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1. General Method

TLC was performed on glass-backed silica plates and visualized using UV, KMnO, stains,
H3PO,4 12Mo0O3/EtOH stains, H,SO,4 (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) and **C NMR spectra were recorded at 100 MHz (Varian) using
CDCI; (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 performed at
State Key Laboratory of Biotherapy, West China Hospital, Sichuan University. HMPA, TMEDA,
CH3CN, DMSO, DMF, CH,CI, and EtzN were distilled from CaH,. Et,O and THF were distilled

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

2. General Procedure and Spectral Data of Products

General Procedure: To a solution of 3' (49 mg, 0.13 mmol) and HMPA (68 pL, 0.39 mmol) in dry
THF (1.0 mL) in a flame-dried flask under Ar atmosphere was added t-BuLi (0.30 mL of 1.3 M
solution in petane, 0.39 mmol) at —78 <C. After stirring for 1.5 h, electrophile (0.26 mmol) was added
at —78 <C with stirring for another 10 min. The mixture was quenched with sat aqg NH4Cl (1.0 mL)
and extracted with Et,O (3 < 10 mL). The combined organic layers were dried over Na,SO4 and
concentrated under reduced pressure. Purification of the crude residue via silica gel flash column

chromatography afforded 2.

2.1. Addition of 3,3-Bis(silyl) Allyloxy Lithium with a,f-Unsaturated Carbonyl Compounds

Synthesis of 2a

Et,Si

2a: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; cinnamaldehyde (32 xL, 0.26 mmol) at
—78 <C for 10 min produced 2a (40 mg, 64 %) as a yellow oil. [dr > 95:5]. *"H NMR (400 MHz,

1. For the preparation of 3, see: Song, Z. L.; Lei, Z.; Gao, L.; Wu, X.; Li, L. J. Org. Lett. 2010, 12, 5298-5301.



CDCls) § 0.64 (q, 12H, J = 8.0 Hz), 0.86 (t, 9H, J = 8.0 Hz), 0.90 (t, 9H, J = 8.0 Hz), 2.95 (dd ,1H,
J1 = 8.0 Hz, J,=16.8 Hz), 3.03 (dd, 1H, J; = 5.2 Hz, J, = 16.8 Hz), 3.41 (ddd, 1H, J; =5.2 Hz, J, =
5.2 Hz, J; = 8.0 Hz), 4.25 (dd, 1H, J; = 5.2 Hz, J, = 8.8 Hz), 4.29 (d, 1H, J = 11.2 Hz), 4.52 (d,1H, J
= 11.2 H2), 6.65 (d, 1H, J = 8.8 Hz), 7.19-7.29 (m, 10H), 9.63 (s,1H); *C NMR (100 MHz, CDCl)
0 4.3,53,75,7.7,44.9, 45.7, 70.2, 82.3, 126.9, 127.4, 127.4, 128.2, 128.4, 128.6, 138.3, 141.4,
141.9, 158.0, 201.6; IR (neat) cm™ 3030 (W), 2954 (), 2911 (s), 2876 (5), 2726 (W), 1725 (s), 1559
(m), 1495 (m), 1457 (s), 1417 (m), 1235 (m), 1082 (s), 1061 (s), 1005 (s), 835 (s); HRMS (MALDI,
m/z) calcd for Ca;HsgNaO,Si," (M + Na*): 531.3085, found 531.3090.

Synthesis of 2b

Et,Si

Et,Si
4-CIPh"

2b: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; (E)-3-(4-chlorophenyl)acrylaldehyde (43
mg, 0.26 mmol) at —78 <C for 10 min produced 2b (30 mg, 42 %) as a yellow oil. [dr = 88:12]. *H
NMR (400 MHz, CDCl5) & 0.48 (q, 6H, J = 7.2 Hz, syn), 0.64 (g, 12H, J = 8.0 Hz), 0.73 (g, 6H, J =
7.2 Hz, syn), 0.79 (t, 9H, J = 7.2 Hz, syn), 0.89 (t, 9H, J = 8.0 Hz), 0.91 (t, 9H, J = 8.0 Hz), 0.97 (t,
9H, J = 7.2 Hz, syn), 2.94 (dd, 1H, J, = 8.8 Hz, J, = 17.2 Hz), 3.02 (dd, 1H, J; = 4.8 Hz, J, = 17.2
Hz), 3.38 (ddd, 1H, J; = 4.4 Hz, J, = 4.8 Hz, J; = 8.8 Hz), 4.22 (dd, 1H, J, = 4.4 Hz, J, = 8.8 Hz2),
4.26 (d, 1H, J = 11.6 Hz), 4.36 (dd, 1H, J; = 4.4 Hz, J, = 8.8 Hz, syn), 4.51 (d, 1H, J = 11.6 Hz), 4.54
(d, 1H, J = 11.6 Hz, syn), 6.16 (d, 1H, J = 8.8 Hz, syn), 6.65 (d, 1H, J = 8.8 Hz), 7.21-7.34 (m, 5H),
9.63 (s, 1H), 9.67 (s, 1H, syn); *C NMR (100 MHz, CDCls) 5 4.2 (syn), 4.3, 5.4, 5.6 (syn), 7.4 (syn),
7.5,7.7, 7.8 (syn), 44.5 (syn), 44.7, 44.9, 47.2 (syn), 70.4, 81.1 (syn), 82.1, 127.2 (syn), 127.4, 127.5,
128.2 (syn), 128.3, 128.5, 129.9, 130.9 (syn), 132.7 (syn), 132.8 138.1 (syn), 138.2, 138.6(syn), 140.3,
141.1 (syn), 142.4, 157.8, 159.3 (syn), 200.8 (syn), 201.0; IR (neat) cm™ 3064 (w), 3031 (w), 2954
(s), 2875 (s), 2824 (s), 2724 (s), 1725 (s), 1559 (s), 1492 (s), 1458 (s), 1415 (s), 1382 (m), 1351 (m),
1235 (s), 1092 (s), 1063 (s), 1008 (s), 964 (s), 834 (s); HRMS (MALDI, m/z) calcd for
C31H47CINa0,Si, (M + Na*): 565.2695, found 565.2695.



Synthesis of 2¢

Et,Si

2¢: 3 (49 mg, 0.13 mmol) and HMPA (68 L, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; (E)-but-2-enal (22 xL, 0.26 mmol) at
—78 <C for 10 min produced 2c (37 mg, 64 %) as a colorless oil. [dr = 90:10]. *H NMR (400 MHz,
CDCls) 6 0.66 (g, 6H, J = 8.0 Hz), 0.70 (g, 6H, J = 8.0 Hz), 0.92 (t, 9H, J = 8.0 Hz), 0.93 (t, 9H, J =
8.0 Hz), 1.04 (d, 3H, J = 7.2 Hz), 2.22-2.30 (m, 1H) , 2.41 (dd, 1H, J; = 7.6 Hz, J, = 16.4 Hz ), 2.64
(dd, 1H, J; = 5.6 Hz, J, = 16.4 Hz), 3.93 (dd, 1H, J, = 6.4 Hz, J, = 9.2 Hz), 4.07 (dd, 1H, J; = 3.2 Hz,
J, = 8.8 Hz, syn), 4.30 (d, 1H, J = 11.2 Hz), 4.53 (d, 1H, J = 11.2 Hz), 6.57 (d, 1H, J = 9.2 Hz), 6.69
(d, 1H, J = 8.8 Hz, syn), 7.27-7.34 (m, 5H), 9.73 (s, 1H), 9.77 (s, 1H, syn); *C NMR (100 MHz,
CDCI3) 6 4.3 (syn), 4.4, 5.4 (syn), 5.5, 7.5, 7.7, 14.3 (syn), 17.6, 34.0 (syn), 34.2, 47.0, 48.4 (syn),
70.3, 81.8 (syn), 83.1, 127.3 (syn), 127.42 (syn), 127.49, 127.5, 128.2 (syn), 128.3, 138.4, 138.7 (syn),
141.5, 159.0, 159.4 (syn), 202.3; IR (neat) cm™ 3031 (w), 2955 (s), 2911 (s), 2876 (s), 2715 (m),
1726 (s), 1560 (m), 1458 (s), 1418 (m), 1378 (m), 1234 (m), 1088 (s), 1065 (s), 1004 (s), 964 (s), 840
(s); HRMS (MALDI, m/z) calcd for CosHsNaO3Si," (M+Na®): 469.2929, found 469.2928.

Synthesis of 2d
Et;Si

2d: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; 3-methylbut-2-enal (25 xL, 0.26 mmol) at
—78 <C for 10 min produced 2d (19 mg, 32 %) as a colorless oil. *H NMR (400 MHz, CDCls) & 0.70
(q, 6H, J = 7.6 Hz), 0.74 (g, 6H, J = 7.6 Hz), 0.94 (t, 18H, J = 7.6 Hz), 1.10 (s, 3H), 1.14 (s, 3H),
2.28 (dd, 1H, J; = 2.4 Hz, J, = 14.4 Hz), 2.46 (dd, 1H, J;= 2.4 Hz, J;=14.4 Hz), 3.84 (d, 1H, J = 10.0
Hz), 4.25 (d, 1H, J = 11.2 Hz), 4.51 (d, 1H, J = 11.2 Hz), 6.63 (d, 1H, J = 10.0 Hz), 7.27-7.34 (m,
5H), 9.80 (d, 1H, J = 2.4 Hz); **C NMR (100 MHz, CDCl3) 5 4.6, 5.9, 7.7, 7.9, 23.0, 26.1, 38.8, 54.1,
70.1, 84.9, 127.4, 127.5, 128.2, 138.6, 143.7, 155.7, 202.5; IR (neat) cm™ 3031 (w), 2956 (s), 2876



(s), 2732 (w), 1719 (s), 1561 (m), 1459 (s), 1418 (m), 1381 (m), 1234 (m), 1090 (s), 1065 (s), 1004
(s), 968 (m), 836 (s); HRMS (MALDI, m/z) calcd for C,;H4sNaO,Si," (M + Na*): 483.3085, found
483.30809.

Synthesis of 2e

EtsSi~_~_,OBn
Et;Si Me
2e 470

2e: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; methacrylaldehyde (22 «L, 0.26 mmol) at
—78 <C for 10 min produced 2e (33 mg, 56 %) as a colorless oil. [dr = 95:5]; *H NMR (400 MHz,
CDCl3) 8 0.66 (g, 6H, J = 8.0 Hz), 0.72 (q, 6H, J = 7.6 Hz), 0.93 (t, 9H, J = 8.0 Hz), 0.95 (t, 9H, J =
7.6 Hz), 1.17 (d, 3H, J = 7.2 Hz), 1.82 (ddd, 1H, J, = 2.8 Hz, J, = 7.6 Hz, J; = 14.4 Hz), 1.94 (ddd,
1H, J; = 3.6 Hz, J, = 10.4 Hz, J; = 14.4 Hz), 2.64-2.68 (m, 1H), 4.25 (ddd, 1H, J, = 2.8 Hz, J, = 8.4
Hz, J; = 10.4 Hz), 4.30 (d, 1H, J = 10.8 Hz), 4.50 (d, 1H, J = 10.8 Hz), 6.58 (d, 1H, J = 8.4 Hz),
7.27-7.34 (m, 5H), 9.67 (s, 1H); *C NMR (100 MHz, CDCls) & 4.2, 5.3, 7.5, 7.7, 13.5, 36.6, 43.0,
70.7, 77.0, 127.5, 127.7, 128.3, 160.4, 204.3; IR (neat) cm™* 3031 (w), 2955 (s), 2856 (s), 2712 (M),
1726 (s), 1561 (s), 1458 (s), 1419 (s), 1348 (m), 1234 (s), 1086 (s), 1004 (s), 960 (s), 857 (s), 813
(m); HRMS (MALDI, m/z) calcd for CosHasNaO,Si," (M + Na'): 469.2929, found 469.2936.

