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1. General Methods

TLC was performed on glass-backed silica plates and visualized using UV, KMnQO, stains,
H3PO,4-12MoO3/EtOH stains, H,SO4(conc.)/anisaldehyde/EtOH stains. Column chromatography
was performed using silica gel (300-400 mesh) eluting with EtOAc/petroleum ether. *H-NMR
spectra were recorded at 400 MHz (Varian) or 600 M Hz (Agilent) and *C-NMR spectra were
recorded at 100 MHz or 150 M Hz (Agilent) using CDCI3 (except where noted) with TMS or
residual solvent as standard. Infrared spectra were obtained using KCI plates on a VECTOR22.
High-resolution mass spectral analyses were performed on Waters Q-TOF Premier at State Key
Laboratory of Biotherapy, West China Hospital, Sichuan University. X-ray analysis was performed
on Bruker-SMART APEX Il at the college of chemistry, Sichuan University. In each case,
diastereoselective ratio was determined by *H-NMR spectra were recorded at 400 M Hz (Varian) or
600 M Hz (Agilent). UV detection was monitored at 220 nm or 254 nm. Optical rotation was
examined in CHCI3 solution at 20 °C. HMPA, CH,Cl,, EtsN were distilled from CaH,. Et,O and

THF were distilled from sodium. All spectral data obtained for new compounds are reported here.

1. The major substrates 2a, 2g and 2i* used in this work were prepared by our previously reported
procedure. [(a) Song, Z. L.; Lei, Z.; Gao, L.; Wu, X.; Li, L. J. Org. Lett. 2010, 12, 5298; (b) Gan, Z.
B.; Wu, Y.; Gao, L.; Sun, X. W.; Lei, J.; Song, Z. L.; Li, L. J. Tetrahedron, 2012, 68, 6928.].

2. B, y-Unsaturated ketoester 1a-1n were prepared by a previously reported procedure. (Belmessieri,
D.; Morrill, L. C.; Simal, C.; Alexandra, M.; Slawin, Z.; Smith, A. D. J. Am. Chem. Soc. 2011, 133,
2714.)

2. General Procedure and Spectral Data of Products

2.1. Preparations of 2a, 2g and 2i.

Preparation of 2a

OBn
2a
| SiEt;

SiEty

2a: To a solution of 3-triethylsilyl allyloxytriethylsilane (3.0 g, 10.5 mmol) in THF (18 mL) and

1. Enol benzyl ether 2a is the known compound. 2g and 2i are new compounds and fully characterized.



HMPA (2.2 mL, 12.6 mmol) under argon atmosphere was added s-BuLi (1.0 M in pentane, 11.6 mL,
11.6 mmol) at —78 °C. After stirring for 5 min, benzyl bromide (1.3 ml, 10.5 mmol) was added and
the resultant solution was warmed to room temperature then refluxing for overnight. The reaction
mixture was quenched with sat. ag NH4Cl and extracted with Et,O (2 x 20 mL). The combined
organic layers were then dried over Na,; SO, and concentrated under reduced pressure. Purification
of the crude residue via silica gel flash column chromatography (gradient eluent: pure petroleum

ether) afforded 2a (2.9 g, 72%) as a colorless oil

Preparation of 2g

OAc
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29: Using the same procedure as that used for 2a. To a solution of 3-trimethylsilyl
allyloxytrimethylsilane (2.1 g, 10.5 mmol) in THF (18 mL) and HMPA (2.2 mL, 12.6 mmol) under
argon atmosphere was added s-BuLi (1.0 M in pentane, 11.6 mL, 11.6 mmol) at —78 °C. After
stirring for 5 min, acetyl chloride (0.8 mL, 10.5 mmol) was added and the resultant solution was
warmed to room temperature for 1h to afford 2g (1.9 g, 75%) as a colorless oil. *"H NMR (400 MHz,
CDCl3) § 0.04 (s, 18H), 1.43 (d, 1H, J= 12.4 Hz), 2.03 (s, 3H), 4.68 (dd, 1H, J; = 6.0 Hz, J, = 12.4
Hz), 6.96 (d, 1H, J = 6.4 Hz); *C NMR (150 MHz, CDCls) 0.7, 17.3, 20.5, 112.3, 132.0, 167.6;
IR (neat) cm™ 2954(m), 1755(s), 1362(m), 1249(s), 1215(s), 1064(s), 921(m), 835(s), 743(m),
687(m), 641(m), 595(m); HRMS (MALDI, m/z) calcd for Ci1H.40,SioNa (M+Na)™: 267.1207,
found 267.1210.

Preparation of 2i

OSiPhs
2i |
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2i: Using the same procedure as that used for 2a. To a solution of 1-methyl-3-triphenylsilyl
allyloxytriphenylsilane (2.1 g, 10.5 mmol) in THF (18 mL) and HMPA (2.2 mL, 12.6 mmol) under
argon atmosphere was added s-BuLi (1.0 M in pentane, 11.6 mL, 11.6 mmol) at —78 °C. After



stirring for 5 min, Triphenylsilyl chloride (3.1 g, 10.5 mmol) was added and the resultant solution
was warmed to room temperature for 1h to afford 2i (3.5 g, 70%) as a white solid. mp = 62.5-64.5
°C. 'H NMR (400 MHz, CDCl3) § 0.25 (s, 18H), 1.67 (s, 3H), 2.29 (s, 1H), 6.37 (s, 1H), 7.54 (m,
12H), 7.80 (m, 3H); BC NMR (100 MHz, CDCl3) 6 1.09, 19.2, 20.3, 128.0, 130.3, 131.2, 134.0,
135.1, 135.5, 136.3; IR (neat) cm™ 2954(m), 2325(w), 1649(w), 1428(s), 1249(s), 1178(s), 1117(s),
1054(w), 888(s), 834(s), 711(s), 509(s); HRMS (MALDI, m/z) calcd for CygH330SisNa (M+Na)*:
497.2123, found 497.2119.

2.2. Preparations and Spectral Data of IEEDA Reaction Products 3

Preparation of 3a

o)
O. .0OBn
MeO |
rSiEt3
3a SiEt,

3a: To a solution of 2a (80 mg, 0.21 mmol) and 1a (20 mg, 0.11 mmol) in anhyd. CH,Cl, (2 mL)
under argon atmosphere was added SnCl; (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol) at 0 °C. After
stirring for 1 h, the reaction mixture was quenched with sat. ag NH4Cl and extracted with CH,ClI, (3
x 5 mL). The combined organic layers were then dried over Na,SO, and concentrated under
reduced pressure. Purification of the crude residue via silica gel flash column chromatography
(gradient eluent: 0-2.0% of EtOAc /petroleum ether) afforded 3a (48 mg, 80%, exo:endo > 95:5) as
a white solid. mp = 74.2-76.5°C; *H NMR (400 MHz, CDCl3) & 0.28 (s, 1H), 0.43 (m, 6H), 0.63 (t,
9H, J = 7.6 Hz), 0.69 (m, 6H), 0.79 (t, 9H, J = 7.6 Hz), 2.39 (d, 1H, J= 11.6 Hz), 3.59 (d, 1H, J=
11.2 Hz), 3.73 (s, 3H), 4.58 (d, 1H, J = 11.2 Hz), 4.89 (d, 1H, J = 11.2 Hz), 5.32 (s, 1H), 6.17 (s,
1H), 7.20 (m, 3H), 7.27 (m, 3H), 7.33 (d, 4H, J =4.0 Hz); *C NMR (100 MHz, CDCls) & 4.1, 5.6,
6.3, 7.4, 8.1, 42.3, 44.2, 52.1, 70.6, 100.5, 118.5, 127.1, 127.6, 128.2, 128.4, 128.5, 129.0, 137.2,
138.9, 142.0, 163.3; IR (neat) cm™3029(m), 2958(s), 2877(s), 1736(s), 1650(s), 1457(s), 1265(s),
1104(s), 1016(s), 797(s), 736(s), 699(s); HRMS (MALDI, m/z) calcd for C33Hs004Si;Na (M+Na)*:
589.3140, found 589.3141.



Preparation of 3b
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3b: Using the same procedure as that used for 3a. 2b (62 mg, 0.21 mmol) and l1a (20 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 3b (38 mg, 75%, exo:endo > 95:5) as a colorless oil. ‘H NMR
(600 MHz, CDCl3) 8 0.10 (s, 9H), 0.24 (s, 9H), 2.67 (d, 1H, J = 11.4 Hz), 3.88 (d, 1H, J = 11.4 Hz),
3.91 (s, 3H), 4.83 (d, 1H, J = 5.4 Hz), 5.06 (d, 1H, J = 4.8 Hz), 5.61 (s, 1H), 6.34(s, 1H), 7.34 (d,
2H, J = 7.8 Hz), 7.45 (m, 2H), 7.51(m, 6H); *C NMR (150 MHz, CDCl;) 5 1.0, 3.3, 14.0, 14.9,
44.0, 52.1, 100.0, 118.2, 127.0, 127.7, 128.1, 128.5, 128.6, 128.7, 137.2, 138.8, 142.0, 163.3; IR
(neat) cm™ 3030(m), 2951(s), 1734(s), 1653(s), 1441(s), 1378(s), 1266(s), 1124(s), 998(s), 839(s),
761(s), 699(s); HRMS (MALDI, m/z) calcd for CyHzg04SiNa (M+Na)": 505.2201, found
505.2211.

Preparation of 3c
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3c: Using the same procedure as that used for 3a. 2¢ (88mg, 0.21 mmol) and 1a (20 mg, 0.11 mmol)
in anhyd. CH,ClI; (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3c (38 mg, 60%, exo:endo > 95:5) as a colorless oil. 'H NMR (600 MHz,
CDCls) 6 -0.34(s, 3H), 0.24 (s, 3H), 0.34 (s, 3H), 0.39 (s, 3H), 0.69 (s, 1H), 2.47 (d, 1H, J = 11.4
Hz), 3.68 (s, 3H), 3.69 (d, 1H, J= 11.4 Hz), 4.67 (d, 1H, J= 11.4 Hz), 4.90 (d, 1H, J= 10.8 Hz),
5.46 (s, 1H), 6.03 (s, 1H), 6.88 (d, 2H, J= 7.2 Hz), 7.01 (d, 2H, J= 7.2 Hz), 7.17 (t, 2H, J= 7.2 Hz),
7.22 (t, 4H, J= 7.2 Hz), 7.25 (m, 3H), 7.29 (t, 4H, J= 7.2 Hz), 7.33 (d, 4H, J= 4.2 Hz); **C NMR



(150 MHz, CDCl3) 6 -0.1, 0.1, 4.7, 12.2, 29.7, 41.7, 43.1, 52.1, 70.6, 100.0, 118.2, 126.9, 127.6,
127.7, 128.2, 128.3, 128.5, 128.6, 128.7, 133.3, 133.5, 137.1, 138.6, 138.7, 141.3, 142.7, 163.2; IR
(neat) cm™ 2952(s), 1733(s), 1652(s), 1492(m), 1432(m), 1313(m), 1267(m), 1223(m), 1110(m),
998(m), 835(m); HRMS (MALDI, m/z) calcd for Cs;H404SioNa (M+Na)™: 629.2514, found
629.2518.

Preparation of 3e
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3e: Using the same procedure as that used for 3a. 2e (86 mg, 0.21 mmol) and 1a (20 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3e (31 mg, 50%, exo:endo > 95:5) as a colorless oil. ‘H NMR (600 MHz,
CDCl3) §0.27 (s, 1H), 0.42 (m, 6H), 0.62 (t, 9H, J = 7.8 Hz), 0.70 (m, 6H), 0.80 (t, 9H, J = 7.8
Hz), 2.38 (d, 1H, J = 11.4 Hz ), 3.57 (d, 1H, J = 10.8 Hz), 3.76 (s, 3H), 3.81 (s, 3H), 4.52(d, 1H, J =
11.4 Hz), 4.81(d, 1H, J = 10.8 Hz), 5.30(s, 1H), 6.16(s, 1H), 6.86(d, 2H, J = 7.8 Hz), 7.19(d, 2H, J
= 7.8 Hz), 7.22(d, 1H, J = 7.2 Hz), 7.27(m, 5H); *C NMR (150 MHz, CDCls) § 4.2, 5.7, 6.4, 7.4,
8.2,42.3,44.3,52.1,55.3, 70.1, 100.3, 113.6, 118.5, 127.1, 128.5, 129.0, 129.4, 130.0, 138.9, 142.1,
159.2, 163.4; IR (neat) cm-1 2919(s), 2852(s), 1735(s), 1654(s), 1515(s), 1462(s), 1250(s), 1250(s),
1223(s), 1007(s), 931(m), 771(s), 737(s), 702(m); HRMS (MALDI, m/z) calcd for C34Hs5,05Si,Na
(M+Na)": 619.3245, found 619.3259.

Preparations 3f
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3f: Using the same procedure as that used for 3a. 2f (96 mg, 0.21 mmol) and 1a (20 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3f (42 mg, 62%, exo:endo > 95:5) as a colorless oil."H NMR (600 MHz,

CDCl3) § 0.29 (s, 1H), 0.44 (m, 6H), 0.64(t, 9H, J = 7.8 Hz), 0.69 (m, 6H), 0.78 (t, 9H, J = 7.8 Hz),

2.42 (d, 1H, J = 11.4 Hz), 3.64 (dd, 1H, J; = 1.8 Hz, J, = 11.4 Hz), 3.72 (s, 3H), 4.74 (d, 1H, J = 12

Hz), 4.98(d, 1H, J = 12 Hz), 5.34(s, 1H), 6.17(d, 1H, J = 1.8 Hz), 7.14(t, 1H, J = 7.8 Hz), 7.22(m,

3H), 7.29(q, 3H, J = 7.2 Hz), 7.46(d, 1H, J = 7.2 Hz), 7.54(d, 1H, J = 8.4 Hz); *C NMR (150 MHz,

CDCI3) 6 4.2, 5.6, 6.3, 7.5, 8.1, 42.3, 44.3, 52.1, 70.2, 100.9, 118.6, 123.4, 127.1, 128.5, 129.0,

129.1, 130.6, 132.6, 136.7, 139.2, 142.0, 163.3; IR (neat) cm™*3027(m), 2952(s), 2731(w), 1732(s),

1649(s), 1461(s), 1269(s), 1224(s), 1132(s), 1102(s), 933(s), 744(s); HRMS (MALDI, m/z) calcd

for C3sHagBrO,Si;Na (M+Na)*: 667.2245, found 667.2255.

