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t, J = 8.8 Hz, 2H), 6.50-6.47 (m, 2H), 6.35 (t, J = 0.8 Hz, 1H), 5.88 (t, J = 1.
2 Hz, 1H), 5.27 (s, 1H), 5.04 (s, 2H), 4.19-4.10 (m, 2H), 1.21 (t, J = 7.6 Hz, 3
H) ppm; *3C NMR (100 MHz, CDCl3) & = 166.0, 158.2, 155.7 (d, J¢g.cy = 233 Hz),
143.0 (d, I,y = 1.8 Hz), 140.2 (s), 136.7 (s), 132.7 (s), 128.5 (s), 128.4 (s
), 127.8 (s), 127.3 (s), 125.3 (s), 115.3 (d, J¢r oy = 21.9 Hz), 114.8 (s), 114.
0 (d, J¢e,cy = 7-5 Hz), 69.7, 60.6, 58.7, 13.8 ppm; *°F-NMR (376 MHz, CDCl3) &
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0 O [Pd(CsH5)CI], (54.8 mgO 0.15 mmol)O (S,S,S)-Lc (193
O0O000O0O0O0O0O0OO0OoOoOgcHCI, (5o mu)Dooood
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- TBSO 5,
OoO0o0og0ogaod 10

(R)-2b, 0O OO, 00860 . Mp 72-73 ,C, [a 1p2° = -89.1 (c 1.00, CHCl3), 950 e
e[0J000ODOOOODDOODODODODODOOOODOAD-HODODON-0OO0OO/00000
OO0 = 95:5, 1.0 mL/min, 254 nm; tg (minor) = 4.15 min; tg (major) = 4.60 min]
.0 *H NMR (300 MHz, CDCl3) & = 7.20 (d, J = 8.4 Hz, 2H), 6.89-6.78 (m, 4H), 6.5
1-6.47 (m, 2H), 6.34 (s, 1H), 5.88 (s, 1H), 5.26 (s, 1H), 4.19-4.08 (m, 2H), 4.0
0 (s, br, 1H), 1.20 (t, J = 7.2 Hz, 3H), 0.97 (s, 9H), 0.18 (s, 6H) ppm; 3C NMR
(100 MHz, CDCl3) & = 166.1, 155.8 (d, J¢g.cy = 234.3 Hz), 155.1 (s), 143.0 (d,
Jee.cy = 1.9 Hz), 140.4 (s), 133.1 (s), 128.5 (s), 125.2 (s), 120.0 (s), 115.4
, Jer,cy = 22.3 Hz), 114.1 (d, Jer,cy = 7-4 Hz), 60.6, 58.9, 25.5, 18.0, 13.9,
-4.5 ppm; 9F-NMR (376 MHz, CDCl3) & -127.5 ppm. 20
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ogooooao
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ESI-MS m/z: 544.2 [M+H*]; HRMS (ESI) m/z: calcd. for C4gHg,NOLFoNa*l: 566.2113,
Found: 566.2113 [M+Na*].
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6a, 00770 . [a 1p°° = +1.9 (c 1.00, MeOH), 95% ee [ D0 DO OO ODDOODOO
ooooo,00goob-HOOOOn-0O0O0O/Z00000D000O0= 70:30, 1.0 mL/min, 254
nm; tg (major) = 19.60 min; tgz (minor) = 25.83 min]. *H NMR (400 MHz, CDCl3) &
= 7.98-7.94 (m, 2H), 7.41-7.30 (m, 5H), 7.25-7.23 (m, 4H), 7.09 (t, J = 8.8 Hz,
2H), 6.96-6.88 (m, 4H), 5.02 (s, 1H), 4.67 (d, J = 2.4 Hz, 1H), 3.31-3.23 (m, 1
H), 3.17-3.08 (m, 2H), 2.42-2.20 (m, 2H) ppm; 13C NMR (100 MHz, CDCI3) & = 197.
2, 167.1, 165.6 (d, Jr cy = 253.9 Hz), 158.9, 158.8 (d, J(r cy = 242.2 Hz), 136
-5, 133.7 (d, I,y = 2-7 Hz), 132.9 (d, I,y = 2-8 HZ), 130.5 (d, Jr,cy = 9
.4 Hz), 129.3, 128.5, 127.9, 127.3, 127.1, 118.2 (d, I cy = 7-9 Hz), 115.7 (d,
Jer.c> = 8-4 Hz), 115.5 (d, J¢e oy = 8-3 Hz), 115.3, 69.9, 60.9, 59.6, 35.4, 23
.0 ppm; *°F NMR (376 MHz, CDCl;) & -104.8, -117.9 ppm.
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(&) Wu, G.; Wong, Y.; Chen, X.; Ding, Z. J. Org. Chem. 1999, 64, 3714. (b) Sasik
ala, C. H. V. A_; Padi, P. R.; Sunkara, V.; Ramayya, P.; Dubey, P. K.; Uppala, V
. B. R.; Praveen, C. Org. Process Res. Dev. 2009, 13, 907. (c) Sova, M.; Mravlja
k, J.; Kovac, A.; Pecar, S.; Casar, Z.; Gobec, S.; Synthesis, 2010, 20, 3433.
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-CBS- 0 O000ODOOO0OOO (33 mgd 0.482 mmo)D O OO OODODO6a(2-4 gd 4.82 mmol)
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7a, TH-NMR (300MHz, CDClZ) & = 7.47-7.21 (m, 11H), 7.07-6.92 (m, 6H), 5.05 (s,
2H), 4.75-4.72 (m, 1H), 4.58 (m, 1H), 3.17-3.09 (m, 1H), 2.04-1.85 (m, 4H) ppm.
Dooooo