Synthesis of 2f
Et;Si__~ OBn
Et;Si
2f
Me (@]

2f: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; but-3-en-2-one (21 xL, 0.26 mmol) at
—78 < for 10 min produced 2f (41 mg, 71 %) as a colorless oil. *H NMR (400 MHz, CDCls) & 0.65
(g, 6H, J = 8.0 Hz), 0.73 (g, 6H, J =7.6 Hz), 0.93 (t, 9H, J = 8.0 Hz), 0.94 (t, 9H, J = 7.6 Hz),
1.75-1.89 (m, 2H), 2.14 (s, 3H), 2.59 (ddd, 1H, J; = 6.8 Hz, J, = 8.0 Hz, J;= 17.2 Hz ), 2.69 (ddd,
1H, J;=6.0 Hz, J; = 8.4 Hz, J3 = 17.2 Hz), 4.15 (ddd, 1H, J; = 4.0 Hz, J, = 8.8 Hz, J3 = 12.4 Hz),
4.32 (d, 1H, J = 11.6 Hz), 4.55 (d, 1H, J = 11.6 Hz), 6.59 (d, 1H, J = 8.8 Hz), 7.27-7.33 (m, 5H); °C



NMR (100 MHz, CDCl3) 6 4.2, 5.3, 7.5, 7.7, 29.5, 29.9, 39.6, 70.4, 79.0, 127.5, 128.3, 138.5, 138.6,
160.7, 208.7; IR (neat) cm™ 3030 (w),2954 (s), 2911 (s), 2876 (s), 2731 (w), 1717 (s), 1560 (m),
1458 (s), 1418 (m), 1354 (m), 1314 (w), 1234 (s), 1163 (m), 1073 (s), 1004 (s), 964 (m), 850 (m),;
HRMS (MALDI, m/z) calcd for CosHasNaO,Si," (M + Na*): 469.2929, found 469.2931.

Synthesis of 29

Et,Si

Et;Si
3 Me"

2g Me
29: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuL.i (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; (E)-pent-3-en-2-one (26 uL, 0.26 mmol)
at —78 <C for 10 min produced 2g (45 mg, 75 %) as a colorless oil. [dr = 53:47]. *H NMR (400 MHz,
CDCls) § 0.65 (g, 6H, J = 7.6 Hz), 0.72 (g, 6H, J = 7.6 Hz), 0.92 (t, 9H, J = 7.6 Hz), 0.94 (t, 9H, J =
7.6 Hz), 0.99 (d, 3H, J = 6.8 Hz), 2.09 (s, 3H, syn), 2.11 (s, 3H), 2.27 (m, 1H), 2.39 (dd, 1H, J; = 8.8
Hz, J, =16.0 Hz, syn), 2.45 (dd, 1H, J; = 8.8 Hz, J, = 16.4 Hz), 2.65 (dd, 1H, J; = 4.4 Hz, J, = 16.4
Hz), 2.74 (dd, 1H, J; = 4.0 Hz, J, = 16.0 Hz, syn), 3.93 (dd, 1H, J; = 5.6 Hz, J, = 9.2 Hz, syn), 4.05
(dd, 1H, 3, = 4.0 Hz, J, = 8.8 Hz), 4.29 (d, 1H, J = 11.2 Hz, syn), 4.31 (d, 1H, J = 11.2 Hz), 4.55 (d,
1H, J = 11.2 Hz), 6.60 (d, 1H, J = 9.2 Hz, syn), 6.69 (d, 1H, J = 8.8 Hz), 7.24-7.34 (m, 5H); *C
NMR (100 MHz, CDCls) 6 4.3, 4.34 (syn), 5.3, 5.5 (syn), 7.5 (syn), 7.7, 14.2, 17.4 (syn), 30.3 (syn),
30.4, 34.5, 34.9 (syn), 46.2 (syn), 47.9, 70.20, 70.23 (syn), 81.9, 83.1 (syn), 127.2, 127.30 (syn),
127.36 (syn), 127.39, 128.2, 138.7 (syn), 138.9, 140.1, 140.8 (syn), 159.5 (syn), 159.9, 208.2, 208.5
(syn); IR (neat) cm™ 3031 (w), 2955 (), 2876 (s), 1717 (s), 1559 (m), 1458 (s), 1418 (s), 1357 (5),
1234 (s), 1165 (m), 1088 (s), 1064 (s),1003 (s), 961 (s), 861 (s), 843 (s), 816 (m); HRMS (MALDI,
m/z) calcd for C,7H4gNaO,Si, (M + Na*): 483.3085, found 483.3082.

Synthesis of 2h
EtsSi_~ OBn
Et;Si Me
2h
Me (@]

2h: Using the same procedure as mentioned above. 3 (49 mg, 0.13 mmol) and HMPA (68 uL, 0.39
mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of 1.3 M solution in pentane, 0.39 mmol) at —78 C



for 1.5 h; 3-methylbut-3-en-2-one (30 xL, 0.26 mmol) at —78 <C for 10 min produced 2h (41 mg,
69 %) as a colorless oil. [dr > 95:5].'"H NMR (400 MHz, CDCls) & 0.65 (q, 6H, J = 7.6 Hz), 0.72 (q,
6H, J = 7.6 Hz), 0.91 (t, 9H, J = 7.6 Hz), 0.94 (t, 9H, J = 7.6Hz), 1.13 (d, 3H, J = 7.2 Hz), 1.67 (ddd,
1H, J; = 4.0 Hz, J; = 9.6 Hz, J; = 14.0 Hz), 1.83 (ddd, 1H, J; = 2.8 Hz, J, = 8.8 Hz, J; = 14.0 Hz),
2.13 (s, 3H), 2.89-2.96 (m, 1H), 4.16 (ddd, 1H, J; = 2.8 Hz, J, =8.8 Hz, J = 9.6 Hz), 4.25 (d, 1H, J =
10.8 Hz), 4.48 (d, 1H, J = 10.8 Hz), 6.55 (d, 1H, J = 8.8 Hz), 7.27-7.35 (m, 5H); *C NMR (100
MHz, CDCl3) 6 4.2,5.1,7.5,7.7,17.3, 28.8, 38.4, 42.7, 70.5, 77.6, 127.5, 127.7, 128.3, 138.2, 138.5,
160.7, 212.3; IR (neat) cm™ 3019 (w), 2954 (s), 2910 (s), 2875 (s), 1714 (s), 1561 (m), 1458 (s),
1420 (m), 1352 (s), 1234 (m), 1176 (m), 1086 (s), 1005 (s), 963 (s), 861 (s), 816 (s); HRMS (MALDI,
m/z) calcd for Co7H4gNa0,Si," (M + Na*): 483.3085, found 483.3089.

Synthesis of 2i

Et,Si

2i
2i: 3 (49 mg, 0.13 mmol) and HMPA (68 L, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; cyclopent-2-enone (22 xL, 0.26 mmol) at
—78 <C for 10 min produced 2i (30 mg, 50 %) as a colorless oil. [dr = 65:35]; *H NMR (400 MHz,
CDCl3) 6 0.65 (g, 6H, J = 7.6 Hz), 0.73 (q, 6H, J = 7.6 Hz), 0.92 (t, 9H, J = 7.6 Hz), 0.94 (t, 9H, J =
7.6 Hz), 2.05 (m, 1H), 2.10-2.19 (m, 2H), 2.25-2.48 (m, 4H), 4.18 (dd, 1H, J, = 3.6 Hz, J, = 9.2 Hz,
syn), 4.22 (dd, 1H, J; = 3.2 Hz, J, = 8.8 Hz), 4.34 (d, 1H, J = 11.6 Hz, syn), 4.37 (d, 1H, J = 11.6 Hz),
4.60 (d, 1H, J = 11.6 Hz, syn), 4.61 (d, 1H, J = 11.6 Hz), 6.62 (d, 1H, J = 8.8 Hz), 6.73 (d, 1H, J =
9.2 Hz, syn), 7.27-7.35 (m, 5H); 3C NMR (100 MHz, CDCl3) § 4.2, 4.3 (syn), 5.43, 5.45 (syn), 7.5
(syn), 7.7, 23.2 (syn), 25.9, 38.1, 38.3 (syn), 39.2, 41.7 (syn), 42.2 (syn), 42.5, 70.2, 70.4 (syn), 80.4
(syn), 80.7, 127.1, 127.3 (syn), 127.4, 127.5 (syn), 128.3, 138.6 (syn), 138.7, 139.8, 140.3 (syn),
159.5 (syn), 159.8, 219.1 (syn), 219.4; IR (neat) cm™ 3064 (w), 3031 (w), 2954 (s), 2909 (s), 2876 (s),
1744 (s), 1560 (s), 1495 (w), 1458 (s), 1414 (s), 1378 (m), 1355 (m), 1234 (s), 1153 (s), 1095 (s),
1066 (s), 1003 (s), 964 (s), 893 (m), 857 (s); HRMS (MALDI, m/z) calcd for Cy7HssNaO,Si; (M +
Na®): 481.2929, found 481.2928.

Synthesis of 2j




2j: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; cyclohexanone (25 xL, 0.26 mmol) at
—78 <C for 10 min produced 2j (36 mg, 60 %) as a colorless oil.[dr = 82:18]; *H NMR (400 MHz,
CDCls) 6 0.65 (g, 6H, J = 7.6 Hz), 0.72 (g, 6H, J = 8.0 Hz), 0.91 (t, 9H, J = 7.6 Hz), 0.93 (t, 9H, J =
8.0 Hz), 1.60 (m, 1H), 1.80-1.84 (m, 2H), 1.94 (m, 1H), 2.10 (m, 1H), 2.24-2.38 (m, 2H), 2.50-2.52
(m, 2H), 3.97 (dd, 1H, J; = 2.8 Hz, J, = 8.8 Hz, syn), 4.10 (dd, 1H, J, = 3.2 Hz, J, = 9.2 Hz), 4.32 (d,
1H, J = 12.0 Hz, syn), 4.35 (d, 1H, J = 12.0 Hz), 4.59 (d, 1H, J = 12.0 Hz), 6.65 (d, 1H, J = 9.2 Hz),
6.74 (d, 1H, J = 8.8 Hz, syn), 7.27-7.36 (m, 5H); *C NMR (100 MHz, CDCls) & 4.3, 5.3 (syn), 5.4,
7.6, 7.7, 24.8 (syn), 25.1, 25.3 (syn), 28.5, 41.3, 41.5 (syn), 42.2, 44.6, 44.8 (syn), 45.3 (syn), 70.2,
70.3 (syn), 81.8 (syn), 82.0, 127.2, 127.3 (syn), 127.4, 127.5 (syn), 128.3, 138.6 (syn), 138.7, 140.4
(syn), 140.7, 159.1, 159.6 (syn), 211.9; IR (neat) cm™ 3031 (w), 2954 (s), 2909 (s), 1714 (s), 1560 (s),
1496 (m), 1457 (s), 1420 (s), 1376 (m), 1346 (s), 1309 (m), 1229 (s), 1184 (w), 1092 (s), 1071 (s),
1005 (s), 963 (s), 895 (m), 849 (s); HRMS (MALDI, m/z) calcd for CygHsNaO,Si, (M + Na'):
495.3085, found 495.3082.