Preparation of 3i
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3i: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1b (22 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3i (41 mg, 67%, exo:endo > 95:5) as a colorless oil."H NMR (400 MHz,
CDCl3) 6 0.22 (s, 1H), 0.43 (m, 6H), 0.66 (t, 15H, J = 7.6 Hz), 0.79 (t, 9H, J = 7.6 Hz ), 2.34 (d, 1H,
J=11.6 Hz), 3.59 (d, 1H, J = 11.2 Hz), 3.74 (s, 3H), 3.58 (d, 1H, J =11.2 Hz), 3.87 (d, 1H,J =
11.2 Hz), 5.32 (s, 1H), 6.10 (d, 1H, J = 0.8 Hz), 7.14 (d, 2H, J =8 Hz), 7.27 (d, 3H, J = 8 Hz),
7.32 (m, 4H); BC NMR (150 MHz, CDCls) 6 4.2, 5.7, 6.3, 7.4, 8.1, 41.8, 44.3, 52.2, 70.7, 100.4,
117.7,127.7, 128.2, 128.4, 128.6, 130.3, 132.9, 137.1, 139.2, 140.7, 163.2; IR (neat) cm™ 3029(m),
2954(s), 2877(s), 1734(s), 1653(s), 1491(s), 1460(s), 1314(s), 1222(s), 1093(s), 1006(s); HRMS
(MALDI, m/z) calcd for C33HsoFO,SioK  (M+K)™: 623.2785, found 623.2777.

Preparation of 3j
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3j: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1c (24 mg, 0.11 mmol)
in anhyd. CH,ClI; (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3j (33 mg, 53%, exo:endo > 95:5) as a colorless oil. *H NMR (400 MHz,
CDCl3) 6 0.22 (s, 1H), 0.43 (m, 6H), 0.66 (t, 15H, J = 7.6 Hz), 0.79 (t, 9H, J = 7.6 Hz ), 2.33 (d, 1H,
J =12 Hz), 3.59 (d, 1H, J = 11.6 Hz), 3.74 (s, 3H), 4.58 (d, 1H, J = 11.2 Hz), 4.87 (d, 1H, J =
11.2 Hz), 5.32 (s, 1H), 6.10 (s, 1H), 7.14 (d, 2H, J = 8.4 Hz), 7.27 (d, 3H, J = 8.4 Hz), 7.32 (m,
4H); *C NMR (150 MHz, CDCly) & 4.2, 5.7, 6.3, 7.4, 8.1, 41.8, 44.3, 52.2, 70.7, 100.4, 117.7,
127.7,128.2, 128.4, 128.6, 130.3, 132.9, 137.1, 139.2, 140.7, 163.2; IR (neat) cm™ 2953(s), 2876(s),
1737(s), 1648(m), 1459(m), 1267(s), 1220(s), 1132(s), 1004(s), 927(m), 771(s), 739(s); HRMS
(MALDI, m/z) calcd for C33H4oClO,4SioNa  (M+Na)™: 623.2750, found 623.2751.
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3k: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1d (28mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3k (36 mg, 53%, exo:endo > 95:5) as a colorless oil. *H NMR (400 MHz,
CDCl3) & 0.21 (s, 1H), 0.44 (m, 6H), 0.66 (m, 15H), 0.79 (t, 9H, J = 7.8 Hz ), 2.33 (d, 1H, J = 12
Hz), 3.57 (d, 1H, J = 11.4 Hz), 3.74 (s, 3H), 4.58 (d, 1H, J =10.8 Hz), 4.87 (d, 1H, J = 10.8 Hz),
5.31 (s, 1H), 6.10 (d, 1H, J =1.2 Hz), 7.08 (d, 2H, J =7.8 Hz), 7.28 (t, 1H, J =4.2 Hz), 7.32 (m,
4H), 7.43 (d, 2H, J = 8.4 Hz)); 3C NMR (150 MHz, CDCl3) 6 4.2, 5.7, 6.3, 7.4, 8.1, 41.9, 44.3,



52.2, 70.7, 100.4, 117.6, 121.0, 127.7, 128.2, 128.4, 130.7, 131.6, 137.1, 139.2, 141.2, 163.2; IR
(neat) cm™ 2954(s), 2878(s), 1735(s), 1654(s), 1460(s), 1314(s), 1271(s), 1224(s), 1006(s), 767(s),
736(s); HRMS (MALDI, m/z) calcd for Ca3H4oBrO4Si-Na  (M+Na)*: 667.2245, found 667.2255.

Preparation of 3l
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3l: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1e (28 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0°C for 1 h afforded 3l (44 mg, 65%, exo:endo > 95:5) as a colourless oil. '"H NMR (400 MHz,
CDCl3) § 0.22 (s, 1H), 0.45 (m, 6H), 0.66 (t, 15H, J = 7.6 Hz), 0.79 (t, 9H, J = 7.6 Hz ), 2.35 (d, 1H,
J = 11.6 Hz), 3.58 (d, 1H, J = 11.6 Hz), 3.75 (s, 3H), 4.58 (d, 1H, J = 11.2 Hz), 4.87 (d, 1H, J =
11.2 Hz), 5.32 (s, 1H), 6.12 (s, 1H), 7.15 (m, 2H), 7.32 (m, 7H); °C NMR (150 MHz, CDCl5) & 4.1,
5.6, 6.3, 7.4, 8.1, 42.1, 44.2, 52.2, 70.7, 100.4, 117.3, 122.7, 127.6, 127.8, 128.2, 128.4, 130.0,
130.2, 131.9, 137.0, 139.3, 144.5, 163.1; IR (neat) cm™ 2954(s), 2878(s), 1734(s), 1653(s), 1462(s),
1431(s), 1270(s), 1222(s), 1123(s), 1003(s), 765(s); HRMS (MALDI, m/z) calcd for
Ca3H49BrO,Si;Na (M+Na)*: 667.2245, found 667.2255.

Preparation of 3m

0
o. 0B
MeO” :
rSiEt3
3m SiEt,
O OMe

3m: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1f (26 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 3m (36 mg, 55%, exo:endo > 95:5) as a colorless oil. *H NMR



(400 MHz, CDCl3) § 0.20 (s, 1H), 0.42 (m, 6H), 0.64 (m, 15H), 0.79 (t, 9H, J = 7.6 Hz ), 2.41 (d,
1H, J = 11.6 Hz), 3.69 (d, 1H, J = 11.6 Hz), 3.74 (s, 3H), 3.91 (s, 3H), 4.59 (d, 1H, J = 11.2 Hz),
4.88 (d, 1H, J =11.2 Hz), 5.33 (s, 1H), 6.12 (s, 1H), 7.30 (m, 7H), 7.98 (d, 2H, J = 8.0 Hz); *C
NMR (100 MHz, CDCls) & 4.2, 6.0, 6.4, 7.5, 8.2, 42.4, 44.1, 52.1, 52.2, 70.7, 100.4, 117.4, 127.7,
128.2, 128.4, 129.0, 129.1, 129.9, 137.1, 139.3, 147.7, 163.2, 166.9 ; IR (neat) cm™ 2953(m),
2924(m), 2877(m), 1729(s), 1653(w), 1277(m), 1112(m), 1005(m), 766(m), 735(m); HRMS
(MALDI, m/z) calcd for C3sHs06SioNa (M+Na)': 647.3195, found 647.3199.

Preparation of 3n
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3n: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1g (22 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 3n (41 mg, 67%, exo:endo > 95:5) as a colorless oil. *H NMR
(400 MHz, CDCl3) & 0.29 (s, 1H), 0.43 (m, 6H), 0.65 (m, 15H), 0.79 (t, 9H, J = 7.6 Hz ), 2.30 (s,
3H), 2.35 (d, 1H, J = 11.6 Hz), 3.55 (dd, 1H, J, = 2.4 Hz, J,= 11.6 Hz), 3.73 (s, 3H), 4.58 (d, 1H, J
=11.2 Hz), 4.88 (d, 1H, J =11.2 Hz), 5.31 (5, 1H), 6.16 (d, 1H, J = 2.4 Hz), 7.07 (d, 2H, J =8.4
Hz), 7.10 (d, 2H, J = 9.2 Hz), 7.28 (t, 1H, J = 4.0 Hz), 7.32 (d, 4H, J = 4.0 Hz); **C NMR (100
MHz, CDCl3) 6 4.2, 5.6, 6.3, 7.4,8.1, 21.0, 41.9, 44.3,52.1, 70.6, 100.5, 118.8, 127.6, 128.1, 128.4,
128.8, 129.1, 136.7, 137.2, 138.8, 138.9, 163.4; IR (neat) cm™ 2951(s), 2877(s), 1737(s), 1646(s),
1459(s), 1133(s), 1103(s), 1002(s), 933(s), 772(s), 734(s); HRMS (MALDI, m/z) calcd for
Ca4Hs,04Si;Na  (M+Na)*: 603.3296, found 603.3303.

Preparation of 30
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30: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1h (23 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 30 (30 mg, 47%, exo:endo > 95:5) as a colorless oil. ‘H NMR
(600 MHz, CDCl5) 6 0.23 (s, 1H), 0.34 (m, 6H), 0.58 (m, 15H), 0.72 (t, 9H, J = 7.2 Hz ), 2.27 (d,
1H, J = 11.4 Hz)), 3.47 (d, 1H, J = 11.4 Hz), 3.66 (s, 3H), 3.71 (s, 3H), 4.50 (d, 1H, J = 12.6 Hz),
4.81 (d, 1H, J = 11.4 Hz), 5.24 (s, 1H), 6.08 (s, 1H), 6.76 (d, 2H, J = 7.8 Hz), 7.04 (d, 2H, J =
7.8 Hz), 7.19 (m, 1H), 7.25 (d, 4H, J = 3.0 Hz); ©*C NMR (150 MHz, CDCls) 5 4.2, 5.7, 6.4, 7.5,
8.1,41.5,44.4,52.1,55.4, 70.6, 100.6, 114.0, 118.9, 127.6, 128.2, 128.4, 129.9, 134.0, 137.3, 138.8,
158.8, 163.4; IR (neat) cm™ 2953(s), 2877(s), 1733(s), 1652(s), 1584(m), 1511(s), 1461(s), 1376(w),
1310(s), 1094(s), 1005(s); HRMS (MALDI, m/z) calcd for CssHs,05SioNa  (M+Na)™: 619.3245,
found 619.3259.

Preparation of 3p
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3p: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1i (28 mg, 0.11 mmol)
in anhyd. CH,Cl; (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3p (36 mg, 53%, exo:endo > 95:5) as a white solid. mp= 64.2-66.5 °C. *H
NMR (600 MHz, CDCls) & 0.32 (s, 1H), 0.44 (m, 6H), 0.64 (t, 9H, J = 7.8 Hz ), 0.70 (m, 6H),
0.81(t, 9H, J = 7.8 Hz ), 2.41 (d, 1H, J = 12 Hz)), 3.64 (d, 1H, J = 11.4 Hz), 3.74 (s, 3H), 4.59 (d,
1H, J = 10.8 Hz), 4.90 (d, 1H, J = 10.8 Hz), 5.34 (s, 1H), 6.22 (s, 1H), 7.27 (d, 3H, J = 7.2 Hz),



7.32 (m, 5H), 7.43 (t, 2H, J = 7.2 Hz), 7.52 (d, 2H, J = 7.2 Hz), 7.55 (d, 2H, J = 7.2 Hz); °C
NMR (150 MHz, CDCl3) & 4.1, 5.6, 6.4, 7.4, 8.1, 42.1, 44.4, 52.1, 70.7, 100.5, 118.3, 127.1, 127.2,
127.3, 127.6, 128.2, 128.4, 128.7, 129.4, 137.2, 139.1, 140.2, 141.0, 141.2, 163.3; IR (neat) cm™
3017(s), 2953(s), 2876(s), 1728(s), 1652(s), 1458(s), 1274(s), 1223(s), 1120(s), 1001(s), 755(s),
731(s); HRMS (MALDI, m/z) calcd for CaoHs404SioNa  (M+Na)™: 665.3453, found 665.3466.

Preparation of 3q

3q: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1j (25 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 3q (35 mg, 54%, exo:endo > 95:5) as a colorless oil. ‘"H NMR (600 MHz,
CDCls) 6 0.32 (s, 1H), 0.39 (m, 6H), 0.51 (t, 9H, J = 7.8 Hz ), 0.67 (m, 3H), 0.75 (m, 3H), 0.80 (t,
9H, J = 7.8 Hz ), 2.50 (d, 1H, J = 12.0 Hz)), 3.75 (s, 3H), 3.78 (dd, 1H, J; = 2.4 Hz, J,= 12.0 Hz),
4.61 (d, 1H, J = 10.8 Hz), 4.92 (d, 1H, J = 10.8 Hz), 5.37 (s, 1H), 6.24 (d, 1H, J = 2.4 Hz), 7.33
(m, 6H), 7.45 (m, 2H), 7.66 (s, 1H), 7.78 (m, 3H); *C NMR (150 MHz, CDCl,) 5 4.1, 5.8, 6.4, 7.4,
8.1, 42.5, 44.2, 52.2, 70.7, 100.5, 118.3, 125.6, 126.1, 126.6, 127.4, 127.5, 127.6, 128.1, 128.2,
128.3, 128.4, 132.5, 133.3, 137.2, 139.1, 139.3, 163.3; IR (neat) cm™ 3026(s), 2953(s), 2877(s),
1733(s), 1652(s), 1460(s), 1374(s), 1314(s), 1270(s), 1124(s), 1003s), 768(s); HRMS (MALDI, m/z)
caled for C37Hs,04Si;Na  (M+Na)™: 639.3296, found 639.3312.

