Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2018

Enantioselective Michael Addition of Malonates to a,p-Unsaturated

Ketones Catalyzed by 1,2-Diphenylethanediamine

Wei Wang, ? Ling Ye, ® Zhichuan Shi,  Zhigang Zhao?® and Xuefeng Li*?

@ College of Chemistry and Environment Protection Engineering, Southwest Minzu University,
Chengdu 610041, China.
b Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University,

Chengdu 610031, China.

E-mail: lixuefeng@swun.edu.cn.

Table of contents:

1. General MEthOAS. .......oouiiiiiiiieeeee e 2
2. Table S1 Optimization of reaction CONditioNS.? .........ccceeevcieeerieeerieeeiieeeieeeree e 2
3. General procedure for synthesis of racemic adducts 3 and 5............cccoeeveriieiiennnns 3
4. General procedure for the asymmetric Michael reaction of cinnamones .................. 3
5. General procedure for the asymmetric Michael reaction of chalcones...................... 9
6. General procedure for synthesis of racemic adducts 6a-6f....................ccoeeeuneenn.e. 12
7. General procedure for the synthesis of cyclohexenone 6a-6f.....................cc........... 12
8. Synthetic transformation of adduct 5a ...........ccoociiiiiiiiiiiii e, 15
9. General procedure for decarboxylation 0f 6@ .............cccoeevveviiieniieiieniicieie e 17
TO. REIETEINCE. ... ettt ettt ettt et aee e eee 17

11. NMR spectra and HPLC chromatograms ..............ccoecvverieeniienieenieeneeeieeneeeveenens 19



1. General methods

'H and '3C NMR spectra were recorded on Varian 400 MHz spectrometers. Chemical shifts (8)
are reported in ppm and calibrated from residual solvent signal. Coupling constants (J) are given
in Hz. ESI-HRMS spectrometer was measured with a Bruker Daltonics LCQPECA jon trap mass
spectrometer. Enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak AS-H,
AD-H, OD-H, OJ-H and IC columns in comparison with the authentic racemates. Optical rotation
data were recorded on Rudolph Autopol I automatic polarimeter. Commercial grade solvents were
dried and purified by standard procedures. All other reagents were purchased from commercial

sources and were used without further purification. PE = petroleum ether.

2. Table S1 Optimization of reaction conditions.?

(0]
/\)(1 o o (R, R)-DPEN (20 mol%)
X additive (30 mol%)
Ph “ Me * Pn o OFt ™ solvent, it, 120h  Ph Ph
07 “OEt
6a
Entry Additive Solvent Yield (%)° dre ee (%)4

1¢ SA DCE 95 52/48 91/82
2 SA DCE 90 60/40 91/94
3 TFA DCE 96 61/39 94/94
4 BA DCE 83 58/42 82/95
5 o-Phthalic acid DCE 93 55/45 90/91
6 OFBA DCE 91 55/45 92/93
7 TFA THF 92 55:45 92/96
8 TFA CHCl; 97 77:23 96/97
9 TFA MeOH 96 72:28 82/95
10 TFA EtOH 98 58:42 90/94

3 Unless otherwise noted, the reaction was performed with 0.2 mmol of 1b, 0.4 mmol of malonate 2f, 20 mol% (R,
R)-DPEN, 30 mol% additive in 1 mL of solvent at room temperature for 120 h. TFA = trifluoroacetic acid, BA =
benzoic acid, OFBA = o-fluorobenzoic acid, SA = salicylic acid. ® Isolated yield after flash chromatography on
silica gel. ¢ Diastereomeric ratio (dr) was determined by 'H NMR analysis of the crude mixture. 4 Determined by

chiral stationary-phase HPLC. ¢ Carried out with 40 mol% of SA.


http://www.instrument.com.cn/netshow/SH100150/C121743.htm

3. General procedure for synthesis of racemic adducts 3 and 5

Enone (0.20 mmol) and K,CO; (27.6 mg, 0.2 mmol) were dissolved in EtOH (1 mL). Malonate 2
(2 mmol) was added, and reaction stirred at room temperature until completion (monitored by
TLC). The mixture was directly purified by flash chromatography (eluents from PE/ EtOAc) to

give racemic products.
4. General procedure for the asymmetric Michael reaction of cinnamones

DPEN (8.5 mg, 0.04 mmol), cinnamones 1 (0.2 mmol), malonate 2 (4.0 mmol), and o-phthalic
acid (13.3 mg, 0.08 mmol) were dissolved in ethanol (1 mL). After stirred at rt for 168 h, the

reaction mixture was purified by flash chromatography on silica gel (PE/EtOAc).

EtO,C.__CO.Et  Diethyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3aa):2> TLC
N
- (PE/EtOAc = 10:1); yellow oil; 95% yield, 94% ee; HPLC: AS-H

OO e column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm, tyor =
13.103 min, tpiner = 16.187 min; [a]p? = +5.9° (¢ = 0.538, CHCl;); '"H NMR (CDCl;, 400 MHz): &
=7.78-7.76 (m, 3H), 7.70 (s, 1H), 7.46-7.39 (m, 3H), 4.20 (q, /= 7.2 Hz, 2H), 4.17-4.13 (m, 1H),
3.93-3.87 (m, 2H), 3.81 (d, J=10.0 Hz, 1H), 3.03 (d, J = 6.8 Hz, 2H), 2.02 (s, 3H), 1.25 (t,J=17.2

Hz, 3H), 0.93 (t, J = 7.2 Hz, 3H).

Diethyl 2-(3-oxo-1-phenylbutyl)malonate (3ab):3¢ TLC (PE/EtOAc =

EtO,C._ CO,Et
z 0] 10:1); yellow oil; 75% yield, 91% ee; HPLC: AD-H column, hexane/i-
Me  propanol (80/20), 1.0 mL/min, UV 254 nm, tyinor = 6.187 min, tmajor = 8.570
min; [a]p?® = +11.4° (¢ = 0.792, CHCl;3); '"H NMR (CDCls, 400 MHz) & =
7.29-7.23 (m, 4H), 7.21-7.18 (m, 1H), 4.19 (q, J= 7.1 Hz, 2H), 3.99-3.97 (m, 1H), 3.94 (q, /= 7.2
Hz, 2H), 3.69 (d, J = 9.6 Hz, 1H), 2.96 (ABX, Jag = 16.4 Hz, Jgx = 5.2 Hz, 1H), 2.91 (ABX, Jap

= 16.6 Hz, Jax = 8.6 Hz, 1H), 2.02 (s, 3H), 1.25 (t, J= 7.2 Hz, 3H), 1.01 (t, J= 7.2 Hz, 3H).

Diethyl 2-(1-(4-fluorophenyl)-3-oxobutyl)malonate (3ac): TLC
EtO,C._ CO5Et
z 0] (PE/EtOAc = 15:1); yellow oil; 99% yield, 95% ee; HPLC: AD-H
Me  column, hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm, tpine: =
F 6.983 min, tyajor = 12.983 min; [a]p?® = +18.0° (¢ = 1.276, CHCl;); 'H

NMR (CDCls, 400 MHz) & = 7.20 (dd, J = 8.6, 5.4 Hz, 2H), 6.93 (t, J = 8.8 Hz, 2H), 4.16 (dq, J
3



=17.2, 1.2 Hz, 2H), 3.96-3.91 (m, 3H), 3.64 (d, J= 10.0 Hz, 2H), 2.93 (ABX, Ja5 = 17.0 Hz, Jgx =
4.6 Hz, 1H), 2.86 (ABX, Jap = 17.0 Hz, Jax = 8.2 Hz, 1H), 2.00 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H),
1.01 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls): § = 205.7, 167.9, 167.5, 161.7 (d, 'Jcp =
244.2 Hz), 136.1 (d, *Jep = 13.2 Hz), 129.7 (d, “Jor = 8.0 Hz), 115.2 (d, 2Jcp = 21.2 Hz), 61.6, 61.3,

57.2,47.3,39.6, 30.2, 13.9, 13.7; ESI-HRMS: m/z [M+H]" calcd for C,;H,,FOs 325.1446; found

325.1448.
Et0,C._CO,Et Diethyl  2-(1-(2-chlorophenyl)-3-oxobutyl)malonate = (3ad): TLC
: 0 (PE/EtOAc = 15:1); yellow oil; 99% yield, 96% ee; HPLC: AD-H column,
Me hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm, ty, = 6.577 min,

Cl

tmajor = 12.770 min; [a]p? = +12.9° (¢ = 0.448, CHCl3); 'H NMR (CDCls,
400 MHz) & = 7.33 (dd, J = 7.6, 1.2 Hz, 1H), 7.25 (dd, J = 7.2, 1.2 Hz, 1H), 7.17 (dt, J= 7.6, 1.2
Hz, 1H), 7.13 (dt, J= 7.4, 1.6 Hz, 1H), 4.43 (pseudo q, J = 7.5 Hz,2H), 4.18-4.11 (m, 2H), 4.00 (q,
J =172 Hz, 2H), 3.94 (d, J = 9.2 Hz, 1H), 3.07 (ABX, Jap = 17.0 Hz, Jyx = 7.8 Hz, 1H), 3.15
(ABX, Jap = 17.0 Hz, Jax = 5.4 Hz, 1H), 2.06 (s, 3H), 1.21 (t, /= 7.2 Hz, 3H), 1.07 (t, J= 7.2 Hz,
3H); 3C NMR (100 MHz, CDCL): & = 205.9, 168.0, 167.6, 137.7, 133.9, 130.0, 129.3, 128.3,
126.8, 61.5, 61.4, 55.1, 45.5, 36.9, 29.9, 13.9, 13.7; ESI-HRMS: m/z [M+H]* caled for

C17H2,%Cl105 341.1150; found 341.1158; caled for Ci7H,,°"ClOs 343.1121; found 343.1127.

Diethyl 2-(1-(3-chlorophenyl)-3-oxobutyl)malonate (3ae): TLC
EtO,C._ CO,Et

: O (PE/EtOAc = 15:1); yellow oil; 99% yield, 94% ee; HPLC: AD-H

c . Me  column, hexane/i-propanol (90/10), 1.0 mL/min, UV 254 nm, tyinor =
9.967 min, tmyjor = 12.463 min; [a]p> = +14.9° (¢ = 1.258, CHCl;); 'H

NMR (CDCls, 400 MHz) & = 7.23 (s, 1H), 7.21-7.14 (m, 3H), 4.18 (q, /= 7.2 Hz, 2H), 3.98 (q, J
= 7.2 Hz, 2H), 3.95-3.92 (m, 1H), 3.66 (d, J = 9.6 Hz, 1H), 2.97 (ABX, Jag = 17.2 Hz, Jgx = 4.8
Hz, 1H), 2.90 (ABX, Jag = 17.0 Hz, Jox = 9.0 Hz, 1H), 2.05 (s, 3H), 1.25 (t, /= 7.2 Hz, 3H), 1.05
(t, J= 7.0 Hz, 3H); 3C NMR (100 MHz, CDCl;): & = 205.4, 167.9, 167.4, 142.6, 134.1, 129.6,
128.2, 127.3, 126.5, 61.7, 61.4, 56.9, 46.9, 39.8, 30.2, 13.9, 13.7; ESI-HRMS: m/z [M+H]* calcd

for C17H»,*°Cl105 341.1150; found 341.1158; caled for C;7H,,*7C105 343.1121; found 341.1128.

Diethyl 2-(1-(4-chlorophenyl)-3-oxobutyl)malonate (3af):*» TLC
EtO,C._ CO,Et
z O (PE/EtOAc = 15:1); yellow oil; 99% yield, 95% ee; HPLC: AD-H
- 4
Me

Cl



column, hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm, tyiner = 9.573 min, tmajor = 13.543
min; [a]p?=+12.9° (¢ = 0.448, CHCl3); 'H NMR (CDCl;, 400 MHz) 6 = 7.22 (d, J = 8.4 Hz, 2H),
7.17 (d, J = 8.4 Hz, 2H), 4.17 (pseudo q, J = 7.1 Hz, 2H), 3.95 (q, J = 7.1 Hz, 2H), 3.92-3.90 (m,
1H), 3.64 (d, J=9.6 Hz, 1H), 2.94 (ABX, Jag= 17.0 Hz, Jgx = 4.6 Hz, 1H), 2.86 (ABX, Jop=17.0

Hz, Jux = 9.0 Hz, 1H), 2.01 (s, 3H), 1.23 (t, J= 7.0 Hz, 3H), 1.03 (t, J = 7.0 Hz, 3H).

Diethyl 2-(1-(4-bromophenyl)-3-oxobutyl)malonate (3ag):*® TLC

EtO,C.__CO,Et
= 0] (PE/EtOAc = 15:1); yellow oil; 70% yield, 93% ee; HPLC: AD-H
Me  column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tyinor =
Br 7.467 min, ty,jor= 10.760 min; [a]p?® = +12.2° (¢ = 0.574, CHCL); 'H
NMR (CDCls, 400 MHz) 6 = 7.37 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H),4.16 (dq, J= 7.1,
2.0 Hz, 2H), 3.94 (q, J = 7.1 Hz, 2H), 3.92-3.89 (m, 1H), 3.64 (d, J = 10.0 Hz, 1H), 2.93 (ABX,
Jag = 17.2 Hz, Jgx = 4.8 Hz, 1H), 2.93 (ABX, Jag = 17.0 Hz, Jax = 9.0 Hz, 1H), 2.01 (s, 3H),

1.23 (t,J=7.0 Hz, 3H), 1.02 (t, J= 7.0 Hz, 3H).

Diethyl  2-(3-oxo-1-(p-tolyl)butyl)malonate 3ah):2> TLC

Et0,C_CO,Et y ( (p-tolyD)butyl) (3ah)
? O (PE/EtOAc = 15:1); yellow oil; 85% yield, 94% ee; HPLC: AD-H
Me column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm, tj,or =

Me 9.710 min, tygjor = 14.570 min; [a]p? = +7.3° (¢ = 0.900, CHCly); 'H
NMR (CDCls, 400 MHz) & = 7.11 (d, J = 8.0 Hz, 2H), 7.11 (d, J= 8.0 Hz, 2H),4.17 (q,J=7.2
Hz, 2H), 3.94 (q, J = 7.2 Hz, 2H), 3.92-3.88 (m, 1H), 3.65 (d, /= 10.0 Hz, 1H), 2.93 (ABX, Jap =
16.4 Hz, Jyx = 5.2 Hz, 1H), 2.87 (ABX, Jap = 16.4 Hz, Jox = 8.4 Hz, 1H), 2.27 (s, 3H), 2.00 (s,

3H), 1.24 (t,J= 7.0 Hz, 3H), 1.02 (t, /= 7.2 Hz, 1H).

E10,C_COLE! Diethyl 2-(1-(4-methoxyphenyl)-3-oxobutyl)malonate (3ai):®

? O TLC (PE/EtOAc = 15:1); yellow oil; 92% yield, 96% ee; HPLC:

Me  AD-H column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254

MeO M, toinor = 6.520 M, tuger = 12,493 min; [op® = +1.4° (¢ =
0.702, CHCl3); '"H NMR (CDCls, 400 MHz) 6 = 7.14 (d, J= 8.4 Hz, 2H), 6.78 (d, J= 8.4 Hz, 2H),
4.17 (pseudo q, J = 7.2 Hz,2H), 3.93 (q, J = 7.2 Hz, 2H), 3.89-3.87 (m, 1H), 3.74 (s, 3H), 3.63 (d,
J=10.0 Hz, 1H), 2.90 (ABX, Jag = 16.8 Hz, Jgx = 5.2 Hz, 1H), 2.90 (ABX, Jag = 16.8 Hz, Jgx =

9.2 Hz, 1H), 2.00 (s, 3H), 1.24 (t, J= 7.2 Hz, 3H), 1.02 (t, J= 7.2 Hz, 1H).
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Et0,C._ COE Diethyl 2-(1-(naphthalen-1-yl)-3-oxobutyl)malonate (3aj):>> TLC
? O (PE/EtOAc = 15:1); yellow oil; 97% yield, 96% ee; HPLC: AD-H column,
Me hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tp,. = 6.980 min,

tmjor = 9.190 min; [o]p? = -3.9° (¢ = 0.134, CHCl3); 'H NMR (CDCls, 400

MHz) § = 8.31 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.72-7.70 (m,
1H), 7.57 (t, J= 7.2 Hz, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.41-7.38 (m, 2H), 4.95-4.94 (m, 1H), 4.16
(dq, J=7.2, 2.0 Hz, 2H), 3.94 (d, J = 8.4 Hz, 1H), 3.85 (q, J = 7.2 Hz, 2H), 3.18 (ABX, Jap = 17.2
Hz, Jux = 5.6 Hz, 1H), 3.11 (ABX, Jap = 17.4 Hz, Jpx = 7.8 Hz, 1H), 2.01 (s, 3H), 1.22 (t, J= 7.2
Hz, 3H), 0.87 (t, J = 7.2 Hz, 3H).