0009000008100

0000000 7a(2.14 g04.3 nmol)J 00000030 mlO OO OO Pd/CO 50 mgd O O
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8, 'H-NMR (300MHz, DMSO-dg) & = 9.50 (s, 1H), 7.41-7.07 (m, 10H), 6.79 (d, J =
8.6 Hz, 2H), 5.27-5.25 (m, 1H), 4.78-4.71 (m, 1H), 4.47-4.44 (m, 1H), 3.07-3.08
(m, 1H), 1.85-1.75 (m, 4H) ppm.
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00010 4-000000000000000(1.2900.1m)00O0COO0DOODO (10
.0g00.1mo)001,4-000000002.2.2000 00 (DABCOO 11.2g0 0.1 mol)O O
000000000000 000000045000000000001000000000
000000100 mOCOO000O00D0OD0O00DO0O0DO0OODO0OO0DO0ODO0ODOO0DODOOoaO
0000000000000 0000000D00000000000000000S5500
0O00CODO0O0D0O0OD0OOMp 66-67 0. *H NMR (300 MHz, CDCl3) & = 7.41-7.24 (m,
7H), 6.92 (d, J = 8.7 Hz, 2H), 6.30 (s, 1H), 5.83 (s, 1H), 5.48 (s, 1H), 5.01 (
s, 2H), 4.12 (g, J = 6.9 Hz, 2H), 3.15 (s, br, 1H), 1.21 (t, J = 6.9 Hz, 3H) ppm
; 3C NMR (75 MHz, cDCl3) & = 166.2, 158.2, 142.2, 136.7, 133.7, 128.4, 127.9,
127.8, 127.3, 125.1, 114.5, 72.5, 69.8, 60.7, 13.9 ppmO 10
oooooo
0002000100000000C5.6 gdo0.05mol)JOO00O (5.9 gd0.075 mol)O
000000000000 00000000000000000000000000 (5.88
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0000000000000 00000000000000000000000000a0
000000000000 0009000001a00 00
00000Mp 60-61 O, *H NMR (400 MHz, CDCl3) & = 7.40-7.29 (m, 7H), 6.92 (d,
J = 8.8 Hz, 2H), 6.64 (s, 1H), 6.37(s, 1H), 5.83 (s, 1H), 5.01 (s, 2H), 4.16-4.0
8 (m, 2H), 2.06 (s, 3H), 1.19 (t, J = 7.2 Hz, 3H) ppm; *3C NMR (100 MHz, CDCl,) 20
d = 169.2, 164.8, 158.6, 139.7, 136.6, 129.9, 129.0, 128.4, 127.8, 127.3, 124.7
, 114.5, 72.7, 69.7, 60.7, 20.9, 13.8 ppmQ
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TH NMR (400 MHz, CDClZ) & = 7.42-7.25 (m, 7H), 6.95 (d, J = 9.2 Hz, 2H), 6.68 (
s, 1H), 6.39(s, 1H), 5.79 (s, 1H), 5.12 (s, 2H), 4.11-4.01 (m, 2H), 1.63 (s, 9H)
, 1.19 (t, J = 7.2 Hz, 3H), 0.89 (s, 6H) ppmO
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O0O0O00TH NMR (400 MHz, CDCIz) 6 = 7.15 (d, J = 8.7 Hz, 2H), 6.74 (d, J = 8.
7 Hz, 2H), 6.24 (s, 1H), 5.77 (s, 1H), 5.43 (s, 1H), 4.11-4.01 (m, 2H), 3.35 (s,
br, 1H), 1.15 (t, J = 7.2 Hz, 3H), 0.93 (s, 9H), 0.14 (s, 6H) ppm; 3C NMR (75
MHz, CDCl3) & = 166.1, 155.0, 142.4, 134.1, 127.8, 124.9, 119.6, 72.3, 60.5, 25
.4, 17.9, 13.8, -4.6 ppmQd
oooooaog
000200010 0000000¢C@6.8 gb0.05 mo)OOOOO (5.9 gd0.075 mol)UO
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00000 NMR (300 MHz, CDClL) & = 7.16 (d, J = 8.1 Hz, 2H), 6.72 (d, J = 8.
4 Hz, 2H), 6.56 (s, 1H), 6.29 (s, 1H), 5.73 (s, 1H), 4.12-4.01 (m, 2H), 2.00 (s,
3H), 1.11 (t, J = 7.2 Hz, 3H), 0.90 (s, 9H), 0.11 (s, 6H) ppm; 13C NMR (75 WMHz,
CDCIl3) 6 = 169.2, 164.8, 155.5, 139.9, 130.3, 128.9, 124.7, 119.7, 72.6, 60.6,
25.4, 20.9, 18.0, 13.8, -4.6 ppmQd
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z, 1H), 5.27 (s, 1H), 5.04 (s, 2H), 4.19-4.10 (m, 2H), 1.21 (t, J = 7.6 Hz, 3H)

