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Materials. Et,O and THF were distilled from Na wire/benzophenone, CH,Cl, was
distilled over CaH,, other commercially available chemicals were used without
additional purification unless otherwise noted. All "H NMR experiments were
measured referring to the signal of tetramethylsilane (0 ppm) in CDCl; and °C NMR
experiments were measured referring to the signal of residual chloroform (77.0 ppm)

n CDC13.

1. Fe-Catalyzed Sn2 coupling reaction of Grignard reagent with 4-alkynoic acid

(1) 2,3-Dimethyl-5-(trimethylsilyl)pent-4-ynoic acid 3a (zxb-12-20)

TMS\
N S
\ chaM CI5mo|% FeCI3'6H20TMST> . %
3 g . i
c’;\kJ' 3equiv THF,-78°C,1h HOOC ™S’ )—COOH
1a 2 3a 84% 2a

> 98/2 by crude NMR

Typical Procedure 1: To a mixture of FeCl;6H,O (13.7 mg, 0.05 mmol), la
(183.0 mg, 1 mmol), and THF (5 mL) was added dropwise a solution of MeMgCl (1
mL, 3 M in THF, 3 mmol) at -78 °C within 3 min under N, atmosphere. After being
stirred at -78 © C for 1 h, the reaction mixture was quenched with EtOH (0.5 mL), and
then acidified with 5% HCI (aq) to pH = 1. The resulting mixture was extracted with
ether (15 mL x 3), washed with brine, filtrated, and evaporated. 3a/2a = 98/2
determined by 'H NMR analysis of the crude reaction mixture before separation. The
residue was purified by flash chromatography on silica gel (eluent: petroleum ether:
ethyl acetate = 10 : 1 - 2 : 1 to afford 3a (167.3 mg, 84%): Solid: m.p. 67.3-68.4 °C
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(hexane/ethyl acetate); 'H NMR (300 MHz, CDCl3) & 10.54 (brs, 1 H, COOH), 2.83
(pentet, J = 7.2 Hz, 1 H, CH), 2.42 (pentet, J = 7.2 Hz, 1 H, CH), 1.32 (d, J = 6.9 Hz,
3 H, CHs), 1.22 (d, J=6.9 Hz, 3 H, CH3), 0.14 (s, 9 H, 3 x CH3Si); >C NMR (CDCls,
75 MHz) & 181.6, 108.0, 86.6, 45.1, 30.0, 19.4, 14.8, 0.1; IR (neat, cm™") 2977, 2938,
2899, 2169, 1712, 1460, 1427, 1373, 1268, 1245, 1212, 1088; MS (EI) m/z (%) 198
(M", 0.23), 183 (M-CH3)", 20.67), 75 (100); Elemental analysis calcd for C;oH;30,Si:

C, 60.56, H, 9.15, found: C, 60.40, H, 8.95.

The following compounds was prepared according to this Typical Procedure 1

(2) 3-Methyl-5-(trimethylsilyl)pent-4-ynoic acid 3b (zxb-11-123)

N _
N 5 mol% FeCly6H,0 TMS— H
I CHMACl Tr 7goc. 11 ool * ™S COOH

e} 3 equiv 3b 84% 2b
97/3 by crude NMR

TMS

1b

The reaction of FeCly6H,0 (13.8 mg, 0.05 mmol), 1b (168.6 mg, 1 mmol), THF
(5 mL), MeMgCl1 (1 mL, 3 M in THF, 3 mmol) afforded 3b (155.1 mg, 84%) (cluent:
petroleum ether: ethyl acetate: dichloromethane =20:1:1-10:1:1-2:1:0.
Liquid; '"H NMR (300 MHz, CDCl3) & 10.02 (brs, 1 H, COOH), 3.04-2.87 (m, 1 H,
CH), 2.61 (dd, J = 15.9 and 6.6 Hz, 1 H, one proton of CH;), 2.43 (dd, J = 15.8 and
8.0 Hz, 1 H, one proton of CH»), 1.23 (d, J = 7.2 Hz, 3 H, CH3), 0.12 (s, 9 H, 3 x
CH3); C NMR (CDCls, 75 MHz) & 177.8, 109.2, 85.1, 41.3, 23.4, 20.5, 0.04; IR
(neat, cm™) 2962, 2168, 1713, 1412, 1330, 1290, 1250, 1201, 1126, 1063; MS (EI)
m/z (%) 184 (M", 1.13), 99 (100); HRMS calcd for CoH160,Si (M"): 184.0920, found:
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184.0929. 3b/2b = 97/3 determined by 'H NMR analysis of the crude reaction

mixture before separation.

(3) 3-Phenyl-5-(trimethylsilyl)pent-4-ynoic acid 3¢ (zxb-11-80)

TMS
\\ Ph Ph
5 mol% FeCI3'6HZOTM54</— ﬁ
- ™ H
+ PhMgCl TG nood , VS coo
3 equiv
O 3c 2c
1b 80%

94/6 by crude NMR
95/5 after isolated

The reaction of FeCly6H,0 (14.0 mg, 0.05 mmol), 1b (167.8 mg, 1 mmol), THF
(5 mL), PhMgCI (1.5 mL, 2 M in THF, 3 mmol) afforded 3c (195.5 mg, 80%, 3c/2c =
95/5, only 3c was observed after recrystallization) (eluent: petroleum ether: ethyl
acetate: dichloromethane =20:1:1-10:1:1-2:1:0.3c: Solid: m.p. 87.0-88.4
°C (hexane/ethyl acetate); 'H NMR (300 MHz, CDCls) & 11.42 (brs, 1 H, COOH),
7.50-7.20 (m, 5 H, ArH), 4.21 (t, J= 6.9 Hz, 1 H, CH), 2.90 (dd, J = 15.3 and 8.3 Hz,
1 H, one of CH,), 2.80 (dd, J = 15.0 and 6.8 Hz, 1 H, one of CH,), 0.21 (s, 9 H, 3 x
CHs); the following signals are discernible for 2¢: 5.27 (t, J = 6.9 Hz, 1 H, CH=), 3.15
(d, J = 6.9 Hz, 2 H, CH,), 0.24 (s, 9 H, 3 x CH3Si); °*C NMR (CDCls, 75 MHz) &
177.0, 139.8, 128.7, 127.4, 127.3, 106.1, 88.1, 43.2, 34.7, 0.02; IR (neat, cm™) 3063,
3031, 2960, 2900, 2176, 1713, 1494, 1454, 1411, 1250, 1064; MS (EI) m/z (%) 246
(M", 7.28), 218 (100); Elemental analysis calcd for C4H;30,Si: C, 68.25, H, 7.36,
found: C, 68.09, H, 7.42. 3c/2c = 94/6 determined by "H NMR analysis of the crude

reaction mixture before separation.
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(4) 2-Methyl-3-phenyl-5-(trimethylsilyl)pent-4-ynoic acid 3d (zxb-10-112)

TMS\ .
\ 3 Ph
\Il’/ \\\‘ PhMgCI 5 mol% FeCI36H20 TMST> ~
Ol " 3equiv Ty 78°C, 1h Hood  + ™S )—COOH
1a O 3d 88% 2d

96/4 by crude NMR

The reaction of FeCl;6H,0 (6.2 mg, 0.02 mmol), 1a (74.4 mg, 0.4 mmol), THF
(5 mL), PhMgCl (0.6 mL, 2 M in THF, 1.2 mmol) afforded 3d (93.6 mg, 88%)
(eluent: petroleum ether: ethyl acetate: dichloromethane=20:1:1-10:1:1-2:1:
0): Liquid; 'H NMR (300 MHz, CDCls) ¢ 10.37 (brs, 1 H, COOH), 7.30-7.09 (m, 5 H,
ArH), 4.07 (d, J = 6.9 Hz, 1 H, CH), 2.66 (pentet, J = 6.8 Hz, 1 H, CH), 1.15 (d, J =
6.9 Hz, 3 H, CHs), 0.07 (s, 9 H, 3 x CH3); *C NMR (CDCl;, 75 MHz) & 180.5, 139.0,
128.5, 127.9, 127.2, 104.4, 89.9, 46.6, 41.4, 13.4, 0.01; IR (neat, cm™) 3031, 2960,
2174, 1713, 1602, 1495, 1455, 1414, 1341, 1250, 1068, 1030; MS (EI) m/z (%) 260
(M", 2.49), 159 (100); HRMS calcd for C;5H0,Si (M"): 260.1233, found: 260.1230.
3d/2d = 96/4 determined by '"H NMR analysis of the crude reaction mixture before

separation.