EtO,C._ CO,Et Diethyl 2-(1-(furan-2-yl)-3-oxobutyl)malonate (3ak):?> TLC (PE/EtOAc
ER O]

H = 25:1); yellow oil; 84% yield, 86% ee; HPLC: OJ-H column, hexane/i-
@)/\)J\Me propanol (90/10), 1.0 mL/min, UV 210 nm, tyinor = 13.337 min, tmajor =
16.950 min; [a]p® = +3.8° (¢ = 0.338, CHCI;); 'H NMR (CDCl;, 400 MHz) 8 = 7.28 (dd, J= 1.8,
0.6 Hz, 1H), 6.23 (dd, J=3.2, 1.6 Hz, 1H), 6.09 (d, /J=3.2 Hz, 1H), 4.17 (q, /= 7.2 Hz, 2H), 4.08
(q,J=7.2 Hz, 2H), 4.10-4.05 (m, 1H), 3.76 (d, J = 8.0 Hz, 1H), 2.99 (ABX, Jag=17.2 Hz, Jgx =
8.8 Hz, 1H), 2.91 (ABX, Jag = 17.2 Hz, Jox = 4.8 Hz, 1H), 2.10 (s, 3H), 1.23 (t, /= 7.2 Hz, 3H),

1.16 (t,J= 7.0 Hz, 3H).
EtO,C._ CO,Et Diethyl  2-(3-oxo-1-(thiophen-2-yl)butyl)malonate ~ (3al):>® TLC
E 0 (PE/EtOAc = 25:1); yellow oil; 97% yield, 92% ee; HPLC: AD-H column,
@/\)J\Me hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, ty,r = 5.760 min,
tmajor = 7.150 min; [o]p?® = +21.5° (¢ = 0.418, CHCl;); 'H NMR (CDCl;, 400 MHz) § = 7.12 (d, J
=4.8 Hz, 1H), 6.88-6.85 (m, 2H), 4.28 (m, 1H), 4.28 (q, /= 7.2 Hz, 1H), 4.16 (dq, J=7.2, 1.6 Hz,

1H), 4.03 (q, J = 7.2 Hz, 2H), 3.72 (d, /= 8.8 Hz, 1H), 2.98 (d, J = 6.4 Hz, 2H), 2.07 (s, 3H), 1.23

(t,J=7.0 Hz, 3H), 1.10 (t, J = 7.2 Hz, 3H).

i -(4- 2- .2b —95.1)
Et0,C._COEt Diethyl 2-(4-oxopentan-2-yl)malonate (3am):2° TLC (PE/EtOAc = 25:1);

: 0

yellow oil; 70% yield, 86% ee; HPLC: IC-H column, hexane/i-propanol

3

Me

Me (80/20), 0.8 mL/min, UV 210 nm, tysjor = 17.050 min,  tyinor = 19.150

min; [o]p = +8.2° (¢ = 0.316, CHCLy); 'H NMR (CDCls, 400 MHz) & = 4.17 (q, J = 7.2 Hz, 4H),



3.33 (d, J= 6.8 Hz, 1H), 2.79-2.72 (m, 1H), 2.67 (dd, J=17.2, 4.4 Hz, 1H), 2.40 (dd, J=17.0, 8.2

Hz, 1H), 2.12 (s, 3H), 1.25 (t, J = 7.0 Hz, 6H), 1.00 (d, J = 6.8 Hz, 3H).

EtO,C._ CO,Et Diethyl 2-(2-oxooctan-4-yl)malonate (3an):°® TLC (PE/EtOAc = 20:1);
/:\)OJ\ yellow oil; 65% yield, 95% ee; HPLC: IC-H column, hexane/i-propanol

(1/30), 0.8 mL/min, UV 220 nm, tyajor = 10.803 min; tminer = 12.127min ;
[a]p? = +7.4° (¢ = 0.940, CHCl;); 'H NMR (CDCl;, 400 MHz) 6 = 4.17 (q, J = 7.2 Hz, 4H), 3.52
(d, J=5.6 Hz, 1H), 2.74 (ABX, Jog = 17.2 Hz, Jgx = 5.2 Hz, 1H), 2.66 (pseudo q, J= 6.0 Hz, 1H),
2.51 (dd, Jag = 17.2 Hz, Jox = 6.8 Hz, 1H), 2.13 (s, 3H), 1.42-1.24 (m, 6H), 1.26 (t, J = 7.0 Hz,

6H), 0.87 (t, J = 6.8 Hz, 3H).

Diethyl 2-(3-oxo-1-phenylpentyl)malonate (3a0):®® TLC (PE/EtOAc =

EtO,C._ CO,Et
? O 20:1); yellow oil; 61% yield, 91% ee; HPLC: IC-H column, hexane/i-
Et propanol (90/10), 1.0 mL/min, UV 210 nm, tyiner = 10.220 min; tpgjor =
18.073 min; [a]p® = +4.4° (¢ = 0.450, CHCl3); '"H NMR (CDCl;, 400 MHz)
6=17.28-7.22 (m, 4H), 7.21-7.17 (m, 1H), 4.19 (q, J= 7.1 Hz, 2H), 4.02-3.96 (m, 1H), 3.94 (q, J =
7.0 Hz, 2H), 3.70 (d, J = 10.0 Hz, 1H), 2.90 (d, J = 6.8 Hz, 2H), 2.39-2.29 (m, 1H), 2.27-2.17 (m,

1H), 1.25 (t, /= 7.0 Hz, 3H), 1.00 (t, /= 7.0 Hz, 3H), 0.91 (t, /= 7.4 Hz, 3H).

Diethyl 2-(3-oxocyclohexyl)malonate (3ap):®® TLC (PE/EtOAc = 25:1);
colorless oil; 71% yield, 82% ee; HPLC: IE-H column, hexane/i-propanol
"//(COZEt (90/10), 1.0 mL/min, UV 210 nm, tugjor = 48.540 min; tyiner = 58.187 min;
COEL [a]p? = +2.8° (¢ = 0.216, CHCl;); '"H NMR (CDCl;, 400 MHz) 6 = 4.18 (q, J
=7.0 Hz, 2H), 4.17 (q, J = 7.0 Hz, 2H), 3.26 (d, J = 8.0 Hz, 1H), 2.54-2.45 (m, 1H), 2.39 (pseudo
t,J=16.0 Hz, 2H), 2.27-2.22 (m, 2H), 2.07-2.02 (m, 1H), 1.93 (pseudo d, /= 12.8 Hz, 1H), 1.71-

1.61 (m, 1H), 1.53-1.3 (m, 1H), 1.24 (t, J= 7.2 Hz, 6H).

Diethyl 2-(3-oxocycloheptyl)malonate (3aq):%® TLC (PE/EtOAc = 10:1);
COLEt  yellow oil; 97% yield, 87% ee; HPLC: IE-H column, hexane/i-propanol
o

CO,Et (80/20), 0.75 mL/min, UV 254 nm, tpajor = 11.747 min, tyinor = 12.743 min;

[o]p2 = +17.7° (c = 0.260, CHCl;); '"H NMR (CDCls, 400 MHz) = 4.15 (q, J = 7.2 Hz, 4H), 3.26



(d, J= 5.6 Hz, 1H), 2.57-2.39 (m, 5H), 1.92-1.81 (m, 3H), 1.60-1.34 (m, 3H), 1.22 (t, J= 7.2 Hz,

6H).
MeO,C_CO,Me Dimethyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3ba): TLC
? O (PE/EtOAc = 20:1); colorless oil; 81% yield, 90% ee; HPLC: AS-H
OO Me column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tmajor =

12.603 min, tiner = 16.100 min; [o]p? = -9.0° (¢ = 0.678, CHCl;). 'H
NMR (CDCls, 400 MHz) & = 7.79-7.77 (m, 3H), 7.69 (s, 1H), 7.47-7.42 (m, 2H), 7.38 (dd, J= 8.4,
1.6 Hz, 1H), 4.19-4.14 (m, 1H), 3.86 (d, J = 9.6 Hz, 1H), 3.73 (s, 3H), 3.46 (s, 3H), 3.05 (d, J =
6.8 Hz, 2H), 2.03 (s, 3H); '*C NMR (100 MHz, CDCly): & = 205.9, 168.5, 167.9, 137.9, 133.2,
132.5, 128.3, 127.8, 127.5, 126.8, 126.1, 125.9, 125.8, 57.0, 52.6, 52.4, 47.1, 40.4, 30.3; ESI-
HRMS: m/z [M+H]" caled for C19H,,05 329.1384; found 329.1389.

Diisopropyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3ca):

i-PrO,C.__COgi-Pr
= 0 TLC (PE/EtOAc = 25:1); colorless oil; 65% yield, 93% ee; HPLC:

OO - Me AS-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm,

tmajor = 7.893 min, tminor = 9.663 min; [a]p?® = -18.2° (¢ = 1.324,
CHCl3); '"H NMR (CDCls, 400 MHz) 6 = 7.78-7.75 (m, 3H), 7.69 (s, 1H), 7.44-7.39 (m, 3H), 5.07
(sep, J = 6.4 Hz, 1H), 4.73 (sep, J = 6.4 Hz, 1H), 4.16-4.10 (m, 1H), 3.76 (d, J = 10.0 Hz, 1H),
3.01 (d,J=6.4 Hz, 2H), 2.01 (s, 3H), 1.24 (d, /= 6.4 Hz, 6H), 0.99 (d, J = 6.4 Hz, 3H), 0.88 (d, J
= 6.4 Hz, 3H); '3C NMR (100 MHz, CDCls): § = 206.0, 167.7, 167.1, 137.9, 133.2, 132.5, 128.1,
127.7, 127.5, 127.2, 126.2, 125.9, 125.7, 69.2, 68.8, 57.6, 47.6, 40.4, 30.3, 21.6, 21.5, 21.3, 21.2;

ESI-HRMS: m/z [M+H]" caled for Cy3H,905 385.2010; found 385.2003.

Dibenzyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3da):?
BnO,C._ CO2Bn
o) TLC (PE/EtOAc = 25:1); yellow oil; 92% yield, 74% ee; HPLC:

OO Me AS-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm,
tmajor = 25.450 min, tminer = 33.790 min; [a]p?® = +33.9° (¢ = 0.106,

CHCL;); 'HNMR (CDCly, 400 MHz) § = 7.69 (dd, J= 5.8 , 3.4 Hz, 1H), 7.64-7.62 (m, 2H), 7.57
(s, 1H), 7.36 (dd, J = 6.0, 3.2 Hz, 2H), 7.27-7.16 (m, 6H), 7.10 (t, J = 7.4 Hz, 1H), 7.00 (t, J= 7.6
Hz, 2H), 6.82 (d, J = 7.6 Hz, 2H), 5.08 (AB, J = 12.8 Hz, 1H), 5.05 (AB, J = 13.6 Hz, 1H), 4.77

(AB, J=12.0 Hz, 1H), 4.74 (AB, J=12.8 Hz, 1H), 4.10 (dt, /= 9.0, 5.2 Hz, 1H), 3.86 (d, J=9.6
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Hz, 1H), 2.92 (ABX, Jag = 17.2 Hz, Jgx = 9.2 Hz, 1H), 2.85 (ABX, Jag = 17.2 Hz, Jpx = 5.2 Hz,

1H), 1.87 (s, 3H).

Me Diethyl 2-methyl-2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate
EtO,C. | CO5Et
B (0] (3ea): TLC (PE/EtOAc = 5:1); color oil; 72% yield, 95% ee; HPLC:
OO - Me AD-H column, hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm,
tminor = 9.573 Min, tmajor = 13.543 min; [a]p?® = +17.0° (¢ = 0.448,
CHCl;); 'H NMR (CDCls, 400 MHz) = 7.78-7.73 (m, 3H), 7.66 (s, 1H), 7.47-7.40 (m, 2H), 7.34
(d, J=8.6 Hz, 1H), 4.27-4.20 (m, 2H), 4.17 (d, /= 11.5 Hz, 1H), 4.13-4.05 (m, 2H), 3.29 (ABX,
Jag = 17.0 Hz, Jgx = 10.8 Hz, 1H), 3.09 (ABX, Jag = 17.0 Hz, Jax = 1.6 Hz, 1H), 2.03 (s, 3H),
1.40 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl;): § =
206.3,171.4,171.3, 136.5, 133.1, 132.6, 128.4, 127.81, 127.80, 127.5, 127.2, 126.0, 125.8, 61.49,
61.44, 57.8, 46.2, 45.2, 30.2, 19.1, 13.99, 13.94; ESI-HRMS: m/z [M+H]" caled for CyH»;05

371.1853; found 371.1855.
5. General procedure for the asymmetric Michael reaction of chalcones

DPEN (8.5 mg, 0.04 mmol), chalcones 4 (0.2 mmol), diethyl malonate 2a (0.6 mL, 4.0 mmol),
and salicylic acid (11.0 mg, 0.08 mmol) were dissolved in ether (ImL). After stirred at rt for 168

h, the reaction mixture was purified by flash chromatography on silica gel (PE/EtOAc).

Diethyl  2-(3-oxo-1,3-diphenylpropyl)malonate  (5a):%¢  TLC
EtO,C._ CO,Et

? ) (PE/EtOAc = 20:1); yellow oil; 75% yield, 92% ee; HPLC: AD-H

O O column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tyor =

11.973 min, ty,jor= 20.873 min; [a]p? = +12.6° (c = 0.634, CHCl;); 'H

NMR (CDCl;, 400 MHz) 6 =7.90 (d, J= 7.6 Hz, 2H), 7.53 (t, /= 7.4 Hz, 1H), 7.42 (t, /= 7.4 Hz,

2H), 7.26-7.22 (m, 4H), 7.17 (t, J = 6.6 Hz, 1H), 4.24-4.16 (m, 3H), 3.96 (q, /= 7.2 Hz, 2H), 3.83

(d, J=10.0 Hz, 1H), 3.55 (ABX, Jag = 16.4 Hz, Jox = 4.4 Hz, 1H), 3.46 (ABX, Jag = 16.4 Hz,
Jax =9.2 Hz, 1H), 1.25 (t, J=7.2 Hz, 3H), 1.01 (t, /= 7.2 Hz, 3H).

EtO,C._ CO,Et Diethyl 2-(3-ox0-3-phenyl-1-(p-tolyl)propyl)malonate (5b):%

: i TLC (PE/EtOAc = 20:1); yellow oil; 98% yield, 98% ee; HPLC:

O AD-H column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254
Me
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M, tiner = 9.660 Min, tyyjor = 16.310 min; [a]p? = +16.6° (¢ = 0.626, CHCl;); 'H NMR (CDCls,
400 MHz) § = 7.89 (d, J= 7.6 Hz, 2H), 7.52 (t, J= 7.2 Hz, 1H), 7.42 (t, J = 7.6 Hz, 2H), 7.14 (d, J
= 7.6 Hz, 2H), 7.04 (d, J = 7.6 Hz, 2H), 4.21-4.12 (m, 3H), 3.96 (q, J = 7.2 Hz, 2H), 3.80 (d, J =
9.6 Hz, 1H), 3.53 (ABX, Jag = 16.6 Hz, Jux = 4.2 Hz, 1H), 3.42 (ABX, Jap = 16.4 Hz, Jax = 9.2

Hz, 1H), 2.25 (s, 3H), 1.24 (t, /= 7.2 Hz, 3H), 1.03 (t, J= 7.2 Hz, 3H).

Diethyl 2-(1-(4-chlorophenyl)-3-oxo-3-phenylpropyl)malonate

EtO,C._ CO5Et
? O (5¢):%¢ TLC (PE/EtOAc = 20:1); yellow oil; 99% yield, 94% ee;
O HPLC: AD-H column, hexane/i-propanol (70/30), 1.0 mL/min,
cl UV 254 1m, tyiner = 10.473 min, tgjor = 21.103 min; [a]p? =
+26.3° (¢ = 0.3, CHCl;). '"H NMR (CDCls, 400 MHz) 6 = 7.89 (d, J = 8.0 Hz, 2H), 7.54 (t, /= 7.4
Hz, 1H), 7.42 (t, J=7.8 Hz, 2H), 7.21 (pseudo s, 4H), 4.21-4.14 (m, 3H), 3.98 (q, /= 7.2 Hz, 2H),
3.78 (d, J=9.6 Hz, 1H), 3.53 (ABX, Jag= 16.8 Hz, Jgx = 4.0 Hz, 1H), 3.43 (ABX, Jog= 16.8 Hz,

Jax = 9.6 Hz, 1H), 1.24 (t, J= 7.2 Hz, 3H), 1.05 (t, J = 7.2 Hz, 3H).

