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1. Experimental Data of Enantioselective Michael Addition Reactions
1,1-dimethyl 4-ethyl (25)-4-0oxo-2-phenylbutane-1,1,4-tricarboxylate (3a)
MeOOCYC%’Me Yellow oil (93% yield, 92% ee); [a]p®= +14.2 (c = 0.80, CH,Cl,); HPLC
©/:\)‘\”/ OFt analysis Daicel Chiralcel AS-H column, n-hexane/#PrOH = 90:10, flow
© rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) = 11.60 min, t
(minor)= 12.91 min; "H NMR (400 MHz, Chloroform-d) § 7.17 (m, SH), 4.18 (q, /= 7.1 Hz, 2H),
3.97 (td, J=9.2, 5.0 Hz, 1H), 3.69 (m, 4H), 3.47 - 3.20 (m, SH), 1.24 (t, /= 7.1 Hz, 3H). *C{'H}
NMR (100 MHz, Chloroform-d) § 191.7, 168.4, 167.8, 160.5, 139.8, 128.6, 128.1, 127.5, 62.5, 57.0,

52.8,52.4,43.1,40.0, 13.9. HRMS (ESI): exact mass calcd for Ci;H20NaO;* (M+Na)* requires m/z

359.1101, found m/z 359.1096.

1,1-diethyl 4-ethyl (25)-4-0x0-2-phenylbutane-1,1,4-tricarboxylate (3b)
E1OOC._-COQE! Yellow oil (88% yield, 86% ee); [a]p®= +9.90 (c = 1.00, CH,CL); HPLC
©/:\)J\n/ OFt analysis Daicel Chiralcel AD-H column, n-hexane/+PrOH = 80:20, flow
© rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) = 9.00 min, t
(major)= 10.82 min; 'H NMR (400 MHz, Chloroform-d) § 7.30 - 7.18 (m, SH), 4.31 - 4.14 (m,
4H), 4.03 (m, 1H), 3.93 (m, 2H), 3.73 (dd, J = 10.2, 1.5 Hz, 1H), 3.49 — 3.22 (m, 2H), 1.28 (m, 6H),
0.99 (m, 3H).*C{'H} NMR (100 MHz, Chloroform-d) § 191.7, 168.1, 167.4, 160.5, 139.9, 128.5,
1282, 127.4,62.5,61.8, 61.4, 57.3, 43.4,40.0, 14.0, 13.9, 13.7.
Note: The absolute configuration of product 3b could be determined as (S)-configuration after
comparing the sign of specific optical rotation with reference result (Org. Chem. Front., 2019,6,

2907-2915). This is also in agreement with the structure model in which Re-attack occurred during

the reaction.!

1,1-diisopropyl 4-ethyl (25)-4-oxo-2-phenylbutane-1,1,4-tricarboxylate (3c)
i-PfOOC\:/CO(Qi-Pf Yellow oil (89% yield, 90% ee); [a]p® = +16.2 (c = 0.90, CH,CL);
©/:\)J\n/ OEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane/PrOH =
© 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =

9.11 min, t (major)= 13.11 min; "H NMR (400 MHz, Chloroform-d) § 7.30 - 7.09 (m, SH), 5.05 (m,
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1H), 4.76 (pd, /= 6.3, 1.6 Hz, 1H), 4.23 (q, /= 7.2 Hz, 2H), 4.09 - 3.88 (m, 1H), 3.68 (dd, /= 10.4,
1.6 Hz, 1H), 3.51 - 3.09 (m, 2H), 1.30 (td, /= 7.1, 1.6 Hz, 3H), 1.24 (td, /= 6.2, 1.6 Hz, 6H), 1.03
(dd, /= 6.3, 1.6 Hz, 3H), 0.95 (dd, /= 6.3, 1.6 Hz, 3H). *C{'H} NMR (100 MHz, Chloroform-d) &
191.7, 167.7, 166.9, 160.5, 139.9, 128.5, 128.4, 127.3, 69.4, 68.9, 62.4, 57.5, 43.7, 39.9, 21.6, 21.5,
21.3,21.2, 13.9. HRMS (ESI): exact mass calcd for C;1H2sNaO-* (M+Na)* requires m/z 415.1727,

found m/z 415.1723.

1,1-dimethyl 4-ethyl (25)-2-(2-fluorophenyl)-4-oxobutane-1,1,4-tricarboxylate (3d)
MeOOC._COPMe Yellow oil (85% yield, 82% ee); [a]p*®= +10.72 (c = 0.80, CH,CL);
: OEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane/PrOH =
©\/F\)‘\g/ 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) = 8.84
min, t (minor)= 11.35 min; '"H NMR (400 MHz, Chloroform-d) § 7.32 — 7.16 (m, 2H), 7.12 - 6.82
(m, 2H), 4.36 - 4.10 (m, 3H), 3.95 (d, /= 10.2 Hz, 1H), 3.83 — 3.64 (m, 3H), 3.58 - 3.23 (m, SH),
1.40 — 1.24 (m, 3H).BC{'H} NMR (100 MHz, Chloroform-d) § 191.5, 168.3, 167.8, 162.2, 160.4,
159.7,130.8, 130.7, 129.4, 129.3, 126.4, 126.3, 124.2, 124.2, 116.0, 115.7, 62.6, 55.1, 55.1, 52.8, 52.5,

41.8, 41.8, 35.6, 13.9. HRMS (ESI): exact mass calcd for C,;H;9FNaO,* (M+Na)* requires m/z

377.1007, found m/z 377.1003.

1,1-dimethyl 4-ethyl ($)-2-(2-methoxyphenyl)-4-oxobutane-1,1,4-tricarboxylate (3e)
MeOOC\_/COOOMe Yellow oil (84% yield, 86% ee); [a]p*®= +17.42 (c = 0.70, CH,CL);
: OEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane/rPrOH =
©\/O\Me)‘\g/ 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) = 9.09
min, t (minor)= 11.68 min; '"H NMR (400 MHz, Chloroform-d) § 7.23 - 7.13 (m, 2H), 6.90 - 6.76
(m, 2H), 4.30 - 4.21 (m, 2H), 4.20 — 4.09 (m, 2H), 3.84 (s, 3H), 3.72 (s, 3H), 3.54 - 3.47 (m, 1H),
3.46 (s, 3H), 3.37 - 3.27 (m, 1H), 1.31 (t, /= 7.1 Hz, 3H). BC{'H} NMR (100 MHz, Chloroform-d)
8192.2,168.9, 168.3, 160.6, 157.3, 130.5, 128.7, 127.0, 120.5, 110.9, 62.3, 55.2, 54.4, 52.6, 52.3, 41.3,
37.3, 13.9. HRMS (ESI): exact mass calcd for C;sH»NaOs* (M+Na)* requires m/z 389.1207,

found m/z 389.1210.
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1,1-dimethyl 4-ethyl ($)-2-(3-fluorophenyl)-4-oxobutane-1,1,4-tricarboxylate (3f)
MeOOC._COOMe Yellow oil (87% yield, 86% ee); [a]p**= +4.88 (c = 1.00, CH,CL,); HPLC
<0
X OEt analysis Daicel Chiralcel AD-H column, n-hexane/#PrOH = 80:20, flow

rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) = 8.84 min, t

F (minor)= 11.35 min; 'H NMR (400 MHz, Chloroform-d) § 7.20 — 7.14
(m, 1H), 6.97 (d, /= 7.7 Hz, 1H), 6.93 - 6.78 (m, 2H), 4.20 (q,./= 7.1 Hz, 2H), 3.97 (td, /=9.2, 5.0
Hz, 1H), 3.74 — 3.60 (m, 4H), 3.46 (s, 3H), 3.30 (m, 2H), 1.26 (t, /= 7.1 Hz, 3H).*C{'H} NMR
(100 MHz, Chloroform-d) § 191.3, 168.2, 167.6, 163.9, 161.5, 160.4, 142.4, 142.3, 130.2, 130.1,
123.8,123.8, 115.2, 115.0, 114.6, 114.4, 62.6, 56.7, 52.8, 52.6, 42.9, 39.6, 13.9. HRMS (ESI): exact

mass calcd for Ci;H;9sFNaO;* (M+Na)* requires m/z 377.1007, found m/z 377.100S.

1,1-dimethyl 4-ethyl (5)-2-(3-chlorophenyl)-4-oxobutane-1,1,4-tricarboxylate (3g)

MeOOC._ COOMe Yellow oil (90% yield, 91% ee); [a]p® = +20.84 (c =1.60, CH,CL);
x (0]

HPLC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =

80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) = 8.37

Cl min, t (minor)= 10.75 min; 'H NMR (400 MHz, Chloroform-d) § 7.26 —
7.12 (m, 4H), 4.27 (m, 2H), 4.01 (m, 1H), 3.79 - 3.69 (m, 4H), 3.54 (s, 3H), 3.45 - 3.29 (m, 2H),
1.33 (t, /= 7.1 Hz, 3H).*C{'H} NMR (100 MHz, Chloroform-d) § 191.3, 168.2, 167.6, 160.3,
141.9, 134.4,129.9, 128.2, 127.7, 126.4, 62.7, 56.6, 52.9, 52.6, 42.8, 39.5, 13.9. HRMS (ESI): exact

mass calcd for Ci7H;9CINaO;* (M+Na)* requires m/z 393.0712, found m/z 393.0709.

1,1-dimethyl 4-ethyl (8)-2-(3-bromophenyl)-4-oxobutane-1,1,4-tricarboxylate (3h)
MeOOC._COOMe Yellow oil (94% yield, 92% ee); [a]p**= +9.46 (c = 1.00, CH,CL); HPLC
<0
2 OEt analysis Daicel Chiralcel AD-H column, n-hexane/+PrOH = 80:20, flow

rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) = 8.91 min, t

Br (minor)= 11.64 min; 'H NMR (400 MHz, Chloroform-d) § 7.40 (t, /=
1.8 Hz, 1H), 7.35 (m, 1H), 7.22 - 7.13 (m, 2H), 4.28 (td, /= 7.2, 1.1 Hz, 2H), 4.00 (m, 1H), 3.76 —
3.71 (m, 4H), 3.54 (s, 3H), 3.44 — 3.30 (m, 2H), 1.33 (t, /= 7.2 Hz, 3H). BC{'H} NMR (100 MHz,

Chloroform-d) § 191.3, 168.2, 167.6, 160.4, 142.2, 131.2,130.7, 130.2, 126.9, 122.6, 62.7, 56.7, 52.9,

S3



52.6, 42.8, 39.5, 13.9. HRMS (ESI): exact mass calcd for Ci;H;sBrNaO;* (M+Na)* requires m/z

437.0206, found m/z 437.0204.

1,1-dimethyl 4-ethyl (5)-2-(4-chlorophenyl)-4-oxobutane-1,1,4-tricarboxylate (3i)
MeOOC\_/COé)Me Yellow oil (95% yield, 90% ee); [a]p®*= +15.49 (c = 1.00, CH,CL);
: OEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =
C|/©/\)J\g/ 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =
11.59 min, t (major)= 12.52 min; '"H NMR (400 MHz, Chloroform-d) § 7.39 - 7.03 (m, 4H), 4.40 -
4.16 (m, 2H), 4.02 (m, 1H), 3.85 — 3.62 (m, 4H), 3.52 (s, 3H), 3.44 — 3.27 (m, 2H), 1.32 (t, /= 7.2
Hz, 3H). *C{'H} NMR (100 MHz, Chloroform-d) § 191.4, 168.2, 167.6, 160.4, 138.3, 133.3, 129.5,

128.8, 62.6, 56.7, 52.9, 52.6, 43.0, 39.3, 13.9. HRMS (ESI): exact mass calcd for C;;H;9yCINaO;*

(M+Na)* requires m/z 393.0712, found m/z 393.0706.