(5) 2-Methyl-3-(4’-methylphenyl)-5-(trimethylsilyl)pent-4-ynoic acid 3e (zxb-11-93)

- &

\ — N %
N 5 mol% FeCI3'6H20TMST> 3
o’?k * THF, -78°C, 1h Hool  + TMS/:.:>*COOH

O  MgBr 3e 78% 2@
3 equiv 95/5 by crude NMR
95/5 after isolated

The reaction of FeCl;6H,0 (13.5 mg, 0.05 mmol), 1a (182.1 mg, 1 mmol), THF
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(5 mL), 4-methylphenylmagnisum bromide (3 mL, 1 M in THF, 3 mmol) afforded 3e
(213.3 mg, 78%, 3e/2e = 095/5) (eluent: petroleum ether: ethyl acetate:
dichloromethane =20 :1:1-10:1:1-2:1:0, twice). 3e: Solid: m.p. 106.2-107.4
°C (hexane/ethyl acetate); 'H NMR (300 MHz, CDCl3) & 10.03 (brs, 1 H, COOH),
7.28-7.20 (m, 2 H, ArH), 7.12 (d, J=7.5 Hz, 2 H, ArH), 4.13 (d, J = 7.2 Hz, 1 H, CH),
2.74 (pentet, J= 7.0 Hz, 1 H, CH), 2.33 (s, 3 H, CH3), 1.25 (d, J = 6.9 Hz, 3 H, CHj),
0.17 (s, 9 H, 3 x CH3); the following signals are discernible for 2e: 5.35 (d, J = 6.3 Hz,
1 H, CH=), 3.22 (pentet, J = 7.0 Hz, 1 H, CH), 0.22 (s, 9 H, 3 x CH3Si); °C NMR
(CDCl3, 75 MHz) 6 180.4, 136.8, 136.0, 129.1, 127.8, 104.6, 89.6, 46.5, 41.0, 21.1,
13.5, 0.01; IR (neat, cm™) 3024, 2960, 2899, 2174, 1713, 1514, 1457, 1414, 1287,
1250, 1110, 1069; MS (EI) m/z (%) 274 (M", 16.17), 173 (100); Elemental analysis
calcd for CisH20,Si: C, 70.03, H, 8.08, found: C, 69.87, H, 8.11. 3e/2e = 95/5

determined by 'H NMR analysis of the crude reaction mixture before separation.

(6) 2-Methyl-3-(3’-methylphenyl)-5-(trimethylsilyl)pent-4-ynoic acid 3f (zxb-11-101)

aYe
5 mol% FeCI3-6H20TMS—\/: \
C,:\k * THF,-78°C, 1h hood.  + TMS >*COOH

O MgBr 3f 79% 2
3 equiv 93/7 by crude NMR
94/6 after isolated

The reaction of FeCl36H,0 (13.6 mg, 0.05 mmol), 1a (182.0 mg, 1 mmol), THF
(5 mL), 3-methylphenylmagnisum bromide (3 mL, 1 M in THF, 3 mmol) afforded 3f
(215.3 mg, 79%, 3f/2f = 94/6) (eluent: petroleum ether: ethyl acetate:
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dichloromethane =20 : 1 :1-10:1:1-2:1:0, twice): 3f: Liquid; '"H NMR (300
MHz, CDCls) 6 10.14 (brs, 1 H, COOH), 7.28-7.16 (m, 3 H, ArH), 7.12-7.00 (m, 1 H,
ArH), 4.17 (d, J = 6.9 Hz, 1 H, CH, 2.79 (pentet, J = 6.8 Hz, 1 H, CH), 2.36 (s, 3 H,
CHs), 1.27 (d, J = 6.6 Hz, 3 H, CHs), 0.20 (s, 9 H, 3 x CHj3); the following signals are
discernible for 2f: 5.38 (d, J = 6.3 Hz, 1 H, CH=), 3.25 (pentet, J = 6.5 Hz, 1 H, CH),
0.25 (s, 9 H, 3 x CH;Si); *C NMR (CDCls, 75 MHz) & 180.5, 138.9, 138.0, 128.6,
128.3, 128.0, 125.0, 104.5, 89.8, 46.5, 41.2, 21.4, 13.3, 0.02; IR (neat, cm™) 3026,
2960, 2174, 1712, 1608, 1459, 1413, 1381, 1330, 1250, 1070, 1037; MS (EI) m/z (%)
274 (M", 12.03), 259 (100); Elemental analysis calcd for C;6H2,0,S1: C, 70.03, H,
8.08, found: C, 69.99, H, 8.08. 3f/2f = 93/7 determined by "H NMR analysis of the

crude reaction mixture before separation.

(7) 3-(4’-Methoxyphenyl)-2-methyl-5-(trimethylsilyl)pent-4-ynoic acid 39

(zxb-11-95)
TMS\\ PMP PMP,
\/,, 5mol% FeCly6H,0TMS—— . /
™ . PMPMgBr - Y TS COOH
+ _ [e]
C’)i\k 3 equiv THF.-78°C, 1h HOOC 2g
12 ©O 39 73%

95/5 by crude NMR

The reaction of FeCly6H,0 (13.8 mg, 0.05 mmol), 1a (180.6 mg, 1 mmol), THF
(5 mL), 4-methoxymagnisum bromide (6 mL, 0.5 M in THF, 3 mmol) afforded 39
(209.6 mg, 73%) (eluent: petroleum ether: ethyl acetate =10:1-5:1-2: 1): Solid:
m.p. 82.8-83.5 °C (hexane/ethyl acetate); 'H NMR (300 MHz, CDCls) & 10.02 (brs, 1
H, COOH), 7.28 (d, J=8.7 Hz, 2 H, ArH), 6.85 (d, J=8.4 Hz, 2 H, ArH), 4.10 (d, J =
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7.5 Hz, 1 H, CH), 3.79 (s, 3 H, CHs), 2.73 (pentet, J = 6.8 Hz, 1 H, CH), 1.26 (d, J =
6.6 Hz, 3 H, CH3), 0.17 (s, 9 H, 3 x CH3); *C NMR (CDCl;, 75 MHz) & 180.4, 158.7,
131.1, 129.0, 113.8, 104.8, 89.5, 55.2, 46.7, 40.6, 13.6, 0.01; IR (neat, cm™) 3034,
2959, 2901, 2837, 2173, 1712, 1612, 1512, 1462, 1416, 1303, 1250, 1177, 1036; MS
(ED) m/z (%) 290 (M", 27.0), 217 (100); Elemental analysis calcd for C;sH»0;Si: C,
66.17, H, 7.64, found: C, 66.53, H, 7.67. 39/29 = 95/5 determined by '"H NMR

analysis of the crude reaction mixture before separation.

(8) 2-Methyl-3-thiophen-2-yl-5-(trimethylsilyl)pent-4-ynoic acid 3h (zxb-11-96)

X
TMS\ s@ @
N\ IS RY
\ I 5 mol% FeC|3'6H20TMST> -,
é_\k+ <_Sj\MgBrTHF, -78°C, 1h - HOOC  + TMS/:.:>’COOH
1a O3 equiv 3h 89% 2h

97/3 by crude NMR

The reaction of FeCl;6H,0 (13.2 mg, 0.05 mmol), 1a (182.0 mg, 1 mmol), THF
(5 mL), 2-thiophenylmagnisum bromide (3 mL, 1 M in THF, 3 mmol) afforded 3h
(237.5 mg, 89%) (eluent: petroleum ether: ethyl acetate =20 : 1 - 10 : 1 -2 : I):
Liquid; "H NMR (300 MHz, CDCls) 6 11.13 (brs, 1 H, COOH), 7.20 (d, J=4.5 Hz, 1
H, ArH), 7.05-6.98 (m, 1 H, ArH), 6.97-6.90 (m, 1 H, ArH), 4.47 (d,J=6.9 Hz, 1 H,
CH), 2.85 (pentet, J=6.8 Hz, 1 H, CH), 1.33 (d, J =6.9 Hz, 3 H, CH3), 0.20 (s, 9 H, 3
x CH3); ?C NMR (CDCls, 75 MHz) & 180.4, 142.4, 126.6, 125.6, 124.6, 103.5, 89.7,
47.0, 36.6, 13.5, -0.12; IR (neat, cm™) 3073, 2960, 2899, 2175, 1713, 1459, 1415,

1250, 1067, 1032; MS (EI) m/z (%) 266 (M, 10.32), 165 (100); HRMS calcd for
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C13H30,SSi (M"): 266.0797, found: 266.0793. 3h/2h = 97/3 determined by 'H NMR

analysis of the crude reaction mixture before separation.

(9) 2-(2’-Chloroethyl)-3-methyl-5-trimethylsilanyl-pent-4-ynoic acid 3i (zxb-11-128)

TMS\ Cl

N T™MS—= /

N, CHzMgcI 5 mol% FeCly6H,0 I YT COOH
5 T 3equiv THF,-78°C,15h HOOC
1 0 3i78% Cl Cl’ 2i
C

97/3 by crude NMR

The reaction of FeCl;6H,0 (13.8 mg, 0.05 mmol), 1c (232.0 mg, 1 mmol), THF
(5 mL), MeMgCl (1 mL, 3 M in THF, 3 mmol) afforded 3i (194.7 mg, 78%) (eluent:
petroleum ether: ethyl acetate: dichloromethane =20:1:1-10:1:1-2:1:0):
Solid: m.p. 61.8-62.9 °C (hexane/ethyl acetate); 'H NMR (300 MHz, CDCl5) & 11.34
(brs, 1 H, COOH), 3.78-3.64 (m, 1 H, one proton of CH,Cl), 3.64-3.50 (m, 1 H, one
proton of CH,Cl), 2.95-2.80 (m, 1 H, CH), 2.68-2.50 (m, 1 H, CH), 2.40-2.15 (m, 2 H,
CH,), 1.25 (d, J = 6.9 Hz, 3 H, CH3), 0.15 (s, 9 H, 3 x CH3); °C NMR (CDCls, 75
MHz) & 180.0, 107.1, 87.4, 48.2, 42.6, 32.7, 29.2, 19.4, -0.01; IR (neat, cm™) 2961,
2169, 1710, 1435, 1294, 1250, 1210, 1160, 1131; MS (EI) m/z (%) 248 (M (*'Cl)",
0.52), 246 (M (°C1)™, 0.24), 93 (100); Elemental analysis calcd for C;;H;90,ClISi: C,
53.53, H, 7.76, found: C, 53.51, H, 7.68. 3i/2i = 97/3 determined by "H NMR analysis

of the crude reaction mixture before separation.