Diethyl 2-(1-(naphthalen-2-yl)-3-0x0-3-phenylpropyl)malonate (5d):® TLC (PE/EtOAc =

EtozC\_/COéEt 20:1); yellow oil; 88% yield, 94% ee; HPLC: AD-H column,
- hexane/i-propanol (70/30), 1.0 mL/min, UV 254 nm, tgjo =
OO O 12.440 min, ty,jor = 20.463 min; [a]p> =+9.8° (¢ = 0.468, CHCl5);

'H NMR (400 MHz, CDCl3) 8 = 7.90 (d, J = 7.6 Hz, 2H), 7.76-7.73 (m, 3H), 7.70 (s, 1H), 7.52 (t,
J=17.2Hz, 1H), 7.46-7.39 (m, SH), 4.37 (dt, J= 9.0, 5.2 Hz, 1H), 4.27-4.15 (m, 2H), 3.95-3.89 (m,
3H), 3.64 (ABX, Jag = 16.4 Hz, Jyx = 4.4 Hz, 1H), 3.58 (ABX, Jap = 16.6 Hz, Jgx = 8.2 Hz, 1H),

1.24 (t,J=7.2 Hz, 3H), 0.94 (t, /= 7.2 Hz, 3H).

Diethyl 2-(3-oxo0-3-phenyl-1-(thiophen-3-yl)propyl)malonate (5e¢):
EtO,C._ CO5Et
= o) TLC (PE/EtOAc = 15:1); yellow oil; 83% yield, 65% ee; HPLC: AD-H

column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254 nm, tyiner =

8.923 min, tyyjor = 12.197 min; [a]p? = +17.9° (¢ = 0.876, CHCL;); 'H
NMR (400 MHz, CDCl3) § = 7.93 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.44 (t, J= 7.6 Hz,

1H), 7.12 (d, J = 4.8 Hz, 1H), 6.92 (d, J = 2.4 Hz, 1H), 6.85 (dd, J = 5.2, 3.6 Hz, 1H), 4.53
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(pseudo q, J = 7.2 Hz, 1H), 4.26-4.13 (m, 2H), 4.06 (q, J = 7.2 Hz, 2H), 3.87 (d, J = 8.4 Hz, 1H),

3.56 (d, J=6.8 Hz, 2H), 1.24 (t, /= 7.0 Hz, 3H), 1.12 (t, /= 7.0 Hz, 3H).

i -(3- -1- -3-(p- .6
EtO,C._CO,Et Diethyl 2-(3-oxo-1-phenyl-3-(p-tolyl)propyl)malonate (5f):

O

TLC (PE/EtOAc = 20:1); yellow oil; 99% yield, 99% ee; HPLC:
O O AD-H column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254

Me nm, tminor = 13.010 min, tuajor = 29.877 min; [a]p?® = +12.4° (¢ =
1.320, CHCIls); '"H NMR (400 MHz, CDCl3) 8 = 7.78 (d, J = 8.0 Hz, 2H), 7.26-7.19 (m, 6H), 7.15
(t, J=7.0 Hz, 1H), 4.22-4.14 (m, 3H), 3.93 (q, J = 7.2 Hz, 2H), 3.81 (d, J = 9.6 Hz, 1H), 3.50
(ABX, Jag = 16.6 Hz, Jgx = 4.6 Hz, 1H), 3.41 (ABX, Jag = 16.4 Hz, Jox = 9.2 Hz, 1H), 2.37 (s,

3H), 1.23 (t,J=7.2 Hz, 3H), 0.99 (t, /= 7.2 Hz, 3H).

Diethyl 2-(3-(4-chlorophenyl)-3-oxo-1-phenylpropyl)malonate
EtO,C._CO,Et vl 2-3~( phenyl) phenylpropyl)

: o (5g):% TLC (PE/EtOAc = 15:1); yellow oil; 99% yield, >99% ee;

O O HPLC: AD-H column, hexane/i-propanol (70/30), 1.0 mL/min,
cl UV 254 nm, tyiner = 13.233 min, tygjor = 30.840 min; [a]p?® =

+23.5° (¢ = 0.310, CHCl;); '"H NMR (400 MHz, CDCl;) 6 = 7.83 (d, /= 8.4 Hz, 2H), 7.38 (d, J =
8.4 Hz, 2H), 7.24-7.23 (m, 4H), 7.19-7.16 (m, 1H), 4.24-4.11 (m, 3H), 3.95 (q, J = 7.2 Hz, 2H),
3.80 (d, J=10.0 Hz, 1H), 3.52 (ABX, Jag = 16.4 Hz, Jgx = 4.4 Hz, 1H), 3.40 (ABX, Jog = 16.6

Hz, Jax = 9.4 Hz, 1H), 1.24 (t, J = 6.8 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H).

i -(3- -1- -3-(thi - .5a
EtO,C._CO,Et Diethyl 2-(3-oxo-1-phenyl-3-(thiophen-2-yl)propyl)malonate (5h):

0 TLC (PE/EtOAc = 20:1); yellow oil; 65% yield, 96% ee; HPLC: AD-H

column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254 nm, tyor =

10.290 min, fygjor = 15.050 min; [a]p? = +25.8° (¢ = 0.240, CHCly); 'H
NMR (400 MHz, CDCly) § = 7.71 (dd, J = 3.8, 1.0 Hz, 1H), 7.56 (dd, J = 5.0, 1.0 Hz, 1H), 7.26-
7.20 (m, 4H), 7.17-7.13 (m, 1H), 7.06 (dd, J = 5.0, 3.8 Hz, 1H), 4.22-4.12 (m, 3H), 3.93 (q, J =
7.2 Hz, 2H), 3.82 (d, J = 10.0 Hz, 1H), 3.45 (ABX, Jap = 16.0 Hz, Jgx = 4.8 Hz, 1H), 3.35 (ABX,

Jap=16.0 Hz, Jaox = 9.2 Hz, 1H), 1.23 (t, /= 7.2 Hz, 3H), 0.99 (t, J= 7.2 Hz, 3H).



Diethyl 2-(1,3-bis(4-chlorophenyl)-3-oxopropyl)malonate
E10,C_CO,Et vl 2+ ( phenyl) propyl)

: ) (5i):2 TLC (PE/EtOAc = 20:1); yellow oil; 99% yield, 93%

O O ee; HPLC: AD-H column, hexane/i-propanol (70/30), 1.0

cl Cl mL/min, UV 254 nm, tyiner = 13.753 min, tugjor = 34.360 min;
[0]p2 = +3.8° (¢ = 0.496, CHCl3). 'H NMR (400 MHz, CDCl3) § = 7.83 (d, J = 8.4 Hz, 2H), 7.39
(d, J = 8.4 Hz, 2H), 7.22 (d, J = 9.2 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 4.24-4.16 (m, 2H), 4.12 (dt,
J=9.8,4.4 Hz, 1H), 3.97 (q, /= 7.2 Hz, 2H), 3.76 (d, J = 9.6 Hz, 1H), 3.51 (ABX, Jxg= 16.8 Hz,
Jax = 4.4 Hz, 1H), 3.37 (ABX, Jag = 16.8 Hz, Jax = 9.6 Hz, 1H), 1.24 (t, /= 7.2 Hz, 3H), 1.04 (t,

J=1.0 Hz, 3H).
6. General procedure for synthesis of racemic adducts 6a-6f

Cinnamones 1 (0.2 mmol), racemic DPEN (8. 5 mg, 0.04 mmol) and TFA (5.0 puL, 0.06 mmol)
were dissolved in chloroform (ImL). Ethyl benzoylacetate 2f (69.3 puL, 0.4 mmol) was added, and
reaction stirred at room temperature until completion (monitored by TLC). The mixture was

directly purified by flash chromatography (eluents from PE/ethyl ether) to give racemic products.
7. General procedure for the synthesis of cyclohexenone 6a-6f

DPEN (8.5 mg, 0.04 mmol), cinnamones 1 (0.2 mmol), ethyl benzoylacetate 2f (69.3 uL, 0.4
mmol), and TFA (5.0 uL, 0.06 mmol) were dissolved in chloroform (1mL). After stirred at rt for

120 h, the reaction mixture was purified by flash chromatography on silica gel (PE/EtOAc).

0 Ethyl  4-ox0-2,6-diphenylcyclohex-2-enecarboxylate  (6a):'®®  TLC

(PE/EtOAc = 2:1); colorless oil; 97% yield, dr: trans/cis 77:23; 96% ee/97%

Ph Ph ee; HPLC: AD-H column, hexane/i-propanol (90/10), 1 mL/min, UV 254 nm,

CO,Et

trans diastereomer: tminor = 11.297 min, tmajor = 14.230 min; cis diastereomer:

tmajor = 12.720 min, tyiner = 14.903 min; [a]p* = +86.2° (¢ = 0.384, CHCl;); 'H NMR (CDCl;, 400

MHz) & = 7.44-7.24 (m, 10H; both diastereomers), 6.65 (s, 1H; minor), 6.44 (d, J = 1.6 Hz, 1H;

major), 4.19 (dd, J= 7.6, 1.2 Hz, 1H; major), 4.15 (d, J = 4.8 Hz, 1H; minor), 3.88 (q, J= 7.2 Hz,

2H; both diastereomers), 3.89-3.78 (m, 1H; both diastereomers), 2.88 (ABX, Jag = 16.8 Hz, Jgx =

5.6 Hz, 1H; both diastereomers), 2.83 (ABX, Jag = 16.8 Hz, Jgx = 8.8 Hz, 1H; both
diastereomers), 0.89 (t, /= 7.2 Hz, 3H; major), 0.87 (t, /= 7.2 Hz, 3H; minor).
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Ethyl 6-(4-chlorophenyl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6b):'®® TLC (PE/EtOAc

0] = 2:1); colorless oil; 97% yield, dr: trans/cis 79:21; 87% ee/87% ee;
‘ HPLC: OD-H column, hexane/i-propanol (80/20), 0.6 mL/min, UV
Ph 254 nm, trans diastereomer: tmyjor = 29.077 min, tyiner = 36.350 min;
cl CO,Et

cis diastereomer: tminor = 22.537 min, tmjor = 43.003 min; [a]p? =
+82.4° (¢ = 0.376, CHCl3); 'H NMR (CDCl;, 400 MHz) & = 7.44-7.34 (m, 5H; both
diastereomers), 7.30 (d, J = 8.0 Hz, 2H; both diastereomers), 7.20 (d, J = 8.0 Hz, 2H; both
diastereomers), 6.64 (s, 1H; minor), 6.43 (s, 1H; major), 4.15-4.09 (m, 1H; both diastereomers),
3.88 (q, J = 7.2 Hz, 2H; both diastereomers), 3.82-3.75 (m, 1H; both diastereomers), 2.85 (ABX,
Jag = 17.0 Hz, Jgx = 5.4 Hz, 1H; both diastereomers), 2.78 (ABX, Jag = 16.8 Hz, Jox = 9.6 Hz,

1H; both diastereomers), 0.90 (t, J = 7.0 Hz, 3H; both diastereomers).

Ethyl 6-(4-bromophenyl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6¢): '** TLC (PE/EtOAc
o = 2:1); colorless oil; 92% yield, dr: trans/cis 80:20; 95% ee/97% ee;
‘ HPLC: IC-H column, hexane/i-propanol (95/5), 1 mL/min, UV 254
O Ph nm, frans diastereomer: tyinor = 18.520 min, tygjor = 23.927 min; cis

Br CO,Et
diastereomer: tijor = 21.097 min, tminor = 26.050 min; [a]p? = +24.1°
(¢ = 0.646, CHCl3); 'H NMR (CDCl;, 400 MHz) 8= 745 (d, J = 8.0 Hz, 2H; both
diastereomers), 7.40-7.36 (m, 5H; both diasterecomers), 7.15 (d, J = 8.0 Hz, 2H; both
diastereomers), 6.64 (s, 1H; minor), 6.43 (s, 1H; major), 4.14 (d, J= 7.6 Hz, 1H; major), 4.11 (d, J
= 5.2 Hz, 1H; minor), 3.89 (q, J = 7.6 Hz, 2H; both diastereomers), 3.81-3.73 (m, 1H; both
diastereomers), 2.86 (ABX, Jag = 17.0 Hz, Jgx = 5.0 Hz, 1H; both diastereomers), 2.78 (ABX, Jap

=16.8 Hz, Jox = 9.2 Hz, 1H; both diastereomers), 0.90 (t, /= 7.2 Hz, 3H; both diastereomers).

Ethyl 6-(4-methoxyphenyl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6d):'°° TLC
0 (PE/EtOAc = 2:1); colorless oil; 99% yield, dr: trans/cis 66:34; 92%
‘ ee/90% ee; HPLC: OD-H column, hexane/i-propanol (90/10), 0.6
Ph mL/min, UV 254 nm, trans diastereomer: tminor = 29.683 min, tygjor =

MeO CO,Et
41.330 min; cis diastereomer: tmajor = 26.967 min, tminor = 35.343 min;
[a]p?® = +75.3° (¢ = 0.492, CHCl;); 'H NMR (CDCl;, 400 MHz) & = 7.60-7.58 (m, 1H; both

diastereomers), 7.43-7.40 (m, 2H; both diastereomers), 7.37-7.35 (m, 2H; both diastereomers),

13



7.19 (d, J = 8.4 Hz, 2H; minor), 7.18 (d, J = 8.4 Hz, 2H; major), 6.90 (d, J = 8.8 Hz, 2H; minor),
6.85 (d, J = 8.4 Hz, 2H; major), 6.64 (s, 1H; minor), 6.43 (d, J= 1.6 Hz, 1H; major), 4.14 (dd, J =
7.6, 1.6 Hz, 1H; major), 4.11 (d, J = 5.2 Hz, 1H; minor), 3.92-3.84 (m, 2H; both diastereomers),
3.81 (s, 3H; minor), 3.78 (s, 3H; major), 3.79-3.71 (m, 1H; both diastereomers), 2.85 (ABX, Jag =
17.0 Hz, Jgx = 5.4 Hz, 1H; major), 2.79 (ABX, Jag = 16.8 Hz, Jox = 9.2 Hz, 1H; major), 2.66 (d,
J=4.4 Hz, 1H; minor), 2.61 (d, J = 4.0 Hz, 1H; minor), 0.91 (t, /= 7.0 Hz, 1H; minor), 0.89 (t, J

= 7.2 Hz, 1H; major).