ppm0
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2b, *H NMR (300 MHz, CDCl3) & = 7.20 (d, J = 8.4 Hz, 2H), 6.89-6.78 (m, 4H), 6.
51-6.47 (m, 2H), 6.34 (s, 1H), 5.88 (s, 1H), 5.26 (s, 1H), 4.19-4.08 (m, 2H), 4.
00 (s, br, 1H), 1.20 (t, J = 7.2 Hz, 3H), 0.97 (s, 9H), 0.18 (s, 6H) ppmO

oooooao

0001500000000 004a0 00

O0000002a(3-44g0d8.48 mol)J 0O DOO3a (2.82gd12.7 moH)D OO DODOOO
OO000DDDOD0000O0O000O0O@o0 mL)O DbBU(4-25 g 16.96 mmol) D OO0 O OO0
012000000000 0000CO0OODOOTLCOO00O0OO0OO0DODOODDODDDODOOODOOOO
0000000000000 40 0000000840 00000000 DODODOO
oo0o0ooDDoDoDOo0oo0oo0oooooOoODoDoDo0DoDoDOoOooooDooDoDoDoOOoOog
oooooao

10

20

30



(35) JP 5968537 B2 2016.8.10

Ooo0o0ooag
RGN
NH O g 9
ogt+ A0
BnO F
2a 3a

hQt
NH
O CO,Et
BnO
@)
5a
F

ESI-MS m/z: 628.5 [M+H*]; HRMS (ESI) m/z: calcd. for Cy,HagNOgF,*1: 628.2505, Fo
und: 628.2506 [M+H"]O
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oooooaon

ODO00D0z2a005%000000068000000

ESI-MS m/z: 544.2 [M+H*]; HRMS (ESI) m/z: calcd. for CggHs,NO,FoNa*t: 566.2113,
Found: 566.2113 [M+Na*].
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00000000 o0oDoooU0ooDoDoDOgAD-HOOOONn-DODODO/00000000 =95
:5, 1.0 mL/min, 254 nm; tg; (major) = 21.45 min; tg (minor) = 24.27 min ]. H NMR
(400 MHz, CDCIl3) & = 7.43-7.24 (m, 7H), 6.94-6.92 (m, 2H), 6.85 (t, J = 8.8 Hz
, 2H), 6.50-6.47 (m, 2H), 6.35 (t, J = 0.8 Hz, 1H), 5.88 (t, J = 1.2 Hz, 1H), 5.

