Supporting Information

Asymmetric Michael Addition of N-tert-Butanesulfinyl Imidate with
a.f-unsaturated Diesters: Scope and Application to the Synthesis of Indanone
Derivatives

Jinfang Wang, Yu Zhou,” Lei Zhang, Zeng Li, Xianjie Chen and Hong Liu~

Shanghai Institute of Materia Medica, Chinese Academy of Sciences,
555 Zuchongzhi Road, Shanghai 201203

zhouyu@mail.shcnc.ac.cn; hliu@mail.shenc.ac.cn

List of Contents
1. General Information S2
2. Preparation and characterization of compounds S2
3. 'H and **C NMR spectra for all compounds S28

S1


mailto:zhouyu@mail.shcnc.ac.cn
mailto:hliu@mail.shcnc.ac.cn

1. General Information

Tetrahydrofuran (THF) was freshly distilled under nitrogen atmosphere from
sodium/benzophenone ketyl. LDA was freshly prepared. All other chemicals were of
commercial grade and used without further purification. Petroleum ether refers to the
40-60 <C boiling fraction. *H NMR (300 MHz), *C NMR (75 MHz) spectra were
recorded on a Mercury 300 spectrometer (300 MHz for *H), and Variant MR-400 (100
MHz for *3C) in deuterated solvents with tetramethylsilane (TMS, d = 0.0 ppm) as
internal standard unless specified otherwise. All anaerobic and moisture-sensitive
manipulations were carried out with standard Schlenk techniques under predried
nitrogen or argon. Column Chromatography was performed with CombiFlash®
companion system (Teledyne Isco. cn), silica gel was purchased from gingdaohaiyang
(300-400 mesh). HPLC was performed on a JASCO 2000 instrument by using Daicel
columns. LC-MS was performed on an Agilent 1100 instrument by column Eclipse
XDB-Cyg (4.6 <150 mm, 5 pm) or Extend-C;g (4.6 <150 mm, 5 pum).

2. Preparation and characterization of compounds

2.1 General procedure for the synthesis of 2a-2p

o~ piperidine/HOAc j@ERt
RCH _
ore m Rooe eeoR EtOH Et00C” X
2a-2p

To a solution of diethyl malonate (5.0 mmol, 1.0 equiv) in EtOH was added the
corresponding aldehyde (5.0 mmol, 1.0 equiv), then a catalytic amount of HOAc and
piperidine were added, the resulting mixture was heated to reflex overnight. The
solvent of the reaction mixture was evaporated in vacuo, the crude product was
purified by flash chromatography (petroleum ether/ethyl acetate = 20:1) to obtain
2a-2p.

2.2 General procedure for the synthesis of LDA
H Li
N i THF/N
+ n-BuLi 2, N
\( Y 30 min \( j/
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Under nitrogen atmosphere, to the solution of diisopropylamine (11 mmol, 1.1 equiv)
in THF (20 ml) was added n-butyllithium (10 mmol, 1.0 equiv) slowly at -78 °C, the

resulted solution was stirred for another 30 min to obtain freshly prepared LDA.

2.3 General procedure for the synthesis of 3a to 3p

\k 1)LDAITHF-78°C R &

.S« 10
N" %0
COOEt
l 2) RTN MeO l
MeO COOEt

2 3

—

Under nitrogen atmosphere, a solution of N-tert-butanesulfinyl imidate 1 (1.0 equiv,
0.2 mmol) in THF (5.0 mL) was cooled to -78 °C, a solution of LDA (1.2 equiv, 0.24
mmol, 0.25 mol/L) in THF was added slowly. And the resulting solution was stirred
for 45 min at -78 °C. After deprotonation, a solution of 2 (1.5 equiv, 0.3 mmol) in
THF (1.0 mL) was added dropwise, and the reaction mixture was stirred for another 2
h at -78 °C. To the reaction mixture was added a saturated solution of NH,CI (0.5 mL),
followed by an aqueous solution of NaOH (2.0 mL, 1.0 N). The aqueous phase was
extracted with EtOAc (3 < 20 mL). The combined organic phases were dried over
anhydrous MgSOQ,, filtered and evaporated in vacuo. The crude product was purified

by flash chromatography (petroleum ether/ethyl acetate = 4:1) to yield pure 3.

2.4 General procedure for the synthesis of 5a

RE HCI in dioxane
oSN HCI (20 equiv)  Hol NH HO0 0
! COOEt dioxane, rt, 1 h COOEt rt,24h MeO COOEt
MeO A MeO R 0 R
90% 85% COOEt
COOEt COOEt
3a 4a (R) - 5a

To a solution of 3a (0.43 g, 1.0 mmol) in dioxane (10 mL) was added dropwise
freshly prepared saturated HCI in dioxane (15 mL, ~20 equiv HCI), the mixture was
allowed to stir for 1 h. Then the reaction mixture was concentrated in vacuo.
Precipitation in diethyl ether afforded 0.3 g (0.9 mmol) of pure 4a. Hydrochloride 4a
(0.8 mmol) was dissolved in H,O (10 mL). The reaction mixture was stirred for 24 h

at room temperature, subsequently poured into a saturated aqueous solution of
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NaHCO;3 (15 mL), and extracted with diethyl ether (3 < 15 mL). The combined
organic phases were dried (MgSQ,), filtered, and evaporated in vacuo. The crude
product was purified by flash chromatography (petroleum ether/ethyl acetate = 5:1) to
yield pure 5a.

2.5 General procedure for the synthesis of 6

1) HCl in dioxane

COOEt 2) CHCl,

To a solution of 3 (1.0 mmol) in dioxane (10 mL) was added dropwise freshly
prepared saturated dioxane/HCI (15 mL, ~20 equiv HCI). The mixture was allowed to
stir for 1 h. Then the reaction mixture was concentrated in vacuo. Precipitation in
diethyl ether afforded pure imidate hydrochloride. The hydrochloride was
immediately dissolved in chloroform (10 mL). The reaction mixture was stirred for 16
h at reflux temperature and subsequently evaporated in vacuo. The crude product was

purified by flash chromatography (petroleum ether/ethyl acetate = 2:1) to yield pure 6.

2.6 General procedure for the synthesis of 8

0
X
DMSO, 80 °C, 3 h | R 1)KOH (5 mol%), MeOH N
_— / - I
N o o) 2) (COCl),, DMF, AlCl; R U __
i~ OH COOEt
HoN R CONH,
7 8

Anhydrous benzene (35 mL) was added to a solution of Triton-B (40% wi/w) in
methanol (1.19 mmol) and the solution was concentrated under reduced pressure
almost to dryness. Compound 6 (1.0 mmol) in 3.5 mL of anhydrous DMSO was
added to the solution obtained previously and the mixture was stirred at 80 °C for 3 h,
then poured into water (5.5 mL), dried over anhydrous MgSO,, filtered and
concentrated. The residue was submitted to chromatography on silica gel (petroleum
ether/ethyl acetate = 2:1) to yield the de-ethoxycarbonylated product 7. To the
solution of 5% KOH in CH30H-H,O was added compound 7 (100 mg) and the
reaction system was stirred at reflux temperature. After the end of reaction, CH3OH

was evaporated in vacuo. Water was added to the residue, then
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alkali solution was added to the mixture to regulate pH value until it was less than 7,
the aqueous phase was extracted with EtOAc (3 < 20 mL). The combined organic
phases were dried (MgSO,), filtered and evaporated in vacuo. To the crude product
was added 10 mL of HOAc, 7 mL of H,O and 1.5 mL of H,SO, and the mixture was
refluxed overnight, then cooled to room temperature, extracted with EtOAc and
washed with water, saturated NaCl acqueous solution, the organic phases were dried
over anhydrous MgSQ,, evaporated in vacuo. The crude product was obtained and
immediately used in the next step without purification. To a solution of the product
obtained previously in dry CH,CI, (5.0 mL) was added oxalyl chloride (90 uL) and
DMF (50 uL) at 0 °C, the mixture was stirred at room temperture for 30 min, and then
evaporated in vacuo. Dry CH,Cl, (5.0 mL) and AICIl3 (138 mg) were added to the
residue and stirred for another 5 h. The reaction mixture was poured into ice water,
filtered and extracted with EtOAc, washed with saturated acqueous NaCl solution, the
organic phases were dried over MgSO,, evaporated in vacuo. The residue was
submitted to chromatography on silica gel to yield (petroleum ether/ethyl acetate =
2:1) product 8.

2.7 Characterization data of 2a-2p

COOEt
Ej\y\\COOEt
22 80% yield, oil; *"H NMR (300 MHz, CDCls): d 1.26-1.35 (m, 6H),
4.27-4.36 (M, 4H), 7.34-7.40 (m, 3H), 7.43-7.46 (m, 2H), 7.73 (s, 1H); °C NMR (100
MHz, CDCls): § 15.3, 15.6, 63.1, 63.2, 127.7, 130.2, 130.9, 132.0, 134.3, 143.6, 165.6,

168.2; HRMS (ESI) for C14H1504 [M+H]": calcd 249.1127, found 249.1117.

Z COOEt

2b 72% vyield, oil; *H NMR (300 MHz, CDCls): 6 1.27-1.35 (m, 6H),
4.26-4.36 (M, 4H), 7.29-7.34 (m, 2H), 7.48-7.53 (m, 2H), 7.65 (s, 1H); **C NMR (100
MHz, CDCls): 6 13.9, 14.1, 61.8, 61.9, 125.0, 126.9, 130.8, 131.8, 132.0, 140.7, 163.9,
166.4; HRMS (ESI) for C14H15BrO, [M+Na]*: calcd 349.0035, found 349.0051.
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B CooEt
@COOB

2 77% vyield, oil; *"H NMR (300 MHz, CDCls): ¢ 1.14 (t, J = 5.4 Hz,
3H), 1.32 (t, J = 5.4 Hz, 3H), 4.17-4.22 (m, 2H), 4.27-4.33 (m, 2H), 7.18-7.28 (m,
2H), 7.38-7.41 (m, 1H), 7.58-7.60 (m,1H), 7.94 (s, 1H); *C NMR (100 MHz, CDCls):
513.8,14.1, 61.6, 61.8, 124.5, 127.4, 128.8, 129.4, 131.2, 133.0, 133.9, 141.6, 163.6,
165.6; HRMS (ESI) for C14H15BrO, [M+Na]": calcd 349.0051, found 349.0039.

C'\©\/C£OEt
Z > COOEt

2d 80% yield, oil; *H NMR (300 MHz, CDCls): 6 1.31 (m, 6H),
4.31 (m, 4H), 7.35 (m, 4H), 7.67 (s, 1H); *C NMR (100 MHz, CDCl5): ¢ 15.3, 15.6,
63.2, 63.3, 128.3, 130.5, 132.1, 132.8, 138.1, 142.1, 165.4, 167.9; HRMS (ESI) for
C14H15ClO,4 [M+Na]": calcd 305.0557, found 305.0545.

F\©\/CKOOB
Z COOEt

2e 85% yield, oil; *"H NMR (300 MHz, CDCls): § 1.31 (m, 6H),
4.20 (m, 4H), 7.08 (m, 2H), 7.50 (m, 2H), 7.68 (s, 1H); **C NMR (100 MHz, CDCls):
§13.9, 14.1, 61.7, 61.8, 116.0 (d, 2Jcr = 17 Hz), 126.1, 129.1, 131.6 (d, *Jcr = 7 Hz),
140.8, 163.9 (d, Jcr = 200 Hz), 164.1, 166.6; HRMS (ESI) for C14H15FO,4 [M+Na]*:
calcd 289.0852, found 289.0861.