Preparation of 3r
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3r: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 1k (21 mg, 0.11



mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 3r (28 mg, 47%, exo:endo > 95:5) as a yellow oil. '*H NMR
(600 MHz, CDCl5) & 0.47 (s, 1H), 0.50 (q, 6H, J = 7.8 Hz), 0.64(m, 6H), 0.73 (t, 9H, J = 7.8 Hz ),
0.80 (t, 9H, J = 7.8 Hz ), 2.39 (d, 1H, J = 12 Hz)), 3.74 (s, 3H), 3.94 (d, 1H, J =12 Hz), 4.58 (d,
1H, J =10.8 Hz), 4.87 (d, 1H,J =10.8 Hz), 5.32 (s, 1H), 6.19 (s, 1H), 6.90 (s, 1H), 6.93 (t, 1H, J =
4.2 Hz), 7.18 (d, 1H, J = 4.8 Hz), 7.28 (m, 1H), 7.30 (m, 4H); *C NMR (150 MHz, CDCls) 5 4.4,
6.1, 6.3, 7.5, 8.1, 37.8, 45.0, 52.2, 70.6, 100.5, 117.8, 124.2, 126.0, 127.6, 128.2, 128.3, 137.1,
138.4, 145.3, 163.2; IR (neat) cm™ 2953(s), 2877(s), 1735(s), 1653(s), 1460(s), 1374(s), 1314(s),
1267(s), 1235(s), 1126s), 1005(s); HRMS (MALDI, m/z) calcd for CaHs04SSimK (M+K)™
611.2443, found 611.2444.

Preparation of 5

5: Using the same procedure as that used for 3a. 2i (100 mg, 0.21 mmol) and 1a (20 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 5 (40 mg, 32%, exo:endo > 95:5) as a colorless oil. '"H NMR (400 MHz,
CDCl3) 8 0.14 (s, 9H), 1.29 (s, 3H), 1.34 (s, 2H), 3.59 (d, 1H, J = 7.6 Hz), 3.67 (d, 1H, J = 7.2 Hz),
3.73 (s, 3H), 6.89 (d, 2H, J = 7.6 Hz), 6.98 (t, 2H, J = 7.6 Hz), 7.11 (t, 1H, J = 7.2 Hz), 7.30 (m,
12H), 7.38 (t, 3H, J = 7.2 Hz); *C NMR (100 MHz, CDCls) & 0.36, 18.6, 27.0, 45.8, 52.0, 80.2,
81.7, 113.4, 126.9, 127.6, 128.2, 129.3, 129.8, 133.9, 135.5, 140.1, 140.8, 163.3; IR (neat) cm™
2952(s), 1734(s), 1651(s), 1431(s), 1252(m), 1114(s), 1034(m), 843(m), 761(m), 703(s), 506(s);
HRMS (MALDI, m/z) calcd for C3sH4004SioNa (M+Na)*: 615.2357, found 615.2360.

2.3. Preparations and Spectral Data of Chiral g, y-Unsaturated Ketoester 6

Preparation of 6a
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6a: To a solution of Potassium salt S2 (154 mg, 0.72 mmol) and DMF (3 drops) in Et,O (9 mL)
under argon atmosphere was added oxalyl chloride (0.3 mL, 2.90 mmol) at 0 °C. After stirring for
30 min, the solvent and oxalyl chloride was evaporated under reduced pressure to afford a yellow
solid. The yellow solid (dissolved in 10.0 mL CH,Cl,) was added to a solution of NEt; (0.1 mL,
0.72 mmol), DMAP (8 mg, 0.07mmol), s3 (100 mg, 0.36 mmol) in CH,Cl, (9 mL) under argon
atmosphere. After stirring for 0.5 h, the reaction mixture was quenched with sat. ag NH,4CI and
extracted with CH,Cl, (3 x 15 mL). The combined organic layers were then dried over Na,SO, and
concentrated under reduced pressure. Purification of the crude residue via silica gel flash column
chromatography (gradient eluent: 0-4.0% of EtOAc/petroleum ether) afforded 6a (133mg, 85%) as
a yellow oil. [0]P» = + 31.4 (c = 0.02 in CHCI3).*H NMR (600 MHz, CDCl3) & 0.93 (d, 3H, J=6.0
Hz), 0.98 (m, 1H), 1.17 (m, 2H), 1.27 (s, 3H), 1.38 (s, 3H), 1.54 (m, 1H), 1.74 (d, 1H, J = 13.2 Hz),
1.87 (dd, 1H, J, = 2.4 Hz, J, = 13.2 Hz), 1.94 (d, 1H, J = 11.4 Hz), 2.23 (m, 1H), 4.98 (dt, 1H, J; =
4.2 Hz, J, =10.2 Hz), 7.01 (d, 1H, J = 16.2 Hz), 7.45 (m, 5H), 7.58 (d, 2H, J = 7.2 Hz), 7.66 (d, 1H,
J=17.4 Hz), 8.02 (d, 2H, J = 8.4 Hz); *3C NMR (150 MHz, CDCls) & 21.6, 23.5, 26.3, 28.7, 31.3,
34.2, 40.3, 41.2, 50.5, 76.4, 119.7, 123.4, 126.1, 129.0, 129.1, 131.6, 133.9, 145.6, 148.0, 159.1,
160.6, 181.4; IR (neat) cm™ 2957(s), 2925(s), 2869(s), 1694(s), 1601(m), 1518(s), 1453(m), 1346(s),
1079(s), 854(s); HRMS (MALDI, m/z) calcd for CasHxNOsK — (M+K)": 474.1677, found
474.1675.

Preparation of 6b
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6b: Using the same procedure as that used for 6a. Potassium salt (176 mg, 0.72 mmol) and DMF (3
drops) in Et,O (9 mL) with oxalyl chloride (0.3 mL, 2.90 mmol) at 0 °C for 30 min, the solvent and
oxalyl chloride was evaporated under reduced pressure to afford a yellow solid which was added to
a solution of NEt; (0.1 mL, 0.72 mmol), DMAP (8 mg, 0.07mmol), s3 (100 mg, 0.36 mmol) in
CH.Cl, (9 mL) for 0.5 h to afford 6b (126 mg, 75%) as a yellow oil. [a] = + 46.2 (c =0.02 in
CHCl3).*H NMR (600 MHz, CDCls) § 0.92 (d, 3H, J = 6.6 Hz), 0.98 (m, 1H), 1.19 (m, 2H), 1.27 (s,
3H), 1.38 (s, 3H), 1.54 (m, 1H), 1.74 (d, 1H, J = 13.2 Hz), 1.86 (dd, 1H, J; = 3.6 Hz, J, = 13.8 Hz),
1.94 (d, 1H, J = 12.0 Hz), 2.22 (m, 1H), 3.87 (s, 3H), 4.97 (dt, 1H, J, = 4.8 Hz, J, = 10.8 Hz), 6.86
(d, 1H, J = 16.2 Hz), 6.94 (d, 2H, J = 9.0 Hz), 7.41 (d, 2H, J = 9.0 Hz), 7.54 (d, 2H, J = 9.0 Hz),
7.69 (d, 1H, J = 15.6 Hz), 8.01 (d, 2H, J = 9.0 Hz); *C NMR (150 MHz, CDCls) § 21.6, 23.5, 26.3,
28.7,31.2,34.2,40.3,41.1,50.4, 55.4, 76.2, 114.5, 117.3, 123.3, 126.1, 126.7, 131.0, 145.6, 147.8,
159.1, 160.8, 162.6, 181.2; IR (neat) cm™ 2957(s), 2927(s), 2868(m), 1721(s), 1686(m), 1593(s),
1461(m), 1347(s), 1259(s), 1078(s), 756(s); HRMS (MALDI, m/z) calcd for Cy;H3;NOgNa
(M+Na)": 488.2044, found 488.2048.

Preparation of 6¢
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6¢: Using the same procedure as that used for 6a. Potassium salt (212 mg, 0.72 mmol) and DMF (3

drops) in Et,0O (9 mL) with oxalyl chloride (0.3 mL, 2.90 mmol) at 0 °C for 30 min, the solvent and



oxalyl chloride was evaporated under reduced pressure to afford a yellow solid which was added to
a solution of NEt; (0.1 mL, 0.72 mmol), DMAP (8 mg, 0.07mmol), s3 (100 mg, 0.36 mmol) in
CH,Cl, (9 mL) for 0.5 h to afford 6c (147 mg, 80%) of as a yellow oil. [o] 2 = + 43.1 (c =0.04 in
CHCl5).*H NMR (400 MHz, CDCl5) 6 0.91 (d, 3H, J = 6.8 Hz), 0.98 (m, 1H), 1.16 (g, 2H, J = 12
Hz), 1.26 (s, 3H), 1.36 (s, 3H), 1.53 (m, 1H), 1.74 (d, 1H, J = 12.8 Hz), 1.89 (m, 2H), 2.21 (m, 1H),
4.97 (dt, 1H, J; = 4.4 Hz, J, = 10.8 Hz), 7.00 (d, 1H, J = 16.0 Hz), 7.40 (d, 2H, J = 12.4 Hz), 7.42 (d,
2H, J = 12.0 Hz), 7.54 (m, 3H), 7.99 (d, 2H, J = 8.4 Hz); *C NMR (100 MHz, CDCls) § 21.7, 23.3,
26.3, 29.0, 31.3, 34.2, 40.3, 41.2, 50.5, 76.5, 120.1, 123.4, 126.1, 130.3, 132.4, 132.8, 145.7, 146.4,
159.2, 160.4, 181.1; IR (neat) cm-1 2958(s), 2925(s), 2869(s), 1724(s), 1696(m), 1607(s), 1516(s),
1347(s), 1067(s), 854(s); HRMS (MALDI, m/z) calcd for C26H28BrNO5Na  (M+Na)*: 536.1043,
found 536.1046.

2.4. Preparations and Spectral Data of Asymmetric IEEDA Reaction Products 7

Preparation of 7a
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7a: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 6a (46 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.4 mL,
0.04 mmol) at 0 °C for 1 h afforded 7a (60 mg, 70%, exo:endo > 95:5, dr= 94:6 for exo-isomer) as
a white solid. mp = 82.2-84.5°C. [] 5 = + 118.0 (c = 0.02 in CHCl5)."H NMR (600 MHz, CDCl5)
§ 0.17 (s, 1H), 0.39 (m, 6H), 0.49 (m, 1H), 0.60 (t, 9H, J = 7.8 Hz), 0.69 (m, 3H), 0.77 (m, 3H),
0.87 (m, 13H), 1.14 (m, 4H), 1.23 (s, 1H), 1.54(m, 1H), 1.70 (d, 1H, J= 13.2 Hz), 1.76 (dd, 1H, J, =
3.0 Hz, J,=13.2 Hz), 1.98 (d, 1H, J= 12.0 Hz), 2.07 (m, 1H), 2.24 (d, 1H, J= 11.4 Hz), 4.63 (d, 1H,
J=10.8 Hz), 4.72 (s, 1H), 4.84 (dt, 1H, J, = 3.6 Hz, J,= 10.8 Hz), 4.87 (d, 1H, J = 10.8 Hz), 5.23 (s,
1H), 7.02 (d, 2H, J = 7.8 Hz), 7.17 (d, 2H, J = 8.4 Hz), 7.20 (t, 1H, J = 7.2 Hz), 7.27 (d, 2H, J = 7.8



Hz), 7.35 (t, 1H, J = 7.2 Hz), 7.44 (m, 4H), 7.83 (d, 2H, J = 8.4 Hz); **C NMR (150 MHz, CDCl5) &
41,55, 6.3, 7.4, 8.2, 22.0, 23.6, 26.3, 28.9, 31.1, 34.4, 40.2, 41.0, 41.8, 44.1, 50.2, 70.5, 75.0,
100.1, 118.2, 123.2, 126.1, 127.0, 127.9, 128.4, 128.5, 128.7, 128.8, 137.4, 138.4, 141.8, 145.2,
159.9, 161.6; IR (neat) cm™ 2953(s), 2875(s), 1719(s), 1650(m), 1599(m), 1518(m), 1456(m),
1346(m), 1220(m), 734(s); HRMS (MALDI, m/z) calcd for C4gHsgNOgSi,Na (M+Na)*: 834.4556,
found 834.4566.

Preparation of 7b
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7b: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 6b (49 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.4 mL,
0.04 mmol) at 0 °C for 1 h afforded 7b (59 mg, 67%, exo:endo > 95:5, dr=93:7 for exo-isomer) as a
colorless oil. [a]P» = + 61.5 (¢ =0.01 in CHCl3). *H NMR (600 MHz, CDCl3) & 0.19 (s, 1H), 0.40
(m, 6H), 0.51 (t, 1H, J = 7.8 Hz), 0.63 (t, 9H, J = 7.8 Hz), 0.73 (m, 6H), 0.88 (m, 13H), 1.00 (t, 1H,
J=7.8Hz), 1.13 (s, 3H), 1.25 (s, 3H), 1.54 (m, 1H), 1.70 (d, 1H, J= 12.6 Hz), 1.77 (dd, 1H, J; =
2.4 Hz, J,=13.8 Hz), 1.97 (d, 1H, J= 12.0 Hz), 2.07 (m, 1H), 2.19 (d, 1H, J= 11.4 Hz), 3.15 (d, 1H,
J=12.0 Hz), 3.79 (s, 3H), 4.62 (d, 1H, J= 11.4 Hz), 4.67 (s, 1H), 4.84 (m, 2H), 5.22 (s, 1H), 6.81
(d, 2H, J = 8.4 Hz), 6.93 (d, 2H, J = 7.8 Hz ), 7.35 (t, 1H, J = 7.2 Hz), 7.42 (m, 4H), 7.83 (d, 2H, J
= 8.4 Hz); *C NMR (100 MHz, CDCls) & 4.1, 5.4, 6.3, 7.5, 8.2, 21.7, 23.5, 26.3, 29.0, 31.1, 34.4,
40.2,41.0,41.1, 44.2,50.2, 55.3, 70.4, 75.0, 100.2, 113.9, 118.6, 123.2, 126.1, 127.9, 128.3, 128.8,
129.6, 133.7, 137.4, 138.2, 145.2, 159.6, 159.9, 161.7; IR (neat) cm™ 2954(s), 2923(s), 2875(s),
1648(m), 1604(m), 1515(s), 1459(m), 1346(s), 1252(m), 1010(m), 734(m); HRMS (MALDI, m/z)
caled for Cy4gH71BrNO-Si;Na (M+Na)*: 864.4661, found 864.4666.