1,1-dimethyl 4-ethyl (5)-2-(4-bromophenyl)-4-oxobutane-1,1,4-tricarboxylate (3j)
MeOOC\_/CO(S)Me Yellow oil (92% yield, 90% ee); [a]p®*= +14.63 (c = 1.00, CH,CL);
: OEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =
Brm 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =
12.66 min, t (major)= 13.77 min; '"H NMR (400 MHz, Chloroform-d) § 7.44 - 7.37 (m, 2H), 7.17 -
7.10 (m, 2H), 4.26 (m, 2H), 4.00 (m, 1H), 3.76 - 3.70 (m, 4H), 3.52 (s, 3H), 3.44 - 3.27 (m, 2H),
1.32 (t, J = 7.2 Hz, 3H).*C{'H} NMR (100 MHz, Chloroform-d) § 191.4, 168.2, 167.6, 160.4,

138.8,131.8,129.9, 121.5, 62.7, 56.6, 52.9, 52.6, 42.9, 39.4, 13.9. HRMS (ESI): exact mass calcd for

C17H;sBrNaO,* (M+Na)* requires m/z 437.0206, found m/z 437.0202.

1,1-dimethyl 4-ethyl (8)-2-(4-methylphenyl)-4-oxobutane-1,1,4-tricarboxylate (3k)

MeOOC\/CO(SJMe Yellow oil (90% yield, 91% ee); [a]p®= +33.63 (c = 1.00, CH,CL);

: OEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane/PrOH =
Me o 90:10, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
15.87 min, t (minor)= 17.03 min; 'H NMR (400 MHz, Chloroform-d) § 7.12 (d, /= 8.2 Hz, 2H),

7.07 (d, J= 8.0 Hz, 2H), 4.24 (m, 2H), 4.00 (td, /= 9.2, 5.0 Hz, 1H), 3.75 (d, /= 13.1 Hz, 4H), 3.43
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- 3.26 (m, 2H), 2.28 (s, 3H), 1.31 (t, /= 7.2 Hz, 3H).*C{'H} NMR (100 MHz, Chloroform-d) §
191.8, 168.5, 167.9, 160.5, 137.1, 136.7, 129.3, 127.9, 62.5, 57.1, 52.7, 52.5, 43.2, 39.6, 21.0, 13.9.
HRMS (ESI): exact mass calcd for C;sH»NaO-* (M+Na)* requires m/z 373.1258, found m/z

373.1253.

1,1-dimethyl 4-ethyl (5)-2-(4-methoxyphenyl)-4-oxobutane-1,1,4-tricarboxylate (31)
MeOOC\_/CO(S)Me Yellow oil (87% yield, 90% ee); [a]p®*= +9.92 (c = 0.80, CH,CL);
: OEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane/+PrOH =
MeOM 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =
14.08 min, t (major)= 16.04 min; 'H NMR (400 MHz, Chloroform-d) § 7.16 (d, /= 8.2 Hz, 2H),
6.80 (d, /= 8.3 Hz, 2H), 4.25 (q,./= 7.1 Hz, 2H), 3.99 (td, /= 9.4, 4.9 Hz, 1H), 3.82 - 3.66 (m, 7H),
3.51 (s,3H), 3.43 - 3.25 (m, 2H), 1.31 (t, /= 7.2 Hz, 3H).*C{'H} NMR (100 MHz, Chloroform-d)
8 191.8, 168.5, 167.9, 160.5, 158.8, 131.6, 129.1, 114.0, 62.5, 57.2, 55.2, 52.7, 52.5, 43.3, 39.3, 13.9.

HRMS (ESI): exact mass calcd for CisH»,NaOg* (M+Na)* requires m/z 389.1207, found m/z

389.1202.

1,1-dimethyl 4-ethyl (5)-2-(biphenyl-4-yl)-4-oxobutane-1,1,4-tricarboxylate (3m)

MeOOC\/CO(S)Me Yellow oil (84% yield, 89% ee); [a]p®= +12.4 (c = 0.70, CH,CL);

MOEt HPLC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =
Ph ©) 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =
15.32 min, t (major)= 19.43 min; 'H NMR (400 MHz, Chloroform-d) § 7.57 - 7.48 (m, 4H), 7.41
(dd, /=8.5,6.8 Hz,2H), 7.37 - 7.27 (m, 3H), 4.25 (m, 2H), 4.09 (td, /= 9.3, 5.0 Hz, 1H), 3.82 (d, /
=9.8 Hz, 1H), 3.75 (s, 3H), 3.57 - 3.43 (m, 4H), 3.35 (dd, /= 18.1, 5.0 Hz, 1H), 1.31 (t, /= 7.1 Hz,
3H).BC{'H} NMR (100 MHz, Chloroform-d) § 191.7, 168.4, 167.9, 160.5, 140.5, 140.3, 138.8,

128.8, 128.5, 127.4, 127.3, 127.0, 62.6, 56.9, 52.8, 52.5, 43.1, 39.6, 13.9. HRMS (ESI): exact mass

caled for Co3H,uNaO,* (M+Na)* requires m/z 435.1414, found m/z 435.1411.
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1,1-dimethyl 4-ethyl ($)-2-(2-naphthalenyl)-4-oxobutane-1,1,4-tricarboxylate (3n)
MeOOC\:/CO(S)Me Yellow oil (93% yield, 90% ee); [a]p**= +11.8 (c = 1.00, CH,CL);

OO OFt HPLC analysis Daicel Chiralcel AD-H column, n-hexane/PrOH =

© 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
14.95 min, t (minor)= 16.87 min; 'H NMR (400 MHz, Chloroform-d) § 7.78 (dd, /= 8.2, 3.4 Hz,
3H),7.70 (d, /=2.0 Hz, 1H), 7.50 - 7.41 (m, 2H), 7.38 (dd, /= 8.6, 1.9 Hz, 1H), 4.21 (m, 3H), 3.90
(d, /=10.1 Hz, 1H), 3.75 (s, 3H), 3.54 (dd, /= 18.0, 8.8 Hz, 1H), 3.49 - 3.31 (m, 4H), 1.26 (t, /=
7.1 Hz, 3H).BC{'H} NMR (100 MHz, Chloroform-d) § 191.7, 168.5, 167.8, 160.5, 137.3, 133.3,
132.7, 128.4, 127.9, 127.6, 127.1, 126.2, 126.0, 125.9, 62.5, 57.0, 52.8, 52.5, 43.1, 40.1, 13.9. HRMS

(ESI): exact mass calcd for C,;H,,NaO;* (M+Na)* requires m/z 409.1258, found m/z 409.125S.

1,1-dimethyl 4-ethyl (8)-2-(2-thiophenyl)-4-oxobutane-1,1,4-tricarboxylate (30)

MeOOC\_/COgMe Yellow oil (96% yield, 92% ee); [a]p*®= +18.86 (c = 1.60, CH,CL);

=~ OEt HprcC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =

\_s 0
80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) = 9.78

min, t (minor)= 11.48 min; 'H NMR (400 MHz, Chloroform-d) § 7.15 (dd, /= 5.1, 1.3 Hz, 1H),
6.92 (dd, /= 3.6, 1.4 Hz, 1H), 6.88 (dd, /= 5.0, 3.5 Hz, 1H), 4.37 (td, /= 8.7, 4.8 Hz, 1H), 4.28 (q, /]
=7.1Hz,2H), 3.81 (d, /=89 Hz, 1H), 3.74 (d, /= 1.4 Hz,3H), 3.61 (d, /= 1.4 Hz, 3H), 3.53 - 3.34
(m, 2H), 1.34 (t, /= 7.1 Hz, 3H).®C{'H} NMR (100 MHz, Chloroform-d) § 191.3, 168.1, 167.7,
160.4, 142.7, 126.7, 126.0, 124.6, 62.6, 57.4, 52.8, 52.7, 43.8, 35.2, 13.9. HRMS (ESI): exact mass

calcd for C;sH;sNaO,S* (M+Na)* requires m/z 365.066S, found m/z 365.0663.

Trimethyl (5)-2-(3-fluorophenyl)-4-oxobutane-1,1,4-tricarboxylate (3aa)?
MeOOC._COOMe Yellow oil (92% yield, 83% ee); [a]p*® = +4.88 (c =1.00, CH,CL);
OMe HPLC analysis Daicel Chiralcel AD-H column, n-hexane/+PrOH =

80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =

9.86 min, t (minor) = 13.25 min; 'H NMR (400 MHz, Chloroform-d) §
7.27 —=7.22 (m, 1H), 7.04 (m, 1H), 7.00 - 6.88 (m, 2H), 4.04 (td, /= 9.1, 5.2 Hz, 1H), 3.82 (s, 3H),
3.75(d, /= 8.7 Hz, 4H), 3.53 (s, 3H), 3.46 — 3.31 (m, 2H).BC{'H} NMR (100 MHz, Chloroform-d)
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3 190.9, 168.2, 167.6, 164.0, 161.5, 160.8, 142.4, 142.3, 130.2, 130.1, 123.8, 123.7, 115.2, 115.0,

114.6, 114.4,56.7, 53.1, 52.8, 52.6, 43.0, 39.5.

Trimethyl (5)-2-(3-chlorophenyl)-4-oxobutane-1,1,4-tricarboxylate (3ab)?

MeOOC._COOMe Yellow oil (92% yield, 90% ee); [a]p®= +8.96 (c = 0.80, CH,CL);

OMe HPLC analysis Daicel Chiralcel AD-H column, n-hexane/+PrOH =

80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =

9.71 min, t (minor) = 12.94 min; 'H NMR (400 MHz, Chloroform-d) §
7.27 - 7.13 (m, 4H), 4.01 (m, 1H), 3.83 (s, 3H), 3.74 (d, /= 5.6 Hz, 4H), 3.54 (s, 3H), 3.46 - 3.30
(m, 2H).BC{'H} NMR (100 MHz, Chloroform-d) § 190.9, 168.2, 167.6, 160.7, 141.9, 134.4, 129.9,

128.2,127.8,126.4, 56.6, 53.1, 52.9, 52.6, 42.9, 39.5.

Trimethyl (5)-2-(3-bromophenyl)-4-oxobutane-1,1,4-tricarboxylate (3ac)?

MeOOC._COOMe Yellow oil (90% yield, 91% ee); [a]p®= +14.4 (c = 1.20, CH,CL);

OMe HPLC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =

80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =

Br 9.58 min, t (minor) = 11.99 min; 'H NMR (400 MHz, Chloroform-d) §
7.45-7.32 (m,2H),7.23 - 7.11 (m, 2H), 4.06 — 3.95 (m, 1H), 3.83 (s, 3H), 3.73 (d, /= 6.6 Hz, 4H),
3.54 (s, 3H), 3.46 — 3.30 (m, 2H).”*C{'H} NMR (100 MHz, Chloroform-d) § 190.9, 168.2, 167.6,

160.7,142.2,131.1,130.7, 130.2, 126.9, 122.6, 56.6, 53.1, 52.9, 52.6,42.9, 39.4.