Synthesis of 2k
Et;Si

2k: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; (E)-methyl but-2-enoate (27 uL, 0.26
mmol) at —78 <C for 10 min produced 2k® (43 mg, 70 %) as a colorless oil. [dr = 50:50]; *H NMR
(400 MHz, CDCl3) 6 0.67 (g, 6H, J = 8.0 Hz), 0.72 (g, 6H, J = 7.6 Hz), 0.93 (t, 9H, J = 8.0 Hz), 0.94
(t, 9H, J = 7.6 Hz), 1.02 (d, 3H, J = 6.8 Hz), 2.16-2.19 (m, 1H), 2.31 (dd, 1H, J; = 8.8 Hz, J, = 14.8
Hz), 2.66 (dd, 1H, J; = 4.4 Hz, J, = 14.8 Hz), 3.60 (s, 3H), 3.95 (dd, 1H, J; = 6.4 Hz, J, = 9.2 Hz),

2. Only anti-isomer of 2k was isolated as a pure compound. The anti-stereochemistry was determined by transformed anti-2k to the
corresponding aldehyde, the NMR spectra of which is identical to 2c.



431 (d, 1H, J = 11.2 Hz), 4.55 (d, 1H, J = 11.2 Hz), 6.60 (d, 1H, J = 9.2 Hz), 7.29-7.34 (m, 5H); **C
NMR (100 MHz, CDCl3) 6 4.4, 5.5, 7.6, 7.8, 17.2, 35.8, 36.8, 51.4, 70.2, 82.9, 127.3, 127.4, 128.2,
138.8, 140.9, 159.4, 173.8; IR (neat) cm™ 3030 (w), 2955 (), 2911 (5), 2876 (s), 1740 (s), 1559 (M),
1458 (s), 1433 (s), 1373 (s), 1259 (s), 1236 (m), 1170 (s), 1086 (s), 1065 (s), 1007 (s), 965 (m), 814
(s); HRMS (MALDI, m/z) calcd for C,7H4sNaO3 Si, (M + Na*): 499.3034, found 499.3043.

Synthesis of 2l

Et,Si

2l: 3 (49 mg, 0.13 mmol) and HMPA (68 L, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; 5,6-dihydro-2H-pyran-2-one (23 uL, 0.26
mmol) at —78 <C for 10 min produced 21 (32 mg, 52 %) as a colorless oil. [dr = 88:12]. *H NMR (400
MHz, CDCls) 5 0.66 (g, 6H, J = 8.0 Hz), 0.72 (g, 6H, J = 7.6 Hz), 0.93 (t, 9H, J = 7.6 Hz), 0.94 (t,
9H,J=8.0 Hz), 1.81 (m, 2H, syn), 1.89-1.95 (m, 2H), 2.01-2.07 (m, 1H, syn), 2.15-2.20 (m, 1H),
2.56 (dd, 1H, J; = 6.4 Hz, J, = 17.2 Hz, syn), 2.66 (dd, 1H, J; = 10.4 Hz, J, = 17.2 Hz), 2.79 (dd, 1H,
J1=10.4 Hz, J, = 17.2 Hz), 4.03 (dd, 1H, J; = 2.8 Hz, J, = 8.8 Hz, syn), 4.12 (dd, 1H, J; = 3.2 Hz, J,
= 8.8 Hz), 4.23 (ddd, 1H, J; = 4.8 Hz, J, = 8.4 Hz, J; = 11.2 Hz), 4.34 (d, 1H, J = 11.6 Hz), 4.42 (ddd,
1H, J; = 4.8 Hz, J, = 4.8 Hz, J3 = 11.2 Hz), 4.60 (d, 1H, J = 11.6 Hz), 6.63 (d, 1H, J = 8.8 Hz), 6.70
(d, 1H, J = 8.8 Hz, syn), 7.27-7.36 (m, 5H); *C NMR (100 MHz, CDCls) & 4.2, 5.3 (syn), 5.4, 7.5,
7.7, 22.8 (syn), 26.4, 29.7 (syn), 30.4, 33.2 (syn), 37.1, 68.1, 68.3 (syn), 70.4, 70.5 (syn), 80.7 (syn),
81.5, 127.2, 127.3 (syn), 127.5, 127.6 (syn), 128.3, 138.3, 142.2, 157.9, 158.2 (syn), 171.9; IR (neat)
cm™ 3031 (W), 2954 (s), 2911 (s), 2876 (s), 1745 (s), 1560 (s), 1458 (s), 1418 (m), 1348 (w), 1253 (s),
1215 (s), 1176 (m), 1067 (s), 1004 (s), 963 (m), 910 (w), 836 (s); HRMS (MALDI, m/z) calcd for
Co7H4sNaO3Si,* (M + Na*): 497.2878, found: 497.2882.

Synthesis of E-Silyl Enol Ether 7




7: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; methacrylaldehyde (22 «L, 0.26 mmol) at
—78 <C for 10 min; chlorotriethylsilane (23 xL, 0.26 mmol) —78 <C for 10 min produced 7 (33 mg,
45 %) as a colorless oil. *H NMR (400 MHz, CDCl3) & 0.61-0.72 (m, 18H), 0.85-0.99 (m, 27H), 1.70
(s, 3H), 2.00 (dd, 1H, J; = 2.4 Hz, J, = 14.4 Hz), 2.18 (dd, 1H, J; = 9.6 Hz, J, =14.4 Hz), 4.20 (ddd,
1H, J; = 2.4 Hz, J, = 8.8 Hz, J; = 9.6 Hz), 4.35 (d, 1H, J = 11.6 Hz), 4.54 (d, 1H, J = 11.6 Hz), 6.18
(s, 1H), 6.61 (d, 1H, 8.8 Hz), 7.22-7.33 (m, 5H); **C NMR (100 MHz, CDCl5) § 4.30, 4.48, 5.32,
6.57, 7.55, 7.75 .13.49, 39.85, 70.48, 79.23, 113.88, 127.24, 127.36, 128.19, 135.85, 136.91, 138.93,
161.69; IR (neat) cm™ 3030 (w), 2955 (), 2912 (s), 2877 (), 1673 (s), 1559 (s), 1494 (w), 1459 (s),
1416 (s), 1380 (m), 1342 (m), 1258 (m), 1236 (s), 1205 (s), 1165 (s), 1092 (s), 1072 (s), 1007 (s),
970 (s), 897 (w), 844 (s); HRMS (MALDI, m/z) calcd for CsHgoNaO,Sis'(M + Na*): 583.3793,
found 583.3791.

2.2. Anionic Silyl Migration to Synthesize 10a and 10b

Synthesis of 9
SiEts

9: To a solution of 2a (147 mg, 0.29 mmol) in dry Et,O (5 mL) in a flame-dried flask under Ar
atmosphere was added DIBAL-H (1.0 M in hexanes, 0.44 mL, 0.44 mmol) at 0 °C. The mixture was
stirred for 0.5 h at 25°C before quenching with sat aq potassium-sodium tartrate solution (1.0 mL)
and extraction with Et,O (3 % 5 mL). The combined organic layers were then dried over Na,SO,4 and
concentrated under reduced pressure. Purification of the crude residue via silica gel flash column
chromatography (gradient eluent: 0-5% of EtOAc/petroleum ether) afforded pure alcohol (136 mg,
92 %) as a yellow oil. A solution of the alcohol (102 mg, 0.2 mmol) and DDQ (227 mg, 1.0 mmol) in
CH.Cl»/H,0 (3 mL, 10:1) was stirred at room temperature for 24 h. The mixture was diluted with
dichloromethane (10 mL), extracted with sat ag NaHCOs/sat aqg NaHSO3;. The combined organic
layers were dried over anhydrous Na,SO4 and concentrated under reduced pressure. Purification of

the crude residue via silica gel flash column chromatography (gradient eluent: 0-10% of



EtOAc/petroleum ether) afforded 9 (59 mg, 70 %) as a colorless oil. *H NMR (400 MHz, CDCl3) &
0.52 (g, 6H, J = 7.6 Hz), 0.64 (g, 6H, J = 7.6 Hz), 0.77 (t, 9H, J = 7.6 Hz), 0.85 (t, 9H, J = 7.6 Hz),
1.85 (s, 1H), 1.94 (s, 1H), 2.02 (dddd, 1H, J; = 5.2 Hz, J, = 5.6 Hz, J5 = 9.2 Hz, J, = 14.0 Hz), 2.28
(dddd, 1H, J; = 5.2 Hz, J, = 5.6 Hz, J;= 9.2 Hz, J, = 14.0 Hz), 2.88 (ddd, 1H, J; =5.2 Hz,J, =7.2
Hz, J; = 8.8 Hz), 3.52 (ddd, 1H, J; = 5.2 Hz, J, = 9.2 Hz, J; = 10.8 Hz), 3.65 (ddd, 1H, J; = 5.6 Hz,
J, =5.6 Hz J, = 10.8 Hz), 4.37 (dd, 1H, J; = 7.2 Hz, J, = 8.8 Hz), 6.59 (d, 1H, J = 8.8 Hz), 7.16-7.27
(m, 5H); °C NMR (100 MHz, CDCls) § 3.9, 5.3, 7.3, 7.7, 34.6, 49.6, 61.3, 75.4, 126.7, 128.4, 128.6,
139.6, 141.3, 159.1; IR (neat) cm 3358 (brs), 3029 (w), 2954 (s), 2876 (s), 1561 (m), 1458 (s), 1418
(m), 1377 (w), 1234 (s), 1046 (w), 1005 (s), 853 (s); HRMS (MALDI, m/z) calcd for
C24H1NaO,Si, " (M+Na*): 443.2772, found: 443.2777.