Preparation of 7¢c
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7¢: Using the same procedure as that used for 3a. 2a (80 mg, 0.21 mmol) and 6¢ (54 mg, 0.11 mmol)
in anhyd. CH,ClI; (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.4 mL, 0.04 mmol)
at 0 °C for 1 h afforded 7c (65 mg, 70%, exo:endo > 95:5, dr = 94:6 for exo-isomer) as a yellow oil.

[¢]P20 = + 96.1 (c = 0.01 in CHCI5). *H NMR (400 MHz, CDCl3) 6 0.10 (s, 1H), 0.39 (m, 6H), 0.51

(t, 1H, J = 4.0 Hz), 0.63 (t, 9H, J = 4.0 Hz), 0.72 (m, 6H), 0.92 (m, 14H), 1.13 (s, 3H), 1.24 (s, 3H),

1.72 (d, 1H, J= 14.0 Hz), 1.82 (dd,1H, J, = 3.2 Hz, J,= 13.2 Hz), 1.97 (d,1H, J= 11.6 Hz), 2.08 (m,

1H), 2.16 (d, 1H, J= 11.6 Hz), 3.15 (dd, 1H, J;= 1.6 Hz, J,= 12.0 Hz), 4.51 (s, 1H), 4.63 (d, 1H, J

= 11.2 Hz), 4.83 (m, 2H), 5.21 (s, 1H), 6.88 (d, 2H, J = 8.4 Hz), 7.15 (d, 2H, J = 8.4 Hz), 7.42 (m,

7H), 7.81 (d, 2H, J = 8.4 Hz); **C NMR (100 MHz, CDCl3) § 4.1, 5.6, 6.4, 7.4, 8.2, 21.7, 23.1, 26.3,

29.7, 31.2, 34.5, 40.1, 41.0, 41.4, 44.1, 50.2, 70.6, 75.1, 100.1, 117.3, 120.9, 123.2, 126.2, 128.0,

128.4, 128.9, 130.3, 131.6, 137.3, 138.6, 140.9, 146.1, 160.1, 161.5; IR (neat) cm™ 2955(s), 2876(s),
1721(s), 1651(m), 1598(m), 1518(s), 1459(m), 1347(s), 1103(m), 1010(m), 763(s), 739(s); HRMS

(MALDI, m/z) calcd for C4gHgsBrNOgSioNa (M+Na)™: 912.3661, found 912.3666.

2.5. Preparations and Spectral Data of Sakurai Reaction Product 4

Preparation of 4q
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4g: To a solution of 2g (52 mg, 0.21 mmol) and 1a (20 mg, 0.11 mmol) in anhyd. CH,Cl, (2 mL)
under argon atmosphere was added SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol) at 0 °C. After



stirring for 1 h, the reaction mixture was quenched with sat. ag NH4Cl and extracted with CH,ClI, (3
x 5 mL). The combined organic layers were then dried over Na,SO4 and concentrated under
reduced pressure. Purification of the crude residue via silica gel flash column chromatography
(gradient eluent: 0-2.0% of EtOAc /petroleum ether) afforded 4g (34 mg, 90%, syn:anti = 89:11) as
a yellow o0il."H NMR (400 MHz, CDCls) § 0.02 (s, 9H), 1.98 (s, 3H), 3.18 (dd, 1H, J; =7.6 Hz, J,
=18 Hz), 3.32 (dd, 1H, J; = 6.8 Hz, J,= 18 Hz), 3.63 (q, 1H, J = 6.8 Hz), 3.82 (s, 3H), 5.43 (t, 1H,
J =5.6 Hz), 5.78 (dd, 2H, J;= 18.0 Hz, J, = 24.4 Hz ), 7.20 (d, 2H, J = 7.2 Hz), 7.22 (d, 1H, J =
6.8 Hz), 7.28 (t, 2H, J = 7.2 Hz); *C NMR (100 MHz, CDCls) & -1.6, 21.0, 40.3, 44.0, 53.0, 78.2,
127.2, 128.2, 128.6, 134.7, 138.8, 140.4, 161.0, 169.8, 191.9; IR (neat) cm™ 3031(m), 2956(s),
1736(s), 1620(m), 1440(m), 1372(m), 1237(s), 865(m), 841(m); HRMS (MALDI, m/z) calcd for
C19H2605SiNa  (M+Na)™: 385.1442, found 385.1440.

Preparation of S4

0
o 0 COzMe
MeO OAc MeONa, THF 0]
—_—
SiMe; 30 min, 50% = SiMe;
Ph Ph
4g S4

S4: To a solution of 4g (60 mg, 0.17 mmol) in THF (2 mL) under argon atmosphere was added
MeONa (92 mg, 1.70 mmol) at 25 °C. After stirring for 30 min, the reaction mixture was quenched
with sat. ag NH4Cl and extracted with Et,O (3 x 15 mL). The combined organic layers were then
dried over Na,SO4 and concentrated under reduced pressure. Purification of the crude residue via
silica gel flash column chromatography (gradient eluent: 0-4.0% of EtOAc/petroleum ether)
afforded S4 as an inseparable 2:1 mixture of hemiketals (27 mg, 50%). major: *H NMR (400 MHz,
CDCl3) 6 -0.14 (s, 9H), 2.38 (dd, 1H, J; = 7.2 Hz , J,= 12.8 Hz), 2.86 (m, 1H), 3.92 (s, 3H), 4.01 (m,
2H), 4.96 (t, 1H, J= 7.2 Hz ), 5.49 (dd, 1H, J,= 6.4 Hz , J,= 18.4 Hz), 5.74 (d, 1H, J,= 18.4 Hz),
7.16-7.29 (m, 5H). minor: *H NMR (400 MHz, CDCl3) & -0.12 (s, 9H), 2.49 (dd, 1H, J; = 7.2, Hz ,
J,=14.0 Hz), 3.87 (m, 1H), 3.89 (s, 3H), 4.40 (s, 1H), 4.80 (t, 1H, J= 7.2 Hz ), 5.63 (dd, 1H, J; =
6.4 Hz , J,= 18.4 Hz), 5.74 (d, 1H, J,= 18.4 Hz), 7.16-7.29 (m, 5H).

Preparation of 4i




MeO OAc

4i ™ SiMes

C

4i: Using the same procedure as that used for 4g. 2g (52 mg, 0.21 mmol) and 1c (24 mg, 0.11 mmol)
in anhyd. CH,ClI; (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 4g (26 mg, 63%, syn:anti = 80:20) as a yellow oil. *H NMR (400 MHz,
CDCl3) § 0.02 (s, 9H), 1.99 (s, 3H), 3.15 (dd, 1H, J; =8.0 Hz, J, =18.0 Hz), 3.28 (dd, 1H, J; =
6.4 Hz, J, =18.0 Hz), 3.58 (g, 1H, J = 6.4 Hz), 3.83 (5, 3H), 5.93 (t, 1H, J = 5.6 Hz), 5.76 (m,
2H), 7.13 (d, 2H, J = 8.0 Hz), 7.25 (d, 2H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl5) & 1.6, 21.0,
40.5, 43.5, 53.1, 78.0, 128.4, 130.0, 135.2, 137.4, 140.2, 161.0, 169.8, 191.6; IR (neat) cm™
2955(m), 2853(w), 1736(s), 1492(m), 1372(m), 1235(s), 836(s), 757(s); HRMS (MALDI, m/z)
calced for C19H25Cl0sSiNa (M+Na)™: 385.1442, found 385.1440.

Preparation of 4j

MeO OAc

SiMe3

Br

4j: Using the same procedure as that used for 4g. 2g (52 mg, 0.21 mmol) and 1d (28 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 4j (26 mg, 56%, syn:anti = 76:24) as a yellow oil. 'H NMR (400 MHz,
CDCls5) § 0.02 (s, 9H), 1.99 (s, 3H), 3.15 (dd, 1H, J; =8.0 Hz,J, =18.0 Hz), 3.28 (dd, 1H, J; =
6.4 Hz, J, = 18.0 Hz), 3.57 (q, 1H, J = 6.4 Hz), 3.83 (s, 3H), 5.39 (t, 1H, J = 6.0 Hz), 5.76 (m,
2H), 7.08 (d, 2H, J =8.0 Hz), 7.40 (d, 2H, J = 8.0 Hz); **C NMR (100 MHz, CDCls) & -1.6, 21.0,
40.4,43.5,53.1, 77.9, 121.1, 130.2, 131.4, 135.2, 137.9, 140.1, 160.9, 169.7, 191.6; IR (neat) cm™



2956(s), 2927(s), 2855(m), 1736(s), 1620(w), 1371(s), 1235(s), 1076(s), 862(s), 841(s); HRMS
(MALDI, m/z) calcd for C1gH,sBrOsSiNa (M+Na)*: 463.0547, found 463.0553.

Preparation of 4k

(0]
MeO OAc
4k A siMe,

Me

4k: Using the same procedure as that used for 4g. 2g (52 mg, 0.21 mmol) and 1g (22 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 4k (31 mg, 79%, syn: anti =95:5) as a yellow oil. *H NMR (400
MHz, CDCl3) 8 0.02 (s, 9H), 1.98 (s, 3H), 2.30 (s, 3H), 3.15 (dd, 1H, J; =7.6 Hz,J, =17.6 Hz),
3.30 (dd, 1H, J; =6.8 Hz, J, =17.6 Hz), 3.59 (g, 1H, J = 6.8 Hz), 3.81 (s, 3H), 5.40 (t, 1H, J =
5.2 Hz), 5.79 (m, 2H), 7.07 (m, 4H); *C NMR (100 MHz, CDCls) & -1.6, 21.0, 40.3, 43.6, 52.9,
78.3, 128.4, 128.9, 134.5, 135.7, 136.7, 140.4, 161.1, 169.8, 192.0; IR (neat) cm™ 3024(w),
2955(m), 1736(s), 1515(w), 1371(m), 1240(s), 1079(m), 864(m), 847(m), 757(s); HRMS (MALDI,
m/z) calcd for CyoH2s05SiNa (M+Na)*: 399.1598, found 399.1600.

Preparation of 4l

(@]
MeO OAc

SiMe3

Ph

41: Using the same procedure as that used for 4g. 2g (52 mg, 0.21 mmol) and 1i (28 mg, 0.11 mmol)
in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 1 h afforded 4 (35 mg, 75%, syn:anti =94:6) as a yellow oil. '"H NMR (400 MHz, CDCls)
8 0.29 (s, 9H), 2.02 (s, 3H), 3.23 (dd, 1H, J; = 8.0 Hz, J,= 17.2 Hz), 3.35 (dd, 1H, J;= 6.4 Hz, J,=



18.0 Hz), 3.68 (q, 1H, J= 6.8 Hz), 3.84 (s, 3H), 5.47 (t, 1H, J= 4.8 Hz), 5.82 (m, 2H), 7.27 (d, 2H,
J=8.0 Hz), 7.34 (t, 1H, J= 7.2 Hz), 7.43(t, 2H, J= 7.2 Hz), 7.51 (d, 2H, J= 8.0 Hz), 7.57 (d, 2H, J
= 7.2 Hz); ®C NMR (100 MHz, CDCl3) & 1.5, 21.0, 40.3, 43.7, 53.0, 78.1, 126.9, 127.0, 127.3,
128.7,129.0, 134.8, 137.9, 140.0, 140.3, 140.6, 161.1, 169.9, 191.9; IR (neat) cm™ 2951(s), 2927(s),
2854(m), 1734(s), 1651(m), 1487(m), 1439(m), 1233(m), 1084(m), 839(s), 762(s); HRMS (MALDI,
m/z) calcd for C5H3005SiNa (M+Na)*: 461.1755, found 461.1753.

Preparation of 4m

(@]
MeO OAc

4m Z siMe,

4m: Using the same procedure as that used for 4g. 2g (52 mg, 0.21 mmol) and 1j (25 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 4m (33 mg, 76%, syn: anti =94:6) as a yellow oil. '"H NMR
(400 MHz, CDCls3) 6 0.01 (s, 9H), 1.98 (s, 3H), 3.30 (dd, 1H, J; =7.6 Hz,J, =17.6 Hz), 3.41 (dd,
1H,J; =6.4Hz, J, =18.0 Hz), 3.81 (m, 4H), 5.53 (M, 1H), 5.83 (m, 2H), 7.36 (dd, 1H, J; = 1.2
Hz , J, =8.4 Hz), 7.46 (m, 2H), 7.64 (s, 1H), 7.79(m, 3H); *C NMR (100 MHz, CDCls) § -1.5,
21.1, 404, 42.9, 53.0, 78.3, 125.8, 126.1, 126.6, 127.4, 127.5, 127.7, 127.9, 132.5, 133.1, 134.9,
136.3, 140.3, 161.1, 169.8, 191.9; IR (neat) cm™ 2955(s), 2927(m), 2854(w), 1734(s), 1438(w),
1372(m), 1236(brm), 841(s), 735(s); HRMS (MALDI, m/z) calcd for C,3Hs05SiNa (M+Na)*:
435.1598, found 435.1591.