NC\@\/CLOOEt
Z COOEt

2f 78% yield, oil; *"H NMR (300 MHz, CDCl3): 6 1.26 (t, J = 5.4
Hz, 3H), 1.33 (t, J = 5.4 Hz, 3H), 4.31 (m, 4H), 7.53 (d, J = 6.3 Hz, 2H), 7.66 (d, J =
6.3 Hz, 2H), 7.70 (s, 1H); **C NMR (100 MHz, CDCls): ¢ 14.6, 14.8, 62.76, 62.81,
114.3, 118.9, 130.2, 130.4, 133.2, 138.1, 140.3, 164.1, 166.5; HRMS (ESI) for
C15H15NO4 [M+Na]™: caled 296.0899, found 296.0903.

Z COOEt
29 85% yield, oil; *H NMR (300 MHz, CDCls): 6 1.27 (t, J = 5.8

Hz, 3H), 1.33 (t, J = 5.4 Hz, 3H), 4.16 (q, J = 5.4 Hz, 2H), 3.7 (q, J = 7.2 Hz, 2H),
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7.58-7.61 (m, 2H), 7.74 (s, 1H), 8.20-8.24 (m, 2H): 3C NMR (100 MHz, CDCl): &
13.9, 14.1, 62.08, 62.12, 123.9, 129.93, 129.98, 139.1, 139.2, 148.4, 163.3, 165.6;
HRMS (ESI) for C14H15NOg [M+Na]™: calcd 316.0797, found 316.0787.

Z > COOEt

2h 75% yield, oil; *H NMR (300 MHz, CDCly): 6 1.27-1.33 (m, 6H),
2.35 (s, 3H), 4.25-4.36 (M, 4H), 7.16 (d, J = 6.0 Hz, 2H), 7.34 (d, J = 6.3 Hz, 2H),
7.69 (s, 1H); 3¢ NMR (100 MHz, CDCly): 6 14.6, 14.9, 22.2, 62.3, 62.4, 125.9, 130.3,
130.8, 141.9, 142.9, 165.0, 167.7; HRMS (ESI) for C;sH104 [M+Na]+: calcd
285.1103, found 285.1108.

MeO\©\)C\OOEt
Z > COOEt

2i 81% vield, oil; *H NMR (300 MHz, CDCls): § 1.30-1.34 (m, 6H),
3.82 (s, 3H), 4.26-4.39 (m, 4H), 6.86-6.91 (m, 2H), 7.40-7.44 (m, 2H), 7.67 (s, 1H);
3C NMR (100 MHz, CDCly): 6 14.6, 14.9, 56.0, 62.1, 62.3, 114.98, 124.3, 126.1,
132.3, 142.5, 162.3, 165.2, 167.9; HRMS (ESI) for CisHis0s [M+Na]®: calcd
301.1052, found 301.1064.

I\I/Ie

Me/N COOEt
mCOOEt
2 80% yield, oil; '"H NMR (300 MHz, CDCl5): 6 1.28-1.35 (m,
6H), 3.00 (s, 6H), 4.26 (q, J = 5.4 Hz, 2H), 4.6 (q, J = 5.4 Hz, 2H), 6.59-6.63 (m, 2H),
7.35 (d, J = 6.9 Hz, 2H), 7.62 (s, 1H); *C NMR (100 MHz, CDCls): 6 14.0, 14.2,
40.0, 61.1, 61.4, 111.5, 119.9, 120.1, 131.9, 142.7, 151.8, 165.1, 168.0; HRMS (ESI)
for C16H21NO, [M+Na]™: calcd 314.1368, found 314.1382.

Z N COOEt

2 74% vyield, oil; *"H NMR (300 MHz, CDCls): 6 1.15 (t, J = 5.4 Hz,
3H), 1.33 (t, J = 5.4 Hz, 3H), 2.36 (s, 3H), 4.20 (q, J = 5.4 Hz, 2H), 4.30 (q, J = 5.4
Hz, 2H), 7.11-7.33 (m, 4H), 7.96 (s, 1H); *C NMR (100 MHz, CDCl3): ¢ 14.5, 14.8,
20.6, 62.2, 62.3, 126.7, 128.5, 128.5, 130.7, 131.1, 133.4, 138.3, 142.4, 164.8, 167.0;
HRMS (ESI) for C15H1504 [M+Na]": calcd 285.1103, found 285.1092.
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O COOEt
O Z > COOEt
2l 75% vyield, oil; 'H NMR (300 MHz, CDCl3): 6 1.06 (t, J = 7.5 Hz,

3H), 1.38 (t, J = 7.2 Hz, 3H), 4.16 (g, J = 7.2 Hz, 2H), 3.7 (q, J = 7.2 Hz, 2H),
7.41-7.46 (m, 1H), 7.51-7.59 (m, 3H), 7.86-7.89 (m, 2H), 7.99-8.02 (m, 1H), 8.48 (s,
1H); 3¢ NMR (100 MHz, CDCl3): ¢ 13.8, 14.2, 61.5, 61.8, 124.1, 125.2, 126.40,
126.42, 126.9, 128.7, 129.3, 130.5, 130.8, 131.4, 133.4, 141.3, 164.0, 166.2; HRMS
(ESI) for C1gH1504 [M+Na]": calcd 321.1103, found 321.1111.

Me~N COOEt
—

2m COOEt

83% yield, oil; *H NMR (300 MHz, CDCls): 6 1.35 (m, 6H), 3.81
(s, 3H), 4.31 (q, J = 5.4 Hz, 2H), 4.38 (q, J = 5.4 Hz, 2H), 7.23-7.35 (m, 4H), 7.71 (s,
1H), 7.80 (m, 1H), 8.10 (d, J = 0.6 Hz, 1H); *C NMR (100 MHz, CDCls): 6 14.1,
14.3, 33.5, 61.1, 61.4, 109.1, 109.9, 118.6, 121.4, 123.0, 128.5, 132.2, 134.9, 136.8,
165.5, 168.1; HRMS (ESI) for Cy;H10NO, [M+Na]*: calcd 324.1212, found
324.1228.

S COOEt
Sg\/kCOOEt
2n 80% vyield, oil; "H NMR (300 MHz, CDCls): 6 1.33 (m, 6H), 4.29
(9, J = 5.4 Hz, 2H), 4.37 (g, J = 5.4 Hz, 2H), 7.18-7.20 (m, 1H), 7.32-7.34 (m, 1H),
7.62-7.64 (m, 1H), 7.71 (d, J = 0.6 Hz, 1H); **C NMR (100 MHz, CDCls): ¢ 14.0,
14.1, 61.5, 61.7, 124.3, 126.9, 127.0, 130.8, 134.8, 135.3, 164.4, 166.9; HRMS (ESI)
for C1,H1404S [M+Na]": calcd 277.0511, found 277.0497.

S COOEt
Og\/kCOOEt
20 77% yield, oil; '"H NMR (300 MHz, CDCl3): 6 1.31 (m, 6H), 4.25
(0, J = 5.4 Hz, 2H), 4.37 (q, J = 5.4 Hz, 2H), 6.45-6.47 (m, 1H), 6.32 (d, J = 2.7 Hz,
1H), 7.42 (s, 1H), 7.48 (d, J = 1.2 Hz ,1H); *C NMR (100 MHz, CDCls): 6 14.1, 14.1,
61.5, 61.6, 112.6, 117.9, 122.0, 127.5, 146.1, 149.0, 164.2, 166.3; HRMS (ESI) for
C12H1405 [M+Na]*: calcd 261.0739, found 261.0792.
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COOEt
O\/\COOEt
2p 81% yield, oil; *"H NMR (300 MHz, CDCl3): 6 1.08-1.33 (m, 11H),
1.63-1.75 (m, 5H), 2.32-2.42 (m, 1H), 4.21 (q, J = 5.4 Hz, 2H), 4.90 (q, J = 5.4 Hz,
2H), 6.79 (d, J = 7.8 Hz, 1H); **C NMR (100 MHz, CDCls): 6 14.8, 14.9, 25.9, 26.3,
32.4, 39.7, 61.8, 61.9, 127.5, 154.3, 165.0, 166.5; HRMS (ESI) for C14H»,0,
[M+Na]": calcd 277.1416, found 277.1427.

2.8 Characterization data and HPLC of addition products 3a-3p

(0] OMe

Sre

3a 94% yield, oil; *"H NMR (300 MHz, CDCls): § 0.91 (t, J = 7.5
Hz, 3H), 0.97 (s, 9H), 1.27 (t, J = 6.9 Hz, 3H), 2.90 (dd, J = 4.5 Hz, 17.4 Hz, 1H),
3.35-3.44 (m, 1H), 3.59 (s, 3H), 3.69 (d, J = 10.8 Hz, 1H), 3.83-3.96 (m, 3H), 4.22 (q,
J=7.2 Hz, 2H), 7.13-7.26 (m, 5H); *C NMR (100 MHz, CDCls): § 13.6, 14.0, 21.6,
36.6, 42.5, 53.9, 55.5, 57.4, 61.3, 61.8, 127.4, 128.2, 128.3, 138.8, 167.2, 167.8, 173.7;
IR (KBr): v = 2981, 2947, 1751, 1734, 1614, 1456, 1367, 1254, 1157, 1078, 702 cm™™;
HRMS (ESI) for C,1H31NOgS [M+Na]™: calcd 448.1770, found 448.1759.

Analytical HPLC: Agilent 1200 series, Extend-C;g Column (4.6><150 mm, 5 micron
particle size), mobile phase H,O/CH3;OH (the gradient of CH3OH is from 5% to 90%
during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention time:
22.60 min (maj), 23.51 min.

DAD{ B, Sig=214, 16 Ref=360,100 (201 30303W JFIN JFDODOT 3.0

mAL g @
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ﬁ K
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100 r
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50 [ =
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5
81 [ o I
M
40 e —
[ LN ————
- J A
e
T T T T T
] 5 10 15 20 25
Signal 1: DADL B, 3Sig=2Zl14,16 Ref=360,100
Peak BRetTime Type idth Brea Height Area
¥ [min] [min] [mED*=] [mAT] L
22 . 600 HM D.Z504 1273.783E1 €_.78154 BOSB.0112
2 23.514 MM Zgnz 25.84789 1.53772 1.9888
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Br

O OMe

S,z COOEt
XR N R

3 GO0 9004 yield, oil; *H NMR (300 MHz, CDCl5): 6 0.98 (t, J = 7.2
Hz, 3H), 1.03 (s, 9H), 1.28 (t, J = 7.2 Hz, 3H), 2.91 (dd, J = 4.2 Hz, 15.2 Hz, 1H),
3.34-3.42 (m, 1H), 3.59 (s, 3H), 3.65 (d, J = 10.8 Hz, 1H), 3.87-3.95 (m, 3H),
4.19-4.26 (m, 2H), 7.09-7.13 (m, 2H), 7.37-7.41 (m, 2H); °C NMR (100 MHz,
CDCly): 613.7,14.0, 21.7, 36.4, 41.9, 54.0, 55.9, 57.2, 61.5, 62.0, 121.4, 130.0, 131.5,
138.0, 167.0, 167.5, 172.9; IR (KBr): v = 2981, 2947, 1751, 1734, 1612, 1489, 1288,
1254, 1178, 1074, 1010 cm™; HRMS (ESI) for Cy1H3BrNOgS [M+H]": calcd
504.1055, found 504.1048.
Analytical HPLC: Agilent 1200 series, Eclipse XDB-C;g Column (4.6><150 mm, 5
micron particle size), mobile phase H,O/CH3;OH (40:60); Flow = 0.8 mL/min;
Detected by UV at 214 nm; Retention time: 25.53 min, 26.86 min (maj).