(10) 2-Allyl-3-methyl-5-trimethylsilanyl-pent-4-ynoic acid 3j (zxb-11-45)
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™S (/
\\\ R 5 mol% FeCly: 6HZOTMS
", CHaMgCl - \TMS COOH
o 3equiv THF,-78°C,1h HOOC />
by O 3j 83% 2j)

99/1 by crude NMR

The reaction of FeCl;6H,0 (7.1 mg, 0.03 mmol), 1d (105.1 mg, 0.5 mmol), THF
(5 mL), MeMgCl (0.5 mL, 3 M in THF, 1.5 mmol) afforded 3j (98.6 mg, 87%) (eluent:
petroleum ether: ethyl acetate: dichloromethane =20:1:1-10:1:1-2:1:0):
Liquid; 'H NMR (300 MHz, CDCl3) 6 10.92 (brs, 1 H, COOH), 5.94-5.74 (m, 1 H,
CH=), 5.24-5.05 (m, 2 H, =CHy), 2.87-2.74 (m, 1 H, CH), 2.74-2.60 (m, 1 H, CH),
2.60-2.40 (m, 2 H, CH,), 1.22 (d, J = 6.9 Hz, 3 H, CH3), 0.15 (s, 9 H, 3 x CH3); "°C
NMR (CDCls, 75 MHz) & 180.4, 134.6, 117.3, 108.0, 86.9, 51.1, 35.1, 29.0, 19.3,
0.06; IR (neat, cm™) 3081, 2960, 2168, 1712, 1643, 1443, 1413, 1251, 1209; MS (EI)
m/z (%) 224 (M", 1.0), 106 (100), 75 (100), 73(100); HRMS calcd for C;,H,00,Si
(M"): 224.1233, found: 224.1236. 3j/2j = 99/1 determined by 'H NMR analysis of the

crude reaction mixture before separation.

(11) 2-Propyl-3-methyl-5-triethylsilanyl-pent-4-ynoic acid 3k (zxb-11-127)

\
C H;-n ‘6H
37 5 mol% FeCl;'6 20 11iCaH7-n

+ CHaMgCl
o’t\k 3e3u.?, THF, -78°C, 1.5 h Hood  , TES )—COOH
3k 77% n-C3Hy
98/2 by crude NMR 2k

The reaction of FeCl36H,0 (13.5 mg, 0.05 mmol), 1e (253.8 mg, | mmol), THF
(5 mL), MeMgCl1 (1 mL, 3 M in THF, 3 mmol) afforded 3k (208.5 mg, 77%) (cluent:
petroleum ether: ethyl acetate: dichloromethane =20:1:1-10:1:1-2:1:0):
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Liquid; '"H NMR (300 MHz, CDCls3) & 11.54 (brs, 1 H, COOH), 2.82-2.69 (m, 1 H,
CH), 2.35 (td, J = 9.8 and 3.4 Hz, 1 H, CH), 1.93-1.78 (m, 1 H, one of CH,),
1.78-1.64 (m, 1 H, one of CHy), 1.52-1.15 (m, 5 H, CH; + CH3), 1.07-0.82 (m, 12 H,
4 x CHs), 0.57 (q, J = 7.9 Hz, 6 H, 3 x CH,); >C NMR (CDCl;, 75 MHz) & 181.4,
109.7, 83.5, 51.2, 33.0, 29.6, 20.4, 19.6, 13.9, 7.4, 4.5; IR (neat, cm™") 2957, 2875,
2167, 1709, 1459, 1415, 1379, 1281, 1209, 1101, 1017; MS (EI) m/z (%) 269
((M+1)", 2.54), 103 (100); Elemental analysis calcd for C;sHy0,Si: C, 67.11, H,
10.51, found: C, 67.33, H, 10.52. 3k/2k = 98/2 determined by "H NMR analysis of the

crude reaction mixture before separation.

The ee value of the following compounds 3 was determined after its conversion to
the corresponding benzyl ester 4.
(12) (2S,3R)-2,3-Dimethyl-5-(trimethylsilyl)pent-4-ynoic acid (2S,3R)-3a

(zxb-10-108)

TMS\
\ _
\/,,_ 5 mol% FeCly6H,0 TMS—=—=
— ol

: CH3M gCI .
O’_\l\ T 3equiv THF,-78°C,1h HOOC  +1MS COOH
(S,,S)-2a

. ‘s

(2S,3S)-1ao (2S,3R)-3a
98% ee 81%, 99% ee

98/2 by crude NMR
The reaction of FeCl;6H,0 (13.0 mg, 0.05 mmol), (2S,3S)-1a (180.3 mg, 1 mmol,
98% ee), THF (5 mL), MeMgCl (1 mL, 3 M in THF, 3 mmol) afforded (2S,3R)-3a
(159.1 mg, 81%) (eluent: petroleum ether: ethyl acetate =5 : 1 - 2 : 1): Solid: m.p.
66.5-67.9 °C (hexane/ethyl acetate); [0]*’p = -16.6 (¢ = 1.15, CHCls); '"H NMR (300
MHz, CDCIl;) 6 11.28 (brs, 1 H, COOH), 2.84 (pentet, J = 7.3 Hz, 1 H, CH), 2.42

S11



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014

(pentet, J=7.4 Hz, 1 H, CH), 1.32 (d, J =6.9 Hz, 3 H, CH3), 1.22 (d, J =6.9 Hz, 3 H,
CHs), 0.15 (s, 9 H, 3 x CH3); *C NMR (CDCls;, 75 MHz) & 181.7, 108.0, 86.6, 45.1,
30.0, 19.4, 14.8, 0.7; IR (neat, cm'l) 2976, 2938, 2899, 2168, 1711, 1459, 1427, 1373,
1294, 1268, 1245, 1212, 1088; MS (EI) m/z (%) 198 (M*,0.17), 75 (100); Elemental
analysis calcd for C,oH;30,Si: C, 60.56, H, 9.15, found: C, 60.53, H, 8.98. 3a/2a =

98/2 determined by 'H NMR analysis of the crude reaction mixture before separation.

(2S,3R)-Benzyl 2,3-dimethyl-5-(trimethylsilyl)pent-4-ynoate (2S,3R)-4a (zxb-11-70)

~
~

S 1.5 equiv BnBr TMS—
TMS—= 3 equiv NaHCO; o
e > BnOOC
HOOC DMF, rt, 13 h (2S,3R)-4a
(2S,3R)-3a 85%, 99% ee
99% ee

Typical Procedure 2: To a solution of (2S,3R)-3a (29.5 mg, 0.15 mmol) and
BnBr (38.6 mg, 0.23 mmol) in DMF (2 mL) were added NaHCO; (38.8 mg, 0.46
mmol). The resulting mixture was stirred at room temperature until complete
conversion of (2S,3R)-3a as monitored by TLC. The reaction mixture was then
quenched with water (5 mL), extracted with Et,0O (25 mL), washed with brine, and
dried over anhydrous Na;SO,. After filtration and evaporation, flash chromatography
on silica gel (eluent: petroleum ether/diethyl ether = 80/1) afforded (2S,3R)-4a (36.5
mg, 85%, 99% ee: HPLC conditions: OJ-H column, rate = 0.22 mL/min, eluent:
hexane/i-PrOH = 100:0, A = 214 nm, tg 33.6 min (minor), 36.0 min (major)): Liquid;
[a]*’p = -13.1 (c = 1.28, CHCl3); '"H NMR (300 MHz, CDCls) & 7.40-7.31 (m, 5 H,
ArH), 5.16 (d, J = 12.6 Hz, 1 H, one proton of CH,), 5.11 (d, J = 12.3 Hz, 1 H, one
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proton of CHy»), 2.85 (pentet, J = 7.3 Hz, 1 H, CH), 2.45 (pentet, J = 7.4 Hz, 1 H, CH),
1.30 (d, J=7.2 Hz, 3 H, CH3), 1.15 (d, J = 6.6 Hz, 3 H, CH3), 0.13 (s, 9 H, 3 < CHs);
*C NMR (CDCl;, 75 MHz) & 174.7, 136.0, 128.5, 128.1, 128.0, 108.4, 86.3, 66.2,
45.2,30.3,19.3, 14.9, 0 .07; IR (neat, cm™) 2960, 2937, 2169, 1737, 1498, 1456, 1381,
1346, 1250, 1161, 1086, 1028; MS (EI) m/z (%) 288 (M", 1.32), 91 (100); HRMS

calcd for Cy17H40,Si1 (M+): 288.1546, found: 288.1549.