Preparation of 4n

4n




4n: Using the same procedure as that used for 4g. 2g (52 mg, 0.21 mmol) and 1k (21 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1h afforded 4n (24 mg, 62%, syn:anti = 84:16) as a brown oil. *H NMR
(400 MHz, CDCls) 6 0.02 (s, 9H), 2.07 (s, 3H), 3.20 (dd, 1H, J; =7.6 Hz, J, =18.0 Hz), 3.31 (dd,
1H,J; =6.8 Hz,J, =18.0 Hz), 3.85 (s, 3H), 3.94 (m, 1H), 5.44 (t, 1H, J = 4.8 Hz), 5.83 (m, 2H),
6.86 (d, 1H,J =3.2 Hz), 6.91 (t, 1H, J = 4.8 Hz), 7.17 (d, 1H, J = 4.8 Hz); **C NMR (100 MHz,
CDCIs) 6 -1.6, 21.1, 39.7, 41.9, 53.1, 77.6, 124.4, 126.0, 126.5, 134.7, 140.2, 141.4, 160.9, 170.0,
191.4; IR (neat) cm™ 2956(s), 2921(s), 2852(s), 1736(s), 1621(w), 1234(s), 863(m), 840(s), 847(m),
758(m), 698(m); HRMS (MALDI, m/z) calcd for Ci7H»40sSSiNa (M+Na)™: 391.1006, found
391.1001.

Preparation of 40

0]

EtO OAc

4o > SiMes

40: Using the same procedure as that used for 4g. 2g (104 mg, 0.42 mmol) and 11 (32 mg, 0.21
mmol) in anhyd. CH,Cl, (4 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.2 mL,
0.02 mmol at 0 °C for 1 h afforded 40 (24 mg, 34%, syn:anti =87:13) as a yellow oil. *H NMR (400
MHz, CDCl3) & 0.06 (s, 9H), 0.93 (t, 3H, J= 7.2 Hz), 1.31 (m, 1H), 1.37 (t, 3H, J= 7.2 Hz), 1.46 (m,
1H), 2.04 (s, 3H), 2.33 (m, 1H), 2.62 (dd, 1H, J, = 5.6 Hz, J,= 17.2 Hz), 2.93 (dd, 1H, J;= 7.6 Hz ,
J,=17.2 Hz), 4.32 (g, 1H, J= 7.2 Hz) 5.30 (m, 1H), 5.89 (m, 2H); *C NMR (100 MHz, CDCls) &
1.5, 11.6, 14.0, 21.1, 23.4, 39.3, 39.5, 62.4, 77.2, 134.0, 139.9, 161.0, 169.9, 193.7; IR (neat) cm™
2961(m), 2930(m), 1732(s), 1461(w), 1372(m), 1242(s), 1059(w), 863(m), 841(m), 757(s); HRMS
(MALDI, m/z) calcd for C16H,305SiNa (M+Na)*: 351.1598, found 351.1600.

Preparation of 4p

(@]
MeO OAc

4p > SiMe,

Ph



4p: Using the same procedure as that used for 4g. 2g (52 mg, 0.21 mmol) and 1n (23 mg, 0.11
mmol) in anhyd. CH,Cl, (2 mL) under argon atmosphere with SnCl; (0.1 M in CH,Cl,, 0.1 mL,
0.01 mmol) at 0 °C for 1 h afforded 4p (25 mg, 60%, syn:anti = 95:5) as a yellow oil. *H NMR (400
MHz, CDCl3) & 0.06 (s, 9H), 2.08 (s, 3H), 2.97 (dd, 1H, J; =8.0Hz,J, =17.2 Hz), 3.06 (dd, 1H,
Ji =5.6Hz, J, =17.2 Hz), 3.19 (m, 1H), 3.84 (s, 3H), 5.36 (m, 1H), 5.92 (m, 2H), 5.98 (dd, 1H,
Ji =88Hz,J, =15.6 Hz), 6.45(d, 1H,J =16.0 Hz), 7.23 (m, 1H), 7.30(m, 4H); *C NMR (100
MHz, CDCls) ¢ -1.5, 21.1, 40.2, 42.3, 53.0, 77.5, 126.3, 127.0, 127.6, 128.5, 133.4, 134.6, 136.7,
140.5, 161.1, 170.0, 192.2; IR (neat) cm™ 2956(s), 2927(s), 2854(m), 1735(s), 1443(m), 1372(m),
1239(s), 864(s), 848(s), 696(m); HRMS (MALDI, m/z) calcd for C,iH,30sSiNa (M+Na)™:
411.1598, found 411.1591.

2.6. Preparations and Spectral Data of 8 and 9.

Preparation of 8

OBn
| 8

SiMe3

8: To a solution of 2b (590 mg, 2.0 mmol) in anhyd. THF (8 mL) under argon atmosphere was
added TBAF (1.0 M in THF, 2.0 mL, 2.0 mmol) at 25 °C. After stirring for 12 h, the reaction
mixture was quenched with sat ag NH4Cl and extracted with Et,O (3 x 5 mL). The combined
organic layers were then dried over Na,SO4and concentrated under reduced pressure. Purification
of the crude residue via silica gel flash column chromatography (gradient eluent: pure petroleum
ether) afforded 8 (150 mg, 34%) as a colorless oil. '"H NMR (400 MHz, CDCl3) & 0.03 (s, 9H), 1.52
(d, 2H, J = 8.4 Hz), 4.43 (dt, 1H, J; = 6.4 Hz, J ,= 8.4 Hz), 4.78 (s, 2H), 6.03 (d, 1H, J = 6.4 Hz),
7.37 (m, 5H); B3C NMR (150 MHz, CDCls3) & -1.9, 14.3, 73.3, 103.6, 127.3, 127.7, 128.4, 138.0,
143.9,; IR (neat) cm™3033(w), 2953(s), 23879(s), 1731(w), 1658(m), 1459(m), 1363(m), 1010(s),
803(m), 726(s); HRMS (MALDI, m/z) calcd for C13H,0SiNa (M+Na)*:243.1176, found 243.1180.

Preparation of 9




O OBn O OBn
MeO | * MeO

SiMe3 SiMe3

9 (ex0) 9 (endo)

9: Using the same procedure as that used for 3a. 8 (46 mg, 0.21 mmol) and 1a (20 mg, 0.11 mmol)
in anhyd. CH,ClI; (2 mL) under argon atmosphere with SnCl, (0.1 M in CH,Cl,, 0.1 mL, 0.01 mmol)
at 0 °C for 10 min afforded 9 (41 mg, 90%, exo/endo = 3.4:1) as a mixture colorless oil. 9 (exo): *H
NMR (400 MHz, CDCls) § 0.19 (s, 9H), 0.46 (d, 1H, J = 14.8 Hz), 0.71 (dd, 1H, J; = 11.6 Hz, J, =
14.8 Hz), 2.01 (t, 1H, J = 11.2 Hz), 3.39 (d, 1H, J = 11.2 Hz), 3.79 (d, 3H), 4.67 (d, 1H, J = 8.0 Hz),
4.98 (d, 1H, J = 8.0 Hz), 5.29(s, 1H), 6.16 (s, 1H), 7.16-7.37 (m, 10H); *C NMR (150 MHz, CDCl5)
0 1.3, 15.7, 39.3, 43.3, 52.1, 70.1, 99.3, 117.2, 126.9, 127.7, 127.9, 128.3, 128.5, 128.7, 137.6,
139.3, 142.1, 163.3; IR (neat) cm™ 2951(s), 2911(s), 2879(s), 1735(s), 1652(m), 1454(m), 1310(m),
1271(s), 1238(s), 1102(s), 1005(s), 760(s); HRMS (MALDI, m/z) calcd for C,4H3004SiNa (M+Na):
433.1806, found 433.1807



3. Computational details

All calculations were performed using Gaussian 09 programs package.! Geometries were fully optimized at
the B3LYP/6-31+G* level in CH,Cl, solvent and characterized by frequency analyses. The self-consistent reaction
field (SCRF) method with SMD? solvation model was used to evaluate solvent effect on reaction. The Grimme's
D3 dispersion correction damped by the Becke—Johnson (BJ) method were considered in all calculations.*
Condensed Fukui function® for electrophilic attack (f ) at C, and Cg atoms in 2b and 2g were calculated from
Hirshfeld charge by Multiwfn software (version 3.3.9).°
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Table 1. The C,-Cs bond lengths (Rc,. cp A) in optimzed geometries of 2b and 2g calculated at the
B3LYP-D3(BJ)(CH,Cl,,SMD)/6-31+G* level, and the corresponding condensed Fukui function of C, and Cg
atoms for electrophilic attack( f ).

Compounds C atom f Reo-cp
C, 0.148

2b 1.341
Cp 0.141
C, 0.159

29 1.336

Cs 0.111




The condensed Fukui function for electrophilic attack(f ) at C, and
Cgatoms in 2b and 2g

|/Ph . H3C\(O
) ' o
0.148 « : 0.159 «
0.141 B SiMes E 0.111 B SiMey
H : H
SiMe3 : SiMe3
2b 29

Figure 1. The condensed Fukui function for electronic attack (f ) at C, and C atoms, respectively. The isosurfaces
were visualized by Multiwfn software (isovalue=0.012 a.u.).

XYZ Coordinates and Energies of all the species studied in this work.

2b

Zero-point correction=0.39839 (a.u.)

Thermal correction to Gibbs Free Energy= 0.34177 (a.u.)

Sum of electronic and zero-point Energies=-1280.57180 (a.u.)
Sum of electronic and thermal Free Energies=-1280.62841 (a.u.)
Number of imaginary frequency: 0

1.341

Si

47
8 -0.465739  -0.014918 1.918370
6 -0.467691 0.627725 0.705531
6 -0.299871  -0.037300  -0.446754
6 -0.138552  -1.525784  -0.586601
1 0.026057  -1.956195 0.412837

14 1.420403  -1.955865  -1.585962
14 -1.798781  -2.264126  -1.159043



-3.029075
-1.651035
-2.464222
1.878554
1.183365
2.853245
-2.688700
-4.017925
-1.079138
-1.167474
-2.615243
-1.789856
2.134032
0.830833
0.458548
-1.074138
-1.098219
-0.495599
-2.092474
-0.586918
-0.291305
-0.111086
-0.122754
-1.125053
-2.115519
-2.102054
-1.136176
0.647645
0.669347
-2.898560
-3.151583
-3.435187
-2.651597
1.899854
2.880526
1.181646
-2.872395
2.688780
2.980929
3.797509

P R R R R R R R R R PR PR OO R R RERPRREROOOOR R RREPRRERRERODOOOOO O O O

29

-2.077226
-4.102272
-1.344554
-3.777351
-1.577850
-0.911479
-2.625999
-2.466834
-4.274077
-4.664301
-0.277749
-1.427339
-1.687895
-0.550709
-2.256868
0.732714
-0.132924
1.649186
1.014043
1.710034
0.569591
-0.006360
-0.833263
-1.796202
-1.929050
-1.099168
-2.438859
-0.724604
0.741930
-2.674322
-1.024531
-1.763225
-4.531180
-4.059468
-3.962554
-4.450513
-1.199868
0.159206
-1.054612
-1.188637

Zero-point correction=0.32639 (a.u.)
Thermal correction to Gibbs Free Energy= 0.27397 (a.u.)

0.265121
-1.576907
-2.670982
-1.368936
-3.423410
-0.927490

1.152565
-0.012818
-2.496491
-0.767983
-2.463206
-3.531965
-3.962890
-3.582862
-3.889144

2.989160

4.218455

3.164949

2.691703
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Sum of electronic and zero-point Energies=-1162.91778 (a.u.)
Sum of electronic and thermal Free Energies=-1162.97020 (a.u.)
Number of imaginary frequency: 0
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8 -1.713047 0.026136 1.523951
6 -1.152041 0.666175 0.409669
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6 -0.459663  -1.535212 -0.630761
1 -0.824977  -1.962350 0.314950
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R R R R R R R OO R R R R R R R RRPROOOOOO OO



e T e

1.271921
2.275393
1.885680
3.368875
-1.903481
0.046501
-0.573924
0.638306

-4.513452
0.114661
-1.073434
-1.245387
-0.191487
1.429037
2.356355
1.098733

-1.001118
0.308475
1.567785
0.612571

3.712354
3.999060
2.609511
2.341107



CDCI3

Gan16040501 H1
2016-04-05

400MHz

N
&
P
D

LY L~
Sy L

€coc—

099
999'v
c89'v
L69Y

6769
996'9/
09¢'L—

SiMG3
SiMes

OAc
i(

2g

|

-

B

+Go'8l

F 820

F oo¢

F g60 |

F 680

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5



D=
28
Oﬂ'
(9]
—
@)
—
o
[ToNTe}
2
o
© <
-
c P
T o
O

JAZAVN
LYV 0C—

6[9'9[\
OOO'ALT
€ceLL

69¢° ¢l —

¢l6'lEL—

98G°/9] —

OAc

SiMG3

2g

SiMes

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180



CDCI3
400MHz

Gan1604011 H1
2016-04-01

()
B ()
s, 00°8L}
1 -
S
L <
|
99} — - = 00|
(e»)
RN
882'C— -— F 080]
Lo
RN
(e»)
e
LO
s
()
<
LO
<
(e>)
S
LO
S
()
IR
89€'9— —F 60|
RS
. &
09Z'L £ 2 &
1052 Q Z
LS L\ —
Geg 1
WAl 8
G9G',
zau{
11L8°L
Lo
o0
L o




400MHz

Gan1604011 C13 CDCI3

2016-04-01

086°0—

cv06l~
G8L'0c”