27 (s, 1H), 5.04 (s, 2H), 4.19-4.10 (m, 2H), 1.21 (t, J = 7.6 Hz, 3H) ppm.
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(S)-2b, OO0 DO, 00860, [a 1p°° = +89.9 (c 1.00, CHCI3), 950 ee [D OO OO

Oo0o00oDoDoODO0000O0O0ooOooODOA-HOOOONn-0OOO/00000000 = 95:5
, 1.0 mL/min, 254 nm; tg (major) = 4.19 min; tgz (minor) = 4.63 min].0O *H NMR (30
0 MHz, CDCl3) & = 7.20 (d, J = 8.4 Hz, 2H), 6.89-6.78 (m, 4H), 6.51-6.47 (m, 2H
), 6.34 (s, 1H), 5.88 (s, 1H), 5.26 (s, 1H), 4.19-4.08 (m, 2H), 4.00 (s, br, 1H)
, 1.20 (£, J = 7.2 Hz, 3H), 0.97 (s, 9H), 0.18 (s, 6H) ppm.

ogooooao

oo0oi19000004a0 00

0 (S)-2a (3.44 g0 8.48 mmol)D D 0O O3a (2.82g012.7mmol) D00 000D OOO

0000000 O0ooOooDoD 100 mb)O DBU(4.25 g 16.96 mmoDO O OO OO OO 120
O

O

ooooooooobOoooooTLCcOooboooooooOooooobooooooon
oooooOoooobooooooobooboooooao
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Ooo0o0ooag
A
NH O 0O O
ot + A0
BnO F
2a 3a

ESI-MS m/z: 628.2 [M+H*]; HRMS (ESI) m/z: calcd. for Cy,HagNOgF,*1: 628.2505, Fo
und: 628.2508 [M+H"]O

oooooaon

0DO0020000005a000

DOo001900000000000000 (4-43 g 50.88 mmol)Od Pd(PPh3), (98 mgd O.
0848 moDHO OO OOO0ODOOCOOEODOOOOODOOOOOOOODODOOOODOOODOO
oooooaon

ODO00D0z2a005%000000074000000

ESI-MS m/z: 544.4 [M+H*]; HRMS (ESI) m/z: calcd. for CggHs,NO,FoNa*t: 566.2113,
Found: 566.2115 [M+Na*].

oooooan

0002000009000

ooooo

O OH
Br CHO
+

O50mMO0OO0O0O000O03-000000000000 (10.25g051.0mmol)0 00000
000 (2.5m025.0mmo)0 00000 (0.0m)I0O0O0C00O000O00O0 (20 wtd O 15
M)OOO0D0DO0002400000000000100 00000000006 mol/L0 0O
D00D0pHs50 0000000000000 000000O000O000O0000-0000
0000000000060 04.6g000000090000000

00090 mp 174-1750 0 *H NMR (400 MHz, DMSO-dg) & 9.62 (s, br, 2H), 7.75 (s, 2
H), 7.54 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 7.6 Hz, 2H), 6.86 (t, J = 8.0 Hz, 2H)
, 2.76 (t, J = 5.6 Hz, 4H), 1.68-1.62 (m, 2H) ppmO *3C NMR (100 MHz, DMSO-dg) &
188.9, 152.5, 137.1, 133.3, 131.5, 129.5, 125.8, 120.9, 111.8, 28.0, 22.8 ppm.
Do0o0o0a0

0002200000 (R,R,R)-100 0 O
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gboooad

1la(l.6mgd 0.001mmol)O 2mLO
00000000 oooooo
000020 000000000
00000000 oooooao
0930 0 0eed 0 099U OO DO
ooooao

(R,R,R)-100 0 O O O O mp 97-980
ooooDoODOoOooDoOoooooao

Ooooooogdg
OooOoo0ooooOod
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(R,R,R)-10

gbz21000b00obo0oboos0b0oboobDobob0oblnlab0oboboooognn
ooooooo0oo0oodd@e,R,R)-

ooooooDoO0o00O0Odoooe46.4mgll 0.1mmol)O
goooocooooboooooboooooooooan
goobOs33qwooooocooobooosoobooogan
gbooboooboooooboobobobooboooobooan
oooooooOoO0oOoOoooooooDoR,R,R)-5a0
oo

O [a 1p2° = -85.2 (c 0.80, CHCl;), >990 ee[O O
O0DOOA-HOOOOn-0D0O0O/0000000 =

99 : 1, 0.5 mL/min, 230 nm; tg (major) = 11.74 min; ty (minor) = 13.10 min]. *H
NMR (300 MHz, CDCl3) &6 7.36 (dd, J = 8.1, 0.9 Hz, 2H), 7.03 (dd, J = 7.5, 0.6 H
z, 2H), 6.77 (t, J = 7.5 Hz, 2H), 3.05 (dd, J = 16.8, 6.3 Hz, 2H), 2.70 (dd, J =
16.8 Hz, 7.2 Hz, 2H), 2.40-2.36 (m, 2H), 1.85-1.80 (m, 2H), 1.62-1.50 (m,4H) pp
m; *3C NMR (75 MHz, CDCl;) & 148.5, 131.0, 128.3, 122.6, 121.7, 110.8, 101.9, 3

3.3, 27.8, 27.3, 19.1 ppm.