(13) (2S,3R)-2-Methyl-3-phenyl-5-(trimethylsilyl)pent-4-ynoic acid (2S,3R)-3d

(zxb-10-111)

T™S
\\ __ Ppn
“ " phmgel 3 mol% FeCly6H,0 TMS— ;
o’;k * 3equiv THF,-78°C,1h Hool  +TMS >’COOH
(25,3518 (2S.3R)-3d (SaS)-2d
98% ee 77%, 98% ee

95/5 by crude NMR

The reaction of FeCl;6H,0 (13.5 mg, 0.05 mmol), (2S,3S)-1a (181.2 mg, 1 mmol,
98% ee), THF (5 mL), PhMgCl (1.5 mL, 2 M in THF, 3 mmol) afforded (2S,3R)-3d
(200.6 mg, 77%) (eluent: petroleum ether: ethyl acetate: dichloromethane =20 : 1 : 1
-10:1:1-2:1":0): Liquid; [a]*’> = +12.8 (c = 1.20, CHCl;); '"H NMR (300 MHz,
CDCls) 6 10.83 (brs, 1 H, COOH), 7.44-7.20 (m, 5 H, ArH), 4.20 (d,J=7.2 Hz, 1 H,
CH), 2.79 (pentet, J = 6.9 Hz, 1 H, CH), 1.28 (d, J = 6.9 Hz, 3 H, CH3), 0.20 (s, 9 H, 3
x CH3); ?C NMR (CDCl;, 75 MHz) & 180.6, 139.0, 128.5, 127.9, 127.2, 104.4, 89.8,
46.6, 41.4, 13.3, 0.001; IR (neat, cm™) 3031, 2960, 2174, 1713, 1603, 1495, 1455,

1414, 1250; MS (EI) m/z (%) 260 (M, 2.99), 159 (100); HRMS calcd for CsHaO5Si
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(M"): 260.1233, found: 260.1230. 3d/2d = 95/5 determined by 'H NMR analysis of

the crude reaction mixture before separation.

(2S,3R)-Benzyl 2,3-dimethyl-5-(trimethylsilyl)pent-4-ynoate (2S,3R)-4d (zxb-10-115)

Ph
P 3equivBnOH TMS—=
TMS— 1.1 equiv DCC

- BnOOC
(g;),/3R)—3d DCM, rt, 11 h 71%, 98% ee
o ee

Typical Procedure 3: To a solution of (2S,3R)-3d (34.1 mg, 0.13 mmol) and BnOH
(41.2 mg, 0.40 mmol) in DCM (2 mL) were added DMAP (2.0 mg, 0.02 mmol) and
DCC (30.5 mg, 0.15 mmol). The resulting mixture was stirred at room temperature
until complete conversion of (25,3R)-3d as monitored by TLC. The reaction mixture
was then quenched with water (5 mL), extracted with Et;O (25 mL), washed with HCI
(5%), NaHCOj; (aq), brine, and dried over anhydrous Na,SOs. After filtration and
evaporation, flash chromatography on silica gel (eluent: petroleum ether/diethyl ether
= 100/1) afforded (2S,3R)-4d (34.2 mg, 71%, 98% ce: HPLC conditions: OJ-H
column, rate = 0.5 mL/min, eluent: hexane/i-PrOH = 199/1, A = 215 nm, tg 11.0 min
(minor), 12.5 min (major)): Liquid; [a]*’p = +6.9 (c = 1.71, CHCLs); "H NMR (300
MHz, CDCl;) 6 7.40-7.23 (m, 8 H, ArH), 7.23-7.15 (m, 2 H), 5.04 (d, J = 12.3 Hz, 1
H, one proton of CH3), 4.98 (d, J=12.3 Hz, 1 H, one proton of CH,), 4.14 (d, J =7.8
Hz, 1 H, CH), 2.82 (pentet, J = 7.3 Hz, 1 H, CH), 1.32 (d, J=6.9 Hz, 3 H, CH3), 0.19
(s, 9 H, 3 x CH3); >C NMR (CDCls, 75 MHz) & 173.9, 139.3, 135.8, 128.4, 128.04,
127.96, 127.1, 105.0, 89.4, 66.3, 47.0, 41.9, 14.2, 0.03; IR (neat, cm™") 3064, 3032,
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2959, 2898, 2173, 1738, 1602, 1495, 1455, 1381, 1344, 1308, 1250, 1162, 1121, 1067,
1029; MS (EI) m/z (%) 350 (M, 1.01), 259 (100), 73 (100), 91 (100); HRMS calcd

for C,H»60,S1 (M+): 350.1702, found: 350.1699.

(14) (2S,3R)-3-(4-Methoxyphenyl)-2-methyl-5-(trimethylsilyl)pent-4-ynoic acid

(2S,3R)-3g (zxb-10-172)

TMS\
\ _
\o,, > 5 mol% FeCly6H,0 TMS——

- YR

=~ PMPMgBr /I>
(,)t\k t 3 equiv.  THF, -78°C, 2 h HOOC +TMS COOCH

(25.35)-18 (25,3R)-3g (SaS)-29
980,A: ee 72%, 97% ee
95/5 by crude NMR

PMP oy

The reaction of FeCl;6H,0 (13.7 mg, 0.05 mmol), (2S,3S)-1a (181.2 mg, 1 mmol,
98% ee), THF (5 mL), 4-methoxymagnisum bromide (6 mL, 0.5 M in THF, 3 mmol)
afforded (2S,3R)-3g (206.7 mg, 72%) (eluent: petroleum ether: ethyl acetate = 10 : 1 -
5:1-2:1):Solid: m.p. 83.3-83.7 °C (hexane/ethyl acetate); [a]*p =+22.9 (c=1.97,
CHCl;); "H NMR (300 MHz, CDCls) 8 9.65 (brs, 1 H, COOH), 7.28 (d, J = 8.7 Hz, 2
H, ArH), 6.86 (d, J = 8.4 Hz, 2 H, ArH), 4.11 (d, J = 7.2 Hz, 1 H, CH), 3.80 (s, 3 H,
CHs), 2.74 (pentet, J = 6.9 Hz, 1 H, CH), 1.27 (d, J = 6.9 Hz, 3 H, CH3), 0.18 (s, 9 H,
3 x CHs); C NMR (CDCls, 75 MHz) & 180.5, 158.7, 131.1, 128.9, 113.8, 104.8,
89.5, 55.2, 46.7, 40.6, 13.5, 0.0; IR (neat, cm™) 2959, 2173, 1712, 1612, 1512, 1462,
1413, 1303, 1250, 1177, 1108, 1036; MS (EI) m/z (%) 290 (M", 30.0), 217 (100);
Elemental analysis caled for C;sH2,03Si: C, 66.17, H, 7.64, found: C, 66.21, H, 7.68.
3g/2g = 95/5 determined by 'H NMR analysis of the crude reaction mixture before

separation.
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(2S,3R)-Benzyl 3-(4-methoxyphenyl)-2-methyl-5-(trimethylsilyl)pent-4-ynoate

(25,3R)-4g (zxb-10-196)

PMP
_ PMP 3 equivBnOH TMS—=—
TMS— 1.1 equiv DCC e
CERNN} > B OOC
(2S3R)-3g  DCM.tt, 4 h 65%, 97% ee
97% ee

Following the Typical Procedure 3. The reaction of (2S,3R)-3g (58.1 mg, 0.20
mmol), BnOH (65.7 mg, 0.61 mmol), DCM (3 mL), DMAP (2.7 mg, 0.02 mmol), and
DCC (47.2 mg, 0.23 mmol) afforded (2S,3R)-4g (49.8 mg, 65%, 97% ee: HPLC
conditions: OJ-H column, rate = 0.4 mL/min, eluent: hexane/i-PrOH = 99/1, A = 254
nm, tg 29.1 min (minor), 33.6 min (major)): Liquid; [a]*’p = +12.0 (c = 1.44, CHCl3);
'H NMR (300 MHz, CDCl3) & 7.37-7.27 (m, 3 H, ArH), 7.27-7.20 (m, 2 H, ArH),
7.20-7.12 (m, 2 H, ArH), 6.80 (d, J = 8.7 Hz, 2 H, ArH), 5.03 (d, J =12.3 Hz, 1 H,
one proton of CHy), 4.95 (d, J =12.3 Hz, 1 H, one proton of CH;), 4.03 (d, J = 8.1 Hz,
1 H, CH), 3.78 (s, 3 H, CH3), 2.77 (pentet, J= 7.2 Hz, 1 H, CH), 1.30 (d, J =6.9 Hz, 3
H, CHs), 0.16 (s, 9 H, 3 x CH3); °C NMR (CDCls;, 75 MHz) & 174.0, 158.6, 135.8,
131.3, 129.0, 128.4, 128.0, 127.9, 113.8, 105.4, 89.0, 66.2, 55.2, 47.2,41.2, 14.4, 0.04;
IR (neat, cm™) 3034, 2957, 2836, 2172, 1737, 1611, 1511, 1456, 1380, 1343, 1303,
1250, 1177, 1035; MS (EI) m/z (%) 380 (M", 5.0), 289 (100), 217 (100), 91 (100);

HRMS calcd for Ca3H,503Si (M"): 380.1808, found: 380.1806.