Trimethyl (5)-2-(3-methylphenyl)-4-oxobutane-1,1,4-tricarboxylate (3ad)*
MeOOC\/COOOMe Yellow oil (93% yield, 90% ee); [a]p*®= +16.82 (c = 0.50, CH,CL);
: OMe HPLC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =

80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =

Me 10.01 min, t (minor)= 12.19 min; 'H NMR (400 MHz, Chloroform-d) §
7.19 - 7.13 (t, /= 7.5 Hz, 1H), 7.11 - 6.96 (dd, /= 9.6, 4.5 Hz, 3H), 4.04 - 3.97 (td, /= 9.0, 5.3 Hz,
1H), 3.85 - 3.79 (s, 3H), 3.75 - 3.71 (d, /= 4.8 Hz, 3H), 3.56 — 3.48 (s, 3H), 3.45 — 3.29 (m, 2H),

2.38 - 2.18 (s, 3H). *C{'H} NMR (100 MHz, Chloroform-d) § 191.2, 168.5, 167.8, 160.8, 139.7,
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138.2,128.7,128.4,128.2, 124.8, 57.0, 53.0, 52.7, 52.4, 43.1, 39.8, 21.4.

Trimethyl (.5)-2-(3-methoxyphenyl)-4-oxobutane-1,1,4-tricarboxylate (3ae)

MeOOC COOOMe Yellow oil (86% yield, 86% ee); [a]p*®= +30.51 (c = 1.20, CH,CL);
J OMe HPLC analysis Daicel Chiralcel AD-H column, n-hexane/+PrOH =

© 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =

OMe 13.36 min, t (minor)= 18.05 min; 'H NMR (400 MHz, Chloroform-d) §

7.17 - 7.05 (t, J= 7.9 Hz, 1H), 6.85 - 6.58 (m, 3H), 4.01 - 3.88 (td, /= 9.0, 5.1 Hz, 1H), 3.79 - 3.72
(s, 3H), 3.72 - 3.69 (s, 3H), 3.67 — 3.61 (s, 3H), 3.53 - 3.40 (s, 3H), 3.40 — 3.21 (m, 2H). *C{'H}
NMR (100 MHz, Chloroform-d) 8 191.2, 168.4, 167.8, 160.8, 159.6, 141.3, 129.6, 120.1, 113.9,
112.8, 56.9, 55.2, 53.0, 52.8, 52.5, 43.1, 39.9. HRMS (ESI): exact mass calcd for C;;H;NaOs*

(M+Na)* requires m/z 375.1050, found m/z 375.10SS.

Trimethyl (5)-2-(4-bromophenyl)-4-oxobutane-1,1,4-tricarboxylate (3af)*
MeOOC\_/COé)Me Yellow oil (95% yield, 91% ee); [a]p®= +16.94 (c = 1.00, CH,CL);
- OMe HPLC analysis Daicel Chiralcel AD-H column, n-hexane/;PrOH =
Brm 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =
14.31 min, t (major) = 15.69 min; 'H NMR (400 MHz, Chloroform-d) § 7.39 — 7.27 (m, 2H), 7.11 -
7.02 (m, 2H), 3.93 (m, /=9.9, 8.7, 5.0Hz, 1H), 3.74 (s, 3H), 3.70 - 3.62 (m, 4H), 3.45 (s, 3H), 3.37

-3.21 (m, 2H). *C{'H} NMR (100 MHz, Chloroform-d) § 189.9, 167.2, 166.6, 159.7, 137.8, 130.7,

128.8,120.4, 55.6, 52.1, 51.8, 51.6, 42.0, 38.3.

Trimethyl (5)-2-(4-methylphenyl)-4-oxobutane-1,1,4-tricarboxylate (3ag)?

MeOOC\/CogMe Yellow oil (94% yield, 90% ee); [a]p**= +5.08 (c = 0.50, CH,CL);

8 OMe HPLC analysis Daicel Chiralcel AD-H column, n#-hexane/+PrOH =
Me o 90:10, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
20.39 min, t (minor) = 22.15 min; 'H NMR (400 MHz, Chloroform-d) § 7.15 - 7.10 (m, 2H), 7.07

(d,/=8.0 Hz,2H), 4.01 (m, /=9.9, 8.6, 5.1 Hz, 1H), 3.80 (s, 3H), 3.74 (d, /= 11.9 Hz, 4H), 3.51 (s,

3H), 3.44 - 3.28 (m, 2H), 2.28 (s, 3H).®C{'H} NMR (100 MHz, Chloroform-d) § 191.3, 168.5,
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167.9,160.9, 137.1, 136.6, 129.3,127.8, 57.1, 53.0, 52.8, 52.5, 43.3, 39.5, 21.1.

Trimethyl (.5)-2-(4-methoxyphenyl)-4-oxobutane-1,1,4-tricarboxylate (3ah)?
MeOOC\_/COCg)Me Yellow 0il(87% yield, 82% ee); [a]p**= +9.92(c = 0.80, CH,CL);
: OMe HPLC analysis Daicel Chiralcel AD-H column, n-hexane/-PrOH
Me0/©/\)‘\g/ = 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor)
= 17.61 min, t (major) = 19.74 min; 'H NMR (400 MHz, Chloroform-d) § 7.20 - 7.12 (m, 2H),
6.84 — 6.76 (m, 2H), 4.00 (m, /= 10.0, 8.7, 5.0 Hz, 1H), 3.80 (s, 3H), 3.76 (s, 3H), 3.75 — 3.68 (m,

4H), 3.51 (s, 3H), 3.43 — 3.27 (m, 2H). *C{'H} NMR (100 MHz, Chloroform-d) § 191.4, 168.5,

167.9,160.9, 158.8, 131.6, 129.1, 114.0, 57.2, 55.2, 53.0, 52.8, 52.5, 43.4, 39.2, 29.7.

Trimethyl (5)-2-(biphenyl-4-yl)-4-oxobutane-1,1,4-tricarboxylate (3ai)*
MeOOCycogMe Yellow oil (88% yield, 86% ee); [a]p®= +16.06(c = 0.40, CH,CL);
- OMe HPLC analysis Daicel Chiralcel AD-H column, n#-hexane/;PrOH =
Ph/©/\)‘\g/ 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =
17.90 min;t (major) = 24.13 min; '"H NMR (400 MHz, Chloroform-d) § 7.60 — 7.48 (m, 4H), 7.42
(dd, /= 8.4, 6.7 Hz, 2H), 7.33 (t, /= 7.8 Hz, 3H), 4.09 (td, /= 9.1, 5.0 Hz, 1H), 3.82 (d, /= 7.1 Hz,

4H), 3.75 (s, 3H), 3.57 - 3.33 (m, SH). “C{'H} NMR (100 MHz, Chloroform-d)) § 191.3, 168.5,

167.9,160.8, 140.5, 140.3, 138.8, 128.8, 128.5, 127.4, 127.3, 127.0, 56.9, 53.1, 52.9, 52.6, 43.2, 39.6.

Trimethyl (.5)-2-(2-naphthalenyl)-4-oxobutane-1,1,4-tricarboxylate (3aj)?
MeOOC._-COPMe Yellow oil (89% yield, 91% ee); [a]p®= +12.12 (c = 1.00, CH,CL);

OO - OMe  pprc analysis Daicel Chiralcel AD-H column, n-hexane/~PrOH =

© 80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
17.12 min; t (minor) = 19.15 min; 'H NMR (400 MHz, Chloroform-d) § 7.82 - 7.75 (m, 3H), 7.70
(d, /=19 Hz, 1H), 7.48 - 7.42 (m, 2H), 7.38 (dd, /= 8.5, 1.9 Hz, 1H), 4.26 - 4.18 (m, 1H), 3.89 (d,
J=9.7 Hz, 1H), 3.76 (s, 3H), 3.74 (s, 3H), 3.54 (dd, /= 18.1, 8.7 Hz, 1H), 3.48 — 3.37 (m, 4H).
BC{'H} NMR (100 MHz, Chloroform-d) § 191.2, 168.5, 167.8, 160.9, 137.3, 133.3, 132.7, 128.4,

127.9,127.6,127.1,126.2,126.0, 125.9, 57.0, 53.0, 52.8, 52.5, 43.2, 40.0.
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Trimethyl (5)-2-(2-thiophenyl)-4-oxobutane-1,1,4-tricarboxylate (3ak)?

MeOOC\_/COgMe Yellow oil (96% yield, 92% ee); [a]p®= +9.44 (c = 0.50, CH,CL);
~ - OMe  yp1C analysis Daicel Chiralcel AD-H column, n-hexane/+PrOH =
\
S O

80:20, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
11.44 min;t (minor) = 13.63 min; 'H NMR (400 MHz, Chloroform-d) § 7.15 (dd, /= 5.1, 1.3 Hz,
1H), 6.93 — 6.86 (m, 2H), 4.37 (td, /= 8.6, 4.9 Hz, 1H), 3.86 — 3.79 (m, 4H), 3.74 (s, 3H), 3.61 (s,
3H), 3.54 — 3.36 (m, 2H). *C{'H} NMR (100 MHz, Chloroform-d) § 190.9, 168.1, 167.7, 160.8,

142.6,126.8,126.0, 124.6, 57.4, 53.1, 52.8, 52.7, 43.9, 35.2.

1,1-dimethyl 4-isopropyl (5)-2-(3-chlorophenyl)-4-oxobutane-1,1,4-tricarboxylate (3al)
MeOOC\/COgMe Yellow oil (93% yield, 90% ee); [a]p®®= +16.90 (c = 0.90, CH,CL);
: Oi-Pr HPLC analysis Daicel Chiralcel AD-H column, n-hexane/7PrOH =

90:10, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major)=

Cl

10.21 min; t (minor) = 12.41 min; '"H NMR (400 MHz, Chloroform-d)

§7.25(t,/=2.0Hz, 1H),7.23 - 7.17 (m, 2H), 7.15 (dt, /= 6.8, 2.0 Hz, 1H), 5.08 (p, /= 6.3 Hz, 1H),
4.01 (m, 1H), 3.80 - 3.68 (m, 4H), 3.53 (s, 3H), 3.44 - 3.27 (m, 2H), 1.31 (dd, /= 6.3, 5.4 Hz, 6H).
BC{'H} NMR (100 MHz, Chloroform-d) § 191.7, 168.2, 167.6, 159.9, 141.9, 134.4, 129.9, 128.3,
127.7, 126.4, 71.0, 56.7, 52.9, 52.6, 42.8, 39.6, 21.5, 21.5. HRMS (ESI): exact mass calcd for

CisH»CINaO;* (M+Na)* requires m/z 407.0868, found m/z 407.0863.

1,1-dimethyl 4-isopropyl($)-2-(4-methylphenyl)-4-oxobutane-1,1,4-tricarboxylate (3am)
MeOOC\_/COc?Me Yellow oil (93% yield, 90% ee); [a]p**= +29.8 (c = 1.60, CH,CL);
- Oi-Pr  HPLC analysis Daicel Chiralcel IB column, n-hexane/+PrOH =
Mem 95:S, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
7.91 min; t (minor) = 8.81 min; '"H NMR (400 MHz, Chloroform-d) § 7.12 (d, /= 8.1 Hz, 2H), 7.07
(d, /=7.9 Hz, 2H), 5.0S (p, /= 6.2 Hz, 1H), 4.05 - 3.95 (m, 1H), 3.79 - 3.68 (m, 4H), 3.50 (d, /=
1.1 Hz, 3H), 3.42 - 3.24 (m, 2H), 2.28 (s, 3H), 1.30 — 1.26 (m, 6H). “*C{'H} NMR (100 MHz,

Chloroform-d) § 192.1, 168.5, 167.9, 160.1, 137.1, 136.7, 129.3, 127.9, 70.8, 57.1, 52.8, 52.5, 43.2,
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39.7, 21.5, 21.5, 21.1. HRMS (ESI): exact mass calcd for C1oH2NaO;* (M+Na)* requires m/z

387.1414, found m/z 387.1410.