Synthesis of 10a

SiEt,

10a OH

10a: To a solution of CuCN (18 mg, 0.2 mmol) in dry DMF (0.5 mL) was added t-BuOL.i (0.2 ml of
1.0 M solution in THF, 0.2 mmol) at 0 <C. After stirred at 25 <C for 30 min, a solution of 9 (21 mg,
0.05 mmol) and 2, 3-dibromoprop-1-ene (16 xL, 0.2 mmol) in DMF (0.7 mL) was added at 25 <C.
After stirring at 25 <C for 20 h, the mixture was quenched with 3.5 % NH3; H,0 (1 mL) and diluted
with Et,O (8 mL). The combined organic layer were washed with H,O (2 > 5 mL), dried over
Na,SO, and concentrated under reduced pressure. Purification of the crude residue via silica gel flash
column chromatography (gradient eluent: 0-5% of EtOAc/petroleum ether) afforded 10a (24 mg,
89 %) as a yellow oil. 'H NMR (400 MHz, CDCl5) & 0.48 (q, 6H, J = 8.0 Hz), 0.58 (g, 6H, J = 7.6
Hz), 0.87 (t, 9H, J = 8.0 Hz), 0.91 (t, 9H, J = 7.6 Hz), 1.29 (s, 1H), 2.02-2.11 (m, 1H), 2.13-2.21 (m,
1H), 2.82 (ddd, 1H, J, = 4.4 Hz, J, = 4.8 Hz, J5 = 10.4 Hz), 3.02 (d, 1H, J = 16.8 Hz), 3.09 (d, 1H, J
= 16.8 Hz), 3.38-3.44 (m, 1H), 3.51-3.57 (m, 1H), 4.50 (dd, 1H, J; = 4.4 Hz, J, = 8.0 Hz), 5.34 (s,
1H), 5.38 (s, 1H), 5.97 (d, 1H, J = 8.0 Hz), 7.18-7.27 (m, 5H); *C NMR (100 MHz, CDCl3) § 3.2,
4.9,6.9, 74,323, 42.2,49.7, 61.4, 73.0, 117.5, 126.6, 128.2, 128.9, 131.2, 133.9, 141.8, 147.5; IR
(neat) cm™ 3340 (brs), 3027 (W), 2955 (s), 2877 (s), 1629 (m), 1493 (w), 1457 (s), 1415 (s), 1378 (W),



1237 (s), 1081 (s), 1010 (s), 974 (m), 889 (m), 852 (w), 817 (w); HRMS (MALDI, m/z) calcd for
C27H47BrNa0,Si, (M + Na*): 561.2190, found: 561.2189.

Synthesis of 10b

Et,Si

10b OH

10b: To a solution of CuCN (18 mg, 0.2 mmol) in dry DMF (0.5 mL) was added t-BuOL.i (0.2 ml of
1.0 M solution in THF, 0.2 mmol) at 0 <C. After stirred at 25 <C for 30 min, a solution of 9 (21 mg,
0.05 mmol) and (3-bromoprop-1-yn-1-yl) triethylsilane (48 mg, 0.2 mmol) in DMF (0.7 mL) was
added at 25 <C. After stirring at 25 <C for 20 h, the mixture was quenched with 3.5 % NH3; H,0 (1
mL) and diluted with Et,O (8 mL). The combined organic layer were washed with H,O (2 %5 mL),
dried over Na,SO, and concentrated under reduced pressure. Purification of the crude residue via
silica gel flash column chromatography (gradient eluent: 0-5% of EtOAc/petroleum ether) afforded
10b (22 mg, 77 %) as a yellow oil. 'H NMR (400 MHz, CDCl3) & 0.55 (g, 12H, J = 7.6 Hz), 0.61 (q,
6H, J = 8.0 Hz), 0.87 (t, 9H, J = 8.0 Hz), 0.90 (t, 9H, J = 7.6 Hz), 0.95 (t, 9H, J = 8.0 Hz), 1.43 (s,
1H), 1.96-2.05 (m, 1H), 2.20-2.26 (m, 1H), 2.55 (d, 1H, J = 17.2 Hz), 2.82 (ddd, 1H, J; = 4.8 Hz, J,
= 6.4 Hz, J3 = 10.4 Hz), 2.89 (d, 1H, J = 17.2 Hz), 3.43-3.47 (m, 1H), 3.53-3.59 (m, 1H), 4.56 (dd,
1H, J; = 6.4 Hz, J, = 8.0 Hz), 5.67 (d, 1H, J = 8.0 Hz), 7.14-7.23 (m, 5H); *C NMR (100 MHz,
CDCl3) 6 3.1,4.3,4.8,6.9, 7.3, 7.4, 20.1, 33.3, 49.8, 61.7, 72.8, 82.4, 105.6, 126.5, 128.11, 128.13,
128.8, 132.9, 141.8, 144.5; IR (neat) cm® 3344 (brs), 3027 (W), 2955 (s), 2912 (s), 2878 (s), 2169 (s),
1459 (s), 1415 (s), 1378 (w), 1237 (s), 1076 (s), 1011 (s), 972 (m), 808 (m); HRMS (MALDI, m/z)
calcd for CssHgoNaO,Sis" (M + Na*): 595.3793, found: 595.3796.

2.3. Synthesis of y-Lactone S-2 and Di(3,5-dinitro benzoate) S-3 and S-5

Synthesis of S-2




1. DIBALH ; :
Et3Si Et3Si
Et,0,0°C 3 Phi(OAc), — °
2.DDQ TEMPO
CH,CI»/H,0 CH,Cl,
rt
71% S-1 OH 96% S2 O

S-2: To a solution of 2e (130 mg, 0.29 mmol ) in dry Et,O (5 mL) in a flame-dried flask under Ar
atmosphere was added DIBAL-H (1.0 M in hexanes, 0.44 mL, 0.44 mmol) at 0 °C. The mixture was
stirred for 0.5 h at 25 °C before quenching with sat aq potassium-sodium tartrate solution (1.0 mL)
and extraction with Et,O (3 < 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: 0-5% of EtOAc/petroleum ether) afforded pure alcohol (124 mg,
95 %) as a colorless oil. A solution of the alcohol (90 mg, 0.2 mmol) and DDQ (227 mg, 1.0 mmol)
in CH,Cl2/H,0 (3 mL, 10:1) was stirred at room temperature for 24 h. The mixture was diluted with
dichloromethane (10 mL), extracted with sat ag NaHCOas/sat ag NaHSO3;. The combined organic
layers were dried over Na,SO, and concentrated under reduced pressure. Purification of the crude
residue via silica gel flash column chromatography (gradient eluent: 10% of EtOAc/petroleum ether)
afforded pure S-1 (54 mg, 75 %) as a colorless oil. *"H NMR (400 MHz, CDCls) & 0.62 (g, 6H, J =
7.6 Hz), 0.68 (q, 3H, J = 7.6 Hz), 0.69 (g, 3H, J = 7.6 Hz), 0.89 (t, 9H, J = 7.6 Hz), 0.93 (t, 9H, J =
7.6 Hz), 0.97 (d, 3H, J = 6.8 Hz), 1.50 (ddd, 1H, J; = 3.2 Hz, J, = 7.6 Hz, J5 =14.4 Hz), 1.61 (ddd,
1H, J;= 4.0 Hz, J, = 8.8 Hz, J; = 14.4 Hz), 1.96-2.01 (m, 1H), 2.51 (s, 1H), 2.82 (s, 1H), 3.52 (dd,
1H, J; =5.6 Hz, J,=10.8 Hz), 3.56 (dd, 1H, J; = 5.2 Hz, J, = 10.8 Hz), 4.50 (ddd,1H, J; = 3.2 Hz, J,
= 8.8 Hz, J; = 9.2 Hz), 6.58 (d, 1H, J = 9.2 Hz); *C NMR (100 MHz, CDCl3) & 4.2, 5.6, 7.5, 7.8,
17.5, 32.2, 41.2, 67.8, 70.3, 136.3, 160.6; IR (neat) cm™ 3318 (brs), 2955 (s), 2914 (s), 2876 (s),
1563 (s), 1460 (s), 1419 (m), 1378 (w), 1353 (w), 1234 (s), 1097 (w), 1005 (s), 974 (m), 864 (s);
HRMS (MALDI, m/z) calcd for C1gH42NaO,Si, (M + Na*): 381.2616, found: 381.2620.

PhI(OACc), (63 mg, 0.205 mmol) was added in portions to a solution of S-1 (21 mg, 0.058 mmol) and
TEMPO (1.8 mg, 0.012 mmol) in CH,Cl, (1.0 mL). After stirring for 20 h, the mixture was quenched
with sat ag Na,S,03 (3.0 mL) and extracted with CH,Cl, (2 <10 mL). The combined organic layers
were washed with 10% aqueous NaHCO3; (5 mL), dried over Na,SO,, concentrated under reduced

pressure. Purification of the crude residue via silica gel flash column chromatography (gradient



eluent: 0-0.5% of EtOAc/petroleum ether) afforded pure S-2 (20 mg, 96 %) as a colorless oil ; *H
NMR (400 MHz, CDCl3) § 0.62 (q, 6H, J = 7.6 Hz), 0.70 (q, 6H, J = 7.6 Hz), 0.89 (t, 9H, J = 7.6 Hz),
0.93 (t,9H,J=7.6 Hz), 1.31 (d, 3H, J = 7.2 Hz), 2.10 (ddd, 1H, J; =7.6 Hz, J, =8.0 Hz, J; = 12.8
Hz), 2.19 (ddd, 1H, J; = 5.2 Hz, J, = 8.0 Hz, J; = 12.8 Hz), 2.72-2.81 (m, 1H), 5.18 (ddd, 1H, J; =
5.2 Hz, J, = 7.6 Hz, J5 = 9.2 Hz), 6.56 (d, 1H, J = 9.2 Hz); *C NMR (100 MHz, CDCl5) § 3.9, 5.5,
7.4,7.6,15.9, 34.2, 36.7, 78.3, 140.8, 154.3, 180.0; IR (neat) cm™ 2955 (s), 2912 (s), 2877 (s), 1779
(s), 1567 (s), 1459 (s), 1418 (m), 1377 (w), 1340 (w),1293 (w), 1234 (m), 1171 (s), 1126 (w), 1079
(W), 1001 (s), 973 (m), 928 (w), 885 (M), 841 (s), 782 (W), 734 (s), 685 (S), 585 (W), 479 (W); HRMS
(MALDI, m/z) calcd for C19H33NaO,Si, (M + Na*): 377.2303, found: 377.2310.

Synthesis of S-3

SiEts SiEts
EtsSi” N ArCOCI  EtsSi7 NO,
—_—
HO" NP ENDMAP  Acop NPT Af=\©/
CH,Cl,
85% NO,
9 OH s3 O,CAr

S-3: To a solution of 9 (84 mg, 0.2 mmol), EtzN (1.1 mL, 0.8 mmol), DMAP (5.0 mg, 0.04 mmol) in
CH.Cl; (2.0 mL) was added 3,5-dinitro benzoyl chloride (138 mg, 0.6 mmol) at 0 <C. The mixture
was stirred at 0 <C for 30 min before quenching with H,O (1 mL) and extraction with CH,Cl, (3 <10
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: 0-1% of EtOAc/petroleum ether) afforded S-3 (137 mg, 85 % vyield) as a colorless solid. mp:
126.5-127.4 <T; *H NMR (400 MHz, CDCl3) 5 0.62 (g, 6H, J = 7.6 Hz), 0.71 (g, 3H, J = 7.6 Hz),
0.75 (g, 3H, J = 7.6 Hz), 0.83 (t, 9H, J = 7.6 Hz), 0.84 (t, 9H, J = 7.6 Hz), 2.37-2.42 (m, 1H), 2.51
(dddd, 1H, J; = 5.6 Hz, J, = 6.4 Hz, J3 = 12.8 Hz, J, = 19.6 Hz), 3.36 (ddd, 1H, J; =3.6 Hz, J, = 6.0
Hz, J; = 12.8 Hz), 4.30 (ddd, 1H, J; = 6.4 Hz, J, = 6.8 Hz, J; = 11.2Hz), 4.45 (ddd, 1H, J; = 5.6 Hz,
J, =5.6 Hz, J3 = 11.2 Hz), 5.90 (dd, 1H, J; =6.0 Hz, J, =9.2 Hz), 6.75 (d, 1H, J = 9.2 Hz), 7.15-7.18
(m, 1H), 7.26-7.29 (m, 4H), 8.96 (d, 2H, J = 2.0 Hz), 9.10 (d, 2H, J = 2.0 Hz), 9.18 (t, 1H, J = 2.0
Hz), 9.23 (t, 1H, J = 2.0 Hz); BC NMR (100 MHz, CDCl3) 6 4.1,4.9, 7.4, 7.6, 28.9, 47.7, 65.5, 76.7,
79.9, 122.3, 122.5, 127.7, 128.6, 128.9, 129.2, 129.3, 133.5, 133.9, 138.2, 145.2, 148.5, 148.7, 151.5,
161.4, 162.2; IR (neat) cm™ 3102 (s), 3030 (W), 2956 (s), 2911(s), 2876 (s), 1732 (s),1628 (s), 1598
(w), 1546 (s), 1460 (s), 1420 (m), 1344 (s), 1270 (s), 1168 (s), 1076 (s), 1004 (s), 916 (s), 843 (m);
HRMS (MALDI, m/z) calcd for C3gHagNsNaO1,Si; (M + Na*): 831.2699, found: 831.2705.