(15) (2R,3S)-2-Allyl-3-methyl-5-(trimethylsilyl)pent-4-ynoic acid (2R,3S)-3j
(zxb-11-44)
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T™S YV
\ TMS—— — \=-:¥
5 mol% FeCl36H,0 3 COOH

T™S A
CH3MgCl - 3
o' 3equiv THF,-78°C,1h HOOC  + /‘
(2R,3R)-19 (2R,35)-3j (R,,R)-2j
99% ee 81%, 98% ee

99/1 by crude NMR

The reaction of FeCl;6H,O (13.7 mg, 0.05 mmol), (2R,3R)-1d (208.3 mg, 1
mmol, 99% ee), THF (5 mL), MeMgCl (1 mL, 3 M in THF, 3 mmol) afforded
(2R,35)-3j (182.4 mg, 81%) (eluent: petroleum ether: ethyl acetate: dichloromethane
=20:1:1-10:1:1-2:1":0): Liquid; [0]*’> = +21.8 (c = 1.25, CHCl5); '"H NMR
(300 MHz, CDCl3) 6 10.49 (brs, 1 H, COOH), 5.90-5.70 (m, 1 H, CH=), 5.20-5.00 (m,
2 H, CHy=), 2.75 (pentet, J= 7.3 Hz, 1 H, CH), 2.68-2.55 (m, 1 H, CH), 2.52-2.36 (m,
2 H, CHy), 1.22 (t, J = 7.2 Hz, 3 H, CH3), 0.15 (s, 9 H, 3 x CH3); *C NMR (CDCl;,
75 MHz) & 180.1, 134.6, 117.3, 108.0, 87.0, 51.1, 35.1, 29.0, 19.3, 0.1; IR (neat, cm™")
3081, 2961, 2168, 1712, 1643, 1442, 1413, 1281, 1251, 1209; MS (EI) m/z (%) 224
(M", 1.0), 99 (100), 75 (100); HRMS calcd for C;,Hy00,Si (M"): 224.1233, found:
224.1236. 3j/2j = 99/1 determined by '"H NMR analysis of the crude reaction mixture

before separation.

(2R,3S)-Benzyl 2-allyl-3-methyl-5-(trimethylsilyl)pent-4-ynoate (2R,3S)-4j

(zxb-11-108)

1.5 equiv BnBr ™S

3 equiv NaHCO;
~ BnOOC
HOOC DMF, 30 °C, 11 h Y/
(2R,35)-3j % (2R 3514]
98% oo ) 92%, 98% ee
(o)

Following the Typical Procedure 2. The reaction of (2R,3S)-3]J (45.2 mg, 0.20
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mmol), BnBr (36 pL, d = 1.43 mg/mL, 51.5 mg, 0.30 mmol), DMF (2 mL), and
NaHCO; (51.0 mg, 0.61 mmol) afforded (2R,3S)-4j (58.6 mg, 92%, 98% ece: HPLC
conditions: OJ-H column, rate = 0.15 mL/min, eluent: hexane/i-PrOH = 100:0, A =
214 nm, tg 51.7 min (major), tg 55.8 min (minor)): Liquid; [a]*p = -0.4 (c = 1.55,
CHCl); 'H NMR (300 MHz, CDCls) & 7.40-7.30 (m, 5 H, ArH), 5.82-5.68 (m, 1 H,
CH=), 5.11 (s, 2 H, CH,), 5.09-4.95 (m, 2 H, CHy,=), 2.83-2.71 (m, 1 H, CH),
2.64-2.56 (m, 1 H, CH), 2.53-2.36 (m, 2 H, CH»), 1.15 (d, J=6.9 Hz, 3 H, CH3), 0.14
(s, 9 H, 3 x CH3); >C NMR (CDCls, 75 MHz) & 173.6, 135.8, 134.9, 128.5, 128.25,
128.19, 117.0, 108.4, 86.7, 66.2, 51.2, 35.4,29.3, 19.3, 0.1; IR (neat, cm™) 3063, 3034,
2959, 2166, 1735, 1642, 1498, 1456, 1381, 1352, 1250, 1161; MS (EI) m/z (%) 314
(M", 0.98), 105 (100), 91 (100), 73 (100); HRMS caled for CoH,60,Si (M"):

314.1702, found: 314.1692.

(16) (2S,3R)-3-Methyl-2-propyl-5-(trimethylsilyl)pent-4-ynoic acid (2S,3R)-3l

(zxb-11-102)

T™MS N
\\’/ \C3H7'n TMS—= \ //”,
. ° 5 mol% FeC|36H20 B '03H7'n
+ CHsMaCl ~  HoOC ™S COOH
@) 5 3equiv THF,-78°C,1h * n-CsH-
(2S,39)-1f (2S,3R)-3l (S..,9)-2l
97% ee 74%, 97% ee

98/2 by crude NMR
The reaction of FeCl;6H,0 (13.8 mg, 0.05 mmol), (2S,3S)-1f (208.3 mg, 1 mmol,
97% ee), THF (5 mL), MeMgCl (1 mL, 3 M in THF, 3 mmol) afforded (2S,3R)-3I
(164.8 mg, 74%) (eluent: petroleum ether: ethyl acetate: dichloromethane =20 : 1 : 1

-10:1:1-2:1":0): Liquid; [a]*’p = -22.6 (c = 1.83, CHCl5); '"H NMR (300 MHz,
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CDCls) 6 10.02 (brs, 1 H, COOH), 2.80-2.66 (m, 1 H, CH), 2.33 (td, J = 9.9 and 3.6
Hz, 1 H, CH), 1.88-1.60 (m, 2 H, CH,), 1.50-1.15 (m, 5 H, CH, + CHj3), 0.93 (t, J =
7.2 Hz, 3 H, CH3), 0.14 (s, 9 H, 3 x CH3); *C NMR (CDCl;, 75 MHz) & 181.3, 108.5,
86.5, 51.1, 33.0, 29.5, 20.4, 19.4, 13.9, 0.1; IR (neat, cm™") 2960, 2875, 2170, 1709,
1466, 1420, 1380, 1281, 1250, 1209, 1156, 1101; MS (EI) m/z (%) 227 (M+1)",
12.58), 226 (M", 1.64), 183 (100), 75 (100), 73 (100); HRMS calcd for Ci,H,,0,Si
(M"): 226.1389, found: 226.1386. 31/2] = 98/2 determined by 'H NMR analysis of the

crude reaction mixture before separation.

(2S,3R)-Benzyl 3-methyl-2-propyl-5-(trimethylsilyl)pent-4-ynoate (2S,3R)-4l

(zxb-11-105)

S 1.5 equiv BnBr TMS—
TMS— o, 3 eauIvNaHCOs +1C3H7-n
CghR7-n o > BnOOC
HOOC DMF, 30°C, 16 h (2S,3R)-4I

527332—3 94%, 97% ee
(o)

Following the Typical Procedure 2. The reaction of (2S,3R)-3l (45.6 mg, 0.20
mmol), BnBr (36 pL, d = 1.43 mg/mL, 51.5 mg, 0.30 mmol), DMF (2 mL), and
NaHCO; (51.3 mg, 0.61 mmol) afforded (2S,3R)-4l (60.2 mg, 94%, 97% ece: HPLC
conditions: OJ-H column, rate = 0.20 mL/min, eluent: hexane/i-PrOH = 100:0, A =
254 nm, tg 33.0 min (minor), 35.6 min (major)): Liquid, [a]*p = -4.7 (c = 2.02,
CHCl); '"H NMR (300 MHz, CDCls) & 7.42-7.27 (m, 5 H, ArH), 5.13 (s, 2 H, CH)),
2.82-2.66 (m, 1 H, CH), 2.39 (td, J = 9.9 and 3.8 Hz, 1 H, CH), 1.87-1.60 (m, 2 H,
CH,), 1.40-1.18 (m, 2 H, CHy), 1.13 (d, J = 6.9 Hz, 3 H, CH3), 0.90 (t,J=7.4 Hz, 3 H,
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CHs), 0.14 (s, 9 H, 3 x CHs); >C NMR (CDCls, 75 MHz) & 174.5, 135.9, 128.5,
128.1, 108.9, 86.2, 66.1, 51.2, 33.3, 29.8, 20.4, 19.4, 13.9, 0.1; IR (neat, cm™) 3034,
2959, 2874, 2168, 1735, 1498, 1456, 1381, 1353, 1250, 1212, 1158, 1099; MS (EI)
m/z (%) 316 (M", 4.37), 91 (100), 73 (100); HRMS calcd for C;oH»30,Si (M"):

316.1859, found: 316.1872.

(17) (2R,3S)-3-Methyl-2-propyl-5-(trimethylsilyl)pent-4-ynoic acid (2R,3S)-3lI

(zxb-11-103)

N\ T™MS—
N CsHrn 5 molo% FeCly 6H,0 CaHy-n \:':\;
+ CHsMgCl - HOOC + TMS -—COOH

TMS

@) 3equiv THF,-78°C,1h n-CaH
(2R,3R)-1 to (2R,39)-3I (R,,R)-2l
99% ee 73%, >99% ee

97/3 by crude NMR

The reaction of FeCl3;6H,0 (13.7 mg, 0.05 mmol), (2R,3R)-1f (209.1 mg, 1 mmol,
99% ee), THF (5 mL), MeMgCl (1 mL, 3 M in THF, 3 mmol) afforded (2R,3S)-3lI
(164.9 mg, 73%) (eluent: petroleum ether: ethyl acetate: dichloromethane =20 : 1 : 1
-10:1:1-2:1":0): Liquid; [a]*’> = +23.0 (c = 1.70, CHCl;); '"H NMR (300 MHz,
CDCls) 6 10.10 (brs, 1 H, COOH), 2.80-2.66 (m, 1 H, CH), 2.33 (td, J=9.8 and 3.6
Hz, 1 H, CH), 1.88-1.60 (m, 2 H, CH,), 1.50-1.15 (m, 5 H, CH, + CH3), 0.93 (t, J =
7.2 Hz, 3 H, CH3), 0.14 (s, 9 H, 3 x CH3); *C NMR (CDCl;, 75 MHz) & 181.3, 108.5,
86.5, 51.1, 33.0, 29.5, 20.4, 19.4, 13.9, 0.1; IR (neat, cm™) 2960, 2875, 2170, 1708,
1466, 1420, 1281, 1250, 1209, 1101; MS (EI) m/z (%) 227 (M+1)", 12.86), 226 (M",
1.44), 183 (100), 73 (100); HRMS caled for C;pH»0,Si (M"): 226.1389, found:

226.1398. 31/21 = 97/3 determined by "H NMR analysis of the crude reaction mixture
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before separation.