1,1-dimethyl 4-isopropyl ($)-2-(biphenyl-4-yl)-4-oxobutane-1,1,4-tricarboxylate (3an)

MeOOC\/CO(g)Me Yellow oil (90% yield, 86% ee); [a]p®= +18.98 (c = 1.00, CH,CL);

/©/g\)‘\n/0i-Pr HPLC analysis Daicel Chiralcel AD-H column, n-hexane/7PrOH =
Ph 0o 90:10, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (minor) =
12.14 min; t (major) = 20.89 min; '"H NMR (400 MHz, Chloroform-d) § 7.57 - 7.49 (m, 4H), 7.44
~7.39 (m, 2H), 7.36 — 7.30 (m, 3H), 5.06 (p, /= 6.3 Hz, 1H), 4.12 - 4.05 (m, 1H), 3.82 (d, /=9.9
Hz, 1H), 3.75 (s, 3H), 3.52 (s, 3H), 3.46 (dd, /= 18.0, 8.9 Hz, 1H), 3.33 (dd, /= 18.0, 4.9 Hz, 1H),
1.29 (dd, J = 8.7, 6.3 Hz, 6H). *C{'H} NMR (100 MHz, Chloroform-d) § 192.0, 168.4, 167.9,
160.1, 140.5, 140.2, 138.8, 128.8, 128.5, 127.4, 127.3, 127.0, 70.9, 57.0, 52.9, 52.6, 43.1, 39.7, 21.6,

21.5. HRMS (ESI): exact mass calcd for C2sHysNaO;* (M+Na)* requires m/z 449.1571, found m/z

449.1566.

1,1-dimethyl 4-isopropyl (8)-2-(2-naphthalenyl)-4-oxobutane-1,1,4-tricarboxylate (3a0)

MeOOC._-COPMe Yellow oil (85% yield, 87% ee); [a]p®= +6.51 (c = 0.90, CH,CL);

OO Oi-Pr HPLC analysis Daicel Chiralcel AD-H column, 7-hexane/#PrOH =

© 90:10, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
17.97 min; t (minor) = 19.54 min; 'H NMR (400 MHz, Chloroform-d) § 7.85 — 7.74 (m, 3H), 7.71
(d,/=1.8 Hz, 1H), 7.50 - 7.41 (m, 2H), 7.39 (dd, /= 8.5, 1.8 Hz, 1H), 5.02 (p, /= 6.3 Hz, 1H), 4.22
(td, /=9.4,4.8 Hz, 1H), 3.90 (d, /= 10.0 Hz, 1H), 3.75 (s, 3H), 3.52 (dd, /= 18.0,9.0 Hz, 1H), 3.45
(s,3H), 3.37 (dd, /= 18.0, 4.8 Hz, 1H), 1.26 (d, /= 5.8 Hz, 3H), 1.22 (d, /= 6.2 Hz, 3H). *C{'H}
NMR (100 MHz, Chloroform-d) § 192.0, 168.5, 167.8, 160.1, 137.3, 133.3, 132.7, 128.4, 127.9,
127.6, 127.2, 126.2, 126.0, 125.9, 70.8, 57.0, 52.9, 52.5, 43.1, 40.2, 21.5, 21.5. HRMS (ESI): exact

mass calcd for C,,H24NaO;* (M+Na)* requires m/z 423.1414, found m/z 423.1411.
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1,1-dimethyl 4-isopropyl (5)-2-(2-thiophenyl)-4-oxobutane-1,1,4-tricarboxylate (3ap)

MeOOC\_/CO(S)Me Yellow oil (93% yield, 90% ee); [a]p® = +8.11 (c = 0.90, CH,CL);
S : OFPr HpLC analysis Daicel Chiralcel AD-H column, n-hexane//PrOH =
\
S (0]

90:10, flow rate = 1.0 mL/min, T = 25°C, UV = 210 nm; t (major) =
12.00 min; t (minor) = 14.31 min; 'H NMR (400 MHz, Chloroform-d) § 7.15 (dd, /= 5.1, 1.3 Hz,
1H), 6.96 - 6.85 (m, 2H), 5.09 (p, /= 6.3 Hz, 1H), 4.37 (td, /= 8.8, 4.8 Hz, 1H), 3.81 (d, /= 9.0 Hz,
1H), 3.74 (s, 3H), 3.60 (s, 3H), 3.52 - 3.31 (m, 2H), 1.31 (dd, /= 6.3, 3.3 Hz, 6H). BC{'H} NMR
(100 MHz, Chloroform-d) § 191.7, 168.1, 167.7, 160.0, 142.7, 126.8, 126.0, 124.6, 70.9, 57.4, 52.8,
52.7, 43.8, 35.3, 21.5. HRMS (ESI): exact mass calcd for CisH20NaO-S* (M+Na)* requires m/z

379.0822, found m/z 379.0817.
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2. NMR Spectra of the Products

OEt

o)
3a 'HNMR (400 MHz, CDCl;)

-

OO~ DHONMSETN OO0 W0t
Bl = e~ @0 00 0 0 ol oo a&H
S SN f——— -

-0.00

T JARRSARRS AR I
s S < % & 3
0o 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
1 (ppm)
= Be o 2 mmn Tor woms -9 @
2 8: 8 g 88G RRE  ghge 99 o
N | I~ = IS I
MeOOC\-/COéDMe
~ OEt
0]
3a 13C{1H} NMR
(100 MHz, CDCL)

T T T
110 100 90 80 70 60 50 40 30 20
1 (ppm)

S13



000
1810
860}
860"
660
o'k
o'k
A
A
ozl
9zl
Z1
8zl
621
621
0E'L
LE'L
el
£E'l
8z'ey
62E
6ZE
zee
g
Ve
VE'E
8EE
o
Ov'E
0F'E~
EF'E
vrE
Gp'E
ZLE
ZLE
vl
GE
06'E
I6E
ZEE
EE'E
vE'E
vEE
96'E
96 '€
0oy
00
o
o
wr
vy
S0
iy
Bl
43
fead
gy
Sz
Rq%

I

=

als
64
0z's
le'd
\Z2
Zz'l
€24
L
S22
SC4
9z's
Frap
6247

OEt

COOEt
O

v_...

EtOOC

3b 'H NMR (400 MHz, CDCl;)

-

- — Fuoe

H_ Froe

(.

|

45

50

55

6.0

6.5

7.0

75

8.0

8.5

1 (ppm)

LEl
mmvv

oril

oor—
PEr—

£S5,
719y
gz9/

L th.

[UF¥
£ .‘K\

¥igh
N.mNPW
GeEl

GEEl—

S09l—

¥ 29k~
LagL”

LLEL—

OEt

COOEt
O

v_...

EtOOC

3b BC{'H} NMR

(100 MHz, CDCl;)

T
110

T
130

1 (ppm)

S14



000

96 01
96 07
g0 1
[

000
v 0
5601

ET}
PE -
SZ'L
SZ 1

LTE

—

OEt

OOi-Pr
@]

i-ProOC._C

_

——

3¢ 'H NMR (400 MHz, CDCl;)

lJb

i) }u !

Jﬁ

75

pooe |

e
00'9
e

e

0L
00z

To.r
Ts.r i

Taa.n

35

4.0

45

50

55

6.0

6.5

7.0

8.0

8.5

1 (ppm)

gel—
[T
gl
§lZ
N

6'6E—
Ler—

g /5—
rze—
689~
69~

L9
o..RHW
g4

€121
v.mmv/
v.mNFW

==

GEEl—

S09l—

5991~
L9

LLEL—

O

-PrOOC._COQi-Pr

3¢ BC{'H} NMR

(100 MHz, CDCl;)

T
110

T
130

1 (ppm)

S18



0g'o-—

pEEq
SE'Eq
ace
or'e
Sre
iFE
L
05
Zse
gsE

rlE"
1A w\

FAN S
1
0ty
14

zT
ET ]
s
9z
8z v
8z i
BZ 7]
oe'y

N

859
0oL
102
80
E0L
E0L
504
104
B4
0z &
\Z s
Zz s
Zz s
€T s
v L
ST
1z
8z s
6T 4

OEt

COC?Me

MeOOC._

__
-
g
~

3d 'H NMR (400 MHz, CDCl;)

ph

waa.N

Fooe

35

4.0

45

50

55

6.0

6.5

70

75

8.0

8.5

1 (ppm)

GEl—

g5e—
@y
@ _‘_wV.

55
8¢5
}'55-
P.mmgN

9Zo—

L th.

[UF¥
¥ .‘K\

hmiv

e
Trel
Tl
£ozl
wmﬁw
€621
£6Z)
VBTl
LOEL
E

L8ShA
rool—
zzaL’
g9l
geol

§l6l—

3d BC{'H} NMR

(100 MHz, CDCl;)

T
110

T
130

1 (ppm)

S16



00—

e
_.m_‘W
EEL

0E'EY

PEE
SEE
SEE
SEE
ar'e
AP E
are
G e
ese
gse
FSE
FeE
cLE
rae

g
a9
€89
€89
o
SEe
SE9
ABG
ABQ
FA
FA
Gh4
614
0z s

A

COOM
5 e

MeOOC._

i
o

"

3e 'HNMR (400 MHz, CDCl;)

00

Feoe

Fooe

10 05

148

20

25

3.0

b

40

45

50

55

6.0

6.5

7.0

748

8.0

85

1 (ppm)

GEl—

£ie—
£r—

£¢5
w.wm\
Frs
N.mm\‘
29—

Fa=TA
0 ..KW
gLl

0L

SOEl—
02~
LEEl—
SoEL"

€451 —
09—

E89l~
&89

ZZ6l—

i
Q

COOM
S e

v_...

MeOOC

3e BC{'H} NMR

(100 MHz, CDCl;)

20

40

0

1 (ppm)

S17



00'o-—

ZZE
EZE
1Z€
8z €
LEE
66
9gE
8cE
ar e~y
49E
49E
Boe’
PEE
SHE
96 E
1GE
86 €
00r
i
6Lt
VT
zz b

e
cee
FEG
reo
L]
ABQ
Geo
168
969
ag e
L
Py
als
gL
gL

CL e L Lt i

I

ol g

)

3f'H NMR (400 MHz, CDCl;)

=

)
-

l

Fooe

Evoz
Fooe
Feov
FooL
Fooz

%’oo.N
~00°L

el

35

4.0

45

50

55

6.0

6.5

70

75

8.0

8.5

1 (ppm)

GEl—

ggE—
g —

9 Nmu\i

2Zs
L wm\‘
9¢e—

L th.