0 00O 11a0d0 O 0 Angew. Chem. Int.

gobooog
o020 000o0oo0ogoooan

Ed. 2009, 48, 53450 0 0 0 0000COODOOO

00 (R,R,R)-La O (R,R,R)-Lid 00O

OR,R,RA)-LaD0 0000 O0O0O00OCO
ooooao

(1) "BuLi, -78°C

goooooooao

(2) CIPPh,

(RRR)-10

PPh, Ph,P
(RRR)-La

clonmO0ODOO0O0O0OOOODOOOODOOOOOOR,R,R)-10(175 mgd 0-389 mmol)
ocooooODOOoOO0oO0ooOoo0@mooOoODL-780000000000O0n-000000O0 (0.
39 mLO 2.5 M in hexaneDd 0.972 mmol)0 O OO OOODODDOO-78000.5000000
oooooDDoDOoOO0oOoOoOoOooooooOoD@.18 MLOo0.972 mo)O OO DO OO 10 mLO O
ocooooDOOO0OO0O0oO0O0oOooooOOoODODOO0DO0O0O0DO0oO0oO0oO0DE@x 10mMHOOOOO
oooboooooobooooobooooooboobooooobobooooboboooobooo
oooooooooD@R,R,R)-Lal 0 0 O 187 mgd O O 730 0 O

gboooaod

(R,R,R)-La, 00O 0O . Mp 101-103 O, [a 15,°° = +113.4 (c 1.00, CHCI3). *H NMR (4
00 MHz, CDCl3) & 7.30-7.26 (m, 20H), 6.89 (d, J = 7.2 Hz, 2H), 6.74 (t, J = 7.2
Hz, 2H), 6.53-6.50 (m, 2H), 2.34-2.30 (m, 4H), 1.95-1.92 (m, 2H), 1.30-1.29 (m,
2H), 1.17-1.15 (m, 4H) ppm; *3C NMR (100 MHz, CDCl3) & 153.1 (d, Jep oy = 14.2
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Hz), 137.1 (d, J¢p,cy = 11.8 Hz), 136.7 (d, J¢p oy = 10.9 Hz), 134.2 (d, JIp. o
= 21.9 Hz), 133.9 (d, J¢p,cy = 20.2 Hz),0 130.9 (d, Jp oy = 3-2 Hz), 129.9 (s)
, 128.5 (s), 128.2-128.1 (m), 124.9 (d, J¢p,cy = 14.1 Hz), 120.4-120.3 (m), 101.
3, 33.5, 27.6, 26.7, 19.4 ppm; 3*P(162 MHz,CDCl3) & -15.8 (S) ppm-
0oooooo
0000000000000 D00000O00D00D0O00DO00D0O0DO0OO0O0Ooo(R,R,R)-Lb
0000000000000 D0000000000000000000000000000
(-0 0000D00)0DO00DO0D0O0O0DO0ODOOOOD
ooooao

(RRR)-Lb

0oooooo

(R,R,R)- Lb, 0O OO, 00400 . Mp 125-127 0, [a 1,22 = +143.5 (c 1.00, CHCIy)
. 'H NMR (400 MHz, CDCl3) & = 7.24-7.12 (m, 8H), 7.05 (t, J = 7.2 Hz, 4H), 6.88
-6.85 (m, 4H), 6.79-6.72 (m, 4H), 6.53-6.50 (m, 2H), 2.39 (s, 6H), 2.34-2.23 (m,
2H), 2.18 (s, 6H), 1.99-1.95 (m, 2H), 1.34-1.15 (m, 8H) ppm; 13C NMR (75 MHz, C
DCI3) & 153.5 (d, J¢p,cy = 15.2 Hz), 143.2 (d, Jep, oy = 28.3 Hz), 142.7 (d, Jep
ey = 25.9 Hz), 135.3 (d, J¢p,cy = 11.4 Hz), 134.9 (d, J¢p,cy = 13.8 Hz), 133.5
(d, Jep.cy = 40.1 Hz), 131.0 (d, J¢p cy = 2.9 Hz), 130.0-129.6 (m), 128.3 (d, J,

p.cy = 15.8 Hz), 125.8 (d, J¢p,cy = 24.0 Hz), 123.3 (d, Jep, oy = 12.7 Hz), 120.6