(2R,3S)-Benzyl 3-methyl-2-propyl-5-(trimethylsilyl)pent-4-ynoate (2R,3S)-4l

(zxb-11-106)

1.5 equiv BnBr

™S —— ' TMS—
Cabtn 3 equiv NaHCO3 . CaHon
HOOC DMF, 30°C, 16 h BnOOC
(2R,3S)-3I (2R,3S)-4l
> 99% ee 94%, > 99% ee

Following the Typical Procedure 2. The reaction of (2R,3S)-3l (45.4 mg, 0.20
mmol), BnBr (36 pL, d = 1.43 mg/mL, 51.5 mg, 0.30 mmol), DMF (2 mL), and
NaHCO; (51.0 mg, 0.61 mmol) afforded (2R,3S)-41 (60.2 mg, 94%, > 99% ee: HPLC
conditions: OJ-H column, rate = 0.20 mL/min, eluent: hexane/i-PrOH = 100:0, A =
254 nm, tg 31.5 min (major)): Liquid; [0]*’p = +4.6 (¢ = 1.70, CHCl;); '"H NMR (300
MHz, CDCls) 6 7.42-7.28 (m, 5 H, ArH), 5.13 (s, 2 H, CH,), 2.80-2.67 (m, 1 H, CH),
2.39 (td, J =9.9 and 4.0 Hz, 1 H, CH), 1.87-1.60 (m, 2 H, CH,), 1.40-1.20 (m, 2 H,
CH,), 1.13 (d, J = 6.6 Hz, 3 H, CH3), 0.90 (t, J = 7.2 Hz, 3 H, CH3), 0.14 (s, 9 H, 3 %
CH3); C NMR (CDCls, 75 MHz) & 174.5, 135.9, 128.5, 128.15, 128.13, 108.9, 86.2,
66.1, 51.2, 33.3, 29.8, 20.4, 19.4, 13.9, 0.1; IR (neat, cm™) 3034, 2959, 2874, 2168,
1735, 1498, 1456, 1381, 1353, 1250, 1212, 1158, 1099; MS (EI) m/z (%) 316 (M",
4.19), 91 (100), 73 (100); HRMS caled for C;oH»30,Si (M"): 316.1859, found:

316.1866.

(18) (2S,3R)-5-(t-butyldimethylsilyl)-2,3-dimethylpent-4-ynoic acid (2S,3R)-3m

(zxb-11-114)
s21
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TBS )
o o . TBS—=— B2
=" CHaMgCl 5 mol% FeClj 6H2£) —>..... oon
o’t\k 3equiv THF,-78°C,1h HooC 4 TBS
(2S,3S)- 1g (2S,3R)-3m (Sa:S)-2m
>99% ee 94%, 99% ee

98/2 by crude NMR

The reaction of FeCl;6H,O (54.6 mg, 0.20 mmol), (2S,35)-1g (893.4 mg, 4
mmol, > 99% ee), THF (20 mL), MeMgCl (4 mL, 3 M in THF, 12 mmol) afforded
(2S,3R)-3m (896.7 mg, 94%) (eluent: petroleum ether: ethyl acetate: dichloromethane
=20:1:1-10:1:1-2:1:0): Solid: m.p. 58.2-58.8 °C (hexane/ethyl acetate);
[a]*p = -16.4 (c = 1.77, CHCl3); '"H NMR (300 MHz, CDCls) & 11.31 (brs, 1 H,
COOH), 2.87 (pentet, J = 7.1 Hz, 1 H, CH), 2.42 (pentet, J = 7.2 Hz, 1 H, CH), 1.31
(d, J=6.9 Hz, 3 H, CH3), 1.22 (d, J=6.6 Hz, 3 H, CH3), 0.91 (s, 9 H, 3 x CH3 ), 0.07
(s, 6 H, 2 x CH3); >C NMR (CDCls, 75 MHz) § 181.6, 108.4, 84.6, 45.1, 30.1, 26.0,
19.5,16.5, 14.5, -4.5; IR (neat, cm™") 2957, 2935, 2877, 2170, 1710, 1462, 1414, 1338,
1250, 1141, 1091, 1052, 1008; MS (EI) m/z (%) 241 (M+1)", 19.81), 240 (M",0.27),
183 ((M—C4H9)+, 79.47), 75 (100); Elemental analysis calcd for C;3H240,Si: C, 64.95,
H, 10.06, found: C, 65.19, H, 9.88. 3m/2m = 98/2 determined by "H NMR analysis of

the crude reaction mixture before separation.

(2S,3R)-benzyl 5-(tert-butyldimethylsilyl)-2,3-dimethylpent-4-ynoate (2S,3R)-4m

(zxb-11-116)

’
‘7

s 1.5 equiv BnBr TBS
TBS—= 3 equiv NaHCO3; )
HOOC DMF, rt, 16 h BnOOC
(2S,3R)-3m (2S,3R)-4m

99% ee 96%, 99% ee

S22



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014

Following the Typical Procedure 2. The reaction of (2S,3R)-3m (717.6 mg, 2.99
mmol), BnBr (540 pL, d = 1.43 mg/mL, 772.2 mg, 4.5 mmol), DMF (30 mL), and
NaHCO; (764.4 mg, 8.99 mmol) afforded (2S,3R)-4m (950.7 mg, 96%, 99% ee:
HPLC conditions: OJ-H column, rate = 0.15 mL/min, eluent: hexane/i-PrOH = 100:0,
A =214 nm, tg 45.8 min (minor), 48.6 min (major)): Liquid; [a]*p = -15.0 (c = 1.93,
CHCls); '"H NMR (300 MHz, CDCls) & 7.42-7.28 (m, 5 H, ArH), 5.16 (d, J = 12.6 Hz,
1 H, one proton of CHy), 5.11 (d, J=12.3 Hz, 1 H, one proton of CH,), 2.89 (pentet, J
=7.1 Hz, 1 H, CH), 2.46 (pentet, J=7.2 Hz, 1 H, CH), 1.32 (d, J=7.2 Hz, 3 H, CH3),
1.17 (d, J = 6.9 Hz, 3 H, CH3), 0.92 (s, 9 H, 3 x CH3), 0.08 (s, 6 H, 2 x CH;); "°C
NMR (CDCl;, 75 MHz) 8 174.7, 135.9, 128.5, 128.1, 128.0, 108.8, 84.4, 66.2, 45.2,
30.3, 26.0, 19.5, 16.5, 14.8, -4.5; IR (neat, cm™") 3034, 2954, 2931, 2884, 2856, 2169,
1738, 1498, 1457, 1382, 1346, 1256, 1161, 1087, 1057, 1028, 1008; MS (EI) m/z (%)
331 (M+1)", 20.52), 330 (M, 1.95), 91 (100); HRMS caled for Cy0H300,Si (M"):

330.2015, found: 330.2016.

(19) (2R,35)-5-(t-butyldimethylsilyl)-2,3-dimethylpent-4-ynoic acid (2R,3S)-3m

(zxb-11-113)

TBS
N\ _
N 5 mol% FeCly6H,0 TBS—— \:':L
.\ CH3MgClI - S COOH
o 3equiv THF,-78°C,1h HooC 4+ 1BS
O (2R,3S)-3m R,,R)-2m

(2R,03R)-19 94%, 98% ee (RaR)

> 99% ee 99/1 by crude NMR

The reaction of FeCly6H,O (54.8 mg, 0.20 mmol), (2R,3R)-1g (897.6 mg, 4
mmol, > 99% ee), THF (20 mL), MeMgCl (4 mL, 3 M in THF, 12 mmol) afforded
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(2R,3S)-3m (901.5 mg, 94%) (eluent: petroleum ether: ethyl acetate: dichloromethane
=20:1:1-10:1:1-2:1:0): Solid: m.p. 58.1-58.8 °C (hexane/ethyl acetate);
[a]*’p = +16.6 (c = 1.71, CHCls); '"H NMR (300 MHz, CDCl3) & 11.00 (brs, 1 H,
COOH), 2.87 (pentet, J = 6.8 Hz, 1 H, CH), 2.43 (pentet, J = 6.7 Hz, 1 H, CH), 1.32
(d,J=6.9 Hz, 3 H, CH3), 1.22 (d, J= 6.9 Hz, 3 H, CH3), 0.91 (s, 9 H, 3 x CHs), 0.07
(s, 6 H, 2 x CH3); >C NMR (CDCls, 75 MHz) § 181.5, 108.5, 84.7, 45.1, 30.1, 26.0,
19.5,16.5, 14.5, -4.5; IR (neat, cm™") 2957, 2935, 2877, 2170, 1710, 1461, 1414, 1337,
1249, 1141, 1091, 1051; MS (EI) m/z (%) 241 (M+1)", 10.34), 75 (100); Elemental
analysis calcd for C3H240,Si: C, 64.95, H, 10.06, found: C, 65.17, H, 9.90. 3m/2m =

99/1 determined by 'H NMR analysis of the crude reaction mixture before separation.