DAD1 B, Sig=214, 16 Ref=360, 100 (201211 10WJFIW JFTO000S0.0)
mAU 2 o]
g
Ao
B0 &
(I
o I
o] | |
N
| Jo
7 Pl
]
bt _f.J_._,_ L-ﬂ-‘-‘-\./—_ e _f\v' - \-‘ —_
! 1 1 P % .
Sigmal 1: DAD1 B, Jig=214,l€ Rei=3€0,100
FPeak RetTime Type Width Area Height Area
£ mir nir o | m AT =
25.52Z8 MM .45 105.8902 2.558236 Z.8E56
2 2 56 MM 6424 23465.13137 8.9076 87 44
OMe Br

S., = COOEt
XR N R

3c CO9FL 9004 yield, oil; *H NMR (300 MHz, CDCls): § 0.978-1.025 (m,
12H), 1.27 (t, J = 7.2 Hz, 3H), 2.61 (dd, J = 4.2 Hz, 14.4 Hz, 1H), 3.50 (s, 1H), 3.65
(s, 3H), 3.77 (s, 1H), 3.91-3.98 (m, 2H), 4.18-4.28 (m, 2H), 4.54 (s, 1H), 7.02-7.08 (m,
1H), 7.24-7.34 (m, 2H), 7.48-7.51 (m, 1H); *C NMR (100 MHz, CDCls): § 13.7, 14.0,
21.7,29.7, 35.7, 40.4, 54.0, 55.7, 61.5, 61.9, 125.2, 127.6, 128.8, 129.7, 133.2, 138.5,
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167.1, 167.6, 173.3; IR (KBr): v = 2964, 2921, 1734, 1612, 1440, 1259, 1086, 1020,
796 cm™; HRMS (ESI) for Ca1H3oBrNOgS [M+H]": calcd 504.1055, found 504.1051.

Analytical HPLC: Agilent 1200 series, Extend-C;g Column (4.6><150 mm, 5 micron
particle size), mobile phase H,O/CH3OH (the gradient of CH3OH is from 5% to 90%
during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention time:
28.24 min (maj), 28.86 min.

DAD1 B, Sg=214, 16 Ref=360, 100 {20121 222W.J F3-0KDD0S5.0)

mal = o
300 ﬁﬁa
e
700
&S00
500
400
300 ‘oé;e
o
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100 - I

b e — —

3 i o 1 & % E

Sigmal 1: DAD1 B, Sig=214,16 Ref=360,100
Peak PetTime Type Width Brag Height Armg
b= [min] [min] [=RAT*=] [mAT] ]
28.242 MM 1425 0D _ZE025 TOE_4575 87.014
2 2 e0 MM 2002 145.05% 1Z2.0777 Z.035%
Cl
9 OMe
S, ~z COOEt
>rR N R
COOEt

3d 94% vyield, oil; *H NMR (300 MHz, CDCl5): § 0.95 (t, J = 7.2

Hz, 3H), 1.01 (s, 9H), 1.25 (t, J = 5.4 Hz, 3H), 2.88 (dd, J = 3.6 Hz, 10.8 Hz, 1H),
3.32-3.39 (m, 1H), 3.57 (s, 3H), 3.63 (d, J = 8.1 Hz, 1H), 3.86-3.93 (m, 3H),
4.17-4.23 (m, 2H), 7.13-7.16 (m, 2H), 7.19-7.22 (m, 2H); *C NMR (100 MHz,
CDCly): 0 13.6, 14.0, 21.6, 36.4, 41.8, 53.9, 55.8, 57.2, 61.4, 61.9, 128.5, 129.6, 133.2,
137.5, 167.0, 167.5, 172.9; IR (KBr): v = 2981, 2925, 1751, 1612, 1493, 1442, 1367,
1290, 1178, 1074, 756 cm™; HRMS (ESI) for CiiH3CINOgS [M+Na]*: calcd
482.1380, found 482.1360.

Analytical HPLC: Agilent 1200 series, Eclipse XDB-Cjg Column (4.6%<150 mm, 5
micron particle size), mobile phase H,O/CH3OH (40:60); Flow = 0.8 mL/min;
Detected by UV at 214 nm; Retention time: 11.22 min, 11.63 min (maj).
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DAD1 B, Sig=214, 16 Ref=360, 100 (201211 24WJFIWN JF 1 ZEXTENDORZ2. O]
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Signal 1: DAD1l B, 8ig=214,1€ Rei=3€0,100
FPeak RetTime Type Width Areg Height Area
= [min] [min] [=AT*=] [mALT] &
11.224 MM 4E5€ .28474 Z.44439 1.800%5
2 11.6 L1 S 3524.73€82 1 €060 BSB.D555
F
(I? OMe
S., = COOEt
>rR N R
COOEt . .1 . —
3e 95% vyield, oil; *H NMR (300 MHz, CDCly): J 0.96 (t, J = 5.4

Hz, 3H), 1.03 (s, 9H), 1.28 (t, J = 5.4 Hz, 3H), 2.90 (dd, J = 3.3 Hz, 10.5 Hz, 1H),
3.35-3.41 (m, 1H), 3.59 (s, 3H), 3.65 (d, J = 8.1 Hz, 1H), 3.86-3.96 (m, 3H),
4.19-4.26 (m, 2H), 6.92-6.98 (m, 2H), 7.17-7.21 (m, 2H); *C NMR (100 MHz,
CDCly): 6 13.7, 14.0, 21.7, 36.6, 41.8, 53.9, 55.8, 57.5, 61.4, 61.9, 115.2 ( d, 2Jcr = 22
Hz ), 129.9 (d, *Jcr= 8 Hz ), 134.7(d, *Jce= 4 Hz ), 162.0 ( d, Jcr= 244 Hz ), 167.2,
167.7, 173.1; IR (KBr): v = 2922, 2852, 1741, 1600, 1513, 1369, 1255, 1165, 1078,
845, 748 cm™; HRMS (ESI) for C,iH3oFNOgS [M+H]": calcd 444.1856, found
444.1856.

Analytical HPLC: Agilent 1200 series, Eclipse XDB-Cig Column (4.6%<150 mm, 5
micron particle size), mobile phase H,O/CH3;OH (40:60); Flow = 0.8 mL/min;
Detected by UV at 214 nm; Retention time: 23.81 min, 24.93 min (maj).

DAD1 B, Sg=214,16 Ref=360, 100 (201211 TTWJFIW JFROR20000G60.0)
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Signal 1: DAD1 B, Sig=214,1& Reif=3€0,100
Peak RetTime Type Width Area Height Area

CN

O OMe

S.. = COOEt

>rR " 3 COOEt  93% vyield, oil; *H NMR (300 MHz, CDCls): 6 0.96 (t, J = 5.4
Hz, 3H), 1.03 (s, 9H), 1.26 (t, J = 5.4 Hz, 3H), 2.94 (dd, J = 3.3 Hz, 10.8 Hz, 1H),
3.38-3.45 (m, 1H), 3.55 (s, 3H), 3.67 (d, J = 8.4 Hz, 1H), 3.85-3.93 (m, 2H),
3.96-4.02 (m, 1H), 4.17-4.25 (m, 2H), 7.36 (d, J = 6.3 Hz, 2H), 7.60 (d, J = 6.0 Hz,
2H); 3C NMR (100 MHz, CDCly): ¢ 13.7, 14.0, 21.7, 36.1, 42.4, 54.0, 56.1, 56.9,
61.6, 62.1, 110.9, 119.0, 129.2, 132.2, 144.1, 166.8, 167.3, 172.5; IR (KBr): v = 2962,
2925, 1753, 1734, 1618, 1460, 1259, 1176, 1076, 1026, 798 cm™; HRMS (ESI) for
C22H30N206S [M+H]": calcd 451.1903, found 451.1913.

Analytical HPLC: Agilent 1200 series, Extend- C;g Column (4.6><150 mm, 5 micron
particle size), mobile phase H,O/CH3OH (40:60); Flow = 0.8 mL/min; Detected by
UV at 214 nm; Retention time: 11.37 min (maj), 13.00 min.

DAD1 B, Sg=214, 16 Ref=360, 100 (201211 TTWJFW JF 1 10HI00053.0)

mall ] = o
] E q?hﬁf
:BC—_ HV.J‘
] |||
200 | |
100 | | o
| | = &
| | '@6
o] S - S - . —_ —
R R
Sigmal 1l: DAD1 B, 3ig=214,1& Ref=360,100
Peak Retlime Type Width Area Height Area
¥ i [ mART] =
11.371 MM 456.61848 BSEBE._0S58
2 13 Z MM Z.594788 1.59442
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NO,

S., 7 COOEt
>rR N R

3g  COOEt 9204 yield, oil; *H NMR (300 MHz, CDCl3): 6 0.99 (t, J = 5.4 Hz,
3H), 1.05 (s, 9H), 1.29 (t, J = 5.4 Hz, 3H), 2.98 (dd, J = 3.3 Hz, 10.8 Hz, 1H),
3.44-3.50 (m, 1H), 3.57 (s, 3H), 3.71 (d, J = 8.1 Hz, 1H), 3.86-3.97 (m, 2H),
4.05-4.12 (m, 1H), 4.20-4.28 (m, 2H), 7.45 (d, J = 6.6 Hz, 2H), 7.39 (d, J = 6.6 Hz,
2H); *C NMR (100 MHz, CDCly): § 14.0, 21.8, 29.7, 36.1, 42.2, 54.1, 56.3, 57.0,
61.7, 62.2, 123.6, 129.4, 147.0, 147.3, 166.9, 167.3, 171.6; IR (KBr): v = 2962, 2924,
1732, 1637, 1523, 1348, 1259, 1076, 799 cm™; HRMS (ESI) for CaHzN20gS
[M+Na]": calcd 493.1621, found 493.1617.
Analytical HPLC: Agilent 1200 series, Extend-C;s Column (4.6><150 mm, 5 micron
particle size), mobile phase H,O/CH3;OH (40:60); Flow = 0.8 mL/min; Detected by
UV at 214 nm; Retention time: 8.67 min (maj), 10.26 min.

DAD1 B, Sig=214, 16 Ref=350, 100 {20121 1223W JFIW JFEODJ04E 0
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Signal 1: DAD]l B, 3ig=214,1€ Ref=3£0,100
FPeak RetTime Type Width Area Height Area
z [min] [min] [=RAT*=] [mAT] ®
BET7 MM 0.Z230% £875.18604 351.82318 28 .0305
2 10.Z62 MM 2443 T.845 6.667TE5 1._8685

O OMe

S. ~ COOEt
XR N R

sh COOEt 9104 yield, oil; "H NMR (300 MHz, CDCls): § 0.94 (t, J = 6.9 Hz,
3H), 0.97 (s, 9H), 1.26 (t, J = 6.9 Hz, 3H), 2.24 (s, 3H), 2.69 (dd, J = 4.5 Hz, 14.4 Hz,
1H), 3.31-3.39 (m, 1H), 3.59 (s, 3H), 3.54 (d, J = 10.8 Hz, 1H), 3.83-3.92 (m, 3H),
4.17-4.24 (m, 2H), 7.00-7.08 (m, 4H); *C NMR (100 MHz, CDCls): ¢ 13.6, 14.0,
20.9, 21.6, 36.6, 42.0, 53.8, 55.5, 57.5, 61.2, 61.7, 128.0, 129.0, 135.7, 136.9, 167.2,
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167.8, 173.9; IR (KBr): v = 2981, 2923, 2852, 1751, 1734, 1612, 1442, 1296, 1157,
1076, 756 cm™; HRMS (ESI) for Cx»H33NOgS [M+H]": calcd 440.2107, found
440.2105.