889'91\
000'[17
8lELL

/821
LELOE}
PO LEI
2G8EEL
896 VEL ¢
€9€'GE |
681°9€ |

i
110 100 90 80 70 60 50 40 30 20 10

120

130

140

iPh
SiMes

SiMe,
150

0s
2i |

Me
160

170

180




H1 CDCI3
400MHz

Gan-9-70-1
2015-4-30

(V VIV RV

L1120

068'0\
6017'0\
¢y o

6¢¥°0
6EY0
LS¥°0
9.v°0
090
9290
Gv9°0
8910
18170
G080

VAN AN
A

6.G°€~\
109'€"
g/

GOG P~
€65 7~
L8 P~
6681

0ces—

¢LL9—

681,
802 .
9¢€Z .
092 L~t
XA
062,
€zZe',
ceel

—

¥20'l
+06°C |

=001
=001

FcoL |

F06°0 |

0c’¢

v6°€

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

f1 (ppm)

5.5 5.0 4.5

6.0

6.5

7.0

€6°¢C |

8.0 7.5

8.5




Gan-9-70-1 C13 CDCI3
400MHz

2015-5-1

621
Log'gl
v2e9f
65t L

121’8

66¢ Ch~
97A4%d

A4 N4

819°0/~
289'9/

00022\
1117

€059°001L—

69€°8Z1
v6v'8Z1
€86°82l

161 LEL~
9/8'8EL "
oLoerl—

ety
|

LLEE9L—

Il
100 90 80 70 00 50 40 30 20 10
f1 (ppm)

110

120

170 160 150 140 130

180




600MHz

Gan-10-2-D1 H1 CDCI3

2015-5-12

000°0-~
10L°0—
9€C'0”

0992~
6,977

¢l8¢
L68'€>
LL6'€

P18y
cogp->
SHO'G~
€90's/

€L96G—

GEE9—

62€ L
cve L
0Zv L
Zey L7
Shv' L
297" 1
99"/
0Ly 2]
181
106"/
c1g ./

_
o

)

0.0

¥P'8
/8

0.5

1.5 1.0

2.0

2.5

=20} |

3.0

3.5

80°L |
{LL'Z

4.0

4.5
f1 (ppm)

0L |
=00} [

5.0

=001

=960 |

6.5

7.0

7S90°¢C |
9c'¢ |
69°G

7.5

8.0

8.9




Gan-10-2-D1 C13 CDCI3
600MHz

2015-5-12

ccO' L~
Sy e

8c0vl—

G68 LY~
L66° Y

00L'¢S—

€65°04~
88/°9/
000°..
WwelLl”

¥€0°00L —

081'8¢l
LyG'8¢Cl
G0.L'8cl

89L°LEL~
9818l
V.6 LYl

& E-@%K

LY €91l —

10

20

30

40

50

60

70

80

90

f1 (ppm)

110 100

120

170 160 150 140 130

180

90



600MHz

Gan-10-48-2 H1 CDCI3

2015-5-12

JI—BG'Z

9ee0- :
000°0-~, )

0vZ 0\ .
PES 0~ —z66¢ |
pae0- — £00°¢
0690~ 66'¢

N 90°L |

LOv e~

0sv'z” .

€89°€~. __J/GLe
z0Le” =3

8G9Y
119'17l -‘21—66'0 i
G888V~ —==00"1

806'17/

oGY'a— ——F90°L

7878 %0
288'9 [
600°L )
120°L 5
(%]
N

691/ s
L8L'L\ 2
~N=

Y0z L —~
oLz'/ .
1221 &

(@]

[1}]

E (%]

as A
€521
12 1
887/
00§
zze L]
62 L

3.9

€G0 |

4.0
f1 (ppm)

4.5

5.0




Gan-10-48-2 C13 CDCI3
600MHz

2015-5-12

961} |-~ -
20107
6997 -

Glecl— -

VL Ly~ -
260y

SYAVNA -

€YS 0/
6829/
000"/
rAYA) VR

LY666—

RelePrd)
069°2Z} =
20Z'8Z1

9vZ 821 5
00582} =
2982} _ g
Gv9'8Z1 @ A
GEL'8Z) *

V.2 €EL Q
08v'eel =
O
o
@
E O

g 8ety
!

AR5

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180




CDCI3

Gan-12-109-2P H1

2015-5-22

600MHz

(V VIV RV

99¢°0
LOV'O\
OZV'O\
12974 0\"
6090~
¢c90
GE90
690
9890
6690
0640
€080
9180

19€°2~
elelowAd

GG
1o e
66l —
yog'e/

80G ¥~
125V
€08 b,
1287

00€'G—

6G1°9—
€G89
9989
v8lL°.L
161,
i YAV
LcC' L
Qve'.
662,
VLC'L
123
96¢'.

=801

+90°L

s69°¢ |

08¢

=660

=00} |

=60 |

=/60 |

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.9



600MHz

Gan-12-109-2P C13 CDCI3

2015-5-23

Svechr~
99¢vv—

6LL°CG—
08¢°GG—

€800~
8819/
000°2Z
Le'll

992001 —

vaa el —

8¢9 8LL—
060°.cl

067821
200621~
621
/6621 ;
€98'8EL — J
y10THL—

C%
86165} — q
807'€9} — :

.. _SiEts
iy r
SiEtg

MeO

170 160 150 140 130 120 110 100 90
f1 (ppm)

180

90



600MHz

Gan-10-19-A H1 CDCI3

2015-5-13

cOoCc vV
8¢v0
A4 A\
125140
8¢9°0
L¥9°0 -
990 -
990
990
G890
8690
0LL0
6920
1820
6.0

80V 2~
12ve”

==F00'L

r0l'L
heeT |

veL'y

sy -‘jI—QO'L -
896 7~ ———x 00’}
e
GGe'G— 550

0419
SLL'9>
8¢l’.
A4WA
1251
€0c'.L
9LZ'L§
vec L
9ec’.
[AXA)
€8¢'.
G6C'L
L0€°.
oGy,
cov'.
gea’.
65 'L

——— =60 |

80°L
fI[LO'S _
AG6g
itgow

80°) |

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5




Gan-10-19-A C13 CDCI3
600MHz

2015-5-13

IR
wg'gk
Y629~
091717
cLL'g

L0ECh~
8EE VY

clleg—

K44 VAN
88191
000'[1}
ATV

818001 —

L19°8LL
6017'SZL\
ZOL'LZL\
IXAWEA"
ZOQ'8ZL\
1766'82L7
oLL'eclt
¥8G°0€1
129¢cel
1729'9€L/
9LZ'6€L/

o6’ LYl

[ASTAR %] S

10

20

30

40

50

60

70

100 90 80
f1 (ppm)

110

120

170 160 150 140 130

180

90



400MHz

Gan-13-10-1p H1 CDCI3

2015-6-1

Jroe VU

VLS'O\
€6€0
4344
AN ANy
¢avo
LLY0
06¥°0
8€9°0
1990
L/9°0
690
8810
1080

02€°2~.
6ve'c”

LLG €~
665C~
gel e’

Y9G P
2657
958"~
88y

vieG—

c0L9
170L'9>

6Cl’.
617L'L\
ZQZ'L\
ATV AT
WE'L%
1/ ZANA

F v0L|

F goL|
= /82t

= 001

E 0L

= 060

N
0 NMNLW
~S -
N M AN

4.0 3.5 3.0 2.5 2.0 1.5

4.5
f1 (ppm)

5.5 5.0

6.0

6.5

8.0 7.5 7.0

8.9




Gan-13-10-1p C13 CDCI3
600MHz

2015-6-6

AR
Au'gk
pEE 9~ -
8817'17

9z1'8

08’ Ly~
cLeYY—

161°¢G—

0890/~
88/°9/

000°Z. _
AYA Ve

88€°001 —

€69°LLL—
0v9'LCL

€L1°8¢ L\
6.E£8CL~F -
G09'8cl
l6Cc 0€l
€06'¢cel
(FAOAS
991°6€1
cvoovl

e ENENEAN
LOBn

i l/SIEt3

SiEts

LSL°E9L— 2

170 160 150 140 130 120 110 100 90
f1 (ppm)

180

90



400MHz

Gan-13-10-2p H1 CDCI3

2015-6-1

=T 20} |

AR _% .
665°€~ - II: L0}
99[€f €6°C

Zgg'p —-QP co'L |

958 v~ =t 00} |
LR e

viea— ——F $0°} |

20L°9— —® 680

«OBn
,,rSiEh
SiEts

Meo | O A
3j ;
Cl
|
|
| !
|
|

621'L
ogu\
29T,
£87' L\

GLE'L o
Gz€'L

GEg'.

s 60¢C|
r 6Le
L9€

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4,5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5




IR

99[9&

eve 9~ -
17171717
2818

L8 LY~
L8 vv—

¢0d'¢G—

889'0/~
68L°9L
0007/

600MHz

Gan-13-10-2p C13 CDCI3

2015-6-6

AXA

Y0001 —

€69 L1 —
LY9'LCl
081°8¢ L\
989'88L7
cl9'8clL
66C°0€1
Le'¢cel
080'L€L/
GLL'6EL

cqoovl

«OBn
,,rSiEh
SiEts

(@]
Meo | O A
3j ;
Cl

99L°€9L —

170 160 150 140 130 120 110 100 90
f1 (ppm)

180

90



CDCI3
600MHz

Gan-12-102-2p H1

2015-5-19

Lo U
Lv'0
144N

6EV 0
Zsv0
Gov' 0
€v9°0
9590
6990
9/9°0
889°0
V1.0
18,0
0080

6LEC~\

19G €~
085°'¢”
gel e’/ =

01|
88t

T

895 7
098G~
8/8v”

—F 90’} |

Leag— ——F L0}

0019 .
20107 " 780]
/0L
060'/
v1Z']
182/
1821
GlLe .
ZZQ'J o
€S/
Jv]
LSb' L

+OBn
” |/SIE'[3
SIEt3

MeO |O
3k
Br
JIJV{ lell
o

10°¢
¥6°0 |
69°¢
€0¢

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

5.0




600MHz

Gan-12-102-2p C13 CDCI3

2015-5-19

0GLYy

9€L'G

LPE9— - =
88171/
vEL'8

68 L~
1442448

96lL°cG—

189°0/~
88/°9/

000°Z. _
e’

¢8€°00L—

/8G°/L1L
2561021\
8v9'/Z)
08L'8ZL&
58¢'8Z)
5L9°0E )7
€oG'LE}
190° €L~
86L'6€Lf
88l Ll

+OBn
” |/SIE'[3
SIEt3

0
MeO |O
3k T

Br

0G1°€91—

170 160 150 140 130 120 110 100 90
f1 (ppm)

180

90



400MHz

Gan-13-14-1P H1 CDCI3

2015-6-4

ocoo VU
68€°0
L0v°0
9¢r0
Sy 0~
125144
18¥°0
0050
€v90
¢990
1890
€L.0
¢6.°0
1180

532:9 =T 01|

195~ _
965~ =7 eor|
—k

w1 e

$9G P~

265y~ :j} O
658 T~ ——JE 00')

188'%7

6LEG— -ﬁl— €'l |

GLL9— -%I— 060

GzlL
oL
691,
/811 . |
co L | =g
G62 L
9L€L
£G€°L
GLEL

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5




Gan-13-14-1P C13 CDCI3
600MHz

2015-6-4

pLL Y
ZLg'gk
LLE9~
Lwa
660°8

160°CY~
gececvy—

[AYAA

G690
88/'9/
000 L.

10

20

30

40

50

60

70

AXAV I

65€°001 —

09C°LL1L
oLLcelL
9179'LZL\
€clL le)

v/.1°8¢l
1LE8CL

£66'6Z1
05201 /
8c6°LEL
Zv0'LSL /
682651 /
PEG YL

GLLE9L—

110 100 90 80

120

170 160 150 140 130

180




400MHz

Gan-13-104-P1 H1 CDCI3

2015-9-9

VIVIVAV)
8610
YOY'0
ezv'o\
by 0~
15%°07,
€09°0
2290
2590
199°0
0690
80.°0
692°0
88/°0
9080

06€2~.
6Ly e

€L9¢
ZOL'S%
ZV[S/
0l6€

V1S P~
2097
GO8 P~
€687

0ee’a—

6LL°9—

i

0.5

1.5 1.0

2.0

L0l

3.0

oL’L
68°C |
LL'E |

4.0

4.5

€0’
00}

5.0

1oL |

16°0

6.5

7.0

YL |

l0¢C -

8.0

8.5




600MHz

Gan-13-104-P1 C13 CDCI3

2015-9-9

A%
L6 -
vee 9-F -
99171{

gzlL'g

90V cr~
c80'vy—

¥60°CS
ALZ'ZQ>

102°02~,

989'9L;

ﬁ—
8LELL

¢se00L—

S6t-&ty
68821
9,0°'6ZL
czg6z)--

€90°LEL~
0L2°6EL

c89' LYl —

L1 '€9L— —3
£98'991 — —3

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

180




400MHz

Gan-13-21-1P H1 CDCI3

2015-6-9

LUV VU
0Z¥0
12¥0
80
6090
629'0X
6£9°0
8¥9'0
0990
6990
/890
89/°0 —
/810

9080

€0e¢
898'2} =
19¢€°¢C

L6°C |
Go'L

o

i

629°¢
GEGE
6GG°€
2SR
92[8/

= €0l
68°C |

T

J 1

caan> =T 00’}

998 ¥~ e ot |
il 00'}

JL

80€'G— - 66°0 |

0919
99L'9>

90,
€802
90L°L
YASTAV)
8LC'L
88¢'.
86¢CL
6LE’.L
6¢¢’.