[UF¥A
£ .‘K\

7ril
gril
08
mmiuw.
e}
m.mmvv

Loel
N.omvv

£Zrl
_ww__lv

o9l

) ,‘wPV
GEIL—
948l
N.mwv\

£l6l—

(100 MHz, CDCl;)

Vb

e il

L |

T
110

T
130

1 (ppm)

S18



o0'o—

E'L
€€ _‘v
GE'L

0EEY
158
FEE
SEE
9E'E
2e'e
ore
crE
e
PSE
£LE
¥LE
SLE
a8'c
ooy
o'y
oy
oy
oy
Qv
O'v
yer
STy
STy
ST'F
9y
9y
P
ar
Ky
61
0E'y
0E'w”

vl
vlL
52
L2
al'z
al'z
aLs
Bl2
0z
0z 27
02 4]
4
14
s
VTl
5zl
A
A

T

OOM
FMe

MeOOC._C

i
o

Cl

IS e

5
A
O
N
an
> _
g —=
2
=
Z
B
o0
o

=00e

baoz
S
oy
Foot
Fwz

Foov

35

4.0

45

50

55

6.0

65

70

75

8.0

8.5

1 (ppm)

5El—

SBE—
aZr—

9ZE
G Nmuu\‘
995
Lea—

294
o..RW
g4

¥OZl
h.hN_‘W
wmwv\
m.mwv\
Frel
glrl—

€09l —

929k~
zaal-"

16—

CO&Me

MeOOC._

|
o

cl
3g BC{'H} NMR

(100 MHz, CDCl;)

1 (ppm)

S19



00—

39
mmrv
SE'L

el
1A
WA
8149
61 49
0z i
12 iy
TS
[N
wwhzw
WA

PE 2

ors

|

3h 'H NMR (400 MHz, CDCl;)

1_L4 Lluux

I

=L0E

m,_‘s.w

L00¢
Souy
ool

m\,oo.w

rooe
LWL
w\rcc.r

0.0

0.5

1.0

15

2.0

25

30

3h

40

45

50

548

6.0

6.5

70

75

8.0

85

1 (ppm)

00—

5El—

SEE—
azZr—

TS
6 meu\‘
L85
Lea—

294
o.tv
g4

9T~
692
N.DEW
LOEk~:
z el

Zzrl

Fogl—

929k~
zaal-"

£l6l—

3h BC{'H} NMR

(100 MHz, CDCl;)

1 (ppm)

S20



00'0—

BEE
cre

ZS ey

ELE
FLE
FLE
SLE

66E
00F
oy
ey

EOF
4] h
ETp
SZr
SZr
gir
PAA 4
LTy
6

CO&Me

MeOOC._

OEt

1L

b

3i '"H NMR (400 MHz, CDCl;)
JJ}

%cc.w

00

05

1.0

15

20

245

0

35

40

45

50

55

6.0

65

70

75

8.0

85

1 (ppm)

GEl—

£6E—
0er—

YETE
G Nm\.
L4997

99—

Vil
w.t\

g8zl
SBZL-

seel
gael—

Fogl—

[ei: TN
zea

¥lel—

CO&Me

MeOOC._

OEt

3i ®'C{'H} NMR

(100 MHz, CDCl;)

100
1 (ppm)

10

120

S21



oo

gt
AN _‘W
FEL

4ZEy

gL e

a6e
00F
oy
AR a1

£0 7

gzy

EV Ly

EVL
=LA
=1 S

1T
BE L
oy £
o
s

—  F00t

—
> waaﬁ
\Mu h}ed

00

yHL |

e

- @)
w A
© O] O
= £
mo M hIJ\_ ooz
m L 002
v_:. N (
O &
Q =
? z
= an
Qs

10 05 00

15

80 75 7.0 65 60 55 5.0 45 40 35 3.0 25 20
1 (ppm)

85

GEl—

PEE—
5Zr—

TS
6 N@N‘
2957
Lea—

494
0Ll
vil

glZl—

BEZ1~
gle—

g8l —

Fogl—

g9k~
zaal-"

¥ el —

(100 MHz, CDCl;)

10 100 80 70
1 (ppm)

120

S22



00—

621
0E'L
e}
ZE'L

BTz —
aze
8zE
1>
ZEE
9g'E
BEE
IPE
Ere
0G5 E~
gl
pLE
are’
I6€
86 mu
66 £
L0t
Z0'p
£0 1
1zt
7z
£z v
£z i
sZy
STy
9z
iz
iZv

904
mo.;r
LL

[
EVL
EVL

FXAF

COOMe
0]

MeOOC

CO,Et

Me

3k 'H NMR (400 MHz, CDCl;)

Fo0g

Foot

e
L0z

0.0

0.5

10

15

20

25

30

35

4.0

45

50

55

6.0

65

7.0

75

8.0

8.5

1 (ppm)

SEl—

0le—

98E—
CEr—
55

L qu

b5
579—

Loz
P_RW

AR
AR
LElN
it

S09l—

6491
geal”

g6l

COOMe
0]

MeOOC

CO,Et

Me

3k BC{'H} NMR

(100 MHz, CDCl;)

1 (ppm)

S23



0g'o-—

s7Eq
aze
62 €
IEE
ag'e
Bee
or'e
Zre

LEENE

glE
ELE
rlE
9l€

gLy
rir

i3l

OEt

COOMe
@]

v_...

MeOOC

(-

L

ll

D

MeO
31'H NMR (400 MHz, CDCl;)

N

I

Fuoe

w
[tz
L00°¢
70!
00'L
ﬂga

m_

Fooe

ooz

35

4.0

45

50

55

6.0

6.5

70

75

8.0

8.5

1 (ppm)

GEl—

£BE—
EEr—
§Zg

1257
A=

z hm\
29

L th.

[UF¥
¥ .‘K\

Ovhl—

LeZl—
gLEL—

2851~
509k
6291
5891

glEl—

OOMe
@]

MeOOC._.C

(100 MHz, CDCl;)

T
110

T
130

1 (ppm)

S24



0oo-—

CEEY
FEEY
LEET
8EE
Fre
9 £
ar mJW
1§ €~

Z5EY
9g m\

ob'y

gLy
eg w/ﬂ
vy

sTh
9zt
9Tk
sz r
8z pl
I
0EL
15
LEL
ZE L
ZE L
EEL
PE L
PE L
s€ £
oF £y
or L9
s
V¥ L
e 4
Bt L
052
052
15 2]
25 21
75
£S5 L
pS L
(&N
vS 2|
85 £
95 £
952

OEt

CO&Me

MeOOC._

=

Ph
3m 'H NMR (400 MHz, CDCl;)

<

_—

Jm =00

wr
e
00
00k

H‘_‘.u.u.N

W__faa”_.

35

4.0

45

50

55

6.0

6.5

7.0

6.0

85

1 (ppm)

5El—

98E—
Ler—

55

929—

0Ll
thvw
¥ L2l

=
3=
g8el
m.aﬁW
Sorl

S09L—

6491~
real”

L6 —

(100 MHz, CDCl;)

70

100
1 (ppm)

110

S25



000— — P
[
P
6EL—
-
AN =" 00t
oz
8zl Lo
L or—
= VEr—
o
5257
188 Lo 8257,
8e £ 0’
LPEY 529
Zre _
SrE Fem
05€ Jos
LG 31
e W == Loy | Vi
S5 ENE w 20 [
BiEn Fooe
e »00°L
BB E~ -
- <2
8P Mloo.m £
gLy ﬁ k e
IR o F
0z ¥
0¢ b
e 652!
& 1 = 082k
ber 92l
berl Vi~
{24 L 9.2
o - 6.2
ezl
> £TE
- 5 £EEl
m € I8l
L Q Lo
e 3 S09L— )
L€ 4 N N
oe & = g9k~
e = I~ geL Qo
e 3
Pyl o . 9
S S Foot |,
5P L < e 2 .
ar s/ ~ 0L
— .
0Ls (a4 —— loot . 3
022 p s 18—
= o)
VoL e
9L L Z. O
i
) mn o 2
8Ll
624 [
on
L=

S26

1 (ppm)

(100 MHz, CDCl;)




MO — — 0000000 T W T O M M MM 070000 e e 00 O W0 W0 W0 WD T T T M = M
P P P P P (D (D 0D (0 (0 (0 (0 (0 60 W T T T T T T T T 0007 0000 00 (0 00 00000000 m —
[ _ [

= ez S

30 'H NMR (400 MHz, CDCl;)

1l

-0.0

j‘.‘-b—
S
—

:{?
f’

7 7

[-X-N~-] oo ST ™M =

g8s g8 8538 g

- -~ MmN [g]

85 80 75 70 65 60 &5 50 45 40 35 30 28 20 15 10
1 (ppm)
« =~ 3 ~ ~aa pe—— @0 < 00 @ I @
& B8k 8 g K&3 [y £ P o I o
=4 22 = = o= [ g N 0 15 10 1D = [l =
N N ~N [ | I

OEt

30 BC{'H} NMR

(100 MHz, CDCl;)

T r T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

S27



00'o-—

1EE
ZeE
1
IEE
BEE
IPE
gre
sre
gse
zLEY
plE
9l€
L2 ey
zee
10
zo'
g0
S0
o
07
629
629
629
089
153
159
189
z89
£5'9
€59
P& o1
5 99
S6 9
5599
98'9
PEE]
989
659
204
£0 47
E0s ﬂ
PO s

S04
S0L
zz s
vz L
E&
9z 41
oz 4]
iz 2|
8z s

3aa '"HNMR (400 MHz, CDCl;)

-

I8 0Z
B e
+00F
o0
ool

Fuwe
*-00°1
POl

35

4.0

45

50

1 (ppm)

SeE—
oer—
o]
8¢5
LES
h.wm\

L th.

[UF¥A
£ .‘K\

7ril
gril
08
mmiﬁ.
LEC)
m.mmvv

Loel
N.omvv

£Zrl
_ww__lv.

09l

g EPV
oral—
99—+
N.mwr\

6061 —

MeOOC

3aa BC{'H} NMR

(100 MHz, CDCl;)

4

" L

T
110

T
130

1 (ppm)

S28



0g'o-—

IEE
EEE
I
LEE
ace
ore
Ere
Sre
FEE
mhm./
FLE
L€
mmm\
66E
00t
Loy
Loy
eor
eor
g0y
O

OOM
$Me

MeOOC._C

o
=
@)

—

L Fioz

Looe
- Foov

DJ Fue

J oot

Foov

3ab 'H NMR (400 MHz, CDCL)

35

4.0

45

5.0

55

6.0

6.5

7.0

75

8.0

85

1 (ppm)

SBE—
6er—
]
625
VES
w.wm\

L th.

[UF¥A
£ .‘K\

ozl
m.hNFV
Z8Z1
m.mN_‘“
¥rel
§irl—

£091—

T8k~
zesL”

6061 —

CogMe

MeOOC._

o
=
o

Cl
3ab BC{'H} NMR

(100 MHz, CDCl;)

I

10

20

210 200 190 180 170 160 150 140 130 120 110 100 90 a0 T0 60 50 40

0

1 (ppm)

S29



0g'o-—

e
gee
gce
gee
gee
are
ere
sre
pSE
AN
piE
sl
cas’,
I5€
86 €
86 €
0ok
o
Lor
Zor
€0 pd

H(cc.w

e
v

3ac 'H NMR (400 MHz, CDCl;)

00t
pook

D

Fooz
Fooz

ik

35

4.0

45

50

55

6.0

6.5

70

75

8.0

8.5

1 (ppm)

reE—
6er—
]
625
VES
w.wm\

L th.

[UF¥
¥ .‘K\

92z
59Zh

NGQW
L0Eb

Vel

Zrl—

£091—

g9l
zesL”

6061 —

OOM
PMe

MeOOC._.C

o)
=
@)

3ac BC{'H} NMR

(100 MHz, CDCl;)

T
110

T
130

1 (ppm)

S30



00'0-—

L
5&.
804
poL
qI\\\w
a1

I

3ad 'H NMR (400 MHz, CDCl;)

(-

V
i
S8
-

Rore
oo
E0E
00€
TE0l

T
0o

T
0.5

10

156

20

25

T
3.0

T
35

4.0

4.5

T
50

7.0

Th

85

1 (ppm)

Ple—

aee—
VEF—
s
L'e5
0es
o.hm.\w

Fa=TA
0 ..KW
gLl

avel
NmN_‘W
.wmw_‘\
2821

ZEEL™~
LBEVT

2091

8791
5891

[As1

o)
=
O

COOM
5 e

v_...