Preparation of S-5

Et,Si oBn 1. DIBALH Et.g; OH i
Et,0,0°C ArCOCI NO,
Et;Si — i — > E;Si Ar=
3o 2.opQ  E£6S ELNDMAP O |
CH,Cl,/H,0 CHAC
2j @) rt S-4 "OH 272 - NO,
76% 85%

C27 r25Q

S-5: To a solution of 2j (137 mg, 0.29 mmol ) in dry Et,O (5 mL) in a flame-dried flask under Ar
atmosphere was added DIBAL-H (1.0 M in hexanes, 0.44 mL, 0.44 mmol) at 0 °C. The mixture was

stirred for 0.5 h at 25 °C before quenching with sat aq potassium-sodium tartrate solution (1.0 mL)



and extraction with Et,O (3 x5 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: 0-5% of EtOAc/petroleum ether) afforded pure alcohol (131 mg,
95 %) as a colorless oil. A solution of the alcohol (123 mg, 0.26 mmol) and (295 mg, 1.3 mmol ) in
CH,Cl»/H,0 (4 mL, 10:1) was stirred at room temperature for 24 h. The mixture was diluted with
dichloromethane (10 mL), extracted with sat ag NaHCOs/sat ag NaHSOs3. The combined organic
layers were dried over anhydrous Na,SO,4 and concentrated under reduced pressure. Purification of
the crude residue via silica gel flash column chromatography (gradient eluent: 10% of
EtOAc/petroleum ether) afforded pure S-4 (80 mg, 80 %) as a colorless oil. To a solution of S-4 (77
mg, 0.2 mmol), EtzN (1.1 mL, 0.8 mmol), DMAP (5.0 mg, 0.04 mmol) in CH,Cl, (1.0 mL) was
added 3,5-dinitro benzoyl chloride (138 mg, 0.6 mmol) at 0 <C. The mixture was stirred at 0 <C for
30 min before quenching with H,O (1 mL) and extraction with CH,Cl, (3 <10 mL). The combined
organic layers were then dried over Na,SO,4 and concentrated under reduced pressure. Purification of
the crude residue via silica gel flash column chromatography (gradient eluent: 0-1% of
EtOAc/petroleum ether) afforded S-5 (132 mg, 85 % yield) as a colorless solid. mp: 124.4-125.9 °C;
'H NMR (400 MHz, CDCl3) 6 0.68 (g, 6H, J = 7.6 Hz), 0.74 (g, 3H, J = 7.6 Hz), 0.82 (g, 3H, J =7.6
Hz), 0.90 (t, 9H, J = 7.6 Hz), 0.93 (t, 9H, J = 7.6 Hz), 1.13-1.19 (m, 2H), 1.45-1.58 (m, 2H),
1.81-1.84 (m, 1H), 1.98-2.01 (m, 2H), 2.18-2.20 (m, 1H), 2.26-2.29 (m, 1H), 5.03-5.08 (m, 1H), 5.75
(dd, 1H, J; = 6.4 Hz, J, = 9.2 Hz), 6.75 (d, 1H, J = 9.2 Hz), 9.12 (d, 2H, J = 2.0 Hz), 9.13 (d, 2H, J =
2.0 Hz), 9.20 (t, 1H, J = 2.0 Hz), 9.21 (t, 1H, J = 2.0 Hz); *C NMR (100 MHz, CDCl3) § 4.1, 5.1,
7.5, 7.7, 23.4, 27.9, 31.5, 33.4, 41.4, 75.6 80.3, 122.3, 122.4, 129.3, 129.4, 133.9, 134.1, 144.35,
148.6, 148.7, 151.9, 161.6, 161.7; IR (neat) cm™ 3102 (s), 2954 (s), 2911 (s), 2875 (s), 1729 (s),
1627 (s), 1597 (w), 1546 (s), 1459 (s), 1420 (m), 1344 (s), 1274 (s), 1168 (s), 1076 (s), 1006 (s), 958
(m83), 923 (s), 868 (M), 842 (M), 822 (m); HRMS (MALDI, m/z) calcd for CasHasN4NaO1,Si, (M +
Na®): 795.2699, found: 795.2702.

2.4. Deuterium Labeling Experiments of 11 to Synthesize 12
Synthesis of 11




Et,Si
P

1

Et,Si

11: 3 (49 mg, 0.13 mmol) and HMPA (68 L, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL of
1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; D,O (5 L, 0.26 mmol) at —78 <C for 10
min produced 11 (40 mg, 82 %) as a colorless oil. *H NMR (400 MHz, CDCls) § 0.58 (g, 6H, J = 8.0
Hz), 0.59 (g, 6H, J = 8.0 Hz), 0.96 (t, 18H, J = 8.0 Hz), 4.29 (d, 1H, J = 6.0 Hz), 4.74 (s, 2H), 5.98 (d,
1H, J = 6.0 Hz), 7.29-7.38 (m, 5H); **C NMR (100 MHz, CDCl3) § 4.2, 7.8, 73.1, 105.7, 127.3,
127.5, 128.2, 138.1, 141.7; IR (neat) cm™3030 (w), 2953 (s), 2910 (s), 2876 (s), 1643 (s), 1458 (s),
1415 (m), 1359 (s), 1238 (s), 1099 (s), 1012 (s), 969 (m), 895 (s); HRMS (MALDI, m/z) calcd for
C2HssDNaOSi," (M+Na*): 400.2573, found 400.2578.

Synthesis of 12

{—y(/\
i = \""O
Et3S| H

Et3Si (H)D Ph
H

12 (dr ~ 1:1, D-75%)

12: 11 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuLi (0.3 mL
of 1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; 3-chloroprop-1-ene (22 xL, 0.26 mmol)
at —78 <C for 10 min produced 12 (54 mg, 99 %) as a colorless oil. 'H NMR (400 MHz, CDCl3) &
0.64 (g, 6H, J = 8.0 Hz), 0.69 (g, 6H, J= 8.0 Hz), 0.92 (t, 18H, J = 8.0 Hz), 2.27 (ddd, 1H, J; = 3.2
Hz, J; = 7.2 Hz, J; = 14.4 Hz), 2.40 (ddd, 1H, J; = 10.0 Hz, J, = 12.0 Hz, J; = 14.4 Hz), 4.20 (ddd,
1H, J; = 3.2 Hz, J, = 8.8 Hz, J3 = 12.0 Hz), 4.39 (d, 0.5H, J = 8.4 Hz, D-isomer A), 4.57 (d, 0.5H, J
= 8.4 Hz, D-isomer B), 5.08 (d, 1H, J = 7.2 Hz), 5.11 (d, 1H, J = 17.2 Hz), 5.98 (dddd, 1H , J; = 7.2
Hz, J, = 7.2 Hz, J3 = 10.0 Hz, J 4 = 17.2 Hz), 6.63 (d, 1H, J = 8.8 Hz), 7.24-7.35 (m, 5H); *C NMR
(100 MHz, CDCl3) 6 4.3, 5.3, 7.5, 7.7, 40.2, 70.3, 79.7, 116.7, 127.4, 128.3, 134.8, 137.9, 138.7,
160.9; IR (neat) cm™ 3071 (w),3029 (W), 2954 (s), 2909 (s), 2876 (s), 1642 (m), 1560 (s), 1458 (s),
1420 (s), 1339 (m), 1233 (s), 1092 (s), 1003 (s), 963 (s), 913 (s), 863 (s); HRMS (MALDI, m/z)
calcd for CasH43DNaOSi, (M+Na*): 440.2886, found 440.2888.

Synthesis of 13




Et,Si

He OBn
Et;Si

13
13: 3 (49 mg, 0.13 mmol) and HMPA (68 xL, 0.39 mmol) in dry THF (1 mL) with t-BuL.i (0.3 mL of

1.3 M solution in pentane, 0.39 mmol) at —78 <C for 1.5 h; Mel (17 xL, 0.26 mmol) at —78 <C for 10
min produced 13 (34 mg, 67 %) as a colorless oil. *H NMR (400 MHz, CDCls) § 0.65 (q, 12H, J =
8.0 Hz), 0.98 (t, 18H, J = 8.0 Hz), 1.49 (s, 3H), 4.14 (d, 1H, J = 7.2 Hz), 4.66 (s, 2H), 5.83 (d, 2H, J
= 7.2 Hz), 7.24-7.36 (m, 5H); *C NMR (100 MHz, CDCl5) & 3.6, 8.6, 17.7, 20.6, 73.7, 110.5, 127.3,
127.5, 128.2, 137.9, 142.2; IR (neat) cm™® 3027 (w), 2953 (s), 2910 (s), 2876 (s), 1640 (s), 1459 (s),
1416 (s), 1363 (s), 1302 (m), 1240 (s), 1116 (m), 1058 (s), 1010 (s), 847 (s), 798 (s); HRMS
(MALDI, m/z) calcd for Cy3H,NaOSi," (M + Na*): 413.2666, found 413.2671.