(2R,3S)-benzyl 5-(tert-butyldimethylsilyl)-2,3-dimethylpent-4-ynoate (2R,3S)-4m

(zxb-11-115)

1.5 equiv BnBr

TBS— 3 equiv NaHCO; TBS—=
HOOC DMF, 30 °C, 16 h BnOOC
(2R,3S)-3m (2R,3S)-4m
98% ee 98%, 98% ee

Following the Typical Procedure 2. The reaction of (2R,3S)-3m (719.3 mg, 3.0
mmol), BnBr (540 pL, d = 1.43 mg/mL, 772.2 mg, 4.5 mmol), DMF (30 mL), and
NaHCO; (765.1 mg, 9.0 mmol) afforded (2R,3S)-4m (965.2 mg, 98%, 98% ee: HPLC
conditions: OJ-H column, rate = 0.15 mL/min, eluent: hexane/i-PrOH = 100:0, A =
214 nm, tg 43.4 min (major), 48.7 min (minor)): Liquid; [a]*p = +15.5 (c = 1.77,
CHCls); '"H NMR (300 MHz, CDCls) & 7.42-7.30 (m, 5 H, ArH), 5.14 (d, J = 12.6 Hz,

1 H, one proton of CHy), 5.10 (d, J=12.6 Hz, 1 H, one proton of CH,), 2.89 (pentet, J
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=7.1 Hz, 1 H, CH), 2.46 (pentet, J=7.2 Hz, 1 H, CH), 1.32 (d, J=7.2 Hz, 3 H, CH3),
1.17 (d, J = 6.9 Hz, 3 H, CH3), 0.92 (s, 9 H, 3 x CHj3), 0.08 (s, 6 H, 2 x CH;); "°C
NMR (CDCls, 75 MHz) & 174.7, 135.9, 128.5, 128.2, 128.1, 108.8, 84.4, 66.3, 45.2,
30.3, 26.0, 19.5, 16.5, 14.8, -4.5; IR (neat, cm™") 3034, 2953, 2930, 2884, 2856, 2169,
1738, 1498, 1457, 1382, 1346, 1256, 1161, 1087, 1057, 1028, 1008; MS (EI) m/z (%)
331 (M+1)", 21.43), 330 (M", 1.00), 91 (100); HRMS calcd for CaoH300,Si (M"):

330.2015, found: 330.2010.

The following compounds 3 was prepared according to Typical Procedure 4

(1) 3-Butyl-5-(trimethylsilyl)pent-4-ynoic acid 3n (zxb-11-89)

TMS
-C4H
N\ __ ™Mo ncH
n-C,HMgClI 5 mol% Fe(acac); TMS—== 479
+ . -
in THF 1 equiv Nal +
© o 3-5equiv q HOOC TMS

0.3 equiv H,0 3n 71% H(;OC
n

94/6 by crude NMR

1b
Et,0, -78 °C, 1 h

Typical procedure 4: To a mixture of Fe(acac); (17.3 mg, 0.05 mmol), Nal
(151.3 mg, 1.01 mmol), HO (5.4 uL., d =1 g/mL, 5.4 ug, 0.30 mmol), 1b (166.8 mg,
0.99 mmol) in Et,O (5§ mL) was added dropwise a solution of C4HoMgCl (1.75 mL, 2
M in THF, 3.5 mmol) at -78 °C within 3 min under N, atmosphere. After being stirred
at -78 ° C for 1 h, the mixture was quenched with EtOH (0.5 mL), and then acidified
with 5% HCI (aq) to pH = 1. The resulting mixture was extracted with ether (15 mL X
3), washed with brine, dried over Na,SOy, filtrated, and concentrated. The residue was
purified by flash chromatography on silica gel (eluent: petroleum ether: ethyl acetate:
dichloromethane =20 : 1 : 1 -10:1:1-2: 1: 0) afforded 3n (159.8 mg, 71%):
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Liquid; '"H NMR (300 MHz, CDCls) & 10.23 (brs, 1 H, COOH), 2.92-2.78 (m, 1 H,
CH), 2.57 (dd, J = 15.6 and 7.2 Hz, 1 H, one proton of CH;), 2.46 (dd, J = 15.6 and
7.4 Hz, 1 H, one proton of CH,), 1.60-1.20 (m, 6 H, 3 x CH3), 0.91 (t,J="7.1 Hz, 3 H,
CHs), 0.14 (s, 9 H, 3 x CH3); °C NMR (CDCl;, 75 MHz) & 178.0, 108.2, 86.2, 39.9,
34.0,29.2, 28.9, 22.3, 14.0, 0.1; IR (neat, cm™) 2959, 2933, 2862, 2171, 1714, 1411,
1344, 1289, 1280, 1250, 1173; MS (EI) m/z (%) 226 (M", 1.0), 75 (100), 73 (100);
HRMS caled for C;osH»0,Si (M"): 226.1389, found: 226.1385. 3n/2n = 94/6

determined by 'H NMR analysis of the crude reaction mixture before separation.

(2) 3-Pentyl-5-(trimethylsilyl)pent-4-ynoic acid 30 (zxb-11-99)

TMS
AN . _ nCsHy1n-CsHyy
n-CsHq,MgCl 5 mol% Fe(acac); IMS — .
o—* inTHF 1 equiv Nal ™S
o) 3.5 equiv 0.3 equiv H20 3 HOOOC HOOC
1b 0 69% 20

Et0,-78°C, 1h 94/6 by crude NMR

The reaction of Fe(acac)s; (17.5 mg, 0.05 mmol), Nal (151.0 mg, 1.00 mmol),
H,O (5.4 uL, d =1 g/mL, 5.4 ug, 0.30 mmol), 1b (168.0 mg, 1.00 mmol), Et,O (5
mL), and n-CsH;;MgCl (1.75 mL, 2 M in THF, 3.5 mmol) afforded 30 (166.1 mg,
69%): Liquid; "H NMR (300 MHz, CDCls) & 10.78 (b s, 1 H, COOH), 2.92-2.78 (m,
1 H, CH), 2.57 (dd, J = 15.6 and 7.2 Hz, 1 H, one proton of CH3), 2.46 (dd, J = 15.6
and 7.4 Hz, 1 H, one proton of CH,), 1.58-1.20 (m, 8 H, 4 x CH>), 0.88 (t, J = 6.6 Hz,
3 H, CHs), 0.12 (s, 9 H, 3 x CH3); >C NMR (CDCls, 75 MHz) & 178.1, 108.2, 86.1,
39.9, 34.3, 31.4, 28.9, 26.6, 22.5, 14.0, 0.1; IR (neat, cm™) 2959, 2931, 2860, 2171,

1714, 1411, 1284, 1250, 1170; MS (EI) m/z (%) 240 (M, 1.18), 75 (100); HRMS
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calcd for C3Hp40,S1 (M+): 240.1546, found: 240.1549. 30/20 = 94/6 determined by
'"H NMR analysis of the crude reaction mixture before separation.

(3) (5)-3-Butyl-5-(trimethylsilyl)pent-4-ynoic acid (S)-3n (zxb-12-37)

T™S
N __ CHe pcyH,
n-C4HgMgCI 5 mol% Fe(acac)s IMS —
in THFE 1 equiv Nal -
i HOOC +
(R)-1b o 35equiv g4 equiv H,0 Hoo HOOC
98% ee ELO,-78°C,1h  68%, 98% ee (Ra)-2n

94/6 by crude NMR

The reaction of Fe(acac)s; (17.4 mg, 0.05 mmol), Nal (148.2 mg, 0.99 mmol),
H,O (5.4 uL,d =1 g/mL, 5.4 ug, 0.30 mmol), (R)-1b (167.2 mg, 1.00 mmol, 98% ce),
Et,0O (5 mL), and n-C4HoMgCl (1.75 mL, 2 M in THF, 3.5 mmol) afforded (S)-3n
(151.9 mg, 68%) (eluent: petroleum ether: ethyl acetate: dichloromethane =20 : 1 : 1
-10:1:1-2:1:0): Liquid; [a]*p = +1.1 (c = 1.98, CHCl5); '"H NMR (300 MHz,
CDCl3) 6 10.53 (brs, 1 H, COOH), 2.92-2.78 (m, 1 H, CH), 2.57 (dd, J =15.6 and 7.2
Hz, 1 H, one proton of CH>), 2.46 (dd, J = 15.6 and 7.2 Hz, 1 H, one proton of CH»),
1.56-1.22 (m, 6 H, 3 x CHy), 0.90 (t, J = 6.9 Hz, 3 H, CH3), 0.12 (s, 9 H, 3 x CHj);
*C NMR (CDCls, 75 MHz) & 178.1, 108.2, 86.1, 39.9, 34.0, 29.2, 28.9, 22.3, 14.0,
0.1; IR (neat, cm™) 2959, 2932, 2862, 2171, 1714, 1412, 1343, 1287, 1250, 1174,
1128; MS (EI) m/z (%) 226 (M", 1.02), 225 (M-1)", 3.01), 75 (100); HRMS calcd for
C12H200,Si (M) 226.1389, found: 226.1381. 3n/2n = 94/6 determined by 'H NMR

analysis of the crude reaction mixture before separation.

