\N Ts
i Ph CO,Et
1_0-: (£)-6 2
D: - T
'~'C"'|"'|"'|"'|"'|"'|"'|'"l"'lr'mrj
8.0 10.0 12.0 14.0 16.0 18.0 200 220 240 27.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min Yo
1 13.99 n.a. 286.751 159826 4965 na  BMB*
2 2318 n.a. 189.078 162065 5035 na.__ BMB*
Total: 475829  321.891 100.00 0.000
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- zw #301 [modified by dell] zw-6-83-2-adh-80202201025 Uv_VIS_1
900D WL 220 nm
] 222447
800
7004
n:D:
500
400
] N
and NS
300 fkj\ﬁw “Ts
200 Ph CO,Et
] (+)-6
100+
] 1-13.887
L‘: . T . T
a ] iy
LAY S S R B B B B S B B B R R B By B N S S BB B S BN S B B B R B
8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 240 27.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU 'min Yo
1 13.89 na. 54.098 28.256 381 na. BMB*
2 22.45 n.a. 827134 713750  96.19 na. BMB*
Total: 881.232 742005 100.00 0.000

7(2S)-ethyl 2-(1-formyl-3,4-dimethylcyclohex-3-en-1-yl)-4-oxo0-4-phenylbutanoate

Me
Me

CHO
Ph CO,Et

3ia; Colorless oil; [o]o™® = + 13.1 (¢ = 0.33, CHCI5); *H NMR (400 MHz, CDCls): &
9.54 (s, 1H), 7.96-7.93 (m, 2H), 7.59-7.55 (m, 1H), 7.48-7.44 (m, 2H), 4.16 (g, J =
7.2 Hz, 2H), 3.55-3.44 (m, 1H), 3.34-3.21 (m, 1H), 3.09-3.02 (M, 1H), 2.27 (s, 1H),
2.11-1.93 (m, 4H), 1.72-1.66 (m, 4H), 1.57 (s, 3H), 1.25 (t, J = 6.8 Hz, 3H); °C
NMR (100 MHz, CDCls3): 6 203.85, 197.80, 172.58, 136.34, 133.32, 128.56, 127.98,
125.49, 123.06, 61.01, 49.28, 45.61, 35.83, 34.17, 28.41, 26.49, 19.21, 18.70, 14.07;
Enantiomeric excess: 92% and 92%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 95/05; flow rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 9.82
min, second peak: tr = 11.09 min, third peak: tr = 13.66 min, forth peak: tr = 16.26
min; HRMS (ESI) m/z calcd. for C;HNaO, [M+Na] * = 365.1723, found =
365.1734; IR (neat): v 2979, 2914, 2721, 1722, 1685, 1597, 1447, 1363, 1216, 1175,

1023, 857 cm™.
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zw #5035 [modified by dall]

Zw-6-85-1-adh-20052201025

250 £
] Me
] 2-11.060
200+ Me
1 4. 16.207
150+ CHO
1 CO,Et
: (2)-7
7 3-13.500
100+
50
is —
'5'3'__ T T T T T T T T r:m
7.5 8.8 10.0 1.3 125 128 150 16.3 17.5 19.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.77 n.a. 115.466 47407 18.32 n.a. BMB*
2 11.06 n.a. 209.621 81.163  31.36 n.a. BMB*
3 13.60 n.a. 103.879 46.402  17.93 n.a. BMB*
4 16.21 n.a. 162.196 83.829 32.39 n.a. BMB*
Total: 391.162 258.801 100.00 0.000
502N #5306 [modified by dell] 7w-5-85-2-adn-90052201025
mall
| 4. 16.267
2004
150~
1004
. Ph
504
o, 1 I
'SD‘ 1 1 1 ) ] 1 1 1 I'T;lin
7.0 8.3 10.0 1.3 12.5 13.8 5.0 16.3 17.5 15.0
Neo. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %o
1 9.83 n.a. 6.871 2.608 1.38 na.  BMB*
2 11.09 n.a. 13.329 4.988 263 n.a. MB*
3 13.67 n.a. 147.768 64.260  33.93 na.  BMB*
4 16.27 n.a. 230.876  117.520 62.06 na.  BMB*
Total: 398.845 189.377 100.00 0.000
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%
10
Ph CO,Et