3. Computational Details

All calculations were performed by use of the density functional theory (DFT) in the Gaussian 09
programs.® The geometries was optimized at B3LYP*/6-31G(d) basis set. Frequency calculations on
the same level were calculated to identify all the stationary points as minima (zero imaginary
frequencies). To obtain further insight into the electronic property of the complexes, natural bond

orbital (NBO)® analysis was also performed on the optimized-structures.
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XYZ Coordinates for the complexes considered

1-COM

Center
Number

O© 00 NO Ol WN -

W W WWWWwwWwWPNDDNDNNDNDNDNMNMDMNNMNDNNNNRPRPRPRPRPERPERPERERRPREPRE
~NOoO Ol WP OOVWOONOOOULEA,RWNPFPOOOLONOO O OWwDNPE O

Atomic
Number

14
1

SN

P PP RPRPRRPRPROORRPRPORPRRPORPRRPRPRORPRORPR ODOOOOOOOO W

Z-Matrix orientation:

Atomic
Type

eNeoNeolNeolNolNoelNolNoNolNolNololNolNolNoeolNolNoelolNolololNoelNoeolNolNoelNoliololoelNoeliolNellolollolollo]

Coordinates (Angstroms)

-3.552075
-2.791847
-2.547485
-1.642765
-2.337144
-2.940732
-3.430569
-0.519397
-2.945369
-5.224773
-3.593987
-0.228663

0.342736

0.569299
-2.860868
-5.194951
-3.658575
-1.802942
-3.763399
-4.456841
-2.726635
-6.041718
-5.765948
-2.873297

1.228748

1.413447

0.269267

1.556908

0.765509
-0.155425
-0.579258
-0.859238

0.124732
-7.032754
-6.204696
-5.535994
-4.681657

Y

2.736264
2.013743
1.143514
0.071405
2.030997
1.259270
3.110593
1.894340
0.031844
3.202491
2.582742
2.303010
0.188730
3.157626
4.949225
3.664153
5.921697
4.977635
1.088552
3.134711
2.968206
1.902156
3.925315
5.309456
2.179564
0.349122
-0.102713
3.193552
2.927773
-0.960904
3.322980
1.646795
4.150802
2.062884
1.480682
1.133736
0.682742

4

-0.988806
-0.679778
-1.700849
-1.526997
0.712589
-2.704753
1.782632
1.144530
0.208497
1.083958
3.626721
3.001958
0.901394
0.186079
1.816925
0.086268
2.704253
2.114843
3.945219
4.029146
4.177395
1.013951
1.712015
0.776860
3.485058
1.096004
-0.150629
0.670670
-1.321568
1.793364
3.207234
3.615449
0.345403
0.566583
2.012927
0.416193
3.504992



38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

P PR RPRRPEPRPRRPRPEPRRERRERPR

1

(63}

O R RPRFRPORPRRPRRORPRRPRPRRPRORPRRPRPRPORPRRPRPRPRPOREREROONSNNO©
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-3.815961
-2.929917

1.613235

1.323453

1.900851
-3.261537
-4.713462
-3.632797

1.394588

1.255627
-0.190913
-0.041659

0.393143
-1.221287
-4.468915
-3.981978
-5.256667
-5.397079
-3.345801
-2.619674
-1.700332
-3.246940
-2.346378
-2.522255
-3.068285
-1.586312
-2.266176
-5.884491
-5.845270
-5.350825
-6.940995
-5.880707
-5.835471
-6.937940
-5.344514
-6.007485
-7.057739
-5.454152
-5.984992
-6.042244
-5.530174
-7.102514
-5.986804
-1.759867

0.905367
0.496783
1.159849
2.438245
2.845170
6.944681
5.971297
5.618707
3.706265
1.965018
2.922163
-0.726864
-1.896017
-1.175902
-2.918687
-1.489894
-3.223144
-3.172604
-4.162317
-4.392087
-3.792236
-4.135446
-5.451895
-4.476527
-4.256938
-3.899585
-5.542805
-4.514368
-4.710575
-5.317793
-4.538743
-2.108010
-2.306364
-1.978881
-1.182611
-4.463314
-4.511496
-5.274616
-4.624846
-2.039775
-1.114656
-1.954303
-2.179787
-0.967252

5.027564
3.549485
3.365569
4.548242
2.930835
2.652128
2.407476
3.758130
-1.775347
-1.515083
-1.854435
2.859083
1.607711
1.633389
0.419681
0.415701
-1.039700
1.795655
0.497565
1.754988
1.802250
2.608362
1.821908
-0.676002
-1.593201
-0.675164
-0.661331
-1.317492
-2.396320
-0.806749
-1.009112
-1.757861
-2.835946
-1.479667
-1.548983
2.106130
1.780733
1.630470
3.191564
2.463463
2.204657
2.181638
3.550198
-2.497174



82
83
84
85
86
87
88
89
90
91
92
93
94

P PP RPRPRPRPRPODODOOOOODD

O OO OO OO OO0 OoO oo o

-1.303704
-0.147439

0.292797
-0.410808
-2.008531
-1.563462
-0.065001
-2.122371
-2.914933

1.187287

0.392726
-2.796251
-1.129644

-0.575056
0.193429
0.506202
0.047836

-1.020946

-0.717873
0.291750

-1.071017

-1.608755
1.109608
0.558640

-1.336008

-1.775603

Sum of electronic and zero-point Energies=-2343.166719 au

4-COM
Z-Matrix orientation:
Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 14 0 -3.765595 3.623001 1.463384
2 6 0 -5.061734 2.493447 2.234501
3 6 0 -2.699492 4.443070 2.784341
4 6 0 -4.596353 4.926886 0.379541
5 1 0 -5.840840 3.072215 2.746660
6 1 0 -3.305535 5.057487 3.461547
7 1 0 -1.939121 5.091739 2.333860
8 1 0 -5.291095 5.545125 0.961919
9 1 0 -3.853037 5593909 -0.073060
10 1 0 -2.181472 3.691382 3.391911
11 1 0 -5.543412 1.883971 1.462303
12 1 0 -4.613775 1.808254 2.962560
13 1 0 -5.167861 4.462884  -0.432740
14 3 0 -1.158578 1.442508 0.206215
15 6 0 -3.131793 1.895377  -0.540372
16 6 0 -3.042664 0.536164  -0.354883
17 6 0 -2.535564  -0.140687 0.788275
18 8 0 -2.674097 2.737162 0.525599
19 1 0 -3.251152  -0.053229  -1.251286
20 1 0 -2.593543  -1.226240 0.788515
21 1 0 -2.699397 0.311501 1.766789
22 1 0 -3.395134 2.408523  -1.457095

-3.889548
-4.075211
-5.360489
-6.477536
-5.012640
-6.301201
-7.478561
-7.164011
-4.879096
-5.490852
-3.207327
-2.533439
-2.108024



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

[EEN
a1

P P RPORPRPRPRRPRORPRRRORPRRPRPRPRORPRRPRPRPOREREROONNNO®

O OO OO OO OO OO O0ODO0ODO0ODO0ODO0ODO0DO0ODO0ODO0ODO0ODODO0OOO0OO0OO o oo

1.855306
0.663006
1.978187
1.870405
3.251736
1.634781
0.561852
2.075351
2.107865
1.251001
1.600817
0.152850
1.557539
4.483851
4.806926
4.323644
5.298996
3.362623
2.382772
3.731003
4.062027
0.789542
0.758589
-0.122890
0.807190
3.227358
3.326462
4.082465
3.272387

0.694412
1.525502
-0.656309
0.167402
1.607106
1.193970
1.377332
0.865166
2.133701
-1.120636
-1.423894
-1.065018
-1.885878
1.360849
2.278847
0.584099
1.048701
2.620027
2.804838
3.560079
2.306200
-1.339813
-2.379965
-0.843325
-1.351938
-1.371552
-1.621124
-0.755219
-2.311107

Sum of electronic and zero-point Energies= -1428.707695 au

0.293965
-0.119353
-0.685367

1.896102

0.189822

2.919845

3.076390

3.868673

2.626143

2.234740

3.228476

2.244257

1.519494

0.928696

1.439373

1.677135

0.257871
-0.859585
-1.300687
-0.428263
-1.648460
-1.201451
-0.845785

-0.865326
-2.299485
-0.905594
-1.970294
-0.624442
-0.332973



000~

0498
wmm.o/
Iv90~\
599°0~.
P80
£98'0
188°0
6630
616°0
€sz')

656°C
086°¢
000°¢
€L0¢
18€°¢
oor'e
454
6L¥'E

LGC'¥y
€9C'y
08¢'¥
wom.v.\.
oom.v\
ves'y

NETe—

1Y9°9~_
699'9~"
v6L°L
NNN.NW
ovz L
09z,
812/
662,

1€96—

400Hz

Ye-4-9.25-2-a H1

CDCI3

Et,Si

.\\Q
=
o

%)
42
|

2a

!

Va

s

oy

E0cel
EFee1a

F sz2

E 20}

ot
N © —
- —
-

4.5

F 6.0

3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0

4.0

5.0

5.5
S23

11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0
f1 (ppm)

12.0



C13
100Hz

Ye-4-9.25-2-a

CDCI3

666 7~
l2LSv"

6EZ 0L~
€899/
000°2L
gress/
6128~

996'9¢1
ovv'LCL
Slv'lCL
182'8¢1L
wwv.ww_\w.
1€9°8CL
LLE8EL~_

S8y LYL~
886° L~

1€0'8GL—

099'L0Cc—

OBn

Et,Si

Et38| Ph\)\\'

2a

-10

220 210 200 190 180 170 160 150 140 130 120 " ‘g 10 ) 100 90 80 70 60 50 40 30 20 10
ppm

230

S24



0£9'6~_
G196

H1
400Hz

Ye-5-6.17-Il-a
CDCI3

e

G6°C
ceCH

EtsSi

EtsSi

<
o
Q
3

e

Va4

I I
L
— il

— 252
= G.' 6

== F og4
-

€L}

40!
€LY
Gl
96°
60°C

i
T

00}

J F 14

1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 " (5.5) 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0
ppm

12.0

S25



C13

Ye-5-6.17-Il-a
CDCI3

100Hz

8¢C'Y
00€Y
c8¢e’S
6€9°'G
oer’L
VA2 WA
9¢/’.
168

90¢' ¢l
18v°LCL
YAZWEAS
181L°8¢CL
€¢e8Cl
¢as'8¢cl
096°6¢1
c98'0¢l
cl9cel
09/.°¢el
061°8¢l
vmw.wm_‘V.
629'8¢1
08covi
8Lyl
Livevl
108°LG1~
162651~

86.°00¢
0L0 Fowv

Et5Si

Et;Si

<
o
<
3

- o

o

-10

220 210 200 190 180 170 160 150 140 130 120 " 1(1 0 ) 100 90 80 70 60 50 40 30 20 10
ppm

230

S26



LEL B~
2.6

400MHz

H1

Ye-4-9.25-1-A
CDCI3

OBn

Et,Si

Et3Si M e\\\v

2c

E—-3

S ST

-/

ave

1-96°¢Y
71913
g

T A
N

o
AN O
— O
d‘—‘

F szg

125 120 15 1.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 f16(3.0 ) 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -05 -1.0
ppm

13.0

S27



Bm.mM
18G°/
06.°L \
69211 \
11971

90ve
omN.vmv.

0€0° LY~
9SY'8y—"

6LE0L
2899/
000°2L
IELL
18/'18—
111687

oA
AT A
e arA)
S WrA)
8/2'9Z)
10€'82)
eLy'8EL~
121981~
v vl

1L0'6S L~
80V'65L~

16€°¢0C—

100Hz

Ye-4-9.25-1-A H1

CDCI3

OBn

Et,Si

Et3Si M e\\\v

2c

-10

220 210 200 190 180 170 160 150 140 130 120 f 210 ) 100 90 80 70 60 50 40 30 20 10
ppm

230

S28



8990
1890
12040
Gcl0
1ZZAY
€92°0

1260
Nvm.ow
@@@.o.\.
mo_‘._‘\
mié\
gac'L
c9c’e
:N.N/.
66¢°¢
mom.NN.
NS\N\
8.v°¢C

1€8°€
Now.mV
ey
ONN.Vu./.\
L6V v~
va.v.\.