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C;g Column (4.6><150 mm, 5
micron particle size), mobile phase H,O/CH3;OH (40:60); Flow = 0.8 mL/min;
Detected by UV at 214 nm; Retention time: 19.61 min, 20.67 min (maj).

DADA B, Sg=214, 16 Ref=360, 100 (201211 10W.JFIN JF1000040.0)
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Signal 1: DAD1l B, 8ig=214,1€ Rei=3€0,100
Peak BetTime Type Width Areg Height Area
b= [min] [min] [=AT*=] [mALT] &
189.61Z MM .4047 52.7284€ Z.21250 1.878
2 2Z20.6 L1 .5222 26 75537 4_82070 S9B.D207
OMe

(I'I) OMe

>ri\N/ .~ COOEt
3 COOEt 939 yield, oil; *"H NMR (300 MHz, CDCl5): § 0.96 (t, J = 6.9
Hz, 3H), 1.00 (s, 9H), 1.27 (t, J = 6.9 Hz, 3H), 2.87 (dd, J = 4.2 Hz, 14.1 Hz, 1H),
3.31-3.40 (m, 1H), 3.59 (s, 3H), 3.64 (d, J = 10.8 Hz, 1H), 3.74 (s, 3H), 3.83-3.92 (m,
3H), 4.18-4.25 (m, 2H), 6.74-6.79 (m, 2H), 7.09-7.14 (m, 2H); *C NMR (100 MHz,
CDCly): 0 13.7, 14.0, 21.7, 36.7, 41.7, 53.9, 55.2, 57.6, 61.3, 61.8, 113.7, 129.3, 130.8,
158.8, 167.3, 167.8, 173.8; IR (KBr): v = 2980, 2933, 1749, 1732, 1641, 1253, 1159,
1077, 735 cm™; HRMS (ESI) for Cx»H3sNO;S [M+H]*: caled 456.2056, found
456.2056, found. 456.2056, found 456.2058.
Analytical HPLC: Agilent 1200 series, Eclipse XDB-Cig Column (4.6><150 mm, 5
micron particle size), mobile phase H,O/CH3;OH (the gradient of CH3OH is from 5%
to 90% during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention
time: 36.81 min, 37.35 min (maj).
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DAD1 B, Hg=214,16 Rer=360,100 (20130306iW.JFO00077.0)
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Signal 1: DADL B, Sig=214,1& Ref=260,100
Peak BetTime Type Width Area Height Area
- [min] mimn] [mAT* = AT] L]
26.815 MM pezo 4 3 74.33252 TE87
2 27.355 MM 1426 2.277T6ed ZEEZ.080 8g.2313
Me.  .Me
N
O OMe

S, =
>rR N R
3

COOEt

COOEt 9204 yield, oil; "H NMR (300 MHz, CDCly): ¢ 0.96 (t, J = 6.9

Hz, 3H), 1.00 (s, 9H), 1.27 (t, J = 6.9 Hz, 3H), 2.87 (dd, J = 4.2 Hz, 14.1 Hz, 1H),
3.31-3.40 (m, 1H), 3.59 (s, 3H), 3.64 (d, J = 10.8 Hz, 1H), 3.74 (s, 3H), 3.83-3.92 (m,
3H), 4.18-4.25 (m, 2H), 6.74-6.79 (m, 2H), 7.09-7.14 (m, 2H); *C NMR (100 MHz,
CDCly): 6 13.7, 14.0, 21.7, 36.7, 41.7, 53.9, 55.2, 57.6, 61.3, 61.8, 113.7, 129.3, 130.8,
158.8, 167.3, 167.8, 173.8; IR (KBr): v = 2962, 2925, 2854, 1733, 1614, 1458, 1259,
1092, 1018, 798 cm™; HRMS (ESI) for C,3H3sN,0sS [M+Na]": calcd 491.2192,

found 491.2174.

Analytical HPLC: Agilent 1200 series, Extend-C;g Column (4.6<150 mm, 5 micron
particle size), mobile phase H,O/CH3;OH (the gradient of CH3OH is from 5% to 90%
during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention time:

32.64 min (maj), 33.73 min.

DAD1 B, Sig=214,16 Ref=360,100 {2012\20121220121208WJFW JFE-2TIDUD0033.D)
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3ignal 1: DADL B, Sig=214,1& Re£=3260,100

Peak BetTime Type Width Area Height Area
- [min] [min] [mAD* =] [=AT] &
Z.6949 HM lgle 1.04076=4¢ 1073.28352 B97.0753
2 727 MM 4028 3 SE22 12_9658€ Z.8247

C OMe

S, =~ COOEt

>rR " 3k COOEt 91% yield, oil; *H NMR (300 MHz, CDCls): § 0.87 (t, J = 5.4
Hz, 3H), 0.97 (s, 9H), 1.27 (t, J = 5.4 Hz, 3H), 2.35 (s, 3H), 2.90 (dd, J = 3.3 Hz, 10.5
Hz, 1H), 3.37-3.43 (m, 1H), 3.59 (s, 3H), 3.69 (d, J = 8.4 Hz, 1H), 3.80-3.86 (m, 2H),
4.19-4.28 (m, 3H), 7.03 (d, J = 3.0 Hz, 2H), 7.10-7.13 (m, 1H), 7.21 (d, J = 5.7 Hz,
1H); *C NMR (100 MHz, CDCls): 6 13.5, 14.0, 19.4, 21.6, 29.6, 36.5, 53.7, 55.5,
61.2,61.8,126.1, 127.0, 130.4, 136.8, 137.2, 167.3, 167.9, 173.9; IR (KBr): v = 2981,
2947, 1751, 1734, 1614, 1460, 1367, 1253, 1157, 1078, 764 cm™; HRMS (ESI) for
C22H33NOgS [M+Na]": calcd 462.1926, found 462.1946.

Analytical HPLC: Agilent 1200 series, Eclipse XDB-C;g Column (4.6><150 mm, 5
micron particle size), mobile phase H,O/CH3OH (40:60); Flow = 0.8 mL/min;
Detected by UV at 214 nm; Retention time: 27.40 min, 29.45 min (maj).

DAD1 B, Sg=214,16 Ref=350, 100 (20121123WJFW JF130K000057.0)
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Signal 1: DAD]1 B, 3ig=214,1& Ref=3£0,100

Peak RetTime Type Width Area Height Area
b= [min] [min] [=AT*=] [mA] ®
27.395 MM 1 7 5.10366 1.15502  Z_DE1S
2 25.451 MM B3 353 € 8.48875 OT7.918%5
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Nee
>ri\N/ A COOEt
3l CO%Ft ggos vield, oil; *H NMR (300 MHz, CDCls): 6 0.66 (t, J = 7.2
Hz, 3H), 0.87 (s, 9H), 1.30 (t, J = 7.2 Hz, 3H), 3.07 (dd, J = 4.5 Hz, 14.4 Hz, 1H),
3.37 (s, 3H), 3.53-3.61 (m, 1H), 3.65-3.72 (m, 2H), 3.90 (d, J = 10.8 Hz, 1H),
4.23-4.30 (m, 2H), 4.91-4.99 (m, 1H), 7.40-7.55 (m, 4H), 7.70 (d, J = 7.8 Hz, 1H),
7.78 (d, J = 8.7 Hz, 1H), 8.27 (d, J = 8.7 Hz, 1H); *C NMR (100 MHz, CDCl3): &
12.3, 13.1, 20.5, 34.6, 36.1, 52.7, 54.5, 57.0, 60.3, 60.9, 122.4, 123.9, 124.2, 124.6,
125.0, 126.9, 127.5, 130.8, 132.8, 134.8, 166.2, 167.0, 172.8; IR (KBr): v = 2962,
2918, 1456, 1377, 1259, 1090, 1018, 798 cm™; HRMS (ESI) for C5H33sNOgS [M+H]":
calcd 476.2107, found 476.2110.
Analytical HPLC: Agilent 1200 series, Elipse XDB-C;s Column (4.6<150 mm, 5
micron particle size), mobile phase H,O/CH30H (the gradient of CH3OH is from 5%
to 90% during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention

time: 38.77 min, 39.49 min (maj).

DAD1 B, Sig=214, 16 Ref=350, 100 {20121208W JFW.JF4TIDUD00022.0)
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Signal 1: DAD]1 B, 8ig=214,1€ Ref=360,100
Paak RetTims Type Width Arag Height BArsag
= [min] [min] [=AT*=] [mALT] ¥
28.766 MM 7245 27 .24045 14.42302 Z.110%
2 25.4532 MM 0.2271 2.59081Ze4 2135 €10 ©&87_BE51
Me,
\
N
N
9 OMe

S., ~ COOEt
TN Soom a1 yield, oil: 'H NMR (300 MHz, CDCls): & 0.84 (m, 12H),
1.26 (t, J = 5.4 Hz, 3H), 2.94 (dd, J = 3.0 Hz, 10.2 Hz, 1H), 3.51-3.57 (m, 5H), 3.69 (s,
3H), 3.80-3.88 (m, 3H), 4.17-4.31 (m, 3H), 6.98 (s, 1H), 7.05-7.20 (m, 3H), 7.61 (d, J
= 6.0 Hz, 1H); **C NMR (100 MHz, CDCls): 6 13.5, 14.0, 21.4, 32.7, 33.9, 36.8, 53.9,
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55.3, 57.4, 61.2, 61.6, 109.0, 112.2, 119.0, 121.5, 127.0, 127.2, 136.6, 167.6, 168.8,
174.6; IR (KBr): v = 2981, 2921, 1732, 1610, 1473, 1282, 1241, 1068, 1027, 742 cm™;
HRMS (ESI) for Cp4H34sN206S [M+H]": calcd 479.2216, found 479.2202.

Analytical HPLC: Agilent 1200 series, Extend-C;g Column (4.6%<150 mm, 5 micron
particle size), mobile phase H,O/CH3;OH (40:60); Flow = 0.8 mL/min; Detected by
UV at 214 nm; Retention time: 8.48 min (maj), 9.78 min.