MeOOC

3ad BC{'H} NMR

(100 MHz, CDCl;)

] W\J‘l

T
110

T
130

1 (ppm)

S31



00—

zze
vz e
1Z€
8z
ZEE
PEE
ar e~
EER
¥ mM
(7
ZEEF
g6 €
pE e
56€
96'€E
B6'E

999
A00
age
699
[FA=]
[N
[
rlo
mhwg\

04
NFNW
LA

(0]

MeOOC\-/COOMe

A

==

OMe
3ae 'HNMR (400 MHz, CDCI3)

<

e
voe
€0
mmo.m
16C

Toou |

Wg.m

Foo

8.0 75 7.0 65 6.0 55 5.0 45 40
1 (ppm)

85

GE6E—
VEr—
5'Z5
25
0ES
N.mm.%
5895

Fa=TA
0 ..KW
gLl

gZl—
m.m:‘\
Loz —

g8Zl—

£lrl—
9EGL~
091"

8791
ragL”

ZBl—

(0]

MeOOC\-/COOMe

OMe
3ae 13C{IH} NMR

(100 MHz, CDCl;)

T
110

T
130

1 (ppm)

S32



00—

1ZE
EZE
9ze
LT ET
oge
ZEEY
FEE
LEE

Sre
k] m./

99g
.\.wmw
PLE
o6E
|EE
EEE
EGE
EGE
pEE
SGE
LR

E{U
a0 s
A0L
L04

0z i—

425
e s
ve L
LA

OMe

CO&Me

MeOOC._

O

Br

L 20T

U.m Ws.n

o0y

=, Fo0t

-« ol
-
O
A
O
N
o

m —— Foe

AO_. —_— ooz
N—
a4
=
Z
s
(e
<
on

15

20

245

30

35

40

45

5.0

55

60

65

70

75

80

85

1 (ppm)

o

FoZl—

=
LOEVT

gLEl—

LESL—

99k~
e

gE8l—

3af BC{'H} NMR

(100 MHz, CDCl;)




00—

8z ey
0g'e
gce
pEE
ace
or'e
zr'e
pre
1S
gL m/
gle

=

whm.\

g5 ¢
86 €
0ok
0ok
o
Lop
zZor
pO bl

904y
ags
(10
(10
(AW
mvh\
mv.:
PV

OMe

CO(?Me

MeOOC._

o)

Me
3ag '"H NMR (400 MHz, CDCl;)

i

1 (ppm)

J—

=20t

Fsoz
Rope
10T
E oo
ool |

00z
wm e

50

55

6.0

6.5

7.0

75

8.0

85

bie—

A
€621

FOEL~,
Vel

6091 —

5 29h~
e

16—

MeOOC\-/CogMe

[}
=
o

3ag *C{'H} NMR

(100 MHz, CDCl;)

30 20

40

0

T T T
110 100 90

T
120

1 (ppm)

S34



0g'o-—

iZE

oge

6.9
oge
lgs
[3:3=]

L
Shd
L
FAa

FXAPA

OMe

CO(S)Me

MeOOC._

|

B

MeO

3ah 'H NMR (400 MHz, CDCl;)

U

Fuz
ot
0¥
00°¢
“00€
L0071

Fooz

Fooz

35

45

50

55

6.0

6.5

70

75

8.0

8.5

1 (ppm)

LBe—

CEE—
PEr—
5'Z5
25
0ES
N.mm\
245

Fa=TA
3 ..KW
vil

[

bezl—
gle—

85—
G091

5290~
e~

¥IBL—

OCS)Me

MeOOC._C

OMe

MeO

3ah BC{'H} NMR

(100 MHz, CDCl;)

1 (ppm)

S35



S36

1 (ppm)

000-— =
[
=
=
M W
R 9BE—
J zer—
L= 978
o 525"
15
- 957
St B
BEE
OFE
sre e BEN
e v/
Z5E * "
et — ws o
SLEN ) .
] i
£QE Forl [ =
90r s
=N
90r =
80F s
80y =
okt 02h
Hr - 0Zh
ek o £Zh
!
mmﬁﬁ
| gzl
w g8Ekn
£0rl
- sor”
o O <
9z = w
wm w S e 2091
1 [0} 3 091 —
EE {1 s (@) m
e 8194~
SE 2 Qo M | o 5881~
e s e ~
. C o
ﬂ“ %W =) MUL e
v ik v_:. N — W=
£y &ﬂ R /) W
pr L (@) £lE—
05 2] o) > -
25 /] o e
v ] D Z
bG L
95 /4 = 1H -
95 /] % - [eo
5]
on
L=

(100 MHz, CDCl;)




o00'o-—

8EE
or'e
Er'e
pre
ar'e
1GE
e
S5E
BsE
pLE
ase~t
BEE~
o5e”
6l
1z
zzr
zzr
£z
ET
b b
5T

a9z 7
9g s
ey
BE L
BE L
gL
by L
Sp's
Sh s
ot s
044
044
ass
ey
vy
8l
624

.

e

=

)

R

|
)
Q
N
oy
=
o

g =

& I.IMlIM
=
Z
=
‘"
S

00°r
WS.F

00°g
i 10°g
001

o0

Lo
we
+00°L
Fz0t

0.0

0.5

1.0

156

20

25

30

358

40

45

50

55

6.0

65

7.0

75

8.0

85

1 (ppm)

E5Zhy

5521
D.wN_‘W
fa=rA

Vi)
9Ll

“F
mhwv%
Fazhr
Leeky

EEEL]
€817

E091—

8791
5891

Gl

(100 MHz, CDCl;)

T
110

T
130

1 (ppm)

S37



727
716
716
715
714
§.92
§.92
§.92
691
691
689
688
.88
6.87

MeOOC\-/CO(S)Me

OMe

X
\S 0

3ak 'H NMR (400 MHz, CDCl;)

D@D DD T — T o OO e O
F MM 0O R MO0 T T
= T 0900 0000 09 0000 00 00 0
[ )

t

341

337
3.36

/
X
i

0.00

oo T i R
g 8 g 5583
- ™~ - = MmN
86 80 75 70 66 60 55 50 45 40 36 30 25 20 15 10 05 00
1 (ppm)

o [ o 0w = Ok =W @ ™

(=7} 0w o =T IRl - P W P DN O [w] W

=4 £z = = o2z Nl ey SWww 5 o]

Vo ! NP 3P T

MeOOC._-COOMe

OMe

\_s 0
3ak *C{'H} NMR

(100 MHz, CDCl;)

T T
110 100
1 (ppm)

S38

T
90

a0

T0



00—

6C1
gL
LE'L
A

8ce
6CE
CEE
EE'E
9g'e
aee
LFE
£re
£5E
g4 mJ___

FLENL
9.8

26°€
G6E6'E
ooy
ooy
Lo
Lo
oy
oy

S06
06
206
606G
LS

Ay
[
514
914
914
114
8l
Bl
0z 4%
oz
0z ¢
1z 4
1z 2
zz 4
T ]
5z
mm.ﬁ
174

6
3

L

icy

== I

= r

2y

3al '"H NMR (400 MHz, CDCl;)

= I

—= T

;

009

e
00’
oy

[

wi

00’k

we
00’k

45

50

55

6.0

6.5

7.0

75

8.0

8.5

1 (ppm)

SR TA
= FNV

96e—
2r—

928
m.mmv
295
VAN
29
[

¥agl
k_..k_.wvufr

€8zl
m.mmf\\
¥ rEL
Girl—

6651

- 1R
zeoL”

LBl—

in

S
%
o

O(S)Me

MeOOC._.C
3al “C{'"H} NMR

(100 MHz, CDCl;)

1 (ppm)

S39



AT
az'l
621
o'l

azT—

¥CE
SZE
62E
0EE
SE'E
E'E
6E'E
TP E~E
0s'e

3=} mw
¥LE
L€
9.€
LBE
age
66'E
66'E
00w
o'y
0%
c0's
¥0'S
708
S0S
9a0's
06
a0s

e T

904
804
[1s
[
gl
gl
s

e

Oi-Pr

CO&Me

MeOOC._

0]

Me
3am 'HNMR (400 MHz, CDC13)

L

[

J

P09

Fioe

€T |-
R 10°e
Fooy

m‘aa.—. |

e
£ e

35

40

45

5.0

55

6.0

6.5

70

75

8.0

85

1 (ppm)

Lge—
ZEr—

S'Z5
m.mm\V
[Wise

204~
Fa=TA
0Ll
ril

GLll~
€62

LOEL~
L er

bogl—

5290~
gaaL-"

Lzel—

S
%
O

3am “C{'H} NMR

(100 MHz, CDCl;)

20

1 (ppm)

S40



o00'o-—

LT
821
621
el

EEA

g
S

I I

3an 'H NMR (400 MHz, CDCl;)

il

{009

Boo1

00e
00
H/.u.u._.
Ok

FooL

+00°€
007
Eoy

35

4.0

45

5.0

55

6.0

6.5

7.0

60

85

1 (ppm)

S41



Sl
9 _.NV.

L'BE—
LEP—

975~
6257
045"

VAN
282
V2
vt

022y
gzl
v izl
gazyf
g8zl
FBEL
zovl
son”

0zel—

COOM
o) e

v_...

MeOOC

Oi-Pr

3an BC{'H} NMR

(100 MHz, CDCl;)

1 (ppm)

00'0—

1z
€'l

il

7EEq
SEE
6EE
or e
SPE
are
67'E
[1=R o0y

wmm\

S.E
6%
oy

7z
g2y
A
86t
10

c0's
705
S0S

94
L84
2es
6E2
or'd
£ LA
wpL
Sp'd
ap's
ar's
04
Lis
9427
L2
L2
8L
622

MeOOC _ COOMe

(-

.

156

Jllk

Oi-Pr

O

C

3a0 'H NMR (400 MHz, CDCl;)

G

I

00¢
K €0e

00°L
MS.H
00')
Fue

Fuo

Foou

[oot

Woo._.
Wz
o'l
L0'E

00

05

1.0

20

25

30

35

40

45

50

558

6.0

65

70

75

8.0

85

1 (ppm)

S42



192.0

oo
@&

S 2SS

—160.1

Oi-Pr

3a0 BC{!H} NMR

(100 MHz, CDCl;)

_~57.0

e
<

529
525

—431
—40.2

215

215

<

.