608°6—

400Hz

Ye-4-10.29-a H1
CDCI3

|

Vavd
|

E 004

E 20}
E 0|

E 00|

F w19

E 684

120 15 1.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 GfQI ( 5).5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 -0.5 -1.0
ppm

12.5

S29



C13
100Hz

Ye-4-10.29-a
CDCI3

865V
oww.mM
119/
888°/

L0 €C—
801°9¢—

88.'86—

OLL'vS—

ML 0L~
£89'9/
000'2.
gLe Ll

9¢6'¥8—

9/€°/¢l
wmvNN_.W
L2 8cl

V.G'8€L—
qeLevl—

12/°GSL—

€€G¢0c—

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

S30



LECY
mmN.vW
VASTA 4

682 v-T
tm.v\
L8V
80G'¥

o
©
©
i

400Hz

Ye-4-12.6-(1)-A H1

CDCI3

OBn

EtsSi

Me

Et;Si

2e

S/

14

g 62

R
R os12
= G0’

2.0

i
88

E 90}

KA
AN O O
QO
=~ O

= 00}

F 124

E 060

1.0 0.5 0.0 -0.5 -1.0

1.5

1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25
f1 (ppm)

12.0

S31



Ye-4-12.6-(1)-A C13
100Hz

CDCI3

6227\
88Z'G—
1S,
5zlL

1gvel

0r9'9€—
€00°Er—

BLL 0L~
689'9/
0002
gee 1l

c99'LC)
omNNN_‘W
1¢e'8¢l

Y1Z'8EL~_
00L°8€L"

€0V 091 —

69¢'v0C—

-10

100 90 80 70 60 50 40 30 20 10

110
f1 (ppm)

S32

120

Me
200 190 180 170 160 150 140 130

OBn
210

EtsSi
Et;Si
2e
230 220




18G9~
809'9~"
09Z'.
GlZ .
182",
z62L
80€/
9ze'L
e L
z9¢°.

H1
400Hz

Ye-5-3.27-4
CDCI3

OBn

EtsSi

Et;Si

2f

Me

Ve

Fiszy
Fzs 8l

ARANA
N O
39
O x~—

E 00|

F zoy

7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
S33

75

10.0 9.5 9.0 8.5 8.0

10.5



C13

Ye-5-3.27-4
CDCI3

100Hz

8EC'y
mwm.mV =
FASS WA
ccl’t

0VS 62~
v16°627

c99'6€—

Lev'0L
Nww.wm./.

8LE L.~
omo.mm.\.

L0G 221~
628821~

12G'8¢EL
mmw.wm_\v.

99091 —

9.9'80¢— o

OBn

Et;Si
Et3Si
2f
Me

-10

230 220 210 200 190 180 170 160 150 140 130 120 f 1" 0) 100 90 80 70 60 50 40 30 20 10
ppm

240

S34



G659
9@@%
289'9-7
0.9
VA7
09¢'.
18¢°L
86¢°L
60€.L
LeeL
el

H1
400Hz

Ye-5-4.8-2
CDCI3

EtsSi

i
=
()
4+
Ll

P

are

I

P

b

M

LE
0L
G6°
98’
66°
66°
L8

g8’
00
¥8
10}
68’

AN T AR

18

i

F oo

u|; ISP
1.0

0.5

O O OO T Ny

3.0

O =T T

LI il I i

-1.0

-0.5

0.0

20 1.5

25

4.0 3.5

4.5

f1 (ppm)
S35

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5



C13

Ye-5-4.8-2
CDCI3

100Hz

YAV
€levl
ocy' Ll
69¢°0€
_\vv.omV.
8LV VE—+
vmw.vm.\.

LLEG
_‘mv.mN.
_‘vm.m\

c0C 9~
1S6°Lv—"

G0c'0L
YANAVA
1899/
ooo.nmw
N_‘m.mm.\.
G68°'L8
Nmr.mw.\.

€z’ 1z}
S08°/Z)
6582}
£65°/2)
neet/
18.'8E 1
666961\
E0.0SN
208°0v}

LLG 651~
056'65L~"

G81°80Z~_
€96'802~"

EtsSi

i
=
()
4+
Ll

-10

220 210 200 190 180 170 160 150 140 130 120 f1210 ) 100 90 80 70 60 50 40 30 20 10
ppm

230

S36



LY 9~
29597

09¢'.
vNNNW
c6e’.L

6LEL
9ee’L
9Ge’.L

400MHz

H1

Ye-4-1.18-3-a
CDCI3

OBn

EtsSi

Me

Et;Si

2h

Me

S

S ST

9z'¢

20°¢
Rgegll
= 1677

LLY
90'|
8.7

e

F 967

16°C
Y0}
4y

TP

E o0}

F zov

4.5

3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5

4.0

f1 (ppm)
S37

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5



C13

Ye-4-1.18-3-a
CDCI3

100Hz

€ecy
mN_\.mV
8¢G°.L
:RNM.
crell—

G98'8C—

60¥'8€—
celLev—

¥86°0.
mwo.om./.
000°2Z
8LELL—TF
omm.nm.\.

906°L¢CL
mwo.NNrW
gLe8ct

16L°8E L~
625861~

GLL091L—

c¢Lecie—

OBn

Et5Si

Me

Et;Si

2h

Me

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

S38



H1
400Hz

Ye-5-6.22-(1)
CDCI3

—_ -

—_—

Gga'q
GOl
6v°(
90"
9¢'(
96°(
92
9

4.0

T
4.5

e

||
|l
e —

T

5.0

&
+
Ll

Et,Si

3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0

3.5

f1 (ppm)
S39

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55

10.5



C13

Ye-5-6.22-1
CDCI3

100Hz

08¢V
vom.v/.
(AN
vmw.mv.
ovm.m\
Lvl'l

L€ €~
¢98°'GCc—

¥80°8€
omm.wm/.
1916~
SEL VY—F
N@N.N#\
YA A

LglLLcl
¢8c'lcl
6y /lcl
98y’ /Lcl
me.wN_‘.\.
GoG'8¢cL
Nmo.wm_‘V.
¥G8°6€1
09covi

LEG'BS L~
¥82°651~

0sL'6le
wmm.m_‘mv.

EtsSi

7
+
Ll

v

v

e

-10

220 210 200 190 180 170 160 150 140 130 120 " 1(1 0 ) 100 90 80 70 60 50 40 30 20 10
ppm

230

S40



H1
400Hz

Ye-5-3.27-5
CDCI3

|

—
—<

e

7.

66°(
VL)
ca’l
10l
YXAY
¥8l

B AU AN

8L
08°d
L
68°(
00|

AN A

T

T

25

=

4.0

=

4.5

1.5 1.0 0.5 0.0 -0.5 -1.0

20

3.0

3.5

f1 (ppm)
S41

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5



C13

Ye-5-3.27-5
CDCI3

100Hz

6v2°0.
162°0.
£€89'9/
000°..
6Le 2.7

vee Ll
8veLCl
€ov'LCL
v’ LCL
row.wmr.\.
G6G8€L
omw.wm_\V.
€6e oYl
EvLovl

9LL'6S L~
265651

968’ LLc—

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230

S42



H1

Ye-4-2.27-2-b
CDCI3

400MHz

vl
|

Fveeu

898}
“HT\. FASR?

= 08¢

E v0'

oLy

E L

E 004

F ooqd

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0

10.5

f1 (ppm)

S43



98¢E'Y
mmm.mV
816/
08,2

[ TAAVA

€LL°GE~
L08'9¢~"

19€°1G—

6¥¢0L—
¢899/
ooo.mmw
LL€LL
€26'¢8—

Ggee Lcl
vaNN_\W
Gcescl

88l ~
1660V

LLE6GL—

618°€LL—

100Hz

Ye-4-2.27-2-b C13

CDCI3

.y

-10

90 80 70 60 50 40 30 20 10

100
f1 (ppm)
S44

210 200 190 180 170 160 150 140 130 120 110

220



H1
400Hz

Ye-6-9.22-2
CDCI3

oS

S~

S SSS

|
-
28

-

LE(
L€
14
6Ll

14
AN
€0l

|
VAR T A AR

Gl
60|
8L
cal
0c’|
14

|
o by

F sg¢

4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5

f1 (ppm)
S45

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5



6,089
NR.%/.
S8€°0.
2550
289°9/~_
0002
L€
60208

L€G'18

181712l
vee Lcl
89G°/¢CL
819°/¢l
0Ge'8CL
y0E€8EL—

6eC eyl —

088°/GL~_
vz’ 8GL~"

v66°LLL—

C13
100Hz

Ye-6-9.22-2
CDCI3

-10

220 210 200 190 180 170 160 150 140 130 120 f11 (1 0 ) 100 90 80 70 60 50 40 30 20 10
ppm

230

S46



£00°0-~
89997
2890
6590
159°0
859°0
0/9°0
6190
189°0
2010
106°0
606°0
026°0
826°0
6£6'0
676701
5670
Em_&
¥66°0
zsz 1]
102717

08Lv
98L'¥
yoc'v
80¢C'¥
9cc'y
LECY
129 %
V.IEY
[A%° 0%
L9G' Y

881°9—

Z09'9~_
€299
82z’
6L
rASTAA
092,
G6Z'L
90€’,
€ee)

400MHz

Ye-5-5.13-2-b H1

CDCI3

OBn

Et;Si

Me

Et,Si

GY

OSiEt,

Ve e

Fzosl

Fecza

A ggd
v 660

v 66°d

E 1o}
B 86
E 86°C

E 26°0

E 00|

F 16

9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 Mo 4.’:'; 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0
ppm

10.0

S47



£€9°07
0v9°01
€590
099'01
226'0
0£6'01
££6'01
0560
956°0
6560
0260
660
6160
a66'0/

L0L')b
mom._\W.
80/4°1L

Nm_‘.N./.

181¢
mm_‘.NN
YA YA

181 ¥
02 71
aa
12T 1A
@vm.J’,
0SEv
69€ ¥
GIE
61EY
€86 v ‘“
LEG ¥
GGG
%mi
996

061'9—

909°9~_
829'9~"

Ye-5-5.13-2-b NOEDS 6.19
400Hz

CDCI3

L.
!

i

-1.0

3.0

T T T
7.0 6.5 6.0 55 5.0

75

T
10.0

T
10.5

f1 (ppm)

S48



0G8'6€—

€8Y°0L
Nwm.wm./.

I Ll
ocz6L”

€88°€CLL—

Y gAIKd)
G9€e" /21

z61'8217
9G68'GEL~_
91695l —
0e6°8eL~"

€69°'191—

100Hz

Ye-5-5.13-2-b C13

CDCI3

OBn

Et;Si

Me

Et,Si

E) |

OSiEts

-10

210 200 190 180 170 160 150 140 130 120 110 f1200 ) 90 80 70 60 50 40 30 20 10
ppm

220

S49



98G°9~_
6099~

GqGlL'.
Fw_‘.m/
00¢'L~=

ove'L
09¢’.L
YXAY

H1
400Hz

Ye-6-10.15
CDCI3

/

//

ukio.r

== 10}

—="E-00') |

==y} |

Ph

SiEty
OH

Et,Si

—== Fergl
J

==—=F00'}
_J

4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5

f1 (ppm)
S50

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5



066°€

ovm.mV
L0€°L—F
wow.m.\.

969 vE—

Lv9'6Yr—

62€ 19—

06€°G.
wmm.EM
Sv6'9L-T
%N.t\

899°9¢1I~
62v'8cl
Nmm.wwrv.