|

/80 |

~0Bn
" rSir£t3
SIEt3

OE
o

€0¢
{ 10°¢
GLO0 |
}{ o€

M

3n

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5




Gan-13-21-1P C13 CDCI3
600MHz

2015-6-10

ZeLp
ozg'gk
8289~
vowf
1218

116°0C—

v88 Ly~
cecvy—

060°¢S—

1650/~
88/°9/
000°Z.
AY AN

825001 —

PRL-82t
899'82L\
004621\
199°9E L~
12T 1€V,
€8/'8€|

G8'8E |

LYEE9L —

10

20

30

40

50

60

70

110 100 90 80

120

130

SiEt,
140

(SiEt3

~0Bn

eO | 3

Me
160 150

M

3n

170

180




CDCI3
600MHz

Gan-13-41-2p H1

2015-6-24

9220
26601\
90\
8807
150
€850
9650
2190
290
0.0
JLL0
62,0

L9C ¢~

09%°€

O3S

859'€— .
602/

00°L
68°C
€ae |

AN
0LS v~
LBL Y~
918/

10l
00t |

ove'G— LO'L ¢

9/0'9— -——T /60

GG.'9
89/'9

2€0', 5
G0 L\ °,

@
681 L~ 2
GVZ'Lf B
¥z, o

80°¢C |
AN
¢l
oLP |

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.5

8.0 7.5 7.0

8.5




IR
879'9&
Ghe 9~
681717
AR

8y Ly~
g6 vy—

9.0¢S—
006G —

909°0.~
88/°9/
0002/

600MHz

Gan-13-41-2p C13 CDCI3

2015-6-26

Le'll

¥959°001 —

86’ ClLL—

ov8'8LL—
195°/21

evL'QZLX
888'82Lf
868621 Y
00 V€L y:
0€T €L /
€9/°8¢l

ceL'8G1 —
yae el —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180




CDCI3
600MHz

Gan-13-47-1p1 H1

2015-6-30

Lo U

€ero
9EY0
6v¥°0

029°0
€690\
9¥9°0
299°0
¥/9°0
8690
1120
€20
L6L'oj
v08°0]
9180
6652~
6Ly C”

289°€
159~
zvre’

€8SV~
109V~
888 V.
906'%”

LEE°G—

YOl
F0Z'9
166

== leco|

\z06

==F00'L

——720')

—5o0¢T

—-%I—OO'L

~—=100']
—ﬁkoow '

—igp0 ]

€0€

--—%JJQL'Q :

12T
‘é‘vw

80°C |

0.0

0.5

2.0 1.5 1.0

2.5

4.0 3.5 3.0

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5




12V
829'9&
GGE 9~
8L1717
651'8

600°Cv~
G6Evy—

€9L°cG—

¥02°0L~
88/°9/
0007/

600MHz

Gan-13-47-1p1 C13 CDCI3

2015-7-1

AXA I

¥2s' 001 —

086 24k
zov'ezL\
612821

281 L€
GS0'6E L~
9Lz ovLf
896'0’7L/
ZS1 Ll

L62°€9L—

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180




600MHz

Gan-13-47-2p1 H1 CDCI3

2015-7-1

22€0
G9E°0
2/€0
6.€0
¥8€°0
£6€°0
160
9070
8070
€670
905°0
6150
€v9'0
959°0
899°01
189°01
269'0j f
9L 0]
6520
15201
#9701
110"
63820
108701
1801
e61'Z]
€152
ovl'E
99/°¢
0LL°€
98/°€
682°C
009't
819y
G06'¥

vZ6'y

69€°G

G829

6529

98Z'/

16T°1

g/

Gze' L

8ge’/

05€°L

29¢ /¥
cey/

pi L]
oG/

299°/
06221
€9/,
1111
0622
1082

90°} |
= y3€'9
/.96

e §9€'€ _

6G°¢
LE6

==%=960

Ets

-mrsmh
S

~0Bn

% {LS'Z i

oL’L

—= 660
—= =00}

—=0 |

———=160 |




600MHz

Gan-13-47-2p1 C13 CDCI3

2015-7-1

JASI AN -
qoc vy

(A A -

G890/~
6829/
00Q'LZ
XAV

8LG°00L—

582t

£e19z)

vOv L2l _
896G /2l
819'/2l
611821
zze 8zl
619Z€l
geeeel

p0Z LEL J
560°6€ ) —
19€"6E L o
3
=

14225

«~0Bn
rSiEt3
|Et3

;

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180




CDCI3
600

Gan-12-103-2p1 H1

2015-5-19

WADT
9617'0&
8050+
1250
090/
0890
ZLL0
zZ.L0
8€.0
060
€080
9180

131N

e =860

V€L €~ - JI—GG'Z I

jpu
Son e ri0)

89G 7~

985 v~ ——j}gow _
158~ —r00')

9.8V

96— 00} |

€619~ =260
206'9

1269

vEe 9 . 10')
A N ‘zi%o
LLLLL 2 F o, 160
6LL"L s (] =7 a0
0LZL = og'e
6LT L o

262'L e

45 = @

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5




600MHz

Gan-12-103-2p1 C13 CDCI3

2015-5-19

She'y
92L'9§
10€°9
ges .
18

vi8.LE—
800°GYr—

681°¢G—

G8G'0/~
88/°9/
00Q LL

10

20

30

40

50

60

70

AX AV

L¥y'00L—

L8 LLL
897 bZ1 "
116'SZL
6179'92LX
2918217
02€'821

YOl LEL -
ZZVQEIL/
692GV~

v81°€9L—

110 100 90 80

120

170 160 150 140 130

180




400MHz

Gan-13-91-1p1 H1 CDCI3

2015-8-4

-

¢l 0— F G926 |

¢clLi)
88¢ L>
LeEl

TN
B ! 8E¢

89t
109°€
C99°C—
1789'8/
0€Le

ot
(ep o) Ne)]
™M v~

N

G68'G— —J= 001
88'9

€069

1969

6169

866'9

880'/

901 2~

A

09Z'/

8171 o
962’/

gle/

zee )

19¢'/

6.S '/

96/

F~SiMes

9]
e0 \Ei

Me
“OSiPh;

M
5




400MHz

Gan-13-91-1p1 C13 CDCI3

2015-8-4

020°0-~_
eve 0

LES8L—

€86'9C—

GcLGr—
L16'VG—

€899/
0002/
81eL.7.
902'08f
60/°18

coreLlL—

1G8°9¢l
889'121«\
161°8CI~t
18¢'6CL-T
98[6ZL/
€88t

18Y°GEL

1422414 L/

082°0v1

€LCE9L—

10

20

30

40

50

60

70

110 100 90 80

120

130

140

F~siMes

9]
e0 *Eli

Me
“OSiPh;
160 150

M

170

180




600MHz

Gan-12-93-3 H1 CDCI3

2015-5-6

088°0
126°0 =
160

856°0
286°0
6660
001
2511
200
2611
Lzl
8ez'1
€171
¥6Z'1
PreL
LIS}
LOV'L
na
Sl
8vG'L
€561
el
STRR
25911
968’ Lj
:a
6.8l
0s6°'L 1
6v6'L 1
€0Z'Z] _
80z

vee ] -«% 00']
ovz e

vz T
G964
AR
296'1
066'17j
00054
100G

066'9

L10°L A7/
90¥'2 &

0zy'L o

eey',

ShyL

ISV L

69171{

08Y'2 Z
G.G'/ 8 S
185/

L1191

b9/

v10'8

820'8

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0




Gan-12-93-3 C13 CDCI3
600MHz

2015-5-6

ACHTAN
9€G'€2—
0,292
Aoz'ezj
/8Z1€

891 ve/
V2E 0P~
orL Ly

LGy 06—

L6€°9.
68[9[&
000°22
ATV

869611
196°€21
690°9Z 1\
196821~
Zv0'62)

ZLoLEL”,
oggect”

LC9 Gy~
VLG LYL—

¢90'691 ~
¢€G'091L "

8ve 18l —

20

30

40

50

60

70

110 100 90 80

120

170 160 150 140 130

180

90



600MHz

Gan-12-88-p H1 CDCI3

2015-4-27

cL8E— - — 187 |

256y
096't -
0.6} i .
ooy =100']
886't
G66'Y

4]
s y@
€L48°9~ v160 |
¥€6 97 o = &g/

: o)

6889 _
gL/ 6L
625 L~ €9l
rpg s/ 60 |
328%} g8 & 106’}




Gan-12-88-p C13 CDCI3
600MHz

2015-4-27

91912~
VS ez~
Iv2 92—
vS9'87
WYz LE

151 pe/
062 07~
801 Ly

ey og—
8Ly'GG—

¥02'9.
88[9[&
000°24
ATV

Yeg L~
LT LI~
9ZE €T
6£0'9Z1\
199°9Z1
6Y6 0€L —

L99°GY ]~
\18L Lyl

¥S0'6G )L~
¥6.°09 —
€65291 7

QL' 18L—

10

20

30

40

50

60

70

100 90 80

110

120

130

O.N
160 150 140

6b
170

180




400MHz

Gan-13-105-p H1 CDCI3

2015-9-11

[e102e V)
G160
076°0
G¥6°0
2160
L16°0
€00’}
1L
LyLL
9/l
902’
€52’
05¢’
6LG°L
125°)
veg'L
8Ll L
0S.°L
098°L
898°|
G8g L
268 L
106}
8/1'Z
/812
6022
gezzj
A

gee'y
9176'17&
196V
cl6Y
886V

666t

~ T — —

—— e P

1969
1002
092,
8¢/
90v'L
Gly'.L
ey,
6617 L
6ES° LT
0991/
8/6°L~
666 L7

6c

Foo'L

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

T
6.5 6.0 5.5 5.0 4.5

T T
7.5 7.0

8.0

8.5




600MHz

Gan-15-105-p C13 CDCI3

2015-9-11

00912
18] €7~
/1 9Z—
G766
652°1E

901 ve”
252 0p~
630 Ly~

9Ly’ 09—

€L£°9.
¢899/
000°2Z
8LELL

LE0°0Z1~
€0E'ETL
95092}~
00Z°0€ b~
S0E°ZE L~
6522517

Z85°ShL~
G9Z 9L

¢60°691~
v.2° 091~

11608l —

100 90 80 70 60 50 40 30 20 10

110

120

130

150 140

160

6c
OoN
170

180




600MHz

Gan-12-72-p3 H1 CDCI3

2015-4-22

891°0
999'0\
81€0
¢6€0
90¥'0-T
6L17'0{
LEY'0
6890
c090
GL90
9990
6490
1690
0.0
LLL0
ev.L0
960
8910
182°0
9680
6980
18801
16801
oL Lil

. n

AN
lerAl)
9EZ'Z-
G5zZ-
G0z €
gez e
8L9'17{
9€9'¥ /
IR
LY8'P
8Y8'
008
8/8'Y
122°S
910,
620,
851/
AAWI
102,
AN
Rerdl)
zgz'z}
GlZ/
6vE L
AN
Al
8eY/
S/
GG/
129
178,

——F 00} |

) 660

¥8°0
611

¥ 960 |

———— = 0L}

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5



600MHz

Gan-12-72-p3 C13 CDCI3

2015-4-22

20Lp
osv'gk
9289~
zzv L
881'8

169°12

9L9'ez¥
£€€°92~
¥06'82—
zeLLe”
Ly ve”
191 0b~
ev0' L
108" L

G0L°00L—

08L'8LL
L0Z'e2L
9¢1°921
956921
0L6.2L
0£€'82L
Z81'8ClL
169821
2£8°'821
L9E€ /€L~
G6E'8EL
vl Lyl
9Q9L'GYL

818691~
L9191

7a

O.N

10

30

40

50

70

T T T T T T T T
170 160 150 140 130 120 110 100 90

T
180




600MHz

Gan-12-93-2 H1 CDCI3

2015-5-4

PEL'E :%} 00 |

28, ¢— ﬁP eve I

09"y

LSQ'V\
9997
PI8 P~
Y8 v-7
2I8'Y

PIZG—

68L°9
1189 .

€169 c B oo
7669 8 &

ovlLL =y 2
891, Q o
wu\ ©

2991{ <:§
2y L— —
88171/

1287/~
evg L

7b
O,N

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5




Gan-12-93-3 C13 CDCI3
400MHz

2015-9-17

9LE'9Z—
10062~
8zl Ls:f
LSV bE
ZvL0v—
Y560

889'9[\
OOO'LL7
8LELL

8G1°00L—

€68l
899'8LL\
SLZ'SZL\

vzl'9zl
668'LZL\
QZS'SZL\
1£8'8Z1~t
9656217
8/9°¢elL”
86€ /€1 7
0€Z'8El

byl Gyl —

8/G8GL~
888°65) —
¥59°'1917

110 100 90 80 70 60 50 40 30 20 10

120

160 150 140 130

7b
O,N
170

180




CDCI3
400MHz

Gan-13-108-1p H1

2015-9-14

=4 F ool |

205y
9L9'17¥
9y
62817
oce v/
L025—

G/8'9 .
G689 =@ £
AW Q @

€S, /am .
092, K i
eze'z\ o

\ 5

86¢°.L

pEY L\
vy L/ -—d
[AYAVAN
€18,

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.5

7.0




600MHz

Gan-13-108-1p C13 CDCI3

2015-9-14

GL000L—

Sez /1L
9178'OZL\
SOZ'SZL\
0e1'9Z1

600'83L\
118821\
68821/
1SS 0EL /
295 Leb
€5z /1

28581 /
8/8°0| /
601Gl

¢90°091~
GL¥'19L~

110 100 90 80 70 60 50 40 30 20 10

120

170 160 150 140 130

180




CDCI3

Gan-14-14-1P H1

2015-10-9

400MHz

9100—

OAc

o]

MeO

anti- isomer

syn- isomer

SiMe;

=

Ph

[ —EQI—OO'L _

Fo6L |

F€6°¢C

711—6178 |
=

}{88'2 i
20 L |
I\ge'z i

2.0

1.0 0.5 0.0

1.5

4.0 3.5 3.0 2.5

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

). 0



Gan-14-14-1P C13 CDCI3
400MHz

2015-10-11

LG99} -—

196°0¢—

962 0v—
c86°€r—

116'CS—

€89'9/
000'LA
6LE L]
/818

89¢°LClN
6€Z'SZL7
989'8CL
SroveL"
66[8€L7
oceovl

¢vO' L9l —

881691 —

668161 —

10

20

30

40

60 50

70

80

anti- isomer
100 90
f1 (ppm)

110

120

syn- isomer

130

OAc
Z > SiMes
Ph
150 140

@]
160

MeO
170

180

190

)0



400MHz

Gan-14-10-2p H1 CDCI3

2015-9-29

0000~ ﬁJ

0200 ;“388

¥66'L— o .%Pgo'e
TARS
6YL'E
AR5
IR
95Z°Et
2ITEF
Loe:'s:{
LLEE
G9G'E
18G°E
665°C
GL9'€
¥E8'E

L

G8e'g
66€°G
ELra
869G
904G
LCL'G~
valL'G
891G
661G
or8'g

anti- isomer

i

syn- isomer
]

SiMes

TAW) a5 D
STAWAN
AV
GozZ'/

OOA
Cl

7
<t «—
™ ™
AN N

MeO

4i

T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.0

8.5

9.0



400MHz

Gan-14-10-2p C13 CDCI3

2015-9-29

GGG’ L-—

196°0¢—

8GY 0V~
8Grer—

yG0€G—

289'9/
0002/
L 1L
256',.