Ethyl 6-(naphthalen-2-yl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6e):'*® TLC (PE/EtOAc
o = 2:1); colorless oil; 99% yield, dr: trans/cis 53:47; 89% ee/87% ee;

‘ HPLC: OD-H column, hexane/i-propanol (80/20), 0.75 mL/min, UV

OO & Ozth 254 nm, frans diastereomer: tygjor = 21.860 min, tyinor = 27.543 min;
cis diastereomer: tminor = 17.337 min, tmajor = 32.870 min; [a]p? =

+30.8° (¢ = 0.552, CHCl3); 'H NMR (CDCl;, 400 MHz) &= 7.88-7.78 (m, 3H; both
diastereomers), 7.69 (s, 1H; minor), 7.67 (s, 1H; major), 7.62 (dd, J = 6.8, 2.8 Hz, 1H; both
diastereomers), 7.51-7.42 (m, 6H; both diastereomers), 7.38-7.36 (m, 1H; both diastereomers),
6.70 (s, 1H; minor), 6.48 (s, 1H; major), 4.33 (d, J = 7.6 Hz, 1H; major), 4.26 (d, J = 4.8 Hz, 1H;
minor), 4.03-3.69 (m, 3H; both diastereomers), 2.97-2.75 (m, 2H; both diastereomers), 0.85 (t, J =

7.0 Hz, 3H; major), 0.69 (t, J = 7.2 Hz, 3H; minor).

Ethyl 6-(thiophen -2-yl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6f):
TLC (PE/EtOAc = 1:1); yellow oil; 94% yield, dr: trans/cis 60:40; 92%

S Ph €e/90% ee; HPLC: OD-H column, hexane/i-propanol (80/20), 0.75 mL/min,
\ S COEt UV 254 nm, trans diastereomer: tmajor = 15.183 min, tyiner = 20.427 min; cis
diastereomer: tminor = 13.797 min, tu,jor = 17.387 min; [a]p® = +27.4° (¢ = 0.518, CHCL;); 'H
NMR (CDCl;, 400 MHz): 6 = 7.61-7.59 (m, 1H; both diastereomers), 7.46-7.39 (m, 3H; both
diasterecomers), 7.38-7.36 (m, 1H; both diastereomers), 7.26-7.15 (m, 1H; both diastereomers),
7.00-6.88 (m, 2H; both diastereomers), 6.62 (s, 1H; minor), 6.44 (s, 1H; major), 4.22-4.21 (m, 1H;
both diastereomers), 4.06-3.89 (m, 3H; both diastereomers), 3.02 (ABX, Jag = 17.0 Hz, Jgx = 4.6
Hz, 1H; major), 2.87-2.77 (m, 1H; both diastereomers), 1.02 (t, J = 7.2 Hz, 3H; major), 0.96 (t, J =

7.2 Hz, 3H; minor); 3C NMR (100 MHz, CDCl;): § = 198.0, 196.5, 170.5, 169.3, 154.7, 154.2,
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144.7, 143.3, 138.0, 136.6, 130.4, 129.9, 128.9, 128.7, 127.8, 126.8, 126.7, 126.6, 126.5, 126.4,
124.9, 124.5, 124.3, 124.2, 61.4, 61.3, 52.3, 51.3, 41.9, 39.3, 38.7, 38.4, 13.73, 13.70; ESI-HRMS:

m/z [M+H]" caled for C19H;903S™ 327.1049; found 327.1051.
8. Synthetic transformation of adduct Sa

Diethyl 2-hydroxy-2-(3-oxo-1,3-diphenylpropyl)malonate (7):>' A mixture of 5a (73.6 mg,
0.2mmol), I; (50.4 mg, 0.2 mmol), and NaOAc (16.4 mg, 0.2 mmol) were stirred in 2mL of THF.
Upon exposure to air at 35 °C for 48 h, most of the solvent was removed in vacuo, and 10 mL of
water was added. To the mixture was added saturated Na,S,0; until the disappearance of umber,
and then the mixture was extracted with dichloromethane (3x10 mL). The organic layer was dried
over Na,SO,4 and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (PE/EtOAc = 6:1) to provide the corresponding a-hydroxylmalonates 7 (72.0 mg, 96%

yield, 94% ee) as yellow oil.

OH HPLC: AD-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 254 nm,
EtO,C | COsEL

: O tminor = 20.550 min, tygjor = 23.740 min; [o]p? = +43.1° (¢ = 0.320, CHCl;);

Ph/:\)J\Ph

Hz, 1H), 7.43-7.39 (m, 4H), 7.22 (t, J = 7.2 Hz, 2H), 7.17 (t, /= 7.0 Hz, 1H), 4.45 (dd, J = 10.2,

'H NMR (400 MHz, CDCly) & = 7.91 (d, J = 7.6 Hz, 2H), 7.52 (t, J = 7.4

2.6 Hz, 1H), 4.28 (q, J = 6.8 Hz, 2H), 4.08-3.94 (m, 3H), 3.73 (ABX, Jap = 17.4 Hz, Jyx = 10.2
Hz, 1H), 3.37 (dd, Jap = 17.6 Hz, Jax = 2.8 Hz, 1H), 1.29 (t, J= 7.0 Hz, 3H), 1.13 (t, J= 7.2 Hz,

3H).

1,1-diethyl 3-phenyl 2-phenylpropane-1,1,3-tricarboxylate (8): Sa (73.6 mg, 0.2 mmol) was
dissolved in dry 1,2-dichloroethane (2 mL). Subsequently, m-CPBA (313.0 mg, 2.0 mmol) was
added, followed by warm up to 60°C. The reaction mixture was stirred for 72 h, then quenched
with a saturated solution of NaHSOs, and stirred for 1 h. The organic phases were separated and
washed with saturated aqueous NaHCOj; solution (3 x 50 mL), then dried over anhydrous Na,SOy,,

to provide 8 (PE/EtOAc =10:1) (69.7 mg, 91% yield, 95% ee) as colorless oil.

Et0,C._CO,Et HPLC: AD-H column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254

/\)OJ\ M, tinor = 9.573 Min, tyger = 13.540 min; [a]p? = +10.4° (c = 0.546,

OPh

Ph CHCLy); 'H NMR (CDCls, 400 MHz) : § = 7.32-7.25 (m, 7H), 7.15 (t, J =
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7.4 Hz, 1H), 6.75 (d, J = 7.6 Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 4.04 (dt, J = 6.8, 4.8 Hz, 1H), 3.95
(q,J = 7.2 Hz, 2H), 3.80 (d, J = 10.4 Hz, 1H), 3.14 (ABX, Jap = 15.4 Hz, Jyx = 4.6 Hz, 1H), 2.97
(ABX, Jap = 15.6 Hz, Jax = 10.4 Hz, 1H), 1.28 (t, J = 7.2 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H); 13C
NMR (100 MHz, CDCLy): § = 169.7, 167.9, 167.4, 150.4, 139.4, 129.2, 128.5, 128.3, 127.5, 125.7,
121.3, 61.8, 61.4, 57.3, 41.6, 38.8, 14.0, 13.7; ESI-HRMS: m/z [M+H]* caled for CpH,504"

385.1646; found 385.1647.

1,1-diethyl 3-methyl 2-phenylpropane-1,1,3-tricarboxylate (9): 8 (76.8 mg, 0.2 mmol) was
dissolved in dry MeOH (1 mL), and NaBH,4 (15.1 mg, 0.4 mmol) was added at 0°C. After stirring
for 5 h at rt, the mixture was diluted with diethyl ether and quenched with brine, then the organic
phase was dried over anhydrous Na,SO,4 and concentrated under reduced pressure. The crude
mixture was purified by flash silica gel (PE/DCM = 50:1) to provide the corresponding 9 (55.4 mg,

86% yield, 89% ee) as colorless oil.

Et0,C._ COE HPLC: AD-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210

O nm, tyingr = 9.787 min, tysjor = 12.010 min; [a]p® = +12.8° (¢ = 0.601,
OMe

3

Ph CHCL3); "H NMR (CDCls, 400 MHz): & = 7.32-7.19 (m, 5H), 4.21 (q, J =

7.2 Hz, 2H), 3.95-3.89 (m, 3H), 3.74 (d, J = 10.4 Hz, 1H), 3.53 (s, 3H), 2.86 (ABX, Ja= 15.6 Hz,
Jsx = 4.8 Hz, 1H), 2.74 (ABX, Jap = 15.8 Hz, Jax = 9.8 Hz, 1H), 1.26 (1, /= 7.2 Hz, 3H), 0.98 (t,
J = 7.0 Hz, 3H); 3C NMR (100 MHz, CDCl;): § = 171.6, 168.0, 167.5, 139.7, 128.3, 128.0,
127.3, 61.7, 61.3, 57.2, 51.5, 41.4, 38.5, 13.9, 13.6; ESI-HRMS: m/z [M+H]* caled for C;;H,;04"

323.1489; found 323.1490.

9. General procedure for decarboxylation of 6a

@)
NaOH (eq 1)
Ph Ph  EtOH/H,0, reflux, 2 h pp Ph
0~ OEt
6a 10
58:42 dr 93% yield, 87% ee

90% ee/94% ee
To a reaction tube was added 6a (64.0 mg, 0.2 mmol) and NaOH (28.0 mg, 0.7 mmol). After the

mixture was dissolved in ethanol (0.5 mL), then 1.5 mL of water was added. The resulting
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solution was refluxed with vigorous stirring until TLC indicated complete disappearance of the
starting material (2 h). Once cooling a period of time, the solution was rinsed with saturated
aqueous NaHCO; solution to neutral, subsequently dried over anhydrous Na,SO,4. The crude
product was purified by flash column chromatography to yield 3,5-diphenylcyclohexenone 10 as a

white solid (46.0 mg, 93% yield, 87% ce).

HPLC: AD-H column, hexane/i-propanol (80/20), 0.75 mL/min, UV 254 nm, ty,jor = 11.747 min,
tminor = 12.743 min; [a]p® = -26.6° (¢ = 0.124, CH,Cl,) (lit,?* S-configuration, [a]p?? = +36.9° (¢ =
2, CH,Cly)); 'H NMR (CDCl;, 400 MHz) 6 = 7.58-7.55 (m, 2H), 7.43-7.41 (m, 3H), 7.38 (d, J =
7.2 Hz, 2H), 7.33-7.28 (m, 3H), 6.53 (d, J = 2.4 Hz, 1H), 3.51-3.43 (m, 1H), 3.07 (ABX, Jag =
17.6 Hz, Jox = 4.0 Hz, 1H), 2.98-2.90 (m, 1H), 2.79 (ABX, Jag = 16.8 Hz, Jax = 5.6 Hz, 1H),

2.73 (ABX, Jag = 16.4 Hz, Jgx = 12.8 Hz, 1H).
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11. NMR spectra and HPLC chromatograms
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Chromatogram
3500~ 1 IPA10%-20min- 10 #154 [manipulated) ww-mod-xt UV_VIS_1 WVL.210 nm
0004 |1-13.787
'
] { .
2500: Et02C\_/C02Et | \II I|2 \1'5.333
] = (@) | i || \
4 : | 1
] ~ | I|
= 2000 Me ' |
= ] | i
E: ] | lI
8 45007 | ‘
£ 1500 |
I 3aa | |
P -
< 1000 I| l'
1 ‘ | | I|
] ' "
500 | '. | '.
i \ \
b . | ".‘ I|
0l e o o s ; Vv K_ 1
_500: T T e Tt P P T B e e et T P L T s T T I
0.0 20 40 6.0 8.0 0.0 12.0 14.0 16.0 180 20,0 20.7]
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU"min mAU % % n.a.
1 13.787 2727717 2864.620 50.45 51.99 n.a.
2 16.333 2678.832 2645475 49.55 48.01 n.a.
Total: 5406.549 5510.096 100.00 100.00




ram
3000 T3 1PA1 0%-20min-F 51 #130 [manipulated] ww-Batter LV VIS 1 WYL:240 nm
] 11-13.103
4 ™
25004 |' \
4 |
2 | |I
] EtO,C CO,Et
2000 22 | |
1 H 0] |
2] : | ||
£ 1500 Me |
3 1 ‘ |
c 4
B |
5 10004 3aa |
= ] |
% ] |
] | |
500 [
A i
k | |
1 | \ 2. 16.187
0] 'fﬂ-\““ — — > _L\““"l—
_500 T x T 1] T L T T T T T T T T T T T X 1
0.0 2.0 40 6.0 8.0 0.0 12.0 14.0 16.0 174
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.103 1823513 2643395 97.21 96.55 n.a.
2 16.187 52 267 94.393 279 345 na.
Total: 1875.780 2737.788 100.00 100.00
L e S e e L L L L R od ——
e e e e e
|
| |
|
[ ]
[ | | |
| i ‘f I
i I / . I
Et0,C._ COEt
= O
Me
3ab |
| [
[ | o
Il I‘ I x
_ '{ A SO | PO | S . V| . |
) T4 1 4 L g
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 s
1 (ppm)



[Chromategram

2000 T3 IPA20%—-30min-[ 20 #172 [manipulated] ww-ph-xt UV_VIS_2 WWL: 254 nm
|1-6.220
1750 ;H
; EtO,C.__CO,Et |
15004 = o | |
] = f 2-8.637
: : ||
__ 1250 Me | [
=) b |
'QEZ ] | | II
E 10004 | | | |I
& ] 3ab | | |
= 1 | |
5 750 || '
2 ] [
< ] | l [
500 | II [
] | | I|
] | | | |
2504 | | |
] | I|I I| \
] | | \
U_ —— 1 \l.F— —_— | AN —
-200 : T T T T LI L B LI T T L T T T T L T T T
0.0 1.0 20 3.0 40 50 g0 70 B0 9.0 1
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.220 535.764 1850.582 49.75 57.76 n.a.
2 8.637 541.149 1353.365 50.25 42.24 n.a.
Total: 1076.912 3203.947 100.00 100.00
[Chromatogram
B00— 17 IPA20%--30min- 120 #173 [manipulated) ww-ph-sx UV_VIS_2 WWL:254 nm
1 12-8.570
700+ fy
1 I
] i1
500 Il ||
|
500.] EtOZC\_/COZEt | |
= ] = O |
E 400 2 | I|
% Me [
- |
E 3004 | |
2 ] 3ab |
200+ | |
] | I'.
100 | \
] i1 - 6187 f \
| \
1 = — TS A
U—_ e s | — - 4 I e
- Dn_- [ — — 1T — T T T T T T T T L T T — T T — 1 T T 1
0.0 1.0 20 30 4.0 a0 6.0 70 6.0 9.0 10.0)
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.187 12.776 47.120 4.67 6.09 n.a.
2 8.570 260.925 727.005 95.33 93.91 n.a.
Total: 273.701 774124 100.00 100.00

20




66D
GO0° L I
ey

m_.vm._‘w ——
i

FNN._.__
SveL-

PozZ— ——

EtO,C._ CO,Et

Me

4

30

3ac

1

FO0E [

Feze

Fi6E [

ELL
L

35

11 {ppm}

Ewot

Fiove
Fovz

4.0

Eu61

F0E

-0.5

0.0

7.0 6.5 6.0 55 50 45

75

GOLEL
HE6'E vv

ELT0E—
#O56E—
GLE Lr—

S¥C LS~
OLE L
SLEL

189'8L
000" LL
HLELL

_u.@c.mvv
mém.m_‘_‘v

_Lb.mm_.
LGL6E _.v
660°9E L

_‘m—.._wm _‘V

BOS 09k~
SHE'E0l—
LaF L9~
L9628~

CEL'S0E—

Me

EtO,C._ CO,Et

3ac

—

10

10

70

80

220 210 200 180 180 170 160 150 140 130 120 110 100
1 {ppm})

230

21



Chromatogram

2500 7] IPA20%-26min-[ 41 #143 [manipulated] wiw-p-f-oet Uv_VIS_1WVL:210 nm
] (1-7.027
2000 f
1 EtO,C._ COyEt [ 12-12873
H e I
] : Q ‘ | 1
15004 M |
g ] Me || |
E 1 | | ||
g 1000
2 1 F 3ac ‘ | | H
2 ] |
2 ] | |
500 | | |
i |
] [ |
1 | I'\ |I
0:_ S i i T DR VO 1 ———— 2l ¥l__
-5001L— E— — — — — - . -
0.0 20 4,0 6.0 8.0 10.0 12.0 14.0 16.0 17.
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 7.027 736.019 2101.054 48.53 53.82 n.a.
2 12973 780.630 1802696 5147 46.18 n.a.
Total: 1516.649 3903.749 100.00 100.00
|Chromategram
1000- 7] IPA20%-25min-F] 57 #144 [manipulated] ww-p-f-sx UV_VIS_1 WVL:210 nmi
] 12 - 12.983
] |'I|
875] “
0] |||
] EtO,C.__CO,Et |
625 ] N2 |
5 ] = (0] ‘ |
- :
= 500
8 1 Me |
§ ] |
B a75] |
wr 4
< ] F 3ac |
250 ﬂ
] [ |
] |
1257 [ |
] i 11-6.983 Y
0: S S s e im e L) Y\ ||
i T
_1 CIO : r ) T d T A d T % T d h T z T T T T el
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 183
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % Yo n.a.
1 6.983 9.139 33.999 230 3.45 n.a.
2 12983 388.560 952.540 97.70 96.55 n.a.
Total: 397.699 986.538 100.00 100.00
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[Chromatogram