110
1 (ppm)

120

I €D (D 10 =T O €4 v — ) O3 00 P~ 04— 3 00 0 O 0P~ 60U T O T
Ne———— 00000000 —— 00000000 M
P Po P P T 0D 60 @0 60 60 60 0 0 LD W0 W0 WD D T T T T T 000 M)

%

MeOOC._-COQMe

Oi-Pr

0]

x
\S

3ap '"H NMR (400 MHz, CDCl;)

1.00 [5._

1.00-T
2.00-]

100

90

50

40

133
132
131

30

130

{

20

-0.00

| 100 })t

45
1 (ppm)

85 8.0 75 7 6.0 55 50

(=)

6.5

S43

40



7 AV RN
MeOOC._-COPMe

Oi-Pr

\_s 0
3ap “C{'H} NMR

(100 MHz, CDCl;)

7T
771
768

¥

o

709

574

52.8
527

s

—438

35.3

215

20 21|0 200 180 180 170 160 150 140 130 120 11|0

100
1 (ppm)

S44



3. HPLC Charts of the Products

MeQOC CO&MB
CO,Et
racemic sample:
£00 [ £00
§
250 J | 250
S
0 AN e 0
00 25 5.0 75 100 125 15.0 17.5 200 25 25.0
Mrues
Results:
Time Area Area% Height Height%
11.338 11502820 49.884 634118 52.980
12.570 11556180 50.116 562783 47.020
Totals 23059000 100.000 | 1196901 100.000
asymmetric sample:
300 4 r - 200
200 3 E 200
B
__D'
= o
100 & E 100
.
E o 3
g -——JL—““‘—M‘—#H‘”—A o
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Minutes
Results:
Time Area Area% Height Height%
11.602 5600099 96.009 292929 95.954
12.910 232775 3.991 12352 4.046
Totals 5832874 100.000 305281 100.000

545

Vats

Vaits



EtO0C COcSJEt

CO,Et
racemic sample:

750 ) . 750
500 | [ 500
‘ 250 1 I o

o\
0 f—Jﬂ'\_ , "E L=l 0
o 2 4 & 8 10 12 14 18 18 2
Mrutes
Results:
Time Area Area% Height Height%
9.443 12461780 51.218 765253 53.497
11.395 11869148 48.782 665199 46.503
Totals 24330928 100.000 | 1430452 100.000
asymmetric sample:
] l
400 3 “ 400
’ 200 8 200
=
0 7 - = L0
00 25 50 75 100 125 15.0 175 200 225 250
Mrutes
Results:
Time Area Area% Height Height%
9.008 636041 6.958 45236 8.024
10.827 8504647 93.042 518543 91.976
Totals 9140688 100.000 563779 100.000

S46

Vas

Vat



i-PrOOC Cogf-Pr
CO,Et
racemic sample:
500 - ) - 500
,;. |
> 250 L 250
0 I~ ‘_ ; b . | 0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
10.467 10440191 49.947 605618 55.029
13.033 10462323 50.053 494917 44971
Totals 20902514 100.000 | 1100535 100.000
asymmetric sample:
200 [ 200
§ 100 [ 100
o
' p
Q_‘__,._,—_,_.lf\‘hh_/.\—.h\_ﬂ—ﬁf)] T ‘_ ‘\I L0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mnutes
Results:
Time Area Area% Height Height%
9.110 246754 4,998 8199 3.929
13.113 4690089 95.002 200481 96.071
Totals 4936843 100.000 208680 100.000

S47

Vats

Vats



MeQOC CO&Me

CO,Et
F
racemic sample:
1000 4 1000
2 504 (‘ | 500
0 A\ IJé ¢ .-l‘- | p— L0
0 10 15 20 25 20 35
Mrutes
Results:
Time Area Area% Height Height%
9.100 19871533 50.674 1115302 54.061
10.950 19343297 49.326 947748 45.939
Totals 39214830 100.000 | 2063050 100.000
asymmetric sample:
750 | 750
" [ 500
250
[0
0 10 15 20 25 0
Mrutes
Results:
Time Area Area% Height Height%
9.045 14069328 91.038 841674 91.692
10.863 1384972 8.962 76264 8.308
Totals 15454300 100.000 917938 100.000

S48

Vas

Vat



racemic sample:

MeOOC

COOM
5 e

OMe

OEt

1500 . 1500
1000 . } [ 1000
, 500 - | 500
B,
0 /_‘_‘U,&_'ﬁr)-s_..]_ 0
00 28 5.0 75 100 125 15.0 175 200 225 25.0
Mrute
Results:
Time Area Area% Height Height%
9.058 25682381 50.482 1482910 56.304
11.485 25192064 49518 1150855 43.696
Totals 50874445 100.000 | 2633765 100.000
asymmetric sample:
750 ] | 750
500 - 500
) 250 % [ 250
- =
0 TA ¥ l_,ék_l I Fal| 0
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
9.095 12172161 93.114 756929 94.627
11.683 900138 6.886 42977 5.373
Totals 13072299 100.000 799906 100.000

S49

Vas

Vats



MeQOC COgMe
CO,Et
racemic sample:
750 4 [ 750
500 [ 500
i 250 [ 250
0 o S L = = 0
0 2 4 8 g8 10 12 14 18 18 20
Mnutes
Results:
Time Area Area% Height Height%
9.010 13240711 49.643 761344 54.665
11.603 13431347 50.357 631391 45.335
Totals 26672058 100.000 | 1392735 100.000
asymmetric sample:
750 [ 750
5 - Lo
250 % [ 250
?k -
0 I-)f,- | Il\J 0
09 25 50 75 100 125 15.0 175 200 25 250
Mnutes
Results:
Time Area Area% Height Height%
8.840 12020711 92.715 834668 95.067
11.357 944495 7.285 43313 4.933
Totals 12965206 100.000 877981 100.000

S50
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MeQOC COgMe
CO,Et
Cl
racemic sample:
400 = 400
2 0] 200
; N
0 --——-—-—-—'—‘L—o‘\-—nﬁ | — e -0
00 25 50 75 100 125 15.0 175 200 225 25.0
Mrutes
Results:
Time Area Area% Height Height%
8.752 7568497 48.131 470996 56.871
11.438 8156431 51.869 357183 43.129
Totals 15724928 100.000 828179 100.000
asymmetric sample:
1000 4 L. 1000
2 500 4 | 500
;.‘3
0 —< Ll ool 0
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
8.377 18807653 95.450 1130786 95.484
10.753 896475 4.550 53482 4516
Totals 19704128 100.000 | 1184268 100.000

SS1

Vas

Vats



racemic sample:

MeQOC

Br

COgMe

*

CO,Et

1000 L 1000
3 5004 500
0 y  — Lo
00 25 50 75 100 125 15.0 175 200 225 25.0
Mrute
Results:
Time Area Area% Height Height%
8.770 15280966 48.654 916455 55.874
11.423 16126217 51.346 723763 44126
Totals 31407183 100.000 | 1640218 100.000
asymmetric sample:
1000 1000
2 50l | 500
e
04 A @L |] Al 0
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
8.912 18888454 96.174 1086958 96.353
11.640 751424 3.826 41146 3.647
Totals 19639878 100.000 | 1128104 100.000

S52
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MeOOQC CO&MB
CO,Et
Cl
racemic sample:
1000 .} 1 | 1000
2 =00 [ 500
0 N N Y ) | = :: = I —— 0
00 25 50 75 100 125 15.0 175 200 225 25.0
Mrutes
Results:
Time Area Area% Height Height%
11.675 25366757 51.732 1045963 52.362
12.720 23668468 48.268 951615 47.638
Totals 49035225 100.000 | 1997578 100.000
asymmetric sample:
1000 .} [ 1000
sl 0 | 500
Ire
. i A ' 0
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
11.595 1544381 5.244 85258 6.407
12.520 27907473 94.756 1245531 93.593
Totals 29451854 100.000 | 1330789 100.000

S§3

Vas

Vat



MeOOC CO(g)Me

COOEt
Br
racemic sample:
400 3 L 400
£ 200 [ 200
o X I I_l?‘} AW | —— o
00 25 5.0 75 100 125 15.0 175 200 25 250
Mrutes
Results:
Time Area Area% Height Height%
12.172 8444736 51.549 377900 53.001
13.308 7937332 48.451 335111 46.999
Totals 16382068 100.000 713011 100.000
asymmetric sample:
1000 W | 1000
g 500- ' | 500
’ 8
:
. = - ]f\J] m | 0
00 25 5.0 75 100 125 15.0 17.5 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
12.667 1161263 4977 60822 6.018
13.775 22169401 95.023 949925 93.982
Totals 23330664 100.000 | 1010747 100.000
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MeOQOC COgMe
CO,Et
Me
racemic sample:
500 - ﬁ | L 500
2 250 L 250
0 A S SIS | o
0 10 15 20 25 2
Mrutes
Results:
Time Area Area% Height Height%
14.833 17040630 49.210 599424 52.255
15.908 17587777 50.790 547687 47.745
Totals 34628407 100.000 | 1147111 100.000
asymmetric sample:
300 3 E 300
200 3 E 200
& 100 4 g [ 100
0 — N — Ijj} T S — 0
0 5 10 15 20 25 2 35
Mrutes
Results:
Time Area Area% Height Height%
15.870 7407112 95.556 289459 95.375
17.038 344482 4.444 14038 4.625
Totals 7751594 100.000 303497 100.000

SSS

Vas

Vat



MeOOC COgMe
CO,Et
MeO
racemic sample:
500 ( 500
. L\ [ 250
) B
S I N\ 5
00 25 50 75 100 125 15.0 175 200 225 25.0
Mrutes
Results:
Time Area Area% Height Height%
14.182 12800035 52.373 550829 54.830
16.130 11640064 47.627 453781 45.170
Totals 24440099 100.000 | 1004610 100.000
asymmetric sample:
400 4 400
g 200 4 ‘ . 200
= o
:
0] ~ - 3 SRy §
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
14.080 484216 4871 21942 5.663
16.040 9457193 95.129 365492 94.337
Totals 9941409 100.000 387434 100.000

SS6

Vas



MeOOC CO(%)MB

CO,Et
Ph
racemic sample:
e-oo_ i L 800
: S
(=]
s 4003 X E 400
200 200
[iu)
0 ~ A ™, I T i: l jj | 0
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
15.263 18880977 49.064 684555 67.026
19.677 19601275 50.936 336766 32.974
Totals 38482252 100.000 | 1021321 100.000
asymmetric sample:
500 | 500
.E
2 2504 § L 250
o L
0 S A Ij\-l ] E | 0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mrues
Results:
Time Area Area% Height Height%
15.325 2033784 5.598 84255 13.008
19.432 34294483 94.402 563468 86.992
Totals 36328267 100.000 647723 100.000

S§7

Vot

Vans



racemic sample:

MeOOC

90

COgMe

CO,Et

1000 < W - 1000
8 500 .} | 500
e P
0 o~ M - ?k/’ E\ | 0
00 25 50 75 100 125 15.0 175 200 225 25.0
Mrutes
Results:
Time Area Area% Height Height%
14.868 36902993 47.841 1179318 53.720
16.793 40234329 52.159 1015990 46.280
Totals 77137322 100.000 | 2195308 100.000
asymmetric sample:
500 500
,él 250 4 - 250
0 - 0
00 25 50 75 100 200 25 25.0
Results:
Time Area Area% Height Height%
14.952 14405237 95.044 558242 95.518
16.872 751194 4,956 26196 4,482
Totals 15156431 100.000 584438 100.000

S58
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racemic sample:

MeOQC

\ S

COgMe

1000 - , [ 1000
2 - ‘ 500
0 e = -0
0 5 10 15 2 25 2 35 40
Results:
Time Area Area%  Height Height%
9.277 18132299 48.908 1245217 52.568
10.827 18941946 51.092 1123540 47.432
Totals 37074245 100.000 | 2368757 100.000
asymmetric sample:
400 400
g 204 [ 200
% I . W N i e SR UG S Lo
00 25 ' 75 100 K z: 15.0 175 200 225 25.0
Results:
Time Area Area% Height Height%
9.785 6265096 96.045 361764 95.933
11.483 258000 3.955 15336 4.067
Totals 6523096 100.000 | 377100 100.000

SS9

Vas

Vat



MeOOC CO(S)MG
COzMe
F
racemic sample:
400 = 400
0 — Ao 1_ IJ} _L..I o
00 25 50 75 100 125 15.0 175 200 225 25.0
Mrutes
Results:
Time Area Area% Height Height%
10.512 9041120 48.980 492451 59.918
14.347 9417609 51.020 329425 40.082
Totals 18458729 100.000 821876 100.000
asymmetric sample:
500 | 500
* o [~
™
0 g P ] U,-L[ l/"-— | )
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
9.867 9885948 91.659 647276 95.396
13.252 899595 8.341 31242 4,604
Totals 10785543 100.000 678518 100.000

S60

Vas

Vats



MeOOC CO(S)ME
CO,Me
Cl
racemic sample:
1000 - 1000
~
3
3 5004 /\ 500
0 -~ I S, S R ]1‘_' AL Fj | 0
00 25 50 75 100 125 15.0 175 200 225 25.0
Mrutes
Results:
Time Area Area% Height Height%
10.315 16548124 49.495 932061 60.272
14.097 16885511 50.505 614361 39.728
Totals 33433635 100.000 | 1546422 100.000
asymmetric sample:
1000 4 ) 1000
5 5004 500
-
|
0 S s ] ./;r’_‘.l 0
00 25 50 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
9.712 15538267 95.041 1034189 95.899
12.940 810764 4.959 44223 4101
Totals 16349031 100.000 | 1078412 100.000