-120.5 (m), 101.4, 33.3, 27.7, 26.6, 21.2 (d, J¢p,cy = 21.1 Hz), 21.0 (d, J¢p, o
= 23.7 Hz), 19.3 ppm; 3*P(121 MHz,CDCl3) & -33.4 ppm.
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0000000000000 0000000000000000000000(R,R,R)-Le

0000000000000 D000000000000000000000000DoOo0ao

@G,5-00000000)oo0ooobooo0oooooooooao
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oooooao

(R,R,R)-Lc, 0O OO, OO 700 . Mp 102-103 O, [a 1,°° = +166.5 (c 1.00, CHCI,).
H NMR (300 MHz, CDCl;) & = 6.93-6.84 (m, 14H), 6.73 (t, J = 6.9 Hz, 2H), 6.47
(t, J = 4.8 Hz, 2H), 2.45-2.38 (m, 4H), 2.24 (s, 12H), 2.21 (s, 12H), 2.04-1.97
(m, 2H), 1.30-1.26 (m, 2H), 1.12-1.07 (m, 4H) ppm; 13C NMR (75 MHz, CDCl3) & =
153.1 (d, J¢p,cy = 14.7 HZ), 137.3 (d, Ip,cy = 7-4 HZz), 137.2 (d, I¢p cy = 7-8
Hz), 136.9 (d, J¢p.cy = 10.2 Hz), 136.5 (d, Jp oy = 10.9 Hz), 132.1 (s), 131.8
(s), 131.5 (s), 130.8 (d, J¢p . cy = 1.5 Hz), 130.-2 (s), 129.8 (d, Ip oy = 41.7

Hz), 125.5 (d, J¢p,cy = 14.2 Hz), 120.1 (s), 120.1 (d, J¢p cy = 1.7 Hz), 101.1,

33.4, 27.3, 26.7, 21.3, 21.2, 19.5 ppm; 3!P(121 MHz,CDCl;) & -15.2 ppm.

oooooao

ooooDoDoOO0o0o0ooo0ooooooDODDODOoDOoDOoDUoDOoOooooooooDooO0O®R,R,R)-Ld

oooooDoODO0OO000oU0oO0ooooOOoO0ODDODDODO0DO00DU0DO0O0DOoDOoDoODOooDoODDODOOoDOoDOg

G,,5-0-t-0000000)000oDo00oooDoDoooooo

ooooao

By gy 'BU Bu  (RRR)-Ld

oooooo

(R,R,R)-Ld, 0000, 00450 . Mp 100-101 O , [a ]o2° = +140.5 (c 1.00, CHCIy).
14 NMR (400 MHz, CDClZ) & = 6.91-6.82 (m, 14H), 6.69 (t, J = 6.6 Hz, 2H), 6.37
(t, J = 5.0 Hz, 2H), 2.41-2.32 (m, 4H), 2.28 (s, 36H), 2.15 (s, 36H), 2.10-1.97
(m, 2H), 1.30-1.28 (m, 2H), 1.11-1.09 (m, 4H) ppm; 23C NMR (100 MHz, CDCI) &
155.1 (d, Jp.cy = 15.0 Hz), 139.5 (d, Jep.cy = 8.4 Hz), 137.7 (d, Jep.cy = 8-
Hz), 136.1 (d, Jp.cy = 10.8 Hz), 135.4 (d, Jp.cy = 11.2 Hz), 133.4 (s), 131.
(s), 130.9 (s), 130.8 (d, J¢p.cy = 12.0 Hz), 130.4 (S), 129.6 (d, J¢p.cy = 42.
Hz), 126.5 (d, Jp.cy = 16.2 Hz), 120.9 (s), 120.4 (d, J¢p.cy = 2.2 Hz), 99.1,