2200~ 7] IPA20%-25min- 7 #138 [manipulated] ww-0-cl-od UV_VIS_1 WvL:210 nm
20007 11-5.62%
] f
17507 |
1500 4 b= 0] o
i z | ‘ 12 - 12.987
4 - il
= ] - I
2 12504
£ ] Me | | || ll
@ ]
£ 10007 | [l
8 ] Cl | ‘ | ||
2 ] 3ad
2 ?50E | I
] | | II
500 | | [
] | | II
250 [ [
1 | | | Lf
4 gt _ | | \
04 e e S - T
_200:I T T T T T T T T=o
0.0 2.0 4.0 5.0 8.0 10.0 12.0 14.0 16.3
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 6.623 537.928 1905.908 48.90 57.69 n.a.
2 12.987 562.098 1397.834 51.10 4231 n.a.
Total: 1100.026 3303.742 100.00 100.00
[Chromatogram |
2500 7] 1PA20%-25min-F 40 #138 [manipulated] ww-0-cl-sx UV_VIS_1WVL:210 nm
] |2-12.770
2000 fl
] Et0,C._ COEt \
B R
1500 - | |
= ] Me |
2 |
E
8 1000 Cl | |
8 1 3ad |
2 |
=]
2 ] I
500 [
] ||
j | |
] |1-6.57T | |
0_ f'_‘\\_\___ | I | J
0.0 20 4.0 6.0 80 100 120 14.0 16.0 18.0 189
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL Y % n.a.
1 6.577 21.287 84.916 214 3.90 n.a.
2 12.770 986.901 2093.270 97.89 96.10 n.a.
Total: 1008.188 2178.187 100.00 100.00
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|Chromatogram

1800 - ‘3 IPA10%-45min-[] =] #246 [manipulated] WW-Im-Gl-xt UV_VIS_2 WVL:254 nm
1| mAL
] 11-10.397
B t
1500 f
] fl 2+ 13877
1250 EtO,C._ _CO,Et 1 I
] 2 \:/ 2 f | (|
5 : Q | i
= 1000 : | |
E Cl | [
3 ] Me | | A
& 750 |
s | |
w 4 |
£ 001 [ [
500 3ae B [
] | I|
- | | | 1
250 [ Fo
] [ | \
] [ [\
o] S S i B el \.._r
] min
-200 N r T ¥ T T T T T T ¥ ™
0.0 20 4.0 6.0 8.0 10.0 12.0 14.00 151
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.397 541.840 1574273 49.94 53.78 n.a.
2 13.877 543.059 1352.975 50.06 46.22 n.a.
Total: 1084.898 2927.248 100.00 100.00
Chromatogram
400- " IPA10%-45min- [ £ #303 [manipulated] WW-M-Gl-5x UV_VIS_2 WVL:264 nm
]| mAU
] 12 - 12.463
3504 fi
] (
] |
300 lﬂ
] EtO,C._ CO,Et ! |
250 =
s : O | |I
E 2007 Cl ~ |
g Me |
g ] |
£ 150 |
@ ] |
£ |
1007 3ae | II
] ".
507 [
1 FENN 11-9.967 | \
i ’; | e B < A i) AN
]
min
_SO_I T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.8
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Yo % n.a.
1 9.967 5363 14.065 3.05 3.81 n.a.
2 12.463 170.573 354.688 96.95 96.19 n.a.
Total: 175.936 368.753 100.00 100.00
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Chromatogram |
3000- 7 IPAZ0%-25min-F] 2 #84 [manipulated] wwi-p-clood UV_VIS_1 WWVL:210 nm
] \1-9.517
] i
2500 I
] |
] EtOZC\/COZEt | | 12 - 13607
2000 - = (@) | | (
1 : A
5 ] ‘ | (1
£ 1500 Me '
g ] | | I|
T i N |
5 1000 3af | ||
8 ]
< . ‘ | [
] | | |I
500 ! '| [
] | [
i | | \
] | |
o4 T —— s S ¥ | _\._'_ S - \’7
_Soo:l T T T T T T T 1
.0 2.0 4.0 5.0 80 10.0 12.0 14.0 15.4
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.517 864.926 2701.827 49.11 56.21 n.a.
2 13.607 896.133 2104.801 50.89 43.79 n.a.
Total: 1761.059 4806.628 100.00 100.00
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ram
3500 7 1PA20%-25min-Fl £1] #85 [manipulated] ww-p-cl-sx UV_VIS_1 WWVL:210 nm
] 2-13.543
3000+ I.J\I
] |
: EtO,C._ CO,Et A
2500 - o) | [
] H |
4 - ‘ |
= 2000 Me |
< ]
E ] ‘ |
8 1500] Cl ||
2 ] 3af |
g 1 | |
< 1000 |
] |
: o
500 |
] |1-9.573 || I'I\
o] —— | ) \-_._l_
_Soo_l T T T T T T T T =
0.0 2.0 4.0 60 8.0 10.0 12.0 14.0 158
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mALU*min mAU % % n.a.
1 9.573 42447 157.704 2.58 4.88 n.a.
2 13.543 1602.750 3073.590 9742 95.12 n.a.
Total: 1645.197 3231.295 100.00 100.00
5882 $25e333053358283053588838 & IN8388
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TR —d L TR S TRyl i A A l. i | | S ) S - SRLERILE
v Wb 7 n o
- LE 3z 3 53
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
1 (ppm)
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Chromatogram

200 'ﬂ IPA20%-25min-H =7 #62 [manipulated] ww-p-br-xxd UV_VIS_2 WVL:254 nm
1 |1-7.303
4 h
250 II I|
] |
] | | 12-11.277
200 | /
] EtO,C._ CO,Et | || |
=1 = @) |
£ 150 : | || [
] |
g Me ‘ | | |I
| |
2 Br | |
4 1
] 3ag | II |
50 [ ] \
] | | \
] | | | )
e | | !
0_' ,/ TN e B "\_I __ll'l _\‘—__
-50 = T T T T T T
0.0 20 4.0 6.0 8.0 10.0 12.0 12.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.303 76.778 262.373 49.52 55.72 na.
2 11.277 78.262 208.495 50.48 44.28 na.
Total: 155.040 470.868 100.00 100.00
|Chromatogram
2000- '3 IPA20%-20min-1 £ #117 [manipulated] Ww-p-br-sx UV_VIS_2 WVL:254 nm
12- 107601
|‘|
1750+ (l
EtOzC\_/COZEt | ||
1500 0 | |
1250 Me | |
2 I
£ 1000 Br ‘ |
8 3ag
z |
E 780 |
< ‘ |
500 |
|
L
250 [
rq - 7457 II I'.
0 S . AN | fiate) \ |
W — ——— ——
'] 2.0 4.0 6.0 8.0 10,0 12.0 14.0 15.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7467 22.380 89.971 337 464 n.a.
2 10.760 642.517 1847.551 96.63 95.36 n.a.
Total: 664.897 1937.522 100.00 100.00
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Chrom ram |
1800, A IPA10%-45min-F| 4 #311 [manipulated] ww-3ah-xd DV_VIS_1 WWL:210 nm
9| may
] '|‘1 - 9897
] i
1500 |'|
|| | 1214717
1250 ]
50: Et02CY002Et | || \
=5 ] H O | | I|
< 1000 : | | [
E ] |
§ ] Me | | |
g 750+ | | II
2 ] Me | |
< 500] 3ah | | |
1 |
] | || | III
2501 [ [
] \ | |
] i | o
] \ | |
ol B - SO T L,_ 1 \ ’ ]
] min
_200_ r T T T T T T T T T T T T T T 1
0.0 20 4.0 6.0 8.0 10,0 12.0 14.00 16.0 17.4
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.697 616.864 1632.770 49.15 55.34 na.
2 14.717 638.092 1317.559 50.85 44.66 n.a.
Total: 1254.956 2950.329 100.00 100.00
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|Chromatogram

2500 - ‘j IPA10%-45min-[] £ #312 [manipulated] ww-3ah-sx UV_VIS_1 WVL:210 nm
1| mau 12 - 14570
] | II
j [
2000 | |
1 |
] EtO,C._ COEt | '|
1500+ = O [
5 ] : |
g ] ‘ I
= ] Me |
£ 1000 |
8 1 |
g ] Me |I
2 1 3ah |
500 .
] |
| A 11-9.710
0 A s . L : 1 .ll
E min
_500_ r 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 ul
0.0 2.0 4.0 6.0 a.0 10,0 12.0 14.0 16.0 17.5
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.710 43615 119.421 284 481 n.a.
2 14.570 1494 336 2365.025 97.16 95.19 n.a.
Total: 1537.95 2484.446 100.00 100.00
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[Chromatogram

1200 - 3 IPA20%-25min-E &7 #140 [manipulated] WW-p-0me-xxt UV_WIS_1 WvL:210 nm
11-6.533
1000 ”
_ EtO,C._ COEt |
8007 z ) | ‘ |2- 12,557
: i
g it
5 |
T 600 Me | ‘ I
8 [
8 MeO | | A
5 400 3ai |
< | |
| |
200 | [
1 | | |
|1 [
ol g ORDEIN | S - ot s
M
0.0 20 4,0 5.0 8.0 10.0 12,0 14,0 16.0 180 19,1
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.533 278.403 1063.381 49.89 58.98 n.a.
2 12557 279.686 739.723 50.11 41.02 n.a.
Total: 558.089 1803.104 100.00 100.00
[Chromatogram |
2000 17 I1PA20%-25min-H 40 #141 manipulated] WW-p-0me-sx UV_WIS_1 WVL:210 nm
12 - 12.493
1750 |nl
1 ||
15005 EtOQC\/COQEt | |
] 0 |
1250 B | |
=) Me ‘
£ j000] |
2 ]
s MeO | |
=) - .
5 750 3ai | |
< |
500 [
|
] |
250 [
] | |
1 - 16520 [
o B FEL
_200: [ — Tl T T 7 7 L S — T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18,1
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.520 14.017 52293 1.92 283 n.a.
2 12493 716.172 1797.033 98.08 97.17 n.a.
Total: 730.188 1849.325 100.00 100.00
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85 80 75 65 60 55 50 45 40 25 30 25 20 15 10 05 0.0 0.5
1 (ppm)
[Chromatogram
3500 - B 1PA20%-25min-E] & #54 [manipulated] ww-1-nap-od UV_WIS_2 WVL:254 nm
1 11-6.947
1 | 2-9.227
3000 4 I1II Ilu
] [ I
] | | || |
2500 ] [
500 EtO,C._ CO5Et ‘ |I |
] | [
= 2000+ ‘ [ |
= ] | f
E- 4 | |
8 1500 ] ‘ || |
5 1 | {
5 ] |
] 1 | |
£ 1000 ] ‘ || | ||
] [ [
] | |
500 | I
] | I|I Il I|I
] | | / \
oll— I el S _ ~ |
=500 e ————— — i —— —
0.00 1.25 2,50 375 5.00 6.25 7.50 8.75 10.00 11.37
Time [min]
Integration Results
MNo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.947 964.311 3104.544 49.38 50.51 n.a.
2 9227 988.381 3041.341 50.62 49.49 n.a.
Total: 1952.692 6145.885 100.00 100.00
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ram

34

3500~ '3 IPAZ0%-25min-] <] #55 [manipulated] ww-1-nap-sx UV_VIS_2 WVL:264 nm
129130
3000+ |'I|
] [
2500 EtOQC\/COQEt | |
] = 0] [ |
= 2000 ||
E G I
E ]
a 4 ||
2 15004
g n
2 1 |
& ]
< 1000 | [
] |
] |
] |
500 [
] | |
1 15080 [\
0 — —L —
500 ——r—r— - - T T T ]
0.0 2.0 4.0 6.0 8.0 10.0 120 13.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 £.980 17.749 66.180 1.78 2.09 n.a.
2 9.190 978.519 3106.899 98.22 97.91 n.a.
Total: 996.268 3173.079 100.00 100.00
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|Chromatogram

3000~ 17 1PA10%-120min-[] =7 #82 [manipulated] ww-fur-xd UV_VIS_1WVL:210 nm
4| maU
] 11-13.040 12 - 16.230
2500 [ ) ™
] \ \
] II |II
] |
2000 |I i
] |
] EtO,C.__CO,Et | |
2 500] | |
£ 1500+ |I |I
) ] |
a 1 | |
5 ] ll \
§ 1000 | '|
= 1 | |
] || |
500 | \
4 e |I I'.
1 - A | o %
0: ] —_— e AN — JI_ —
] min
500 . ———— —
0.0 2.5 5.0 7.5 10.0 125 15.0 17.5 200 21.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.040 2691.320 2612.380 48.10 50.34 n.a.
2 16.230 2903.548 2577.329 5190 49.66 n.a.
Total: 5594.868 5189.709 100.00 100.00
[Chrematogram
200 4 1PA10%-120min-H 41 #83 [manipulated) ww-fur-sx UV_VIS_1 WVL:210 nm
1| mal
1 11-13.337
] rll
2000+ | |
1 |
1 |
; EtO,C._CO,Et |
1500 O |
1 B |
] |
J |
1000 |
] 3ak ||
| |
] '|
5004 II
J '|
] a" | 12 - 16.850
] [N A N
[ Peaa s e LN
i J e =  _ sers] o \_ —
-100- T L ' T ol T L P Y
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 200 21.0
Integration Results
MNo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.337 1003.616 2139.896 93.03 92.64 n.a.
2 16.950 75.204 169.968 6.97 7.36 n.a.
Total: 1078.820 2309.864 100.00 100.00
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Chrom ram |
500 T 1PA20%-20min-F £ #34 [manipulated] ww-thig-xxt UY_VIS_2 WVL:254 nmi
116767
Il
I
500 [
|
EtOZCvCOZEt | || (.\2-7.17?
4004 = (o) |I | A
~ | | |I
=Y | |
E 0, | |
g ! |
g 3al [ |
£ | |
g 2004 | [
o [ |
= | |
| ! f
| |
100 I
) | |
/ |
I | / \
/ Y L
i _ NP ¥ S
_1Dnl' T— T_ T T_ T L — T T L L — LTI e |
Q.00 1.2% 2.0 3.7% 2.00 6.25 8,78 10,00 128 1204
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Y% % n.a.
1 5767 240.271 565.982 50.15 56.95 n.a.
2 7ATT 238.831 427.759 49.85 43.05 n.a.
Total: 479.102 993.741 100.00 100.00
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Chromatogram

2500~ 17 IPAZ0%-20min-F 571 #36 [manipulated] ww-thig-sx UV_VIS_2 WWL:254 nm
12-7.150
!
20004 i
| '|
EtO,C._ CO,Et
|
|
1500 | \
|
By | |
‘E II| |II
& 1000] ,'l I|
o
£ 3al / i
u ] ]
2 '.
i
5004 / \
f i
/ |
15780 / \
o4 _ L —}—
S0 ; T T T T
0.00 1.00 2.00 3.00 400 5.00 6.00 7.00 8.00 9.00)
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Yo n.a.
1 5.760 51.634 122.290 3.89 5.26 n.a.
2 7.150 1274.557 2200.749 96.11 94.74 n.a.
Total: 1326.190 2323.039 100.00 100.00
wmon oo 2NLRCRILCTRLREIREOD
TeeT A8 EREER2E8IVSIARHANGSE
B Ve S
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| .|I f'l?l -/ | I
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§ ¥ 88 5 & 8§ 2
=f - S = o © o
7.5 7.0 65 6.0 55 50 45 4.0 e 3 3.0 25 20 15 1.0 05 0.0 0.5 1.0
ppm
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Chromategram

2500 ':1] IPAZ0%-45min-0,8- ] =h#111 [manipulated] www-ch3-me-xt UV_VIS_1 WVL:210 nm
1| maL
1 11-17.077
2000+ I||
1 || 12-18.630
IIII
_ I |
i |
15001 EtO,C._ COEt | || |
e |
- o) | | |
] /:\)J\ ‘ I|
10004
] Me Me | || | |
|
] | I| II|
500 3am L]
] | |
] [ \
] [\ || \
0_- _,—__/\'\__ I L I\i_.' |
1 min
v - — .
0.0 5.0 10.0 15.0 20.00 254
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Yo n.a.
1 17.077 1101.608 2104.644 50.21 54.00 n.a.
2 18.630 1092.513 1793.043 49.79 46.00 n.a.
Total: 2194121 3897.687 100.00 100.00
[Chromatogram |
2000 ‘3 IPAZD%-45min-0,8- [ & #112 [manipulated] ww-ch3-me-sx UW_VIS_1WVL:210 nmi
7| mAU
1750_: |I‘|1 - 17.050
] I
1500 ] I
] [
1250 EtOszCOgEt ‘ |
] B 0] |
1000 ] /\)J\ R
] Me Me | |
750 |
] 3am | |
500 | ||
] |“I |
! A &
250 | |I [
— | f | \ 2 -19.150
] a | \ [ \
o] A%l B o e SO % M. |
] min
e
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 21.5
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU"min mAU % % n.a.
1 17.050 866.554 1751.339 92.75 94.29 n.a.
2 19.150 67.722 106.068 735 571 n.a.
Total: 934.276 1857.407 100.00 100.00
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3an
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SERERNCRE | F | iiu_il_ T JIHIJ LA \IL Ll—
T T s T ';I;' i
& z 528 8 S g
8.0 75 70 65 60 55 5.0 45 40 35 30 25 20 15 10 05 0.0 05
1 (ppm)
Chromatogram |
350+ ] ww-dant #1 [manipulated] ww-nBu-xxt UV_VIS_1 WWL:220 nm
,l|1 -z 12- 12007
4 | ]
300 I I
] I (1
] | | i
|
2807 EtO,C._ CO,Et a | ||
] T 0 | I| |
= 200 /\)}\ | |
E | [
E ] n-Bu Me | |
o ]
2 150 | [
i ] / | |
s ] 3an Lo
£ 100 f (|
] / [ I
] lII | 'II I|
50_' III || IIII II
4 | | \
] |\ H..- 'W;’ \
o LR : W il — — \\_ d
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.727 175.285 325.555 49.18 50.56 n.a.
2 12.007 181.102 318.384 50.82 49.44 n.a.
Total: 356.357 643.939 100.00 100.00
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[Chromatogram
500 '3 ww-dant #2 [manipulated] ww-nBu-sx UV_VIS_1 WVL:220 nm
1 11-10.803
i i
- | Il
500 |
1 EtOZC\/CO2Et Il |
1 0 [
400 /\)j\ I
] n-Bu Me |'
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£, 300+ |
g ] 3an |'
| =4
5 1 |I
§ 2004 | |
< : |I |
4 |I |
100 [
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1 e / "\l 12 -12.127
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-1 00 _I T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 120 14.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Ya % n.a.
1 10.803 255.351 556.774 97.35 97.19 n.a.
2 12.127 6.962 16.111 2.65 2.81 n.a.
Total: 262.313 572.885 100.00 100.00
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[Chrom atogram