9zy'8ZL
£86'6Z1
GLO'EEL~
861°GEL
Aowuf
¥/L 0Vl

166091 —

Ly 69—

009°L6L—

10

20

30

40

50

60

70

O oA
SiMes

MeO

4i

anti- isomer
100 90 80

110

120

syn- isomer

Cl
180 170 160 150 140 130

190




CDCI3
400MHz

Gan-14-1-2p H1
2015-9-29

9100— - g;1—918

696'L — 0 %Pze'z
<

zzle
%>
L91€
181€
LrZ et
€9z 'ef
862'8{
80€°€
GhGe -
295°€
085°€
965°€
0£8°€

anti- isomer

L1€°G
c6e’g
901G
€69'G
669'9\
vLLG~
LYL'S
192°G
G6.L'G
€v8'g

= 00|

=Fcezy

syn- isomer
]

SiMe3

PI0°Ly \

¥80°L = =8¢°¢
09¢ L~ _ I
268'17 o = Ay al

ELvL

0 OAc
Br

MeO

4

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5




Gan-14-1-2p C13 CDCI3
400MHz

2015-9-29

8EG L-—

666 0¢—

c6E0v~
18y €Y —

c0L€G—

289'9/
000°Z.
Le 20T
1882/

vl Lel—

LPE0EL
A
622°5EL—
L06°LEL
610717

v€6°091 —

GEL 69—

v99'L61 —

40 30 20 10

50

60

70

anti- isomer
110 100 90 80

120

130

syn- isomer

0 OAc
SiMes
150 140

Br
160

MeO
170

4
180

190

00



400MHz

Gan-13-118-2p H1 CDCI3

2015-9-30

9100—

1861 —

G6C'¢c—
GLL’E
veL'e
6G91°¢
8L1°¢
09C°¢
LLZ"&l
1709'8{
(RARS
€99°¢
089°¢
969°¢
€L9¢
¢l8¢

€L0L—
09¢'L—

o

.

A

SiMes

MeO 0 OA
Me
A

4k

89’8

=96°C
=oC¢ |

isw !

AN}
L
JLVE L

=00}

Fooe |

=Gy |

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

6.0 5.5 5.0

7.5 7.0 6.5

8.0

8.5




400MHz

Gan-13-118-2p C13 CDCI3

2015-9-30

6va L-—

¥86'0¢—

Goe o —
G6GE€r—

ve6ca—

1899/
000'LA
91Le L.
rZ8.

0Ly'8el
01682l
GOV YEL
289GEL7
589'9EL,
00% 0%}

960" L9l —

cl869l—

LL0°¢61—

O oA
SiMes

MeO

4k

110 100 90 80 70 60 50 40 30 20 10

120

Me
180 170 160 150 140 130

190




400MHz

Gan-14-2-2p H1 CDCI3

2015-9-30

0000~
LSO'O7 —5}89.8 .
€900 -

6v0'C— ————=100'¢

SSEEL Zo
. 2z

00b'S i |

169°E —¥8eE

~
o
o
|

II
g

(e}
<
<
™

|"|

To)
(o))
) N
N~
—
SiMe;

o

N~

)

N~
OOAC

Ph

©
v
'\;
MeO
41

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.5




Gan-14-2-2p C13 CDCI3
400MHz

2015-9-30

L1GL-—

0c0’Lc—

9ee0v—
y89°Ch—

Gcoeq—

2899/
000' L.
8Le 1.
8¢c1'8.

616°9¢)
¢496'9¢!
cve Le)
OZ[SZL7
9¢0'6¢l
WL vEL—

968 /€L~
v16'6E1
2zeovl
L09°0%L

¢S0'191—

GG8'691 —

¢cle’lel—

SiMe3

0 OAc

MeO

4

I
110 100 90 80 70 60 50 40 30 20 10

120

Ph
180 170 160 150 140 130

190




CDCI3
400MHz

Gan-13-118-1p H1

2015-9-30

¥00'0—

L16')—

692°€
887°¢
cLee
AN
6.£°C
GBE'E
AR
orre’
LBLE~
808°¢-f
888'8{

I8¢

AR
8LG'G
STASRS]
€ea’g
8E9'G
99/°G—¢
26[9/
vc8'G
0€8'G
988G
09¢'.
eve'.L
e’
o€’ L
19¢°.
VeV LF
8vv'.L
yAS) V)
9.
€8y’
9€9',
G9.'L
987/
0L8’.
0€8°.L

=¥.'8

11_98'3

=00'L

- =10z |

0.0




400MHz

Gan-13-118-1p C13 CDCI3

2015-9-30

0€G’L-—

Geo'le—

1449
oVl vvr—

G00€G—

2899/
000°Z.
8182,
/G281

c08'GclL
¥80°9C1
9€9'9¢1
LGV'LZLL
LS 'LCL
VBL'LZL{
8V6°LCL
6v59'CEL
oL eel
arevel
LYE9EL
gLE oYL

00191 —

GE8'691l —

668161 —

| i
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

180

190




400MHz

Gan-14-4-2p H1 CDCI3

2015-10-6

9100—

2L02—
851°€
L1VE
£0Z°¢
22z e
LT
887t
9LE'e7
cees/
o8’

2166
086'

£V6'€

096°¢

AR
17917'9\
Shy'G-L
89/°G

G18'G\
9z8'S

€€8'S /
088'S

€58'9

L98'9\
0069~
2169
126'9
eguf
0LL'L /

09¢'.

N

0.0

L

=v/.'8

=20°C |

2801

=00}

=FoLz|

4n

—>20°) |
il\eow

=—=/80

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

.0



Gan-14-4-2p C13 CDCI3
400MHz

2015-10-6

1120

090°Lc—

y69°6E~
98l

y80°€G—

8992
000°2.
8LELL
vva'LL

6LEVCIN
096'QZL7
9G¥'9CL

€G9velL ~
442045
96E LYl —

668091 —

€06'691 —

€ae’lel —

10

20

30

40

100 90 80 70 60 50

110

120

130

160 150 140

170

4n
180

190




400MHz

Gan-14-18-2p H1 CDCI3

2015-10-9

POE P\ L l
28] - iPGZ ¢

16— -——F 00} |

018G~ 1
v/8'G— -———=F90¢
vz6'57

SiMes

OAc

09¢'L— —

EtO

40

0.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.9




400MHz

Gan-14-18-2p C13 CDCI3

2015-10-9

T4

9L9'LL—
886'¢clL”
€L0'12~
6.E€C—

9.2°6€
6917'68>

XA XA

¢89'9.
000°24
061°LL
6LELL

LGECEL~
eroveL "
v/8°6€) ~
80yl —

G96°091 —

788691 —

8EL €6l —

10

20

30

40

50

60

70

syn- isomer anti- isomer
120 110 100 90 80

130

OAc
ZsiMes
160 150 140

EtO
170

40

180

190




400MHz

Gan-14-3-1p H1 CDCI3

2015-9-30

0000~ _

8500~ = Fegs

2% 00°¢ |
9/6'C
966'C
820°¢
Zvo'e
G80'€~E

N

L'l

Iy
o
D v
D

L91°¢€
18L°€

N

40°¢ |

ye8 €—

€GE'G— =00'] |

026G
zve'g\
96'G~\

) =%J_ 100 |
186'GT =15

£00°9 _
~= €0l

8EV 9~
w0l |
- G0V

8/7'9"
1221
ove L
Y.
292 L+
9.2/
662 .
80¢°/

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5




Gan-14-3-1p C13 CDCI3
400MHz

2015-10-5

1997470 Sl

6Ll Lc—

6L 0v~
gee ey

0 €G—

€899/
000°2.
8LELL
18V'L.

S9Z'9z!
196'92&
€09'42)
925821
90c'eeL T
295 Vel
969'9¢|
1870V

cEL 9l —

€v00LL—

8l °¢c6lL—

10

20

30

40

il
110 100 90 80 70 60 50

120

130

140

160 150

170

180

190




400MHz

Gan-16-29-p0 H1 CDCI3

2016-3-2

8E1°0 . ) _ JKOL'S'
L1107 8.7 2
o
0
(@]
o
052 0
89¢°Z -
2882
0072 o
09%°2 N
£8y'Z .
6z {gg.g_ 0
11527 N
1282~ O
prod Ev9l| o
658'Z «
c16e ed o
266'C - _
300'1& § - *~——" %9% o
500't 2 E—=R687 5
L Gl
oRE L £ ° o—=220
O
GE6'P
£G6'Y e =F0v0
LL6V— m =500 LL 8
o5H'S @
2lv'S %
£05'G-7 T =
816G S
0bL 9% g
1S1°G
/18°G
0
GSlL'/2 S
SLLA
061°L ) o
602" L\ = Jrozg "~
YA Ajf 9 - - Al
ey 1 0
09z L g\ 05 B ™~
182 /- T T
867 " A o
T N &
o =
0
0
o




CDCI3

Gan-16-29-p0 NOEDS4.01

2016-3-8

400MHz

2EL 0~
oLL0-"

H3e

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

3.5



400MHz

Gan-16-29-p0 NOEDS4.96 CDCI3

2016-3-8

¢al’l—

659 L —

0Ge¢
698'2\
€8E° ¢~
LOV'Z/
9¢8'¢

998'2}
1/18¢C

G/6'E
166'&
zzovf
L¥0'Y

LG6°V—

€LY
025°G—
211G~
65,67

QG2
¢l L'L\
80¢°.
‘.:?ZZ'Al
cvi'l
€92,
18C°L

FaVa V.Y

1.0 0.5 0.0

1.5

0L
v6°G

QoL
G6°€

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20

8.5

9.0



400MHz

Gan- 16-95-p H1 CDCI3

2016-6-14

(@))
N
D
D

LLG L~
A

0]0) 7874
vy
Lev'y
oEr'v
A4 A%
8Gr'v
18LV

— | 2

2109~
€€09”

09¢’.
OLS'L\
9ce’.

L9E° LT
9[8'[{

6L

1.

!

SiMes

OBn
@ 3

=126

660 |

AR A

£00°1

Fevy |

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

8.5

9.0



Gan- 16-95-p C13 CDCI3
150MHz

2016-6-14

a8’L-—

6Vl —

ceel

6[9£§

00 LL/
YAV

c9'€0L—

6¢ Lcl
Qo LZL>
9e'8¢Cl
JASWAY S
c6 el —

10

50 40 30 20

60

70

90 80

100

110

120

130

140

160 150

170

SiMes
180

OBn
@ 3

190

200




GLC0-

400MHz

Gan-10-66-p H1 CDCI3

2014-7-2

061°0-

00

662'0\\ B rG6°0

120N I— }978 r

LOC U L i

999'0\\ o

90 .

eLr 0! y80

1650~ rEol

€190 . £8L0

6290 : cet
g o)

1190 L e

vu'oj [

cred 02’9

g86°} o> eI 0L w

ANVEAN 0’9~ Fov N SE— A}

0¥ : =110 |

¥Z1'e i o~4Rgz0

¥52'C

192'C K

5;% g9~ «a~F 1} @

282°€ - .

9[8'97 2001

YOv'E

€6 '€~ 192

Le8°¢” /0

1911~ 10

6Ll 010

GSS P~ 0

G8G v rey.
. L0

0S9'Y g

089y .

12l ¢ko
. g €10

[SL'Y i

128 " .

2oy 8,5

LE6'Y 3 ) 7780

6¢ 15 f A\ s - @ _-éhwo

¥8Z°5 < o

/G197 1

092'9j 2

0vZ'9 .

169’ s — ek

¥/ 5 = —— ¢

28l'L o O - 609

G2z'L S

1y 1] : 9 ~

092 2] °

662'4 Y

LLEL s

1€€°11

€162

60 55 50 45 40 35 30 25 20 1.5 10 05 00 -05

6.5

8.0 7.5 7.0

8.5




150MHz

Gan-16-96-p H1 CDCI3

2016-6-15

6GC | -—

G99'Gl—

cce6e—
geeer—

GeL’ca—

6.0°0L~
18179/
000°L
oLz LL”

¢Ce66—

beg £t
80€°8Z1
825821

6£9'821

TEPLIN
652 '6€L—
PELTYL

9¢e el —

10

20

30

40

50

60

70

80

90

100

110

120

OBn
SiMe,
130

9 (endo)
140

MeO
150

wOBn
SiMes
160

9 (ex0)
170

MeO
180

J0