€096€1~
692 Lyl

60651 —

C13
100Hz

Ye-6-10.15
CDCI3

SiEty

Et,Si

-10

190 180 170 160 150 140 130 120 110 100 My 95) 80 70 60 50 40 30 20 10
ppm

200

S51



8160
wmm.oV
G680
wmw.oV
0680
8060
1260

120°C
G80°¢
€5l°¢

400Hz

Ye-6-10.23 H1

CDCI3

Ir

€0}

00"l

12

0.5

3.0

-1.0

-0.5

0.0

20 1.5 1.0

25

4.0 3.5

4.5

f1 (ppm)
S52

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5



161°€

m@m.vM
L/8°9—
mwm.m.\.

06C'¢ce—

Gocer—

€L9'6v—

8Yv' 19—

L¥0°€L
N@@.@N”
ooo.mmw
8L€LL

9€G’LLL—

185921
tm.mﬁM
Ew.wmﬁ
v.6°LEL

ve6eel

6L vl —

144 WA4

100Hz

Ye-6-10.23 C13
CDCI3

-10

190 180 170 160 150 140 130 120 110 1 021 ( )90 80 70 60 50 40 30 20 10
ppm

200

S53



Z00°0-~
‘0n-"
g20-g
wmm.o/
8980
vww.o/
€06°0~X
¥66°0~"
LSV L —
$%6%
mmm.m/
mmm.m/
€152
608°C
128°C
z€8°¢
FERAN
61627
SSh'e~

clye—
wee’

[A4°4
owm.vw
6.9V

¥99°G~_
689’6

449
ﬁw_\N/
a8l L~k

Gile'.
€ec’.
09¢’.L

H1
400Hz

Ye-6-10.29
CDCI3

s
||

T

R R b b

€¢eh

049

8LG

I¥'g

099

06°C

GO}

00"l

gcq9

25

-1.0

-0.5

1.5 1.0 0.5 0.0

20

4.0 3.5 3.0

4.5

f1 (ppm)
S54

9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0

10.0



geeee—

8’6V —

289°'19—

908°2.~_
€899/~
000°LL-F
LLELL

99¢°28~"

0€9'G0L—

867°9¢l
mo_\.wNFW
celLect
€6.°8¢Cl
mow.mm_..\.

88 Lyl —
LG vyl —

C13
100Hz

Ye-6-10.29
CDCI3

-10

190 180 170 160 150 140 130 120 110 1 0(3c1 ( )90 80 70 60 50 40 30 20 10
ppm

200

S55



020'0—
LGG'0
8GS°0
14G°0
1150
2650
9650
€190
L¥6°0
0960
0860
112}
1G9}

€82 7~
86z v~

Yl v—

186°G~_
966'G~

09¢'.
66¢L
clel

6LEL
6ve’L
8L

H1
400MHz

Ye-3-5.4
CDCI3

Et,Si

D OBn

Et:Si

11

-

M

E zoy

E G6')

E 004

T
-0.5 -1.0

T
0.0

T
4.0 3.5 3.0 25 2.0

4.5

T T T T T
8.0 75 7.0 6.5 6.0 5.5 5.0

T
8.5

T
10.0

T
10.5

f1 (ppm)

S56



e RER 5 om< o
Ye-3-54 C13 N aOmo N 2S3° s
CDCI3 100Hz TR IS 8 NP ® N
T P ] g5 T
Et,Si
D OBn
Et3Si
1
|
|
' |
|
il
|
—— \ 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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S57



H1
400MHz

Ye-5-3.19-1
CDCI3

o
£
L

S

-

—=

=

Fevzl
Fsi81

i
o AN
S
~

E 407y
860
960

I coz

F 880

E 00}

F svv

6.0

4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

55

6.5

10.0 9.5 9.0 8.5 8.0 75 7.0

10.5

S58



902 0v—

BEE 0L~
289'9/
0002
IVE L1~
1926,

GOL9LL—

I ARNG
18z'8zL~"
LLLYEL~.
126'LE1L~_
1€L°8EL~"

L6091 —

C13
100Hz

Ye-5-3.19-1
CDCI3

o
£
1]

-10

210 200 190 180 170 160 150 140 130 120 110 My 1 0)0 90 80 70 60 50 40 30 20 10
ppm

220

S59



GEL P~
A

8G9V —

928'G~_
vr8 6~

el
GlLcL
G6c'L
€Le’s
9ce’.L
el
19€°L

H1
400Hz

Ye-3-4.23
CDCI3

Et;Si

Me OBn

EtsSi

13

oe0')f

T 90

= 00l

F oest

-1.0

-0.5

0.0

10.0 95 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 20

10.5

f1 (ppm)



Ye-3-4.23 H1 T8 8388 g 22a5 23 0 =

Et5Si

Me OBn
Et:Si
13
|
|

I 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 1
220 210 200 19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10

1 (ppm)



C1G°9~_
G659~

09¢'L—

H1
400Hz

Ye-6-9.15
CDCI3

Et;Si

S-1 OH

—

]

4.5

96°

G6°Q

E 927

= 00|

-1.0

-0.5

0.0

3.5 3.0 25

4.0

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5

f1 (ppm)

S60



N~ N~
N~ ~ DO M MO (0] D ™
Ye-6-9.15 C13 2 2 »n388% N N g %g%@
CDCI3  100Hz © o) ":\":I/E E\’EF h ) tl '\\T L/o;
SiEt,
Et;Si7 X
HOY
S-1 OH
|
|
|
|
Il
|
WMWMMMM
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
190 180 170 160 150 140 130 120 110 100f1 ( )90 80 70 60 50 40 30 20 10 -10
ppm

S61



6v1'S
mo_‘.mW
041G

€81°G
061°S
¥0C'S

9YG 9~_
6959~

09¢'L—

H1
100Hz

Ye-6-9.16-a
CDCI3

SiEt,

AN

Et;Si

oV

S§-2 O

S

==

LY
W 80}

F 2670

= 20}

= 004

N

N

0

N

Q

™

0

™

Q

<

0

<t —~
s N
o [{e]
= n
—

O

1)

0

w0

Q

©

0

©

Q

N~

0

N~

Q

o

0

o

Q

[«

0

(e

Q

o

-~

10.5



0.0 -0.5 -1.0

0.5

1.0

1.5

20

25

lel¢e
owN.NW
8G/°¢ / i

08¢
66.°C

L18¢C

611G
251G
291761
mwr.mg
891G+
€L1°GH
GLL'GA
18L°G
881°G
161°G I Wll 12°0
Gg61°g
¥0Z'S
4923
Gl29
1¥S9
08G9 -5
9669 o
mwm.wN. T »=——=== ||'¢

€199
8169
09¢'.L
mom.mv.

Ye-6-9.16-a_NOEDS2.77

CDCI3

4.0 3.5 3.0

4.5

f1 (ppm)
S63

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.0

10.5



€GlL'g
091G
¢LL'G
GLL'G
G8lL'g
881°G
¥61°'G
VAV

1G5 9~
€169

Ye-6-9.16-a_ NOEDS5.18
-(\
o
|
Ha
?\:Siag

CDCI3

He

Ha

o)
I

0000

6.°1L-

4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5

f1 (ppm)
S64

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.5



< Lo ™
oy <t N~ OO M [©2Ye] (o]
Ye-6-9.16-a C13 2 N N 85383 S 3 §§§§
SiEt;
EtSi7 X
oY
S$-2 O
I
|
|
| |
e MM Wivpmrmmmnirnion
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
230 220 210 200 190 180 170 160 150 140 130 120 f11(10 ) 100 <1y 80 70 60 50 40 30 20 10 -10
ppm

S65



Ye-6-7.22-3 H1

CDCI3

400Hz

0L0°0-
1900
885°0
809°0
1290
9v9°0
1990
¥89°0
¥02°0
12270
0vL°0
16170
11170
26170
G180
12870
¥£8°0
0v8°0
25870
658°0
A
9/€2
G8e'g
£6£C
20v'g
Lz
114
2612
9062
225
gee'e
bre'e
6Ye'e
86e°c
v9e'e
€lee
8LEE]
18€°€
062 -
10E "t
81¢ -
IR
2y A
LSV
LSb
YOb
188G
268°G
v06°S
816'G
GeL9
86/°9
961"/
AL
8/,
/812
092 .1
9/2'11
562 .-
8568
968
960'6
1016
1816
98161
161 6-
GZZ'6
L€26-
9£Z°6-

— e

=

SiEts

NO,

Ar=

NO,

AN

EtsSi

Ph

Arco™"

O,CAr

S-3

o4
li

S S
|
|

EF 80

oL
E ¢l

= L0

e —

4.5

= 00}

F 626

e
N

-1.0

T
-0.5

T
3.0 25 2.0 1.5

3.5

4.0

T
5.0
f1 (ppm)

T
55

T
6.0

T f
10.0 9.5 8.5 8.0 75 7.0

T
10.5

S66



8.0

mmm.vV
OV’ L—F
vvw.m.\.

198'8C—

€6L°Lv—

¥60°G9—

mww.wm
ooo.mmw
wrm.mm.\.
Gl6'6L

veeeel
G8vzel
80221
865821
z56'821
6€Z°62)
182621
ziseeL-7T
868°€El
mt.wﬁ\
Y.L 'SP~
8818yl
mowwiv
65151~

18€7191~_
A4 hd

100Hz

Ye-6-7.22-3 C13

CDCI3

SiEts

NO,

Ar=

NO,

AN

EtsSi

Ph

Arco,™"

O,CAr

S-3

-10

190 180 170 160 150 140 130 120 110 1 021 ( )90 80 70 60 50 40 30 20 10
ppm

200

S67



Ye-6-7.22-2 H1

CDCI3

400Hz

2100~
88997
¥19°0
¥69°0
PR
€el0
€620
211°0
640
180
2€8°0
1680
898°0
1680
1060
9160
9260
€60
71601
2611
187 i
€15l
1251
GG
108°L-
986'L-
600°2-
1812

2€0°S
810G
650°ST
980°G
Gel's
0S.'S
8G/'G
€10°S

1EL°9~_
0929~

09¢'L—

9lL'6
1Zl'6
cEL'6
9€1L'6
¥61°6
6616
¥0C'6
A¥A
912’6

NO»>

NO,

Ar=

<
(@)

N
O

i

€9°8l

RO b b
N~
[o0]

E 10

E Lok

F 00k

9l
LE|
Y9°¢
LG

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.?1 ( )4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
ppm

10.5

S68



14%

ww_‘.mV
89V’ L—~
mwm.m.\.

88y’ €C—
656 LT~
€0S'LE~_
66€ €€~

6V LY—

855G/
Nw@.EM
000°2L
8LELL
@wm.ow\

6.c¢cl
9 ZV.NNFV.
6vE6Cl
Nov.mw_‘v
9€6°¢El
mv_‘.vmvw.

cSE YL~
19G°8v1

ONw.wv_‘Hv.
€V6' LGl

6595191
@Nm.rw_\v.

100Hz

Ye-6-7.22-2 C13

CDCI3

NO»

NO,

Ar=

<
(@)

N
O

-10

190 180 170 160 150 140 130 120 110 1 0(3c1 ( )90 80 70 60 50 40 30 20 10
ppm

200

S69