1800~ T IPA10%-30min-[I 5] #155 [manipulated] ww-Elod UV _VIS_1 WuL210 nm
] 11-10.260
il
1500 [
| | 12-18.323
1250 | | I|I
[
- Et0,C._ COEt \ i
I B -
g : 0 | |
8 ' |
g 750 Et | |I
2 | | |I
<
5004 3a0 | |
|
| | |
250 II [
i
i | I. II II'
iy i | A
o] I s g e FABSES SR VS o B S
-200- L P YN L BT B B FYURS. O S P VL SR R ) [ [ S P IR R S Aol WY S O o ENEL AT S, 7T P (T O ot ) T_ T
0.0 2.0 4.0 5.0 B.O 10.0 12.0 14.0 18.0 18.0 200 224
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.260 794 201 1656.000 49.40 55.89 na.
2 18.323 813.416 1307.023 50.60 4411 na.
Total: 1607.617 2963.023 100.00 100.00
[Chrom atogram |
1600- T IPA10%-30min-E 21 #156 [manipulated] ww-Et-sx UV_VIS_1 WVL:210 nm
12- 18073
il
1400 | |I
L
1200 | ||
- Et0,C._ COEt R
s = O |
5 : B
z f -
g | Et B
N (4 I
£ oo A '
2 | | 3a0 | ||
<
4004 | | | I|
| i
| |
2004 I | |
[ 11-10.220 I |
| \ |
04 B \\——._/'h—a__/x_ _ J_/.\'\_I___ | | \ |
-200-/ L e | P B 7577 P T B T 3 T B W e O Y =] PR S,
0.0 20 4.0 5.0 8.0 10.0 12.0 14.0 16.0 18.0 200 212
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.220 44 329 112.847 456 6.97 na.
2 18.073 927.191 1505.943 95.44 93.03 n.a.
Total: 971.520 1618.790 100.00 100.00
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|Chromatogram |
800~ 7 IPA10%-120min-H &/ #67 [manipulated] ww-3ap-xt UV_VIS_1 WVL:210 nmi
4| maU
) |1-48.397
E Illﬁll
- I
500+ fl
1 [\ |2 -58.433
500 [ M
= 1 | |\
3 ] 0 | I| .'II I|I
E. 400 [ [
8 ] o [
£ 300] Fo [ |
2 ] -, ~COzEt | i
= ] ( I| | I ||
200 | / |
i 3ap COzEt I| ',I | |II
] | | | \
100 | \
0—: el N PR T L < i = - |_/"l \L/ \‘~~._
] min
-100- : : : T T T : T : : T T T T T T T T T T T T T T
0.0 10.0 20.0 300 40.0 50.0 60.0 65.5
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAl % Y% n.a.
1 48.397 2271.765 684 662 50.31 55.57 n.a.
2 58.433 2243967 547412 49.69 44 43 n.a.
Total: 4515.733 1232.074 100.00 100.00
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Chrom ram
500 17 IPA10%-120min-H 2] #68 [manipulated] ww-3ap-Sx UV_VIS_1WVL:210 nm
1| mau
J 11-48.540
500 il
i [
|
1 |
400 O II
] |
= Il II
=
E 300 ., ~COEt o
o |/ | |
[ =
2 CO,Et |
5 200 3ap 2 [
g | |
| I|
4 | II
100 f
| | \
/ 12-58.187
[0 ] | S o . — _ e | / \\‘--_} - —
] min
-100- ; T : T T T T T T T T T : T T T T T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 65.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 48.540 1581.277 517.846 90.75 92.76 n.a.
2 58.187 161.112 40.447 9.25 7.24 n.a.
Total: 1742.388 558.293 100.00 100.00
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1 (ppm)
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[Chromatogram

3000 - A 20%IPA-60min-0.75m-] 41l #14 [manipulated] ww-7dad UV_VIS_2 WVL;254 nm
ean] 1111633
S fA 12-12530
1 || II f III
2000 | || |I II
] |
] 1
1500 0 || | ||
] COEt N |
1000 ] e | || II
: CO,Et | L]
] | i
500 3aq '| |
|| ". || I".
] | L
04 . L_\Tf_\_|
-500_ r T T T T T T 1
0.0 4.0 5.0 8.0 10.0 12.0 145
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.633 1014.357 2501.650 49.12 51.45 n.a.
2 12.530 1050.520 2360.347 50.88 48.55 n.a.
Total: 2064.877 4861.996 100.00 100.00
Chromatogram |
1600 7] 20%IPA-60min-0.75m-El 57l #13 [manipulated] ww-7d-sx UV_VIS_2 WVL:254 nmi
1 11-11.747
i f|
1400 I
] [l
1200 ] 0] | |
- CO,Et N
] o ‘ |
800 CO,Et |
] 3a | |
600+ q |
: |
400 | ﬂ
] |
200 ! ﬂ
1 | | 12-12.743
i -
0_'_ SN i, SO R s e lI Kl’j
-200 __ r T T T T T T S
0.0 4.0 6.0 8.0 10.0 12.0 14.0 15,8
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 11.747 570.328 1514715 93.49 93.01 n.a.
2 12.743 39.684 113.845 6.51 6.99 n.a.
Total: 610.011 1628.560 100.00 100.00
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|Chromatogram

900- ] IPA20%-35min- [ 2] #130 [manipulated] ww-jiazhi-wxt UV_VIS_2 WWL:254 nm
F - 12.530
|
750 ‘l
i | MeO,C._ CO,Me
| |'.||2- 15.707 = o)
= z
z 9004 |
E | | lI Me
@
- | |
o 375 |
5 | 3ba
5 | |
|
| | I|I
125 ‘ |I |
I B oA
I\ Y
0] —— 1 S -
e DQ_l T — T T = o o — T T T L T Tl 1
Q.0 2.0 10.0 180 20.0 25.0 30.0 35.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.530 431.468 812.980 50.16 59.07 n.a.
2 15.707 428.680 563.244 49.84 4093 n.a.
Total: 860.148 1376.224 100.00 100.00
[ch romatogram |
500 ] IPA20%-60min-F] &7 #72 [manipulated] ww-jia zhi-sx UV_VIS_2 WVL:254 nm
1 11-12.603
4 fi
i
] | |
b | I|
] |
_ MeO,C._ CO,Me |
. 300 B N
5 z
3 - R
~ Me |
g ] |
.g 2004 |
2 3ba ||
< J |
i [
1 I|
00—_ | \
] I
] .'ﬂ"\ f ".,I_ 12-16.100
o e i e o g . A Il
-50- T . — T+ T T T T I T T
0.0 2.0 4.0 6.0 a.0 10.0 12.0 14.0 16.0 18,0
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.603 222 364 458.214 94.83 9573 n.a.
2 16.100 12.126 20.446 517 437 n.a.
Total: 234.490 478.660 100.00 100.00
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Chrematogram

3000+ ‘j IPA10%-45min-[ =] #254 [manipulated] ww-yibingzhi-xt UV_VIS_1WVL:210 nm
1| mAY 11-7.893 o
] [ i
2500 |' | [
] i i | | l
] PFOQC\/COQ Pr [ [
2000 ] = (0] | || || I|
I : |
2] . [
E 1500] Me [ [ |
@ ] I |
o E | | |
§ 1 I '
5 1000] 3ca [ | '|
a2 ] | | |
< 1 || |I | III
500] | || |' \
] f | | 4\
) \ f A
1 / \ /
ol ——— I J S ¥ \'_
1 min
_500 B r 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 T T T T T T T T
10.00 1.25 2.50 3.75 5.00 5.25 7.50 875 10.00 10.80
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAL % % n.a.
1 7.893 1657.413 2759.267 4845 50.95 n.a.
2 9.657 1763415 2656510 5155 4905 n.a.
Total: 3420.828 5415.777 100.00 100.00
Chromatogram
1400~ M 1IPA10%-45min-[] 57 #255 [manipulated] ww-yibingzhi-sx UW_VIS_1 WVL:210 nm
41| maL
1200 11-7.893
4 Ill I|I
1 I 1
4 I 1
1000 4 Il 'l
] [
5 8001 n
5 g i li |
B PrO,C._ CO;'Pr | ||
] - |
g 500 : 9 [
2 ] ~ | |
[=]
2 400] Me II |I
] | |
i | \
200 3ca | \
1 N / \ 2 - 9.66%
0: * S (T . L. |___,.f'_'--._\__\_r__,_
] min
-2o° e r T T T T T T T T T T T T T ™1
0.00 1.25 2.50 375 5.00 6.25 7.50 875 10.4(
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.893 516.201 1175.119 96.54 96.37 n.a.
7l 9. 663 18.477 44 954 346 363 n.a.
Total: 534.678 1219.374 100.00 100.00
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Chromatogram |
700+ 7 IPA10%-120min-H 4 #69 ww-bncoZet-od UV_VIS_1 WVL:210 nm
df maU
600+ |1-25.533
] A
1
J I
500 BnO,C._ CO,Bn [
~ {1 2-32.110
: 0 [ M
z 1
B Me \ Il '|I
@ 1 | \ II
2 300 | Fo
3 3d o .
lg a II| | I'u
£ 200 . Il
| \ | |
| \ | \
100+ \ | \
| Y\ |
|I \\ .'I
o - i / --—!/" — :
] min
_100_| — T T T 1T T T T Tt T T T Tl
0.0 50 10.0 12.0 20.0 23.0 0.0 35.0 41.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 25533 1050.156 584.036 50.39 55.715 n.a.
2 32.110 1033.896 463.470 49.61 4425 n.a.
Total: 2084.053 1047.506 100.00 100.00
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[Chromatogram

2000~ 7 1IPA10%-45min-[] 4] #266 [manipulated] ww-BnCOZEl-sx UV_VIS_1 WVL:210 nm
1| maL
1750 .’I‘.1 - 25.450
|I I'|
-y |
1500
] BnOgC\/COZBn || II
] = [
1250 H O | '
? ] - |I
£ 1000 Me | '|
3 ]
§ |
2 ]
5 7504 3da | |
o |
Ee ] |
500 ||
4 ™ 1
] I | \
] | \ |2 -33.790
250 .' || | \ /
p n | \ /
0] ¥ o S _.'I | S = — _u \“- T L ’/ —
] min
-200_ r T T T T T T T T T T T T T T —1
0.0 5.0 10.00 15.00 20.0 25.0 300 35.0 375
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 25.450 2634.109 1760.901 8717 87.52 n.a.
2 33.790 387.604 251.008 1283 12.48 n.a.
Total: 3021.712 2011.910 100.00 100.00
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T4 2y i) HEEN i e
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NG RS = = o oo
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1 (ppm)
Chromatogram |
3000 - 2 IPA0%-26min-F] 4 #64 [manipulated] ww-dme-xad UV_VIS_1 WVL:210 nmi
] |1-8.517
4 I'|
2500 I
] Me |
] EtO,C. | COsEt | | 213607
2000 ] = ‘ A
] : 0] | || \
i : [
= ‘ | [
% 1500 Me | [
o] 1 [
£ . | | |
2
g 10001 3ea | |
= ] ‘ | I
] | | \
500 | || [
] | | | I|I
] | II'. II }
ol —— . o L\ s Y B
S—_——
0.0 2.0 4.0 5.0 8.0 10,0 12.0 14.0 15,4
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.517 864.926 2701.827 49.11 56.21 n.a.
2 13.607 896.133 2104.801 50.89 43.79 n.a.
Total: 1761.059 4806.628 100.00 100.00
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Chrom ram

3500 - A \PA0%-25min-H 4] #65 [manipulated] ww-dme-sx UV_VIS_1 WVL:210 nm
] 2-13.543
3000 I'J“.
] | II|
2500 M | |
] e
] {
] Et0,C. [ -COEt a
= 2000 : 0 |
< ] z
E ] ; ‘ |
8 1500 Me ||
8 ] |
2 ‘ |
< 1000 |
] 3ea |
] \
500 ||
] |1-9.573 || I'-.\
o] — - / &) -
-500 - s —————————————— ———————
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 158
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.573 A2 447 157.704 2.58 4.88 n.a.
2 13.543 1602.750 3073.590 9742 95.12 n.a.
Total: 1645.197 3231.295 100.00 100.00
53UBRIGIEINR 2T SRHECR838350LEEHREYT 434858
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Chromatogram

30004 T 1PAZ0%-25min-F 27 #78 [manipulated] ww-ph-ph-iod UV_VIS_2 WVL:254 nm
2500 |1-11.260
1 ||'|I
1 |
2000 EtO,C_ CO,Et | ||
e E©) ‘ |
2 J H .
£ 1500 || j2- 20117
1 [
g ‘ | [
8 | [
§ 1000 1 5a | | I".
= 4 | |
| A n
500 \ [\
] B Fo
Q__ _— i \ ; f AT
_500: T T T ™ T e e e e Yo B e ) Ve L S Vo R L= ' ' I T_T ' T T [T
0.0 25 50 75 100 12,5 15.0 17.5 20.0 232
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 11.260 1199.402 2450919 48.31 62.09 n.a.
2 20117 1283.242 1496.690 51.69 3TN na.
Total: 2482.643 3947.610 100.00 100.00
[Chromatogram |
1100 - T IPAZ0%-45min-[ =7 #166 [manipulated] ww-ph-ph-et2o0 UV_VIS_2 WVL:254 nm
1000 12 - 20,873
] |
8754 | |I
] | |
- Et0,C._ CO,Et i
] = 0 \
625 : | \
] |
500 ‘ '|
] i
1 5a |
3754 II
1 |
] |
250 ‘ |
T 1
: -
1254 f 1-11.673 | \
b I i !
: | II J \ | \
0 S U R | e 1 LT |
-100 d —r T T 1T T T T [T T T T T T T T T T T —T —T
0.0 25 5.0 7.5 10.00 125 15.0 17.5 200 225 250
Integration Results
MNo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
11.973 32504 94.187 378 8.74 n.a.
20.873 827 580 983.888 96.22 91.26 n.a.
Total: 860.084 1078.075 100.00 100.00
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N S M Sl sy S S R e R R e e R R R R R o 1 T n ke
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||II. ‘r ‘I I|
; IR [ 1
| | |
|| r| || | || I| i [ | ‘
| | f
i | ! | ‘ ‘
.| .'I | .| || I |I| JI .'} | i ||
EtO,C._ CO,Et
B 0]
]
Me 5b
[
|
]
i [ I Il
I ‘ | u' III lll II
4||_*J._11 . / Jﬂk‘ i ) W | |
T IT It Fig L d 4
30 85 80 75 70 85 60 55 50 45 40 35 a0 25 20 15 10 05 00 05
1 {ppmy)
[Chromatogram
700~ 7 IPA30%-30min- ] 2 #162 [manipulated] ww-r1-p-ch3-od UV_VIS_2 WVL:254 nm
] ‘\1-9.613
500 ||
_ EtO,C._CO,Et |
500 b=t o)
5 400+ ‘ | |2-16.553
= 1 M\
E I
O | i
230 Me 5h ‘ (1
g | A
B |
< 200 | || |
1 |
] | A
100 | |I || |
] | ! | 'l.
] | | \
04 N ik L . W, 2
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 18.8
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9613 189.814 637.260 4949 62.86 n.a.
7 16.553 193.700 376.492 50.51 37.14 n.a.
Total: 383.514 1013.752 100.00 100.00
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[Chromatogram