DAD1 B, Sig=214, 18 Ref=360, 100 {2012 11 24WJFWN JFISEXTENDDO24.0)
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Signal 1: DAD1 B, 3ig=214,1& Ref=3€0,100
Peak RetTime Type Width Area Height Area
b= [min] [min] [=RA0%=] [mAT] &
478 MM Z€05 2_.10768=4 134B.27454 B7.E2
2 TES MM D.4078 4 B5ETT 18.1 Z.1707
f S
S

Me

9 (0]

>rSR\N o COOEt

3n Cooet  89% vield, oil; *H NMR (300 MHz, CDCls): § 1.00 (t, J = 5.4
Hz, 3H), 1.04 (s, 9H), 1.26 (t, J = 5.4 Hz, 3H), 2.88 (dd, J = 3.3 Hz, 10.8 Hz, 1H),
3.33-3.39 (m, 1H), 3.62-3.65 (m, 4H), 3.91-3.97 (m, 2H), 4.05-4.12 (m, 1H),
4.17-4.23 (m, 2H), 6.96-6.97 (m, 1H), 7.05-7.06 (m, 1H), 7.18-7.20 (m, 1H); °C
NMR (100 MHz, CDCls): ¢ 13.7, 14.0, 21.7, 36.6, 37.9, 54.0, 55.7, 57.4, 61.4, 61.8,
122.6, 125.6, 127.0, 139.5, 167.3, 167.6, 173.5; IR (KBr): v = 3084, 2979, 2924, 1739,
1599, 1369, 1290, 1157, 1072, 1032 cm™; HRMS (ESI) for C1gHoNOgS, [M+H]":
calcd 432.1515, found 432.1516.
Analytical HPLC: Agilent 1200 series, Elipse XDB-C;g Column (4.6<150 mm, 5
micron particle size), mobile phase H,O/CH3;OH (40:60); Flow = 0.8 mL/min;
Detected by UV at 214 nm; Retention time: 27.64 min, 27.79 min (maj).
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DAD A, Sig=254, 16 Ref=350, 100 {20121208W JFIN JF 16TIDUD00031.0)
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Signal 1: DAD1l &, 3ig=254,16 Ref=360,100
FPeak RetTime Type Width Areg Height BAreag
- [min] [min] [=A0*=] [mAd] ]
27.641 MM 1352 27 .32037 27062 1_6364
2 27.7ET7 MM 1386 15982.7 S 101.57603 B €
NGO
O OMe

S., .~ COOEt

>rR 3 Looe 88% vyield, oil; '"H NMR (300 MHz, CDCls): § 1.08-1.10 (m,
12H), 1.26 (t, J = 5.4 Hz, 3H), 2.89 (dd, J = 3.3 Hz, 10.8 Hz, 1H), 3.37-3.43 (m, 1H),
3.67 (s, 3H), 3.74 (d, J = 7.5 Hz, 1H), 3.99-4.10 (m, 3H), 4.16-4.24 (m, 2H),
6.07-6.08 (m, 1H), 6.20-6.21 (m, 1H), 7.27-7.28 (m, 1H); *C NMR (100 MHz,
CDCly): 0 13.8, 14.0, 21.7, 34.7, 36.0, 54.1, 55.5, 55.6, 61.5, 61.8, 107.4, 110.1, 141.9,
152.2, 167.2, 167.4, 173.5; IR (KBr): v = 2981, 1734, 1612, 1442, 1367, 1288, 1155,
1078, 1031, 739 cm™; HRMS (ESI) for C19H2oNO;S [M+Na]*: calcd 438.1562, found
438.1578.

Analytical HPLC: Agilent 1200 series, Elipse XDB-C;g Column (4.6<150 mm, 5
micron particle size), mobile phase H,O/CH3OH (the gradient of CH3OH is from 5%
to 90% during 0-40 min); Flow = 0.8 mL/min; Detected by UV at 214 nm; Retention
time: 28.56 min, 28.88 min (maj).

DAD1 B, Sig=214,16 Ref=360,100 (20130306\WJF000080.0)
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Signal 1: DRD1 B, 3ig=214,16 Ref=3&0,100

Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mRU*s] [mau] %
““““““ | === === | [ ]
1 Z8.563 MM 0.23ee €05.06635 42.62391 2.0002
2 28.881 MM 0.19289% 2.9645c=4 2484.74219 97.99%8

S., ~ COOEt

>rR " 3 oot 93% vyield, oil; *H NMR (300 MHz, CDCls): § 1.00-1.10 (m,
3H), 1.19 (s, 9H), 1.23-1.27 (m, 6H), 1.32-1.39 (m, 1H), 1.60-1.80 (m, 7H), 2.68-2.75
(m, 2H), 2.95-3.01 (m, 1H), 3.51 (d, J = 5.4 Hz, 1H), 3.75 (s, 3H), 4.10-4.22 (m, 4H);
13C NMR (100 MHz, CDCls): ¢ 14.7, 14.8, 22.6, 27.0, 27.4, 29.5, 41.1, 41.3, 54.5,
54.9, 56.7, 62.1, 62.2, 169.4, 169.7, 176.0; IR (KBr): v = 2962, 2929, 1753, 1732,
1606, 1448, 1259, 1079, 1020, 796 cm™; HRMS (ESI) for C2H3NOsS [M+Na]":
calcd 454.2239, found 454.2222.

Analytical HPLC: Agilent 1200 series, Extend-C;g Column (4.6><150 mm, 5 micron
particle size), mobile phase H,O/CH3OH (40:60); Flow = 0.8 mL/min; Detected by
UV at 214 nm; Retention time: 25.24 min (maj), 30.26 min.

DADA B, Sig=214,16 Ref=360, 100 {20121123W JFW JF 150KI00055.0)

mAL = L
175 g B.‘\P
¥
1504 | |
125 [
o] | |
75 | |
50 [
[ &
254 | I'. g{h&t@
I B — W A\ i
L h i n = 4
Jignal 1: DAD1 B, 8ig=214,16 Ref=360,100
Peak RetTime Type Width Area Height Area
- [min] [mim] (mAT*=] [mALT] =
25.226 MM 136 TaSz. 432 ilaa.7 4 GE._DEEZ
2 20.262 MM 5042 76.80513 2 2. 53350 1.0338
2.9 Characterization data of 6a, 6d, 6e and 6i
(0]
H,N COOEt
COOEt . )
6a 92% yield, oil; '"H NMR (300 MHz, CDCls): 4 0.94 (t, J = 5.4 Hz,
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3H), 1.20 (t, J = 5.4 Hz, 3H), 2.56 (dd, J = 7.2 Hz, 10.8 Hz, 1H), 2.67 (dd, J = 3.3 Hz,
10.8 Hz, 1H), 3.73 (d, J = 7.5 Hz, 1H), 3.81-3.3.90 (m, 3H), 4.14 (dd, J = 5.4 Hz, 10.5
Hz, 2H), 5.79 (d, J = 10.5 Hz, 2H), 7.15-7.26 (m, 5H); *C NMR (100 MHz, CDCl):
5 13.7, 14.0, 39.9, 41.9, 57.3, 61.4, 61.7, 127.3, 128.2, 128.5, 140.0, 167.7, 168.3,
173.2; IR (KBr): v = 3420, 3258, 2980, 1744, 1670, 1501, 1257, 1150, 1044, 810 cm™;
HRMS (ESI) for C16H,:NOs [M+Na]*: calcd 330.1317, found 330.1342.

Cl

Et
HoN COO

COOEt

6d 88% yield, oil;"H NMR (300 MHz, CDCls): 6 1.01 (t, J = 5.4 Hz,
3H), 1.23 (t, J = 5.4 Hz, 3H), 2.55 (dd, J = 7.2 Hz, 10.8 Hz, 1H), 2.71 (dd, J = 3.3 Hz,
11.1 Hz, 1H), 3.73 (d, J = 7.5 Hz, 1H), 3.83-3.89 (m, 1H), 3.94 (dd, J = 5.4 Hz, 10.5
Hz, 2H), 4.14-4.20 (m, 2H), 5.69 (s, 1H), 5.76 (s, 1H), 5.79 (dd, J = 1.5 Hz, 4.8 Hz,
2H), 7.15-7.26 (dd, J = 1.8 Hz, 5.1 Hz, 2H); *C NMR (100 MHz, CDCls): ¢ 13.7,
13.9, 39.7, 41.1, 56.9, 61.4, 61.7, 128.5, 129.5, 133.0, 138.5, 167.4, 168.0, 172.6; IR
(KBr): v = 3448, 3315, 2985, 1741, 1662, 1490, 1315, 1254, 1159, 1026, 835 cm™;
HRMS (ESI) for C16H20CINOs [M+Na]*: calcd 364.0928, found 364.0922.

(0]
COOEt

6e  COOEt 9094 yield, oil; H NMR (300 MHz, CDCls): 6 1.01 (t, J = 5.4 Hz,
3H), 1.24 (t, J = 5.1 Hz, 3H), 2.57 (dd, J = 7.5 Hz, 11.1 Hz, 1H), 2.71 (dd, J = 3.3 Hz,
11.1 Hz, 1H), 3.74 (d, J = 7.5 Hz, 1H), 3.85-3.97 (m, 3H), 4.16-4.22 (m, 2H), 5.90 (d,
J =9.9 Hz, 2H), 6.95 (t, J = 6.6 Hz, 2H), 7.21-7.24 (m, 2H); *C NMR (100 MHz,
CDCly): § 13.7, 13.9, 39.9, 41.1, 57.2, 61.4, 61.7, 115.2 (d, 2Jce = 17 Hz ), 129.7 ( d,
3Jcr=7Hz ), 135.6 (d, “Jce=3 Hz ), 161.8 (d, “Jcr= 195 Hz ), 167.5, 168.0, 172.9;
IR (KBr): v = 3446, 3278, 2989, 1747, 1660, 1510, 1301, 1255, 1160, 1024, 840 cm™;
HRMS (ESI) for C16H20FNOs [M+H]": calcd 326.1404, found 326.1403.

HoN
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OMe

COOEt
H,N

6 9% 9094 yield, oil; *H NMR (300 MHz, CDCls): 6 1.01 (t, J = 5.4 Hz,

3H), 1.23 (t, J = 5.4 Hz, 3H), 2.55 (dd, J = 7.5 Hz, 10.8 Hz, 1H), 2.71 (dd, J = 3.3 Hz,
10.8 Hz, 1H), 3.69-3.84 (m, 5H), 3.93 (dd, J = 5.4 Hz, 10.8 Hz, 2H), 4.17 (dd, J = 5.4
Hz, 10.5 Hz, 2H), 5.58 (s, 1H), 5.62 (s, 1H), 6.76-6.80 (m, 2H), 7.15-7.26 (dd, J=1.2
Hz, 4.8 Hz, 2H); *C NMR (100 MHz, CDCly): ¢ 13.7, 13.9, 40.2, 41.1, 55.1, 57.4,
61.3, 61.6, 113.8, 129.1, 131.7, 158.6, 167.6, 168.2, 172.9; IR (KBr): v = 3408, 3192,
2985, 1745, 1655, 1520, 1255, 1182, 1029 cm™ HRMS (ESI) for Ci;H»NOg
[M+Na]": calcd 360.1423, found 360.1431.

2.10 Characterization data and HPLC of 3-subsituted indanone derivatives 8a,

8d, 8e and 8i
(6]

s 0" 7506 vield, colorless oil; *H NMR (300 MHz, CDCly): & 2.38-2.47 (m,
2H), 2.75 (dd, J = 4.5 Hz, 10.8 Hz, 1H), 3.01 (dd, J = 5.4 Hz, 14.4 Hz, 1H), 3.88-3.95
(m, 1H), 5.58 (s, 1H), 5.69 (s, 1H), 7.40 (t, J = 5.4 Hz, 1H), 7.54 (dd, J = 0.6 Hz, 6.0
Hz, 1H), 7.59-7.63 (m, 1H), 7.73 (d, J = 5.7 Hz, 1H); *C NMR (100 MHz, CDCls): ¢
34.6, 42.0, 43.2, 123.7, 125.5, 128.0, 135.0, 136.7, 157.1, 173.1, 205.5; IR (KBr): v =
3320, 2922, 2544, 2378, 1701, 1635, 1464, 1423, 1288, 756 cm™; HRMS (EI) for
C11H1:NO, [M]": calcd 189.0790, found 189.0788.

HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40;
flow = 0.7 mL/min; Retention time: 14.49 min (maj), 22.55 min.
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Chromatogram (wjf-z1 rac 0Z 60 40 0.7.org)

()

14.457

N s
o o (=]
>—22.358

0 5 10 15 20 25 30 35

Time(min)
Results
Peak No. PeakID Ret Time Height Area Conc.
1 14.457 221.453 2551007.750 50.7234
2 22358 44874676 2478248.500 492766
Total 111096.129 5029256.250 100.0000
Chromatogram (wjf-z1 OZ 60 40 0.7.org)
160
1504
1404
1304
1204
1104
100-
< 904 &
E 20 2
= -r
= 70] =
60
50
404
30 -
20 &
o™
10 ]
0 . |)\l
0 5 10 18 20 25 30 35
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 14.493 63188.426 2492024250 97.0382
2 22548 4823.975 76062.445 2.9618
Total 68012.400 2568086.695 100.0000

c.

8d "% 7704 vield, colorless oil; 'H NMR (300 MHz, CDs;OD): o
2.38-2.49 (m, 2H), 2.79 (dd, J = 4.2 Hz, 11.1 Hz, 1H), 2.94 (dd, J = 5.4 Hz, 14.4 Hz,
1H), 3.79-3.86 (m, 1H), 7.41-7.46 (m, 1H), 7.63-7.70 (m, 2H); *C NMR (100 MHz,
CD;0D): 6 34.0, 39.9, 41.6, 121.9, 124.6, 126.7, 133.9, 135.3, 156.8, 174.3; IR (KBIr):
v = 3323, 2921, 2459, 1700, 1630, 1460, 1421, 1289, 753 cm™; HRMS (EI) for
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C11H1oCINO, [M]": calcd 223.0400, found 223.0398.
HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40;
flow = 0.7 mL/min; Retention time: 12.11 min (maj), 13.77 min.

Chromatogram (z-cl rac.org)

300
280
260-
240
220
200-
1804
Z 160
£ 140
= 120
1004
80

60

40

20

12.282

13.648

2 4 [3 8 10 12 14 16 18 20
Time(min)
Results
Peak No. PeakID Ret Time Height Area Conc.
1 12282 120269242 2581285.000 492385
2 13.648 97777.430 2661126.250 50.7615
Total 218046.672 5242411250 100.0000

Chromatogram (z-cl.org)

R ()
]
o
12108

0 2 s 6 8 0 12 14 18 18 20
Time(min)
Results
Peak No. PeakID Ret Time Height Area Conc.
1 12.108 191682.031 4712815.000 97.7342
2 13.767 4549515 109258.250 22638
Total 196231.546 4822073.250 100.0000

6]
he®
8e “O"2 804 vield, colorless oil; 'H NMR (300 MHz, CDsOD): ¢ 2.41-2.54
(m, 2H), 2.76 (dd, J = 4.5 Hz, 9.9 Hz, 1H), 2.98 (dd, J = 5.7 Hz, 14.4 Hz, 1H),
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3.77-3.83 (m, 1H), 7.33 (dd, J = 2.1 Hz, 5.7 Hz, 1H), 7.40-7.45 (m, 1H), 7.73 (dd, J =
3.3 Hz, 6.3 Hz, 1H); **C NMR (100 MHz, CD;0D): 6 34.5, 40.7, 43.2, 108.4 (d, 2Jcr
= 18 Hz), 122.2 (d, 2Jcr = 19 Hz), 127.5 (d, *Jce = 7 Hz), 138.34 (d, %Jce = 6 H2),
153.4, 162.6 (d, YJcr = 196 Hz), 175.1, 205.3 (d, “Jcr = 2 Hz); IR (KBr): v = 3321,
2923, 2542, 2370, 1703, 1638, 1452, 1420, 1288, 746 cm™; HRMS (El) for
C11H10FNO; [M]*: calcd 207.0696, found 207.0696.
HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40;
flow = 0.7 mL/min; Retention time: 12.35 min (maj), 17.39 min.

Chromatogram (wjf-z2 rac OZ 60 40 0.7.org)
300
280
2604
240
200
W 180 =]
Z 160 &
= 140 )
- (¢l
=120 iy
1004 =
80-
60-
40
20
0 .
5 10 15 20 25 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 12.440 133515203 4394888.000 49.8213
2 17.573 84465.469 4426413.500 50.1787
Total 217980.672 8821301.500 100.0000
Chromatogram (wjf-z2 OZ 60 40 0.7 .org)
320
300-
280
2604
240-
220
200 3
= 180 &
= 160 <
= 1401
~ 120
100-
80
60- &
40 &
~
20 =
0 A : l/\.l
0 5 10 15 20 25 30
Time(min)
Results
Peak No. PeakID Ret Time Height Area Conc.
1 12347 142075.953 4592370.000 97.1894
2 17392 10289.347 132804.156 2.8106
Total 152363.300 4725174.156 100.0000
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O

MeO

i N 8205 vield, colorless oil; 'H NMR (300 MHz, CD;OD): &
2.35-2.50 (m, 2H), 2.73 (dd, J = 4.2 Hz, 10.8 Hz, 1H), 2.95 (dd, J = 5.4 Hz, 14.4 Hz,
1H), 3.72-3.78 (m, 1H), 3.83 (s, 3H), 7.15 (d, J = 1.8 Hz, 1H), 7.26 (dd, J = 2.1 Hz,
6.3 Hz, 1H), 7.53 (d, J = 6.3 Hz, 1H); *C NMR (100 MHz, CD;0OD): ¢ 34.4, 41.1,
43.2,54.7, 104.5, 123.6, 126.4, 137.6, 150.5, 160.0, 175.4; IR (KBr): v = 3330, 2922,
2548, 2403, 1705, 1641, 1492, 1425, 1306, 1280, 1024, 850 cm™; HRMS (ED) for
C12H13NO3 [M]™: caled 219.0895, found 219.0889.

HPLC: Chiral OZ column (250 mm); detected at 214 nm; hexane/i-propanol = 60/40;
flow = 0.7 mL/min; Retention time: 20.63 min (maj), 22.93 min.

Chromatogram (z-ome rac.org)

650
600
550
500-
450-

5 400

E 350

= 200
250-
200-
150
100

19.765
21.898

5 10 15 20 25 30
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 19.765 279572.594 8771245.000 511178
2 21.898 239405281 8387649.500 48.8822
Total 518977.875 17158894.500 100.0000
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Chromatogram (z-ome.org)

350
3001
2504
0
= 200 @
= &
3 150
100+
(vl
50+ b
8
0 A ! rujxl
6 5 10 1‘5 20 2‘5 30
Time(min)
Results
Peak No. PeakID Ret Time Height Area Conc.
1 20.635 163748.797 5334541.500 96.9507
2 22.933 5498.404 167783.797 3.0493
Total 169247.201 5502325.297 100.0000

3. 'H and **C NMR spectra for all compounds

Z >COOEt

2a

S28



wh-0s BB °g ga5ayn o wo oo
vis cocls wees 28 F3588N S35 33 G
V7 [RECNPR P v

Z >COOEt

2a

e T e R B e B e e B I B e B B s e S T T T T T T T T T — T
230 20 200 190 180 170 180 150 14 130 120 10 100 90 80 0 & S 40 30 20 10 0 -0 -30
£l (ppm

F2OEaENLRAERA

RETRAS

S29



-

£l

=

wheTs BB
wh-Ty CDCIY noanm«-nsg R3s AR 31
ge E w - s
- ~ w e -
V7 OV v
Br.
\©\/"L°0Et
/
COOEt
2b
‘
'
LR IR SO o S N S S e e e o S e s
=20 M 0 11,4 50 b 1% = 115 » no 10 100 o & 70 w 4 o 2
£l lppa)
§ EEREIREREAAZRRARALE 9AGEERE LLLEEY

S30



8Le
6oL

8gh
6L

SL9L
WL
el

15724
8eLZiL
09324~;
1E82)
.52.»%
96251
ML
Wb

95891~
£9%91-"

wh-3s B8
whds CDCO3 13CE8

TaRARR

1 (pom}

Lo

1w 1o

160

SEFIED

B
" COOEt
COOEt
PR e S
;
\i
COOEt
COOEt
2d

2c
Cl

>

R ——

=

ot

i

S31



whr12s 08
Verizs CDGY 13668 3 SaasaR
5T W77

Cl \@\/(E)OE':
Z COOEt

2d 1

/878

7814

6329
(ma

1556
Ciam

Flo

Bl

§oLiRaissaganic LFEEL 1908

...........................

W g w

F
Z >COOEt

2e

186 0
y, 3

S32

od |



wh-as_B0
wh-9s BB CDCI3 E8

Z > COOEt

2e

83F 2%
SR

1413
139

<

-

R0

ad

W P e I T A ) v ) Y v T L) T g v ) T T \J T T LA v " ¢ )
W M N0 M 130 10 180 150 MO0 1% e 1o % 3 & 0 *r 2 6 o » -3
Tt Gem)

1L BERR ARXERA

Z >COOEt

2f

o

S33



L0
i
100

=

-

wh-11s OO " -
il e 35 a3 5B H
7 NNy T gk U
'I
NC
Z COOEt
2f
’l ! ]
Yl AR "l S ARl SR SR N MR F ~ags MR T Sl T S TR Tty TP TP S ik e
71 s
BAREAR BRI 131 serany

Y "

ommoa
2 COOEt

29

._
el
]
-

S34



whi-bs - o
wis coon wces 33 3 33 AAR 338 33 33
Y2 BRI (08 v '
50
ON -0
2 \©\/(E)0Et
HE
Z >COOEt
29 -0
Fas
b0
=9
-5
3 20 M0 1% 10 170 I 1% 19 130 10 10 00 9 B T0 @ 0 4 3N N 10 & - -
'l otm)
1 5953853 5 32388
Z > COOEt
2h
13
198 : 320
=/ i
X, |
——Y—————]/————— [ ——

S35



wh-1s BB
wh-1s CDCI3 BB+DEPT135

_167.66
~165.02
_142.85

~-141.88

Z COOEt

2h

130.75
130.29

.é
Ay

130.26

125.86

T78.04

£

77.79

77.53

6235
6225

—-22.18
14.85
14,61

L

T T T T T T T T T T T
220 210 200 190 1m0 160 150

F o

.1'4!