8; Colorless oil; [a]po?® = + 4.9 (c = 0.33, CHCI3); *H NMR (400 MHz, CDCls): § 9.81
(s, 1H), 7.93 (d, J = 7.6 Hz, 2H), 7.60—7.57 (m, 1H), 7.49-7.45 (m, 2H), 7.31-7.26
(m, 4H), 4.20-4.06 (m, 2H), 3.67-3.63 (m, 1H), 3.55 (dd, J = 18.0, 8.0 Hz, 1H), 3.37
(dd, J = 18.0, 8.8 Hz, 1H), 3.17-3.07 (m, 2H), 2.95-2.90 (m, 1H), 1.21 (t, J =6.8 Hz,
3H); 3¢ NMR (100 MHz, CDCls): 6 200.87, 197.02, 172.61, 136.15, 133.54, 133.18,
133.04, 131.58, 129.31, 128.67, 128.05, 61.51, 51.22, 40.14, 37.18, 31.58, 14.00;
Enantiomeric excess: 92% and 92%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 15.60
min, second peak: tg = 18.00 min, third peak: tr = 20.06 min, forth peak: tg = 21.95
min; HRMS (ESI) m/z calcd. for C,;H,;CINaO,S [M+Na] * = 427.0741, found =
427.0744; IR (neat): v 3060, 2980, 2927, 2834, 2739, 1721, 1683, 1596, 1476, 1448,
1365, 1261, 1218, 1176, 1094, 1010 cm™.

S59



zw #3123 [modified by dell]

Zw-6-88-1-ADh-90102201025

on Iw
 nal W
] |- 15587
80—
et
7u—: S H
3-20.167
] 4-22027
60
30}
1
o B
] mi
-1 L) ) 1 1 L) ) 1 L)
15.00 16.00 17.00 18.00 19.00 20.00 21.00 22100 23.00 2396
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU min %
1 15.69 na. 80.241 31.364 2490 n.a. BMB*
2 17.97 n.a. 70.300 30,950 2457 n.a. BMB*
3 2017 na. B63.627 30.944 2456 n.a. BMB*
4 22.03 n.a. 61.251 32715 2597 n.a. BMB*
Total: 275418 125973 100.00 0.000
500+ fnnhta 14 [modified by dell] zw-6-88-2-ADh-90102201025
] 3 - 20,067
4.21.953
400+
QL
300 S H
*
O O
Ph CO,Et
200+ (+)-8
100
1-15.607 2. 18.007
. . I
- mi
S T T T T T T T T
14.80 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 15.61 na. 30.076 12.403 268 n.a. BMB*
2 18.01 n.a. 19.936 8.766 1.89 n.a. BMB*
3 20.07 na. 448940 222957 4812 n.a. BMB*
4 21.95 n.a. 403.282  219.203  47.31 n.a. BMB*
Total: 902.233 463.328 100.00 0.000
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9 (2S)-ethyl 2-(3-benzoyl-1-formyl-1,2,3,5,6,10b-hexahydropyrazolo[5,1-a] isoqu