1600 3 IPA30%-30min- [ 57 #163 [manipulated) ww-r1-p-ch3-sx UV_VIS_2 WVL:254 nm
1400 2-16.310
A
j fi
] f
12004 [
] |
] E |
o001 Et0,C._ COEt |
=5 J z 0O |
< E - I
E 800 [
@ 4 |
2 ool |
] Me I
g ] 5b |
400 |
: |\
200]
j | \
] o o 11 -9.660 )Il
ﬂ__ S = B e s | .
-200:| T T T T o ot T Ty L e L L T T T ™
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.3
Time [min]
Integration Results
Nao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9.660 8.291 32.371 0.93 228 n.a.
2 16.310 882.435 1385.347 99.07 97.712 n.a.
Total: 890.726 1417.717 100.00 100.00
ZEEESITERT NREEREEgSRRr 83528538 EREES
[ S S T S S L L A N R N o R B B N B W B e B B - R o o i
N Nt et - p————— e
f | |
|I [ ]
|. ||' I| [ ‘ ‘
| 1 [ 1 [/
{1 [ Y I
L FI1T ¥ | |
Et0,C._CO,Et
B 0]
Cl 5¢
]
[
Il Il [ | |
: m&' V é* ) o Ty -
$ S dggre 88
o — i e e g
85 8.0 7.5 7.0 65 6.0 55 5.0 45 4.0 35 3.0 25 20 15 10 0.5 0.0 05
1 (ppm)
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| Chromatogram

2000- 3 IPA30%-30min- £ 5h #168 [manipulated] ww-r1-p-clod UV_VIS_2 WVL:254 nm
|1-10.287
1750 ”
1500 EtO,C._ COZEt ‘I
] : 0 |
1250 ; |
= 4
%: 1 | |2- 20,787
<1000 I.“-,
1 1
g 1 Cl Sc¢ | | I|I
5 750 | [
2 f |
< ] | | |I
500 | |
] | )
250 ‘ |I oA
j | \
1 | \
] \ | \
0] S~ I |_.|;_'_ _)A_
_200:| i Tl T LT P T Tt T T LS T T LT Bt T T
0.0 2.5 5.0 7.5 10.0 12.5 19.0 17.8 200 22.5 24.9
Time [min]
Integration Results
MNo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.287 712.030 1836.884 48.90 63.94 na.
2 20.787 744.198 1035.799 51.10 36.06 n.a.
Total: 1456.228 2872.683 100,00 100.00
[Chromatogram
500- T IPA30%-30min-F] 40 #167 [manipulated] Ww-r1-p-cl-sx UV_VIS_2 W\/L:254 nm
2-21.103
1N
|
400 |I |
|
Et0,C.__CO,Et |' |
. 3001 : 0 '
| T |
2 |
E [
3 ||
§ 200 l
5 1 |
2 Cl Sc | |
=T | |
i
|
100+ | \
)
|1+ 10473 -
ol S A\ L N
N —— e T e e
0.0 2.5 5.0 7.8 10.0 12.5 18.0 17.8 20.0 225 24.2
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU Y% % n.a.
1 10473 9.250 31771 3.06 6.78 na.
2 21.103 294 319 436.527 96.95 93.22 na.
Total: 303.569 468.298 100.00 100.00

56



Et0,C._ CO,Et

5d

0]

-

224 SSm—

# .:'F__
e
—

bl Epd i
1757 Ly
& P w o
9.0 85 85 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 0.0
1 (ppm)
[Chromatogram
2500— T IPA30%-30min-H 57 #164 [manipulated] ww-r1-nap-xod UV_VIS_2 WVL:254 nm
|II1-12.53T
2000 ||
|
] EtO,C.__CO,Et 1
1500+ = 0 |
{:j ] B | | 12- 20,830
E Ilnlll
o | | ]
2 10004 \
3 | [
5 | |
- ] 5d | [ ]
5004 ‘ |I | '.I
4 1
] l, L
1 | III I| \
odl— emecie o e 1) . i |
- —————————————————7
0.0 2.5 5.0 7.5 100 12.5 15.0 17.5 20.0 22.5 25.3
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12637 925 585 2147.229 49.49 62.64 na.
2 20.830 944 669 1280.886 50.51 37.36 n.a.
Total: 1870.254 3428.114 100.00 100.00
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[Chromatogram

500 T IPA30%-30min-H &1 #165 [manipulated] Ww-T1-nap-sx UV_VIS_2 WVL:254 nm
|2- 20,463
1 i
500 ;u
] |
] i
400 | |
L i EtOZCvCOZEt ‘ |
=] = |
£ 300 B * |
5 | |
c
2 1 ‘ [
S 2004 |
2 |
] 5d |
100 || l'.
1 1
. 11-12440 [
Cl—- A \*’\z\,_ .Y A N Y \_I____ _ o A ;
N — —_— —
0.0 5.0 10.0 18.0 20.0 25.0 26.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.440 11.215 34.340 3.13 6.12 na.
2 20.463 346.846 527.161 96.87 9388 na
Total: 358.060 561.501 100.00 100.00
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[ Chromatogram

3600 T IPA30%-30min- F 57 #155 [manipulated] ww-r1 -thio-xet UV_VIS_2 WVL254 nm
] |1-8.797
4 |
3000 |'|I
] | |
] EtO,C CO,Et 212190
2500] 22 A i
] = (0] | [
] : ‘ | [
= 2000 | ||
= 1 |
E ] ‘ | [
w e | |
2 1500 | |
3 1 | |
5 A a
< 1000 || I'.
E ‘ |I | I|II
500 | [
] | \
] | | | \
o s s e £ . SR—
-500__I i T T T L T T T i T T1
.0 2.0 4.0 8.0 8.0 10.0 12.0 14.0 16.2)
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na.
1 8.797 1294325 3181.227 48.46 5554 n.a.
2 12.190 1376.496 2547 071 51.54 44 46 n.a.
Total: 2670.820 5728.298 100.00 100.00
| Chromatogram
3000 T IPA30%-30min- F] 57 #156 [manipulated] ww-r1-thio-sx UV_VIS_2 WVL:254 nm
1 12-12.197
2500 (
] |
] Et0,C._ CO,Et |
2000 9 |\
i . |
1 R
2 1 |
2 1500 |
5 |
5 Se 1-8923 |
5 1000+ ' ‘ '
E: ] ||I |
< | |
| |
] 1 |
500+ [ |
: | I|
p [ \
o] B - & IR | S | \ ; i
-500: ) 5 L] T X T T T . T L5 5 T X T T T 5 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.0
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.923 300.944 1105.090 17.30 29.83 n.a.
7 12.197 1438.842 2599.745 82.70 7017 n.a.
Total: 1739.787 3704.834 100.00 100.00
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Chromatogram |
1400 - 7] IPA30%-50min-H =7 #45 [manipulated] ww-r2-ch3-xxt UV_VIS_2 WVL:254 nm
1200 |1-13.007

] |
1000} “

s g | EtO,C._ COE

£ | : 0

g 500 .

] .

2 ] | ."\Z 31,100

§ 1 | |I \

< 4004 |

1 | 5f Me B
] | |\
200 | [
] | | | n\
| | \
0 e S gt | b :
-200‘- ——— T —— T —T T
0.0 50 10.00 15.0 20.0 250 30.0 350 368
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.097 599 447 1181.131 49.16 69.09 n.a.
2 31.100 619.5814 528.347 50.84 3091 na
Total: 1219.261 1709.478 100.00 100.00
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Chromatogram

5004 1P A30%-50min-F 2 #46 [manipulated] ww-r2-ch3-sx UV_VIS_2 WVL:254 nm
] |2 - 29.877
500 i
] I
E |
il Et0,C._ CO,Et i
1 H 0] | I
=1 : I|
E 300 | |
- ||
g oo |
£ 200 5f Me |I
3 B
] ||
100 | I'.
B | III
T 11-13.010 || I\
04 PE— I_=._| dpbuites s L \[
-100- L Ter T — T _ T T T T _T T —T T
0.0 5.0 10.0 15.0 200 250 30.0 350 41.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.010 2052 5145 0.36 0.98 n.a.
2 29877 574.035 519.766 99.64 99.02 n.a
Total: 576.087 524.911 100.00 100.00
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|Chromatogram

1000 A IPA30%-40min-F] 47 #92 [manipulated] ww-5g-od UV_VIS_2 WVL:254 nm
} 11-12.833
875 |
750 |
EtO,C.__CO,Et |
625 BN ) ‘ ‘
= ] R
= ]
£ 500 | ‘ 12- 29640
3 ] fi
= 1
g 375 ] CI | | | '|
2 " Sg | | A
Ed 1 | I i
250] (] [\
1 |
4 | 1
1 |I | | I|
1251 ' [
] I|I |I f |‘.I
] | | | !
0] o~ TS = Y, ey |
-100 : r T T T — 1 T Tl T T T, T —
0.0 5.0 10.0 15.0 20.0 250 30.0 33.5
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.833 503.877 903.552 49.24 64.69 n.a.
2 29.640 519.453 493.236 50.76 3N n.a.
Total: 1023.331 1396.788 100.00 100.00
[Chroemategram |
300 ‘3 IPA30%-50min-F <] #49 [manipulated] ww-5g-5x UV_VIS_2 WVL:264 nm
i 12 - 30.840
: IIII
250 || I|
; Et0,C._ CO,Et | |
200 ? O [
] : | |
= E |
|
£ 1504 | |
g ] cl |
g S5g | 'I
§ 1CICI—_ | |
= 1 |
] ||
50 [
i | |
i | \
o] P L|_11 13233 . ) \ |
_50__ ) ] T T T ¥ T 3 x T ¥ T T 3 T 5 1
0.0 5.0 10.0 152.0 20.0 250 30.0 350 369
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 13233 0327 0.867 0.1 0.31 n.a.
2 30.840 303.968 282.399 99.89 99.69 n.a.
Total: 304.295 283.265 100.00 100.00
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Et0,C._CO,Et
0

[Chromatogram

3000+ 3 IPA30%-30min- [ 5h #157 [manipulated] ww-r2-thioood UV _VIS_2 WvL254 nm
i 11-10.040
2500+ II \
1 II 12- 14.810
] | | f
20004 ‘ | | |
EtO,C.__CO,Et I |
g 1 2V~ 2 | | |I
£ 15004 | |I
3 | | |
E |
£ 1000 | l
5 d
3 g l | I|
Ed ] [ |
] | | I
] | I|
500+ \ | |
j | |
i i | Y
] | \ f \
o e e (- \ | e — \\_
-500- 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
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 17.4
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.040 1169.906 2614.604 48.48 53.74 na.
2 14.810 1243 401 2251 066 5152 46.26 na
Total: 2413.307 4865.670 100.00 100.00
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[chrom atogram

1200+ 3 IPA30%-30min- [ 20 #158 [manipulated] ww-r2-thio-sx UV_VIS_2 WVL254 nm
1 |2 - 15.050
1000+ f
] |
i
800 | ll
' EtO,C.__CO,Et |
? 1 2 ~ 2 ||
E, 600+ H O | |
g |
=
£ 400 | | l
E d
|
§ | |
] | {
200 {
_ |\
| : [
] \ 4 - 10.200 [
odl—— M e e o S i \__ L/ A :
-200- = ——— T e — T T T —
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.9
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.290 10.418 36.735 220 3.49 n.a.
2 15.050 463.574 1015.478 97.80 96.51 n.a.
Total: 473.991 1052.213 100.00 100.00
2238N83E SERERY
N TS e
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[Chromatogram
2500 - 7 IPA30%-50min-F] 2/ #43 [manipulated] ww-cl-clxxd UV_VIS_2 WVL:254 nm
j |1 -14.047
M
|
2000 |
j 12 - 36.433
‘ Et0,C._ CO,Et I
i = |
1500 ‘ : 0 |1
= 1 |
z | '
E \
3 | cl a ||
w0
2 . '
8 | 3
g B
500 | \
] | |
] | | '*.\
4 1
0] — | \ _ J— —"}_
0.0 5.0 10.0 18.0 200 250 30.0 350 40.0 450 48.5
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mALl % % n.a.
1 14.047 1907711 2377.296 40.09 56.30 na.
2 36.433 2850.576 1844 996 59.91 43.70 na.
Total: 4758.286 4222.293 100.00 100.00
[Chromatogram |
1400 - 7] 1PA30%-50min-F =7 #44 [manipulated] ww-cl-cl-sx UV_VIS_2 WVL:254 nm
1 2 - 34.360
1200 f
1 I
] Et0,C._CO,Et I
10004 = kil
] H (0] | |
: |
= 800 | ||
=
£ |
'§ |
8 oo Cl . Cl ||
g Si |I
8 |
< 4004 |I
|
a
200.] [
1 11-13.753 |
] N | 4
0_: AN P I} I.I 1/ \\ |
Z-1," | I , — — . — = n
0.0 50 10.0 15.0 20.0 250 30.0 350 352
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.753 49.397 116.499 3.27 8.75 na.
2 34.360 1462 244 1215410 96.73 91.25 na.
Total: 1511.640 1331.908 100.00 100.00

65



bR = = R e s R = 3 e O - NOONWNMERREOAREIONINDI ORI @D N
IFYIREERHFREIT HHEREI N8 E8IR YRR 868838 SEEEED
A -2 dE T TN OOOMOON OO NN NN NN =R-E-N -3~}
rrdin rArAriry e S & i A A s 3.0 03169 0 04 04 L 1S5 595
|
)
|
{
f
| ; {
/ .’.' I
f 5 f f
! ) ! ! )
0]
|
Ph Ph
I
¥ CO,Et
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= a8 | & 3 2
80 75 70 65 60 55 50 4 40 as 3.0 25 20 15 10 05 00 05
1 (ppm)
Chromatogram
900- 1 IPA10%-45min- [ 7] #294 [manipulated] ww-t-mod-xxt UV_VIS_2 WVL:254 nm
9| ma 5
e |'|'1 11.603 3 14.850
] i fl
750 I Il
1 | | | ||
25 0 | 1
! | 2-13303 | |
5 I |
500 I .
T [ ( | | Illl-t 15.730
2 || [ B
% 375 Ph Ph | | | I
5 | I RER
[=]
B CO,Et | || R n I
= 6a | A \ [
| | | | 1
| | | i \
125 [ | VI
| | [ | \
i | \ | l'-. | !
ol - A Moo i
] min
-100_| 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 1
6.0 20 10.0 12.0 14.0 16.0 18.0 20.0 220 229
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % % n.a.
1 11.693 336.407 840.030 29.05 31.36 na.
2 13303 231.382 552044 19.98 20.61 na.
3 14.860 370.280 817914 3197 30.53 na.
4 15.730 220.037 469.027 19.00 17.51 n.a.
Total: 1158.105 2679.016 100.00 100.00
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[Chromatogram

1800 - T 1PA10%-45min-[] 47 #287 [manipulated] WW-ph-oet-chcl® UV_VIS_2 WVL:254 nm
1| maL
] 13- 14.230
4 I|'|
1500 || '||
1 (@) [
1250 ] |
] |
= 12-12.720
f.cg’ 1000 I | ||
= &
% Ph Ph /' |
§ 7507 | {
£ ™ CO,Et [ || |
3 |
£ N | |
< ] 6a | | ||
1 [\ f i
] I | \
2504 | | | \
] | | [ \
] 1-112907 | \ LY.
S | I BTN i R Nazuen
j min
-200 7 T T T T T T T T T T T T T T T T T T T T T T T T ™1
6.0 4.0 10.0 12.0 14.0 16.0 18.0 19.2
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.297 13.987 40.542 1.16 1.47 n.a.
2 12.720 438.597 1042741 36.38 37.84 n.a.
3 14.230 745.444 1644.948 61.83 59.70 n.a.
4 14.903 7.690 27121 0.64 0.98 n.a.
Total: 1205.717 2755.352 100.00 100.00
HNOOoON-—~ QWL Q o QT D - MOT 00000 0o T D=
Y¥RARAENEE 9 SCCEEBLBUERRERERERRREE 588
e e S -~ R e e e e e L D D R L ooo
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iy i o ol i 1
888 § R 832 83 g
o o [ - — o o m
80 75 70 65 60 55 50 45 40 : 35 30 25 20 15 10 05 00 05
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|Chromatogram