—
140

ERERORCEE

,l i

|

o

S36

-



e
20
pol
==
=
=
200
200
180
"l
Fie
10
10
o
b
-y
o3
P—2X

-7
s

Lo
e [~
v

-5

-

-5
09— = . o
0T -8
1£70--

-2
w i, }

Wil " HY
e Hi
i

L
B - =

n
ol . ..L 2
R . 2
ZzN-- - =3 R

Lo o

3" - _— - B

\ ¥

291 E
eei-- -~
C e - -

COOEt

=
T
=

2i

MeO

wh2s COCI3 BBeDEPTINS
T T
e 1w

whls BB

S37

COOEt
COOEt

2j

Me
Me”~




wirtis D ~ -~ Sr -
whis COCI3 13CBE ;g g; 2 ge 2 83 88 2 =3
- 2 = 2 === rEE 33 ? L
T T T YT 3 Y v
] |
]
l\llle
_N
Me \©\)c\00Et
/
COOEt
2j
|
]
’
o et e e S e S e L e e e e
0 0 n % 150 [41] 10 L~ 140 13 20 110 5 » £ 0 w 0 “ » b 0
1 e
ESREARRNRRESECHRRNLY BREGAR2E H LLLIEE

g g W

Z >COOEt

2k

D

e
e
et

S38

o



wh-13s BB -4 s8r85e 2

wimcoos wess 55 E32533% 338 82 533
¥ RoASA SR 3o VY =
=
_—
Z COOEt a

2k
L35
| 30
1 |
1
b2
" 25
i -1
1 4 ) &

T T T T T T T T T T T T T T T ¥ T T T T T T T
20 0 N0 190 180 IT0 160 160 10 I3 10 10 10 0 L] T “0 ] “w E b 10 o =10 -2

1 G
(L EEETE
O COOEt
Z > COOEt
2
314 2 dag
200 ]
98
e fpfaa
| sy

=
o
]
e
o
e

S39



50
)

i g i i b 2 i g 7 g I 3
Ls
I
| =
¥
=
Le
LLEh B
i I
-
= 5%
mi
L >
i
s b
F&
8k _ Fe
8Lk L
Fe
pLOLY L
—swrr -
FLT &
Fe
-mw I\\\l
- wlE
o BIF
- ey
BO'PEL, = ey
615} 3 =
0’9z} 5 e
Yzl | o
£6'%Z} o
19'8Z} r=
92762} H
ay'0ek L2
¥e0eL T | =
seieb
9E'EEL] - o .
sz w 3 w2l
g 8 g =
96'E0L~ [e) w - [
Sh99L— o e art
© - et
A\ o me
N = jith
| -
@
O |WN. wm
ﬂ O I i
S
@ I :
g | = i
2c° = E
p! & =

-

S40

1.96
a0

COOEt
COOEt

2m

Me—N




wh-15s BB o™ O W T O P
wh-15s CDCI3 BB4DEPT135 gg $§222§$33 }5L 88 2 a2 Laco
L 23800 8E REE &3 g ¥¥
V) YRRV RN Y | 8 Lo
320
300
280
260
240
220
Me—N COOEt
ot 200
—
2m COOEt L e
160
140
120
100
(=:11]
| G0
40
20
o
1'_"0 2 Il(}' 1(‘)0 JICIEI l;l*O 1'.!'0 JEIEI 150 J-{El l.'lﬂ() 1'_"0 1 Il[l l(IIO 9‘0 80 T'IEI C‘IO .JIU 4‘0 3‘0 QIEI l::) EI —JIU -é[l
£l (ppm)
PECEEEEOEEARRARRAREREEEEEE SERRZAER LEEL]
\%y \ WJ
= COOEt
S
N
COOEt
2n
rIIIJ
2:’02
0.86 D;5'1
F o5
I 1 J
’_le_ - A |
. . : : . . . . : . . . . : : . . .
&8 i} 4 2 o PPM

S41



h-16s BB - P
it coci> 6 g BEEiES ity 8
57 RS 5 ORY o2 -
260
240
]
S
=
Z > COOEt | Lo
2n o
]
160
140
=120
100
1
I &0
&0
40
20
N s Wsediny Wty e
|-20
13‘0 2‘[0 1(‘)0 JICIEI l‘_l'() l'.!'U ]IGEI 150 J-{El 11.50 l:I‘U 1 IlEl l(IIO 9‘0 EIU T'IEI GIO GIU 4‘0 3‘0 QIEI lICl —JIU —IEEI
fl (ppm)
CER EELELLE CEELLL
L) 1] |
\\ \ W
| |
= COOEt
(o] A
COOEt
20
n
1
17
.
038
&
- ‘_L | Lk . |
——————§——————— 71—

S42



wh-17s o m o~ - e
s Goc e 53 38 IE sgy 53 25
T FTTN LV >
280
260
k240
220
S P
[o} 200
NS
COOEt
Figo
20
L]
S¥)
Fizo
oo
|
| Feo
|
&0
40
2o
HWMMMW—U
20 210 200 190 180 170 160 150 140 130 120 10 100 9 8 70 6 50 40 a0 10 1o
£1 (ppm)
EE ELELEELE EEEL LR EELELLLE S e
|
> COOEt
2p
A.r:lz
‘m ||
a0 gas |.'12
J J
| J—
L ot
T T T T T T T T T T T T T T T T T
2 4] 4 2 o PEM

S43



wh-18s
wh-18s CDCI3 13C-BB

Z >COOEt

2p

_~166.45
~-164,97
—154.30

127.49

7799
{?T T4
TT A9

192
1.84

G

~-30.71
/3238

2632
2587

1485
14.80

<

T T T T T T
2 210 200 190 180 170

3a

T T T T T T T
160 1500 140 130 120 110 10D 90

W

COOEt

COOEt

Al

o2

B ‘}f1|

Jr.'l:s

1

aps

[3[z2

]
.

S44

l:—lh

PFM



wh-0_BB120604
WH<0 CDCI3 13CEBB Jun 4 2012

_173.69
167.76
167.17

L

—138.76

:'s__-qi_; @O D T 0O [
L HEE
37 GERRRATTT

2161
14,00
13.59

L

ls.0

Fas
.o
(l? OMe [

S~ COOEt
>rR N R .o

COOEt
3a
l2.s
]
bis
Lio
] 1
lo.s
e WOr A .0
"250 290 230 220 200 'zco'm'1&'1.0'11«3'14;'1413'13@'m'ﬁloi'u':o' %0 80 70 60 50 40 30 20 10 0 -lo 0 30 40
ppm)
sazapnaziss s595,,:%gzaangjﬁg,gaaaw,‘ sEeEsxE
Br
? OMe
S,z COOEt
o "N
3b COOEt
Al
213 i T 3J||22 J21
2o | Foz 103 088
J o w0 |
M e l W n ! 1
T T T T T T T T T T T T T T T T T T —

S45



Wh-T_BB120612
Wh-T CDCL 3 13C-BB Jun 12 2012

Br

CI) OMe

3b

i
'(18?04

COOEt

COOEt

~138.04

—131.49
12098
~121.37

THROOTO M~ O gwc
resrconEdcse g
aggas & 2

"~~~ wan o
RS FES A A

F3.0

3.0

-0.5
B T B B B S e B e B A B e TR A B o e e S LA A B e o B e e B
20 240 230 20 210 200 190 180 170 180 150 140 130 120 ulct We %0 8 70 60 50 40 30 20 10 0 -0 -20 30 40
T DDmJ
BER¥ERIERAEEREES LU ARREESE
l/ | M \%
\’V
O OMe Br
S, .~ COOEt
>(R N R
3c COOEt
Taﬂ
304
215 3
. * Fﬁzl.'r ngs
ool e =T A -
T T T I T T T T T T T T T T p—

S46



wh-3 BB Swe Enrzen
MmN o TN @O =X X w w -0 o
e o gy gEdAssd SHIEE I =
[ A -+ VI [ ~
a0
e
700
1630
O Ome Br e
S~ COOEt Lsso
>rR N R
3c COOEt o
450
400
| 350
|
300
F250
I
F200
F150
100
I Fa0
o
50
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 T T T T
0 A0 200 190 180 1TO 180 150 140 130 120 1D _11[0(}- L 80 w 80 ] 40 30 porl 10 - -0
1l lppm)
BAzREEEEIEN CLLLELLLLGLE L D ELLLLLE L L
|
N} [/
cl
9 OMe
S, - COOEt
>‘/R N R
3q COOEt
ofo2
202 208 2laz
J 770 VA i N
1 _ .l_J‘t _m.x'l.l A ~ L L
— T ————
8 i} 5 4 3 2 1 0 PPM

S47



wh-12_BB120625 oo gaar
LR ] Rl T@@ OO0 @ =
MrEECLTCERnEA fig GARE RgeEzfeEty Eas
VY NN PN TTON9

Cl

(I.'I) OMe

S. COOEt
>‘/R N™ g
COOEt

3d

.0

—T
250 249 13(}- 12(}- 11(} 1(}(} l)(}- 1&} ll(} h:(} IJ:} 14(} 13'3- lI} 11(}- 1(}(}- 9 8 T0 60 5 40 W0 0 10
£l (ppm)

EREARER ”atﬁﬁéiiihsﬁ& AEER

F
ICIJ OMe
S~ COOEt
XR N R
3e  COOEt
o900
185 o - 36 a5
Faz | }{95 |
R B S
_Jll DA . i

—T T T T T T T
-0 -20 30 -40

o
a |

S48

PPM



wh-9_BB120625 g -] @WEn o
D IV N~ 3
140
. Fizo
F iz
L0
9 OMe Fioo
S~ COOEt L
XR N R N
3e COOEt Lo
70
60
Lso
10
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 T T T T T T T T T T T T T
20 210 20 190 180 170 160 150 1400 130 120 110 a l[l:fm] o0 ) i) &l 50 40 3 20 10 1] -0 -0
331 5§§§§3.’i §5E1BLARIEEET
CN
(“) OMe
S~ COOEt
RN R
3f COOEt
oo
o8 3 2.I9E.
ZI_EI 2[05 2Ir13 ngﬂe- F |
1. 1.l 101
| S e/
J L i _ _ _AJJ(_JL /R J L
. T : : . T : . : T . : . T . : : T —

S49



wh-11 BB e & k8 0 w
qu =1 - - -] W e — o o = moo .
wh-11 CDCI3 13C-BB Y 3 #’ = 2 RES SrsEd %;3.; 98 Feo

VY 57 T IR | '3

I
F50
Fas
CN F40
F35
9 OMe . w
S~ COOEt
>‘/R N R
3f  COOEt
F20
|

L L E e oo o s e B e L B s mo s o e S e e e B L Eo e o e S S e S B ey
=0 0 200 190 180 IT0 160 150 140 130 120 110 100 90 0 T 0 50 40 0 20 i) L] -0 -20

#g Lk HEEEREERR :’Eggggg ﬁ§f%§ ESHRRRISIE
9 OMe
S.. .~ COOEt
>‘/R N R
3g COOEt
_ 206 210 3 glra
200 2 e 4T “T12 34
[ WY )M [
T T T T T T T T T T T T T T T T T T T T T -y

S50



wh-8 BB gr&g R85 ] g~ O oo R Rl = w
vhe cools B8 EE8 u¢ 88 cHe depEd 988 & ¢
VY v 1 2T TN T T
NO,
9 OMe
S, COOEt
>(R N
3g COOEt

500

450

400

200

50

T T T
o0 20 N0 190 180 IT0 180

T L L L L
150 140 130 120 110

LA S N R | T
00 %0 a0 T 1] 50 L] £ ] 0 10 [} - -2
£l (ppm)

sss ILITCERNENINCERARSIENNST MR

N WP S\

9 OMe

S, ~ COOEt
>(R N R
3h COOEt

s
yae 201 288 300
|| (’ EH] [ II Tns
a0 0%  0s4
/ JE A I I
! Ll L
T T T T T T T T T T T T T T T T T T T T
] 6 4 2 [ PPM

S51



wh-1_BB120604
1

o 525 gggg ~No - = i~ 5 o = ™o
MATecsessunimn  fgg  g3gs PREIIZIISE 1%
Y VY N P N LV
=
(IJI OMe
S~ COOEt |
>(R N R L
3h COOEt
Ly
L2
1"
| 2
1
FL
O = & Hooma W) Tt L o . o
~—trrt ' r,.rrr r ~r+rrrrrr+~r-~rrr .rr.rrrrrrrrrr~rrrr1r 11 1 T T
250 240 230 220 210 200 190 180 17O 160 130 140 130 12 l_llc-[ lop 20 80 T0 60 50 40 30 20 o o -10 -20 30 -40
f wpm)
sanseagEziee j%f%%é,é?%ﬂéis%%ﬁ%iéii LAEEEE
OMe
9 OMe
S .~ COOEt
>‘/R N R
3i COOEt
bl ]
188 33 fjos
L J' 4 104 1.01
I SE s f
Ll l Bl [ — — M. L
T T T T T T T T T T T 1 T T T T —