inolin-1-yl)-4-oxo-4-phenylbutanoate

CHO
Ph CO,Et

9; Colorless oil; [a]p?° = + 159.2 (c = 0.33, CHCI3); *H NMR (400 MHz, CDCls): §
9.13 (s, 1H), 7.90 (d, J = 7.6 Hz, 2H), 7.82 (d, J = 7.6 Hz, 1H), 7.76 (d, J = 7.2 Hz,
2H), 7.60-7.56 (m, 1H), 7.48-7.39 (m, 3H), 7.36-7.29 (m, 3H), 7.27-7.23 (m, 1H),
7.11 (d, J = 7.6 Hz, 1H), 4.90 (s, 1H), 4.67 (br, 1H), 4.43 (d, J = 12.4 Hz, 1H), 4.26 (q,
J=7.2 Hz, 2H), 3.96 (d, J = 8.8 Hz, 1H), 3.58 (br, 1H), 2.92—2.66 (m, 5H), 1.26 (t, J
=10.8 Hz, 3H); B3C NMR (100 MHz, CDCl3): 8 201.20, 196.65, 170.90, 167.99,
135.63, 134.32, 133.65, 132.94, 130.44, 128.95, 128.63, 128.25, 128.08, 127.94,
127.61, 127.03, 126.86, 66.45, 63.31, 61.86, 47.77, 43.44, 41.30, 38.52, 28.46, 14.02;
Enantiomeric excess: 92% and 92%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 <C; 220 nm), first peak: tg = 18.53
min, second peak: tg = 20.62 min, third peak: tr = 29.78 min, forth peak: tg = 49.11
min; HRMS (ESI) m/z calcd. for CaHzoN,NaOs [M+Na] * = 533.2047, found =
533.2052; IR (neat): v 3061, 2976, 2934, 1720, 1683, 1632, 1577, 1448, 1407, 1363,
1264, 1218, 1172, 1095, 1027, 932 cm™,
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300 zw #5321 [modified by dell] zw-6-91-1updown-adh-70302201025
Jmal
] 1-18.460
250H
] O
200H
: ph—4
i N—N
] 3 -30.000
150+ o
] CHO
] Ph CO,Et
100~ (*)-9
] 2 - 20553
50
] 4 .48.460
"J: T ! I
-SD- iy
L] ) 1 ] 1 1 ] ] _
10.0 15.0 20.0 250 30.0 350 400 450 50.0 550
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 18.46 na. 263798 160.502  39.31 na. BMB*
2 20.59 na. 69.757 45323 11.10 na. BMB*
3 30.00 n.a. 196.946  159.093  38.96 n.a. BMB*
4 48 46 n.a. 29.025 43.399 10.63 na. BMB*
Total: 519527 408.318 100.00 0.000
nn-24 #5622 [modified by dell] zw-6-91-Zupdown-adh-70302201025 Uy yis 1
Jnall WALZ20 nimy
700
] 3-29.787
500
5004
- ) O
] 2 - 20.620 Ph//<
4004 N—N
] *
] (0]
300+
- CHO
] Ph CO,Et
200+ (+)-9
100
] 1-18.527
o 1 , L 4-4e 1
']DD- 1 1 L] 1 1 ] 1 ] il
10.0 15.0 200 250 30.0 35.0 40.0 450 50.0 550
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 18.53 na. 47.290 29.039 2.81 na. BMB*
2 2062 na. 432524 285543 27 .58 na. BMB*
3 29.79 na. 663.325 710779 68.66 na. BMB*
4 49.11 n.a. 6.906 9.843 0.95 n.a. BMB*
Total: 1150.045 1035203 100.00 0.000
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10 Ethyl 3-formyl-5-methylene-6-0x0-2-(2-0x0-2-phenylethyl)heptanoate

10; Colorless oil; [0]o® = + 13.7 (c = 0.33, CHCI3); *H NMR (400 MHz, CDCl3): &
9.12 (d, J = 1.6 Hz, 1H), 7.97—7.95 (m, 2H), 7.61—7.55 (m, 1H), 7.50—7.45 (m, 2H),
6.17 (s, 1H), 5.97 (s, 1H), 4.18 (d, J = 7.2 Hz, 1H), 3.75-3.51 (m, 2H), 3.11-3.05 (m,
1H), 2.90-2.84 (m, 2H), 2.56—2.51 (m, 1H), 2.37 (s, 3H), 1.26 (t, J =7.2 Hz, 3H); °C
NMR (100 MHz, CDCl3): 6 201.92, 199.12, 197.34, 172.90, 145.34, 136.28, 133.34,
128.57, 128.48, 128.01, 61.22, 51.15, 39.49, 37.35, 28.31, 25.70, 14.03; HRMS (ESI)
m/z calcd. for C19H2,NaOs [M+Na] * = 353.1359, found = 533.1364; IR (neat): v 2981,
2925, 2853, 2733, 1722, 1676, 1597, 1448, 1365, 1217, 1175, 1022 cm™. (Noteworthy,
diastereoisomers of 10 were inseparable through silica gel chromatography and we

have not found suitable chiral stationary for its resolution)
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