S61
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racemic sample:

MeOOC

Br

COES)ME

CO,Me

750 ] 2 [ 750
s 0 x [ 500
’ 250 & IP\ [ 250
0 . n ’Il | [0
00 25 50 75 100 K z'.i 15.0 175 200 25 250
Results:
Time Area Area%  Height Height9%
9.503 18127258 50.707 835255 62.052
11.835 17621795 49.293 510794 37.948
Totals 35749053 100.000 | 1346049 100.000
asymmetric sample:
750 ] [ 750
500 [ 500
250 ] % [ 250
; A : B |I‘.- | ;
00 25 5.0 75 0o 125 15.0 17.5 200 225 25.0
Results:
Time Area Area% Height Height%
9.582 17986554 95.611 706215 97.330
11.998 825660 4.389 19376 2.670
Totals 18812214 100.000 725591 100.000

S62

Vats

Vats



racemic sample:

MeOOC

Me

COOM
5 e

X OMe

1000 . | 1000
-] 500 4 - 500
0 0
00 25 50 75 100 125 15.0 17.5 200 25 250
Mrues
Results:
Time Area Area% Height Height%
10.207 19427856 49.161 1025504 54.386
12.482 20090936 50.839 860100 45.614
Totals 39518792 100.000 | 1885604 100.000
asymmetric sample:
500 500
g 280 | 250
o
0 A . _,‘_ I/\ | 0
00 25 5.0 75 100 125 15.0 175 200 25 250
Mrues
Results:
Time Area Area% Height Height%
10.017 9484257 95.165 536996 95.746
12.192 481851 4.835 23860 4.254
Totals 9966108 100.000 560856 100.000

S63

Vats

Vats



MeOOC CO(S)Me
* OMe
O]
OMe
racemic sample:
400 i"| L 400
LR l/ \ '\ [ 200
EK ‘E\&
2 S ——’—H——*-—%‘E—l*’_r‘}—?-‘—*‘J— 0
00 25 50 75 100 X 2: 15.0 17.5 200 25 250
Results:
Time Area Area%  Height Height%
13.293 11495684 49.230 448139 56.631
17.918 11855466 50.770 343197 43.369
Totals 23351150 100.000 | 791336 100.000
asymmetric sample:
600 ™
; 0] 400
) 200 |l 2 200
. 5 : |
0 e —tal | s 0
00 25 50 75 100 K z: 15.0 175 200 225 25.0
Results:
Time Area Area% Height Height%
13.367 17880424 92939 699643 94.773
18.050 1358511 7.061 38591 5.227
Totals 19238935 100.000 | 738234 100.000

S64

Vas



MeOOC CO(g)Me

CO,Me
Br

racemic sample:

50 | [ 150
1 (n ll 1
100 4 ( ‘ L 100
_’:l:
50 1 s | )
j 'I j s IL
o}——— I“-«’L-_-J\'\ ——r‘g’&fz?_r:*‘—”—“— 0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
14.297 5000768 51.901 140274 47.771
15.727 4634425 48.099 153364 52.229
Totals 9635193 100.000 293638 100.000
asymmetric sample:
1000 i | 1000
B
2 500l | 500
0 - A, 0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mnutes
Results:
Time Area Area% Height Height%
14.315 1657281 4576 48661 4.409
15.693 34559385 95.424 1054913 95.591
Totals 36216666 100.000 | 1103574 100.000

S65

Vats

Vats



MeOQOC COgMe
CO,Me
Me
racemic sample:
300 3 300
, 2003 E 200
= 3 |
100 3 J I E 100
Sl 8 \ 2
0 f\ P e T E + g A 0
0 5 10 15 20 25 20
Mrutes
Results:
Time Area Area% Height Height%
19.422 11637076 48.429 328745 55.706
21.085 12392189 51.571 261401 44.294
Totals 24029265 100.000 590146 100.000
asymmetric sample:
150 J . 150
100 | 100
);.
E 50 ] ] [ 50
ol &
04 (\\ ] E \klrf—BL”_._ 0
0 5 10 15 20 25 30
Mnutes
Results:
Time Area Area% Height Height%
20.393 5424702 95.052 140868 95.180
22.155 282395 4,948 7134 4.820
Totals 5707097 100.000 148002 100.000

S66

Vats

Vats



MeOOC COgMe
cO,Me
MeO
racemic sample:
400 3 L 400
§ 200 [ 200
ol 5
0 Jl'ulk - " g | /‘I @ | 0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
17.815 15689155 52.254 384469 48.603
19.967 14335623 47.746 406565 51.397
Totals 30024778 100.000 791034 100.000
asymmetric sample:
200 3 ﬂ E 200
)
= 1003 v E 100
)
A = o
0 ) \L b I,/\J I E 0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mnutes
Results:
Time Area Area% Height Height%
17.615 924145 9.261 25373 8.980
19.742 9055278 90.739 257163 91.020
Totals 9979423 100.000 282536 100.000

S67

Vats

Vats



MeOOC COgMe

CO,Me
Ph
racemic sample:
1000 - g 1000
{
r’ (\
2 500 500
5 A
21
0 = I R L | IJ A 0
0 5 10 15 20 25 20
Mrutes
Results:
Time Area Area% Height Height%
18.007 35066083 48.337 1023655 59.409
23.950 37478830 51.663 699419 40.591
Totals 72544913 100.000 | 1723074 100.000
asymmetric sample:
|
400 J 400
2 200 § '| E 200
b |
0 A\ [/\l ) 1;\] K | &)
0 5 10 15 20 25 20
Mnutes
Results:
Time Area Area% Height Height%
17.902 2028301 6.928 61708 11.102
24.135 27248086 93.072 494123 88.898

Totals 29276387 100.000 555831 100.000

S68

Vats

Vats



MeOQOC COé)Me
e
racemic sample:
1000 ] 1000
_’?‘: 500 4 \| '\ - 500
& 55\
0 N ~ o : ™ 0
0 5 10 15 20 25 20
Mrutes
Results:
Time Area Area% Height Height%
18.520 34738241 48.443 967785 56.228
21.187 36971675 51.557 753395 43.772
Totals 71709916 100.000 | 1721180 100.000
asymmetric sample:
1000 4 L 1000
2 500 | 500
2
Ry °
0 f o R . s ‘r: | lL}J Lo
00 25 5.0 75 100 125 15.0 17.5 200 25 25.0
Mnutes
Results:
Time Area Area% Height Height%
17.123 25594536 95.579 918618 95.543
19.158 1183958 4.421 42855 4.457
Totals 26778494 100.000 961473 100.000

S69

Vats



racemic sample:

MeOOC

B CO,Me
\_s

COgMe

1500 4 \ [ 1500
g 100 [ 1000
500 \ ||R|| [ 500
g = Lz J:._‘L\.L i g
00 25 50 75 100 K z'.i 15.0 175 200 25 250
Results:
Time Area Area%  Height Height%
11.513 38905375 49.274 1693287 51.190
14.327 40051947 50.726 1614544 48.810
Totals 78957322 100.000 | 3307831 100.000
asymmetric sample:
750 ] [ 750
s [ 500
250 ] % [ 250
. ) e 1F ' e
00 25 5.0 75 0o 125 150 17.5 200 225 25.0
Results:
Time Area Area% Height Height%
11.442 14422695 95.919 846410 96.189
13.638 613627 4.081 33539 3.811
Totals 15036322 100.000 | 879949 100.000

S70

Vats

Vats



MeOOQOC CO&)Me

*

COzi-pf
Cl
racemic sample:
1000 1000
g 500 | 500
L
| — T = l o ul 0
0 10 15 20 25 20
Mrutes
Results:
Time Area Area% Height Height%
10.078 15287242 49.614 924956 56.272
12.260 15525319 50.386 718762 43.728
Totals 30812561 100.000 | 1643718 100.000
asymmetric sample:
500 4 - 500
g 250 J ( | 250
0 N jﬁ‘h | i:J 0
0 10 15 20 25 2
Mnutes
Results:
Time Area Area% Height Height%
10.215 9080860 95.080 556084 95.886
12.412 469857 4.920 23857 4.114
Totals 9550717 100.000 579941 100.000

S71

Vats

Vats



MeOOC COgMe
CO,i-Pr
Me
racemic sample:
8
£00 g L 500
£ 250)] | 250
0 _4}\_/*— 1 | .0
0 5 10 15 20 25 0
Mrues
Results:
Time Area Area% Height Height%
7.875 8127496 50.989 539094 56.167
8.602 7812285 49.011 420704 43.833
Totals 15939781 100.000 959798 100.000
asymmetric sample:
500 - 500
B
2 250 L 250
o
o
g w
0 G I . - 2 0
0 5 10 15 20 25 Py
Minutes
Results:
Time Area Area% Height Height%
7.913 8899405 94.944 565678 95.125
8.810 473919 5.056 28991 4.875
Totals 9373324 100.000 594669 100.000

S72

Vats

Vats



MeOOC COé)Me

CO,i-Pr
Ph
racemic sample:
1000 | 1000
2 500 S | 500
o
0 T = NS s |’/\I 0
00 25 5.0 75 100 125 15.0 175 200 25 25.0
Mrutes
Results:
Time Area Area% Height Height%
11.677 21274289 49.228 1100503 84.042
19.742 21941734 50.772 208967 15.958
Totals 43216023 100.000 | 1309470 100.000
asymmetric sample:
100 4 = (If \ L 100
. o \
/ %
50 f \ |50
| g\
ol _fL o I}lL - ,—“'If‘?; \ | [0
0 10 15 20 25 2
Mnutes
Results:
Time Area Area% Height Height%
12.147 1068888 6.747 52755 29.303
20.895 14772526 93.253 127277 70.697
Totals 15841414 100.000 180032 100.000

S73

Vats



racemic sample:

MeOOC

CO&)M&

CO,i-Pr

1000 .} - 1000
2
@
’Q 500 4 % 500
|
£V
0 P~ l ;'E_\L L. 0
0 10 15 20 25 20
Mrutes
Results:
Time Area Area% Height Height%
18.177 28287009 49.052 991087 60.755
19.803 29380797 50.948 640202 39.245
Totals 57667806 100.000 | 1631289 100.000
asymmetric sample:
300 3 E 300
, 200
" ; )
100 3 g 5 E 100
- ]
0 N JAVEN 0
0 10 15 20 25 2
Mnutes
Results:
Time Area Area% Height Height%
17.972 9483962 93.683 350232 95.251
19.545 639456 6.317 17460 4.749
Totals 10123418 100.000 367692 100.000

S74

Vats

Vats



racemic sample:

™
bt
™
400 3 - 400
f
" |
2 200 } E 200
0 _pJ\_hj./\___H‘.‘;LT_,..J,.ww 0
0 5 10 15 20 25 20
Mrutes
Results:
Time Area Area% Height Height%
11.670 8644920 49.997 481380 57.688
13.983 8646091 50.003 353070 42.312
Totals 17291011 100.000 834450 100.000
asymmetric sample:
150 - _ 150
100 . [ 100
: 50 ® 50
\ -
\ hd
[+ |1 R I\_‘_R‘ | ]/‘J Lo
0 10 15 20 25 2
Mnutes
Results:
Time Area Area% Height Height%
12.007 2482705 95.162 135212 95.842
14.313 126217 4.838 5866 4.158
Totals 2608922 100.000 141078 100.000
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