S52



S53

wh-2_BB120612 [ 2-F ] wwn
= oo e = 3 T@e oY oon o -m L.
WhZ CDCI3 13C-BB Jun 12 2012 g S8 o 585 ERZZEE 838 2.0
=33 34 e b= ==~ B8 PR
A 2 G VAT YW
HE. 0
7.0
OMe le.s
He. O
o oMe .
S COOEt
XR N ! b5
3i COOEt o
3.5
3.0
[ n k2o
. 1 FL.5
L.
L5
e e ooy Ay gt b i iniiaiaipen 0. O
05
T T T T L | 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 LI T L | T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 0 20 10 ['] -10 -20 -30 -40
fl (ppm)
EER ARREEZEEIRERECEEIIRARID ARAEEZ
|l
Me._  _Me
(I? OMe
S~ COOEt
XR N
3  COOEt
rr.aa
Far
.08
213 -
Fo2 fes Fo© fy a3 3’1
J_l.. J _ J‘_le ) L L
T T T T T T T T T T T T T T T
B [ A 3 o PPM



ka5
s

Ly

ka0
Fas
Fao
k25
k2o
his
Fio

BLEE
60F —.ﬂ.
wliz -

PBOE~
/Y o

ZHES
ﬂmmmk
FELE—
a9z’
¥l

ZOZH—

BV O~ -
SEELT

00os—

COOEt
COOEt

2

o191

cver > ©

ErhLL— b -
o
=

3j

BB
O OMe

wh-6 BB
wh-Bs CDCI3

PFM

1

S54

WSS

COOEt
COOEt

a0

!
il

3k

A,




wh-13_BB120625 o o e on o
— EET] -1 ceseasg TNThze B
wh-13 GDCL3 13C-BB Jun 25 2012 BB B 8RR Eg%:gggg 222333 Lis
VY SN gERETET TN
14
i3
12
L1
Lo
O oOme r
S\N/ COOEt Fe
e
3k COOEt H
&
(i ||
| 4
1
| 3
I | | |
2
I
1
|
y geesih e WA 1 v st iy Y . oo, -0
1
— T T
50 240 230 220 210 200 190 180 170 180 150 140 130 120 110 100 SO0 80 T & 50 40 30 20 i) 0 -10 -206 -30 -40
£l (ppm)
SEEIEE AEREZERELIiiEREEIIL LLE Eeet
] |
R
|
ICI) OMel l
S~ COOEt
XR N
a1 COOEt
oo
1 138 203 478
J‘m L‘Dr.g o - s o fq*m =
o
i A _JJML_, . L
. . . . : : , . . . . : : . . . . .
8 & 4 0 PAM

S55



wh-4 BB
wh-4s CDCI3 BB

~172.83
167.03
166.16

£

76.26
e ¥

W7576

8§58%R 58 358
88538 8% §I%
[

450

400

T T T T B —
o 0 00 190 180 1TD

T T
160 150

T T T T T T T T
140 130 120 110 100 0

20 a0 0 40 0 0 10 0
fl (ppm)
G EsnEEEIsRIsERES
N}
12324
01
3| ales
1}96 7’01
1.02
fo R N feo
JM U || | -
8 [:] 4 2 0 PPM

S56



wh-15_BBE120625
wh-15 CDCL3 13C-BB Jun 25 2012

_~174.55
168.08
167.58

4

wNTLLo® - Fi.8
ENEEER] T289984%8 B252 925
BERRZ2CE FEfrfpss dhg noo

rrrrrEET R MOMm o 3.8
RS 7D S s o ' B

! Fa.4

Fa.2

k2.0

FL.8

Fz.6

LI s s s e e T
20 210 200 190 l.ﬁ 1|C- 160

T
0

150 140 130 11} 11(}- 00 90 80 T0 60 50 40 30 20 10 -10 =20 -30 =40
£l (ppm)
BRARIEEREL § EEEEEREEEEEREH RRREZEE
TaaTr EEEEEEEERE R

aloa
4pes 209
s 5 N
)ﬂlg ¥ Fa
J..J o | .

S57



4.0
3
FL.&
FLO
FL

=20 -30 -40

=10

PPM

LOEL
aa.ﬂ—.w
9LE

0998~
SRULE

S6ES
0G5~
LELS—
0¥’k
Bl
1984
BE'0L
VELL [~

re

T
£l (ppm)

95T b,
95'SZh~—
1oz

IGEEL— -

G6Z°L81
____.w.___.w—.Uv
bSUELL

wh-16 CDCL3 13C-BB Jun 25 2012

T
50 240 230 20 210 200 190 180 170 160 130 140 130 120 110 100

wh-16_BB120625

o
L}

}'9 3

/

?’15 315
23

/

DA

S58

101
[ofes

A

o




wh-17_BB120625
wh=17 CDCL3 13C-BE Jun 25 2012

5.0

55.45

Lo
§5411

13.97
£‘I 381

$95
EEE
WV

—152.24
—141.89
11042
~107.43
181
153
55,64
36,04
<3468
2170

3.5

2.3

M Fo.0

LA L L T T T 7T T T T T 1T
50 240 230 220 210 200 190 180 170 160 150 140 130 1 110 100 90 80 TO &0 50 40 30 20 W0 0 -10 -20 30 40
£l (ppm)

A"

9 OMe

S, = COOEt
>'/R N S
3p COOEt

O

78
/pf94 nn{ae e S92 / - ‘;.38

1 ALl ah m |

o
@
|
X}
=}
o
o
=

S59



EB
CDCI3

01
71

18
18 g

BB+DEPT135

_-1T6.
169
169.41

L

3p

COOEt

COOEt

T8.00
T7.74
T77.49
6216
6206
54,85
54,54
41.32
41.07
27.39
26.98
1472

<
L
Y
<
2952
%
<

§ ot

COOEt

COOEt
6a

fiie]

L
180 150 140 130

— T T T
120 110

E9ETIREAEET  EEES
|
|

R R EEE
|
!

! \iw \I |"'

DI._ES_
.86
/

S60



wh-Z-1-1 BB
wh-Z-1-1 CDCI3 13C-BB

L

K
%??:43
<G

_173.16
168.25
7
“167.70
—130.97
128.46
12817
127.31
7747
76.92
1.71
1.35
57,33
14,01
1371
T
3

~41,89
~-39.95

<

&

om0
260
o L240

COOEt
HZN 220

COOEt looo
6a

T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 0 90 20 70 80 50 40 0 20 10 [} -0 -0

Cl
(o)
COOEt
H,N
6d COOEt
3z

E 1l
. i

(\[79 J I_"‘.gcl.sea 057

[ ofsa
J (A /T
_..'Ilﬁ\_ - [ I| u‘ I i
T T T T T T T T T T T T T T T T T T T T a—

S61



FLi
a0
[FE0
7o
G0
50
40
Flo
10

m.w.mv
vm.n_,v

BIEE~
L

BEOG-_
EFL
L7

£L91
mm.P_.W.
YTLL

£582)-
0562}

162Eb
SrEEl—

LLTEN
16191
8524

ZCl-1 CDCI3 13C-BB

Z-Cl-1 BB

U

2\

. ||'

|
/

100
£1 (ppm)
REBIEEEREGLAY
Tew T wwwmm

110

T
0

1

130

140

150

T
180

U]

Cl
COOEt
6d COOEt
180 I
COOEt
COOEt

180

200
6e

H,N
0

H,N

0

PRM

-

S62



300
W
)
0
w
20

00
0
w

Fas0

400

Faso

Faoo

250

k200

SEY

100
0

30

;. ¢ . F . F F . % F .6 F 5,9
=
Fs
]
|0
r
=
Fe
991
Pty 1 r o
ra H&“
I
[ I
[ e -4
BE'GE~ _ Lo
W0y |
oo
@ a;%ﬂ
[ BT
Lo
. F P~ N—
VI _ e
9t} L2 n.M.wwl\l.ﬁl
0Uk 1 L e
ot
1 Fe s
B 3 e
3 Le m
M
F ) e —
oy ——
re -4
|7 o
|y
g 3
i [F
HESI -
BZSH Ls
0L&Zby 1 I I\I
: o L=
LI'BZL 1 = . \I
65°5E L~ — E— 3 e
Z9°SEL Ls
=
= )
28091, — ] Lg %I
-The - E— L
25101~ % = - %I
90°89} 8 i Le Z
68T o F
c o =
L2
m O |~
m w © -
e 8 L
ful =
a8 o o
8 L
m... M{ ]
LR N

S

A Aoe

A

108

' 25
l:

S63

)zuz
— ._J"'n_

OMe
COOEt
6i COOEt

H,N




FZ10
200
0
BD
170
B0
50
40
30
20
110
o0

0

50

1
o
B0
T
60

5
40
0
F20
1
0

BYEL
nm.n_.v.

81O -
ST

9055,
625~
9z
0’k

ZLal
wmnhW.
BTLL

LUEH— -

LOBZI~—
BILEL

95851 —
09294,
0z'89L-
PEZLL

OMe
COOEt
COOEt

6i

Z-OMe-1 GDCI3 13C-BB
H,N

Z-0Me-1 BB

10
PFM

—

00 90
£1 (pp)
S64

110

120

130

140
CONH,

160 150

T0
8a

1

190 180

0 210 200




Fiso
L0
Flao
Fizo
FLio
FLoo
Fao

LOrE—
L6H¥
ITEY V

L9l

I{.n

.D‘ [
— — e

—ffret
mw.___.___.k

0LEZh~
Y§STh
00'8z)"
96°¥E L~
99°9¢ 1

90451 —

ArELl—

¥esE—

fﬂ2

_)I — ah—

CONH,
CONH,

8a

PEM

ler

S65



[F2E0
360

[Fa40
320
200
[FED
G0
40
[FZ0
F-20

S6EE—
88'6E-,_
95 1r—

PELZ I~
95PZI—
19921
E6EE I~
£ESEN—

FaosLI—

gTrili—

-

080D 13C-BB
¥

Zcl
Z<l C

ofsz
|
|

1 (rrm)

CONH,

ﬂ”

0.89
J

CONH,

8e

T

PPM

=

)

f—as

S66



[N ¢ 28 8 55 B%¥82 %5 Nergnearoo
wn -— van L Ne v~
g8 £ 8z 8 85 NRNN B8 R FEEEEE o
~ | Y R RAAAS
Fiio
Fioo
Fao
[o]
F ‘ ! Lo
: Fio
8e CONH, .
Feo
Fso
L0
]
| Fao
1 ]
i k2o
[}l
Fio
BLMW4
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
220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 0 60 50 4 B 20 10 -0 -»
£1 (ppu)
o
MeO l
8i CONH,
u7
'TEID'E‘?ES | —"“'@rm"inl
IIJ _ J{ _JAAJL..“_MA. -
T T T T T T T T T T T T T T T T T T p—

S67



2.0 = - @ LX) o
zommgcmn 13C-BB r; = b g EE ‘3' TE‘?
T T N N 7 I
o
MeO

_-34.35

41,09

—~-43.20

T T T T T T
200 190 180 170 180 150 140 130 120 110 100 90 80 70 60 50

S68