1800 - ‘3’ 20%IPA-100min-0.6m- [ =0 #3 [manipulated] il UV_VIS_2 WWVL:.254 nm
2+ 28807
] |
1500 ] |
] 0 ||
] 1-22423
12501 | | ‘
] | 3-35823
—_ ] || ‘ Iﬁl
‘:é 1000 Ph “ ‘ ‘ I
- Cl COEt | | i
8 750+ 6b ‘ | | | 4 - 43.123
g | | '.
|
< 500 | | | R A
] | I ', R
] | | | | \ [
250 | i [ | 4
] | \ [
: R | o I
o] SO R | 2. SIS, . . J / Lr . S
_zoo:l T T T 1T LT e Tl T T —T T L T L R |
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 4500 47.8
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 22423 867.116 1264 062 19.66 26.86 n.a.
2 28.897 1338.6573 1612.609 3035 34.27 n.a.
3 35.823 1318.600 1145579 2990 2434 n.a.
4 43.123 885.853 663.498 20.09 14.52 n.a.
Total: 4410.143 4705.749 100.00 100.00
[Chromatogram |
3500 17 20%IPA-100min-0.6m-[ 1 #4 [manipulated] ww-t-cl-5x UV_VIS_2 WVL:254 nmi
] 12 -29.077
3000+ (@) I|"|
] |
2500 1
] |
= 2000 ] Ph | ‘ 14 - 43.003
2] CO,Et | i
£ 1500 Cl ‘ (1
g4 6b | R
g | N
< 1000 | [ ]
7 |
] | || |
500+ |
] 11-22.537 || | [
1 .« A |\ 13- 36.350 { '\\
Al [N | / |
o] — S f, SRS . S il A - L/ L
0.0 50 10.0 15.0 20.0 250 30.0 35.0 40.0 450  47.9
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 22 537 187.026 298711 313 543 na.
2 29.077 2948 006 3047 957 49.32 55.46 n.a.
3 36.350 199.825 196.124 3.34 3.60 n.a.
4 43.003 2642 462 1951.316 4421 35.50 n.a.
Total: 5977.318 5496.108 100.00 100.00
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ud, o fr o, e T
B2 s 328 25 e
o =1 -l oS- o
85 80 75 70 65 60 55 50 a5 40 15 30 25 20 15 10 05 00 -0.5
1 (ppm)
Chrom ram
500- '}I IPAS%-55min-1mL-[ =7 #48 [manipulated] ww-t-br-od UW_VIS_2 WWVL:254 nm
] 11-18.383
] l"| 324023
400 | I
_ ol | |
| | [
] | 2-21080 | |
A
= 300-| | I |
2 | | I |
E Ph [ | |4 - 25,857
g ] CO,Et R A
£ 200- Br | | || R
g 6c [ |
= | | | | | ll || I|
] [ | | | [ |I
100- . || | ]
] || I | \ [
I| i | | || I". I' '||
f | I'u f | | LV
[0 | R ., — e | | s \[__1,)'_ \._[_
S — —
0.0 5.0 10.0 1.0 20.0 250 282
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 18.383 290.606 447 465 28.28 31.22 n.a.
2 21.080 213.279 314.086 20.76 21.91 n.a.
3 24.023 321.931 423 876 3133 2957 n.a.
4 25857 201.731 247924 19.63 17.30 n.a.
Total: 1027.548 1433.352 100.00 100.00
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[Chromatogram

3500 - A IPAS%-55min-1mL-[] 47 #50 [manipulated] ww-t-brsx UV_VIS_2 WVL:254 nm
3000} 13-23927
i R
] I
] (0] Il
2500+ |
] R
] | I
§- 2000+ .’I',z 21.097 I|
E ] Ph lﬁ ‘|
3 1 |
91 B |
§ 9% CO,Et [ '.
= ] Br | II |
@ 4
< 1000 6c |I | ||
] B |
] | \ |
500 | | |
] \ |
] \ | \
1 11-18.5200 | }
o] . .. S A (N e gada®i |
_500 7 I T T A T 3 x x d T L] 3 ] h T 5 ) & : T 1
0.0 5.0 10.0 15.0 200 25.0 0.7
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 18.520 66.965 110.023 1.69 220 n.a.
2 21.097 1391.412 1939.403 3505 38.73 n.a.
3 23.927 2438.991 2918.348 62.69 58.29 n.a.
4 26.050 22724 38.813 0.57 0.78 n.a.
Total: 3970.092 5007.087 100.00 100.00
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1 (ppm)
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[Chro matogram

900 '3 10%IPA-150min-0.6ml- [ £ #20 [manipulated] ww-T-0me-xxt UV _VIS_2 WVL:254 nm
] 12 - 29.690
] N
750 ;n
] 0 |
625 | |I |4 - 40677
b 11-28637 ‘ | f\
— 4 |
2 500 i | I
E ] i | [
8 1 Ph | ! | 13- 35.360 [
37 CO,Et | | i\ R
5§ 1 Meo | | '| A | |
< 250 6d | | A |
] | | | || | I| |
] I| | | | IlI | I|I
125] . | Lo I
: SR [\ [\
] | | | | | \
] | | / \ /
ol I S N e I S B - -
A00 - —— 77—
12.0 15.0 20.0 250 300 350 40.0 446
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAl % % n.a.
1 26.637 393.221 536.128 18.33 22.75 n.a.
2 29.690 679.929 816.595 31.69 34.65 n.a.
3 35.360 394.418 401411 18.38 17.03 n.a.
4 40.677 678.110 602 561 31.60 25.57 n.a.
Total: 2145.678 2356.695 100.00 100.00
|Chromatogram |
1000~ 7] 10%IPA-150min-0.6mi-[ 2] #21 [manipulated] Ww--0me-sx UV_VIS_2 WVL:254 nm
(2- 20683
75 |
] 0 I
750 ‘u
] |
625 | |
= ]
2 ] Ph '
= 500 SO.Et ‘ || 3-35.343
o ] N
5 MeO 2 | ||' -.I
g 375 6d ‘ |I A
i | R
250 ‘ \ [
| | ',
4 | II
125] || | I| \
] 11 - 28.967) | ( \\ 4 - 41330
ol— B A : L I - | B ;
=100 - — — T 7 — T T T T T
12.0 15.0 200 250 300 350 40.0 44.1
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % %o n.a.
1 26.967 25.319 32.242 1.93 2.20 n.a.
2 29.683 766.563 924.739 58.47 63.05 n.a.
3 35.343 486.216 478.805 37.09 32.65 n.a.
4 41.330 32.888 30.880 2.51 2.4 n.a.
Total: 1310.986 1466.667 100.00 100.00
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[Chromatogram
1800+ 7 20%IPA-60min-0.75m- H 471 #3 [manipulated] ww-t-nap-xod UV_VIS_2 WVL:254 nm
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1250 | | ‘ 13-26.917
- | | | | Iu||
= 1000 Il
E4
E ] Ph ‘| ‘| ||
@
o
s 750 COEt | I| |4 - 32777
5 ‘ | | | fi
§ ] 6e | | I| \
500 ‘ | | | \ JH
] || | | | II| II II'
250 || | ﬂ [ [
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J ] A /
[ L TS i o Il g S e \,_ | \'_ P _\._ 1 AT_ ]
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0.0 5.0 10.0 15.0 200 25.0 30.0 3.0 370
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 17.123 709.023 1296.860 19.82 27.05 n.a.
2 21.743 1090.302 1638.462 3047 A7 n.a.
3 26.917 1066.778 1174.855 29.81 24.50 n.a.
4 20T 711.915 684 516 19.90 14.28 n.a.
Total: 3578.019 4794.693 100.00 100.00
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[Chromatogram

7] 20%IPA-60min-0.76m-[ <]l #4 [manipulated]

ww-t-nap-sx

UV_VIS_2 WVL:264 nmi

2500 4
2000 o I!I2-21.2360
] fl
1500 ! |
2 Ph |
E ] |4 - 32,870
g 1000 COEt || | N
2 ] I
g Ge | | A
<L 4 | | I|
500 | I [
] || | |I \
] : ,."\1 =17.337 [\ 13- 27.543 [ "\
0_ R I'\ i Ll \, 1 A T It' T
0.0 30 10.0 150 20.0 250 30.0 3%.0 369
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % % n.a.
1 17.337 77517 157.007 2.89 4.70 n.a.
2 21.860 1373.136 2005.731 51.20 60.03 n.a.
3 27.543 76.483 101.855 2.85 3.05 n.a.
4 32.870 1154.980 1076.725 43.06 3220 n.a.
Total: 2682.116 3341.318 100.00 100.00
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1 (ppm)
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|Chremategram |
1600 3 20%IPA-60min-0.75m- [ =71 #44 [manipulated] wiw-t-thio-xxt UV_VIS_2 WWVL:254 nm
] |.2-15.140
1400 Il
] ||
1200 |
i % ‘ | 14.-20.180
7 I
1000 |1-138 ?| |'I
] ||I | [
i [ |
S0 \\ Ph [l ‘ | 13-17.343 || |I
4 I'|
] |
500.] S COzEt H || |II | |I
1 |
i 6f | | ‘ | | || II
400 | | [ | lI
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0.0 2.5 50 75 10.0 12,5 15.0 17.5 20.0 225 23.5
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAl % % n.a.
1 13.677 381.017 952.699 18.50 22.56 n.a.
2 15.140 650.720 1461.546 31.60 34.61 na.
3 17.343 373.031 722154 18.11 17.10 na.
4 20.180 654.796 1086.482 31.79 2513 n.a.
Total: 2059.565 4222.881 100.00 100.00
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[Chromatogram

1000 '3 20%IPA-60min-0.75m-] =7l #45 [manipulated] ww-t-thio-sx UV_VIS_2 WVL:254 nm
] 12~ 15.183
875—_ |'|
f |
750 |
| i |
625 |
500 ‘| 47387
1 AN Ph | I'||Ii3 17.387
q |
375 \_s  Co,Et ‘ | i
] [
] 6f ]
250 | I
] | \ |
125] | [
] | [
] 1 - 137 \ [\ 14 - 20,427
0] R S | A ) b | |
3 I T 1
-100— —— — .
0.0 25 5.0 75 10.0 12,5 15,0 17,5 20,0 23.4
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAl Y% % na.
1 13.797 12.538 29.686 1.88 209 n.a.
2 15.183 392 591 891.177 58.96 62 85 n.a.
3 17.387 243.245 467715 36.53 3299 n.a.
4 20.427 17.445 29.360 2.62 2.07 n.a.
Total: 665.819 1417.937 100.00 100.00
SRARGITARNNSIEY 3$3IYCHLAZBEECRINBERS RERISE
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[Chromatogram

1200+ ’3 10%ipa-60min-1mL- [ /] #1 [manipulated] win-ys-oh-xxt UV_VIS_2 WVL:264 nm
] 11-20.52%
i ||‘|
i | . -
1000 | | |f||2 23.947
i OH | |I
] Et0,C.CO,Et | 1
800-| S0 | I
' : | |
? 1 | | |
E, 6004 ‘ | ‘ |
g ] | |
& oa] 7 N | |
S 400 | |
g | | |
1 |
] [ | I
200 | \ |
] | III || \
i | ! / I".
o4 e 2T -~ e o ol \T ) \_r e e
_200 5 I T T T T T 1
0.0 5.0 10.0 12.0 20.0 25.0 29.0
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAl % % n.a.
1 20.523 763.331 1139.880 50.94 53.11 na.
2 23.947 735.183 1006.382 49.06 46.69 n.a.
Total: 1498.514 2146.261 100.00 100.00
Chromatogram |
300- 1] 10%ipa-60min-1mL- [ 4f) #2 [manipulated] ww-ys-oh-sx UvV_VIS_2 WVL:254 nmi
] j2-23.740
1 |
250 ||I
] I
: OH i
200 EtOZC\l/COZEt | |
] - O
= ] : |
T 1504 B
g ] |
|
@ ] |
g2 ] 7 |
] |
50 |
j |
4 | II
E _— 1-20550 | |
o e / oo i 1 : —L / Ay ;
50— —— . . — :
0.0 5.0 10.0 150 200 250 28.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU Ya % n.a.
1 20.550 5.965 9.928 3.09 3.54 n.a.
2 23740 187.028 270.657 96.91 96.46 na.
Total: 192.994 280.585 100.00 100.00
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|Chromatogram

3000- 3 IPA20%-25min-F] <] #64 [manipulated] ww-mcpba-iod UV_VIS_2 WVL:254 nm
1 (1-9.517
2500+ |||
] [
]
2000 EtO2C\/COZEt | | 12- 13607
: E O | | |I I|I
= o i l
Z 1500 OPh | | '
2 i | [
= ] |
£ 10007 8 ‘ | |
= - | |
2 ] ‘ | |
] |
500 | [
] [ [
] \ | \
] . |
o] o - e i [ fick &(
-500-] : - - : —— T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14,0 15.4
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9517 814.884 2615.938 4934 56.83 n.a.
2 13.607 836.669 1987 432 50.66 4317 n.a.
Total: 1651.553 4603.370 100.00 100.00
|Chromatogram
3500 ] IPA20%-25min-F] &7 #65 [manipulated] ww-mcpba-sx UV_VIS_2 WVL:254 nm
2- 13,540
30007 | \
] [
] [ |
2500+ |
] EtO,C._CO,Et R
= 20001 ? 0] ‘ |
= ] : |
s |
% 1500] OPh N
2 |
2 ] ‘ |
£ 1000] 8 \
] | |
q |
4 !
500 [
1 1
] 1-8.573 I\
0: o —— | g 1) _\~—..'_
0.0 20 4.0 6.0 80 10.0 120 14.0 158
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mALU*min mAL % % n.a.
1 9.573 40.304 145.342 2.51 435 n.a.
2 13.540 1566.924 3196.046 97.49 95.65 na.
Total: 1607.227 3341.388 100.00 100.00
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[Chromatogram

1200~ 1 IPA10%-—-45min- [ 51 #172 [manipulated] ww-B-xxt UV_VIS_1 WVL:210 nm
E ||I1 -9.760
1000 f
1 | || 2+ 12.040
800 || fh
7 |
o EtO,C._CO,Et || I
2 ] - (o) | [
£ 600 : | [
% : R | | [
g OMe | |
5 400 | |I
g N i
E ] |
] 9 | | | |
200 [ [
i | | I| |II
] Pany I [
O: vy PR A (i AN : |t \
_200: r T T T T T T 1
0.0 2.0 4.0 5.0 8.0 10.0 12.0 14.0
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.760 328.666 1023429 49.85 53.99 n.a.
2 12.040 330614 872.134 50.15 46.01 n.a.
Total: 659.281 1895.562 100.00 100.00
[Chromatogram |
3000 - 1 IPA10%--45min-H =] #173 [manipulated] ww-G-sx OV_VIS_1 WVLZ10 nm
25005 II.“I2-12.£}10
] I
] [
2000 ] | lI
=i | |
=2 J
T o] Et0,C._ COEt | |
] ] o 0] | |
§ : |
% 1000 OMe I|
3 n
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500-| I| l'.
] \
] 1-9.787 | \
: VA N [\
01 — 0 ! e
-500: r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 137
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAL % % n.a.
1 9.787 63.146 204.796 5.46 7.48 n.a.
2 12.010 1094.074 2532 660 94 54 92.52 n.a.
Total: 1157.220 2737.456 100.00 100.00
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|Chromatogram
3000 - 29%IPA-G0mIn-0.75m-H 4l #14 [manipulated] ww-too2et-xd UV_VIS_2 WVL:254 nm
2500 11-11.633
500 N 12 -12.530
i 3
g | I|I [
i I [
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Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mALl % % n.a.
1 11.633 1014.357 2501.650 49.12 51.45 n.a.
2 12530 1050.520 2360.347 50.88 48.55 n.a.
Total: 2064.877 4861.996 100.00 100.00
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|Chromatogram

1600

7] 20%IPA-60min-0.75m-[] £/l #13 [manipulated]

ww-fco2el-sx

UV_VIS_2 WVL:254 nm
j |1-11.747
1 i\
1400+ |I II
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1 ]
1200 | ||
] 0 |
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 11.747 570.328 1514.715 9349 93.01 n.a.
2 12.743 39.684 113.845 6.51 6.99 n.a.
Total: 610.011 1628.560 100.00 100.00
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