33.4, 29.8, 27.3, 26.7, 25.6, 21.3, 21.2, 19.5 ppm; 31P(121 MHz,CDClZ) & -17.8

ppm.
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gboooad

(RRR)-Le

oooooao

(R,R,R)-Le, 0O OO, 00670 . Mp 90-92 O, [a ]p%° = +118.5 (c 1.00, CHCl3). *
H NMR (400 MHz, CDCl3) & = 7.21-7.14 (m, 8H), 7.10-7.07 (m, 8H), 6.87 (d, J =7
.2 Hz, 2H), 6.73 (t, J = 7.6 Hz, 2H), 6.54 (t, J = 5.6 Hz, 2H), 2.36-2.25 (m, 16
H), 1.96-1.92 (m, 2H), 1.32-1.26 (m, 2H), 1.19-1.15 (m, 4H) ppm; 3C NMR (100 MH
z, CDCl3) & = 153.1 (d, Jep, oy = 14.5 Hz), 138.2 (s), 137.8 (s), 134.3-133.8 (m
), 133.4 (d, Jep, cy = 10.4 Hz), 130.8 (d, J¢p,cy = 2.6 Hz), 129.7 (s), 129.0-128
.9 (m), 125.5 (d, Jep,cy = 14.0 Hz), 120.3-120.2 (m), 101.2, 33.4, 27.6, 26.7, 2
1.3, 19.4 ppm; 3P NMR (162 MHz,CDCl3) & -17.9 ppm.

oooooo

000000000000 0000D000000000000000000a0C(R,R,R)-LF
0000000000000 00000000D00000D000o0o0o0o0o0noDooooaDo
(p-000000D0D0)D00D00DD0O0ODDOO0OOOD

ooooaog

F F (R,R,R)-Lf

oooooo

(R,R,R)-Lf, 0O OO, O0O800. Mp 76-77 O, [a ]p2° = +88.0 (c 1.00, CHCl3). *H
NMR (400 MHz, CDCl3) & = 7.27-7.20 (m, 8H), 6.99-6.93 (m, 10H), 6.76 (t, J = 7
.6 Hz, 2H), 6.49-6.46 (m, 2H), 2.50-2.39 (m, 4H), 2.01-1.94 (m, 2H), 1.33-1.32 (

m, 2H), 1.20-1.11 (m, 4H) ppm; 3P NMR (162 MHz,CDCl3) & -17.8 ppm; *°F NMR (37

6 MHz,CDCl3) & -112.3, -112.5 ppm.

oooooo

0000000000000 0000000000000000000O000(R,R,R)-Lg

0000000000000 D000000000000000000000000DoOo0ao
(-0 0000D000)I0D000D0D0DO0ODODODOODO
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gboooad

= P
MeO OMe

MeO OMe (RRR)-Lg

oooooao

(R,R,R)-Lg, 0 OO0, 00650 . Mp 91-92 O, [a ]p%° = +122.5 (c 1.00, CHCl3). *
H NMR (400 MHz, CDCl3) & = 7.26-7.19 (m, 8H), 6.88-6.87 (m, 2H), 6.84-6.81 (m,
8H), 6.73 (t, J = 7.2 Hz, 2H), 6.51 (t, J = 5.2 Hz, 2H), 3.75 (s, 6H), 3.71 (s,
6H), 2.35-2.31 (m, 4H), 1.94-1.91 (m, 2H), 1.31-1.26 (m, 3H), 1.20-1.16 (m, 3H)
ppm; 13C NMR (100 MHz, CDCI3) & = 159.8 (d, J¢p cy = 38.8 Hz), 152.8 (d, Jp o
= 13.9 Hz), 135.5-135.0 (m), 130.4 (s), 129.5 (s), 128.3 (d, J¢p cy = 8.1 Hz),
127.6 (d, J¢p.cy = 9-0 Hz), 125.8 (d, J¢p cy = 13.3 Hz), 120.1 (d, JI¢p cy = 1.6
Hz), 113.8-113.7 (m), 101.0, 55.0, 54.9, 33.4, 27.6, 26.6, 19.3 ppm; 3P NMR (16

2 MHz,CDCl3) & -18.8 ppm.

oooooao

000000000000 D0000D0D000D0D00000O0000O0000aO0C(R,R,R)-Lh
0000000000000 00D0D0000D0O000D0D0O00O0D0O0O0O0DDOOoOooOao

00000000000 DO0O0O0DOO0O0ODoOOaOo

ooooao

(R,R,R)-Lh

(R,R,R)-Lh, 00O 0O, 00550 . Mp 95-96 O, [a ]p%° = +88.5 (c 1.00, CHCI,). *
H NMR (400 MHz, CDCl3) & = 7.21-7.15 (m, 4H), 6.89-6.85(m, 2H), 2.39-2.30 (m, 8
H), 1.98-1.87 (m, 6H), 1.30-1.25 (m, 18H), 1.23-1.14 (m, 20 H) ppm; 3P NMR (162

MHz,CDCl3) & -21.6 ppm.
oooooao
0000000000000 00D0DO000DDO00O0DOoO0OoODooooao(R,R,R)-LI
000000000000 000000000000000000000000000a0
t-0 0000000000000 00000
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gboooad

tgy—P P-t
“Ne wd (RRR)-L

(R.R,R)-Li, 0000, 00810 . [a 1p2° = +78.1 (c 1.00, CHCIZ). *H NMR (400 MHz
, CDCly) & = 7.28-7.21 (m, 2H), 6.99-6.81(m, 4H), 2.38-2.21 (m, 4H), 1.98-1.88
(m, 6H), 1.66-1.45 (m, 14H), 1.30-1.29 (m, 8H), 1.17-1.15 (m, 16H) ppm; 3P NMR
(162 MHz,CDClZ) & -22.8 ppm.

oooooQ

0002400000 (S,S,S)-100 00

ooooo

9 (S,5.5)-10 i 11b

00002100 000000090000000000000D0DO11b00000O0O00O0O0O
0000000 DO0O0O0D(s,Ss,S)-1000000000000009(464mgd 1mmol)O O
0 11b(16mgd 0.0dmmo)O 20mL0 00 0D D000 DO0DO00D0DOO0OO0DOODOOODOOO
000000000000 D00000O00300000000000050000000
0000024000000000000000000000000000D0DO0O00OOO
000000000000 D0000D00000D00000000000000aO0C(S,S,S)-
1000009100 0ee0 00990 00000

oooooao

0 OO 11b0 O O Angew. Chem. Int. Ed. 2009, 48, 53450 0 0 000D 000000
(5,8,8)-100 00000 [a 1p%° = +86.1 (c 1.00, CHCI3), >990 ee[0 0D OO OO
0000000000000 O00AD-HOOOON-00DO0O0/0000000 =99 -1, 0.
5 mL/min, 230 nm; tg (minor) = 11.87 min; ty (major) = 14.10 min]. *H NMR (300 M
Hz, CDCl3) & 7.36 (dd, J = 8.1, 0.9 Hz, 2H), 7.03 (dd, J = 7.5, 0.6 Hz, 2H), 6.
77 (t, J = 7.5 Hz, 2H), 3.05 (dd, J = 16.8, 6.3 Hz, 2H), 2.70 (dd, J = 16.8 Hz,

7.2 Hz, 2H), 2.40-2.36 (m, 2H), 1.85-1.80 (m, 2H), 1.62-1.50 (m,4H) ppm.
oooooo

0002500 000000000000(S,S,S)-La 0 (S,S,S)-Li000

000020 000000000000000O0(R,R,R)-1000000(S,S,S)-100 00
0000000000000 00000000000d(S,S,S)-La 0 (S,S,9)-Lid00
ooooDooooooo@R,R,R)-Lad (R,R,RA-LIDODODODO

(S,S,S)-La, 0000, [a]p%° = -113.7 (c 1.00, CHCI3)DO

(S,S8,8)-Lb, 0000, [a]1,°° = -145.5 (c 1.00, CHCI3)O

(S,S,S)-Lc, 0000, [a]1,°° = -164.5 (c 1.00, CHCI3)O
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(S,S,S)-Ld, 0000, [a ]p%° = -145.2 (c 1.00, CHCI3)O
(S,S,S)-Le, 0O OO, [a ]p%° = -117.6 (c 1.00, CHCI3)O
(S,S,8)-Lf, 0000, [a 1,22 = -87.2 (c 1.00, CHCI3)O
(S,S,8)-Lg, 0000, [a]1,%° = -125.4 (c 1.00, CHCI3)O
(S,S,S)-Lh, 0000, [a ]1p%° = -85.1 (c 1.00, CHCI3)DO
(Ss,S8,8)-Li, 0000, [a 1p%° = -78.3 (c 1.00, CHCI3)O
oooooo
ooooao
10
20
30
‘Bu-R P-tBy
Bu ‘Bu
OMe OMe
(S,S.5)-Lg (S.S,S)-Lh (S,8.5)-Li
oooooo
00026
ooooao
+
o ]
=N BArE 40
[ /JD
R,,mr_f)
PH ph “
9 St3{k-10 fisE 11c

gbotbz22o0o00o00obogoboebgboboboboooobobobilicobOoDbO
ocoooooOOO0O0oO0oO0oOoooooObD10 00000 OoOoooOO0ODDn3a(306 mgd 1 mmo
DOODO1lc(74 mgO 0.05 moDHO 20mLO OO OO DOOO0O0DOOOOOOOODDODOOO
gboboooooboobobobooobobobo3aoboboboooooosondnn
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