(S)-Benzyl 3-((trimethylsilyl)ethynyl)heptanoate (S)-4n (zxb-12-43)
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C4Hg-n C4H9-n
TMS— 1.5 equiv BnBr TMS—
3 equiv NaHCO3
HOOC DMF, 30°C, 10 h BnOOC
(S)-3n ’ ’ (S)-4n
98% ee 91%, 98% ee

Following the Typical Procedure 2. The reaction of (S)-3n (77.9 mg, 0.34
mmol), BnBr (61 pL, d = 1.43 mg/mL, 87.2 mg, 0.51 mmol), DMF (3 mL), and
NaHCO; (87.2 mg, 1.03 mmol) afforded (S)-4n (98.9 mg, 91%, 98% ee: HPLC
conditions: OJ-H column, rate = 0.6 mL/min, eluent: hexane/i-PrOH = 100:0, A = 214
nm, tg 22.0 min (minor), 30.1 min (major)): Liquid; [a]*’p = +4.2 (c = 1.75, CHCly);
'H NMR (300 MHz, CDCl3) § 7.42-7.30 (m, 5 H, ArH), 5.14 (s, 2 H, CH,), 2.96-2.84
(m, 1 H, CH), 2.59 (dd, J = 15.3 and 7.5 Hz, 1 H, one proton of CH,), 2.48 (dd, J =
15.6 and 7.1 Hz, 1 H, one proton of CH), 1.54-1.24 (m, 6 H, 3 x CH,), 0.90 (t, J =
7.1 Hz, 3 H, CH3), 0.13 (s, 9 H, 3 x CH3); *C NMR (CDCls, 75 MHz) & 171.4, 135.9,
128.5, 128.2, 128.1, 108.5, 85.8, 66.3, 40.1, 34.1, 29.1, 22.3, 13.9, 0.1; IR (neat, cm™)
3067, 3034, 2958, 2932, 2860, 2169, 1740, 1498, 1456, 1380, 1352, 1249, 1158, 1102;
MS (EI) m/z (%) 316 (M", 3.08), 91 (100), 73 (100); HRMS calcd for C;9H,30,Si

(M"): 316.1859, found: 316.1853.

2. Desilylation and enantioselective allenylation of 4m

(1) (Sa,25,35)-Benzyl  6-cyclohexyl-2,3-dimethylhexa-4,5-dienoate  (S4,25,35)-5

(zxb-11-138)
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‘7

O ﬁphcy

TBS%& 1 eC]UiV TBAF = N 1.25 equIV H (R) \:Ij—\:\\
O — T > \
BnOOC THF, rt, 2 h 1.8 equw CyCHO COOBN

BnOOC
(25.3R)-4m , . 0.8 eoquw ZnBry, toluene (S528,3S)-5
(25.3R)y40  120°C, 24 h 57%, 99% ee

Typical Procedure 5: To a solution of (2S,3R)-4m (164.5 mg, 0.50 mmol) in
THF (3 mL) was added TBAF (0.5 mL, 1 M in THF, 0.5 mmol). After stirring for 2 h
at rt, the resulting solution was quenched with water (5 mL), extracted with ether (15
mL x 3), washed with brine, dried over Na,SOys, filtrated, and evaperated. The residue
was purified by flash chromatography on silica gel (eluent: petroleum ether: ethyl
ether = 60 : 1) to afford (2S,3R)-benzyl 2,3-dimethylpent-4-ynoate (2S,3R)-40, which
was used directly in the next step.

To a reaction tube was added ZnBr; (90.3 g, 0.40 mmol). This reaction tube was
then dried under vacuum with a heating gun. (R)-diphenylprolinol (156.4 mg, 0.62
mmol), CyCHO (101.2 mg, 0.90 mmol)/toluene (1 mL), and (2S,3R)-benzyl
2,3-dimethylpent-4-ynoate (2S,3R)-40/toluene (2 mL) were then added sequentially
under a N, atmosphere. The reaction tube was then placed in a pre-heated oil bath at
120 °C. After the reaction was complete as monitored by TLC, the reaction mixture
was cooled to rt and the crude reaction mixture was filtered through a short pad of
silica gel (2 cm) eluted with ether. After evaporation, the residue was purified by flash
chromatography on silica gel (petroleum ether/ethyl ether = 80:1) to afford
(S4,25,35)-5 (88.5 mg, 57%, 99% ee: HPLC conditions: OJ-H column, rate = 0.7
mL/min, eluent: hexane/i-PrOH = 400:1, A = 214 nm, tg 14.8 min (minor), 15.8 min
(major)): Liquid; [a]*’p = +11.6 (c = 1.82, CHCl3); "H NMR (300 MHz, CDCl;) &
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7.40-7.30 (m, 5 H, ArH), 5.19-5.00 (m, 4 H, CH, + 2 x CH=), 2.58-2.35 (m, 2 H, 2 x
CH), 2.01-1.85 (m, 1 H, CH), 1.80-1.56 (m, 5 H, 5 protons of Cy), 1.35-0.95 (m, 11 H,
5 protons of Cy + 2 x CH;); *C NMR (CDCls;, 75 MHz) § 202.4, 175.6, 136.0, 128.5,
128.1, 98.2, 94.2, 66.0, 45.5, 37.1, 36.6, 33.04, 33.00, 26.1, 26.0, 18.4, 14.1; IR (neat,
cm’™') 2966, 2925, 2851, 1959, 1735, 1498, 1449, 1379, 1345, 1254, 1219, 1158; MS
(ED) m/z (%) 312 (M', 1.10), 165 (100), 91 (100), 69 (100); HRMS calcd for

C,1Hp30, (M1): 312.2089, found: 312.2092.

The following compounds was prepared according the Typical Procedure 5
(2) (Ra,2S,3S)-Benzyl  6-cyclohexyl-2,3-dimethylhexa-4,5-dienoate  (Ra,2S,3S)-5

(zxb-12-49)

Ph
s S %Ph Cv,
TBS%B 1 equiv TBAF — 1.25 equiv H (S) OH k S
_— > >
“UMTHF, rt, 2 h "*'""'1.8 equiv CyCHO > \
BnOOC BnOOC , COOBn
0.8 equiv ZnBr,, toluene _
- 2S,3R)-4 (R2.2S8,3S)-5

(2S,3R)-4m ( 4o g °C. 24 h 55%, % oo

The reaction of (2S,3R)-4m (165.2 mg, 0.50 mmol), THF (3 mL), and TBAF (0.5
mL, 1 M in THF, 0.5 mmol) afforded (2S,3R)-benzyl 2,3-dimethylpent-4-ynoate
(2S,3R)-40, which was used directly in the next step.

The reaction of ZnBr, (90.4 g, 0.40 mmol), (S)-diphenylprolinol (158.6 mg, 0.63
mmol), CyCHO (101.4 mg, 0.90 mmol)/toluene (1 mL), and (2S,3R)-benzyl
2,3-dimethylpent-4-ynoate (2S,3R)-40/toluene (2 mL) afforded (R4,25,35)-5 (90.9 mg,
58%, 99% ee: HPLC conditions: AD-H column, rate = 0.2 mL/min, eluent:
hexane/i-PrOH = 400:1, A = 214 nm, tg 33.5 min (major), 36.4 min (minor)): Liquid;
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[a]*’p = -84.7 (c = 1.55, CHCl3); '"H NMR (300 MHz, CDCls) & 7.40-7.30 (m, 5 H,
ArH), 5.16-5.00 (m, 4 H, CH, + 2 x CH=), 2.62-2.30 (m, 2 H, 2 x CH), 2.02-1.85 (m,
1 H, CH), 1.80-1.56 (m, 5 H, 5 protons of Cy), 1.35-0.95 (m, 11 H, 5 protons of Cy +
2 x CH3); *C NMR (CDCls, 75 MHz) & 202.4, 175.7, 136.1, 128.5, 128.1, 98.3, 94.3,
66.0, 45.5, 37.3, 36.8, 33.10, 33.08, 26.1, 26.0, 18.6, 14.5; IR (neat, cm™) 3033, 2925,
2851, 1959, 1735, 1498, 1451, 1379, 1345, 1256, 1158, 1071, 1028; MS (EI) m/z (%)
312 (M7, 4.07), 230 (100), ; HRMS caled for CyHxO, (M"): 312.2089, found:

312.0290.

(3) (Ra,2R,3R)-Benzyl 6-cyclohexyl-2,3-dimethylhexa-4,5-dienoate  (Ra,2R,3R)-5

(zxb-12-137)

Ph
%Ph Cy.,
Ny

T884§__ 1 equiv TBAF ;§—1.25 equi H I\_(
= -
THF,25°C, 2 h 1.8 equiv CyCHO s
BnOOC BnOOC , s COOBn
0.8 equiv ZnBr,, toluene _
- 2R,3S)-4 (R22R,3R)-5
(2R 35)4m (2R.35140 1200¢, 24 h 55%, 97% ce

The reaction of (2R,3S)-4m (164.3 mg, 0.50 mmol), THF (3 mL), and TBAF (0.5
mL, 1 M in THF, 0.5 mmol) afforded (2R,3S)-benzyl 2,3-dimethylpent-4-ynoate
(2R,3S)-40, which was used directly in the next step.

The reaction of ZnBr; (90.5 g, 0.40 mmol), (S)-diphenylprolinol (153.4 mg, 0.61
mmol), CyCHO (101.0 mg, 0.90 mmol)/toluene (2 mL), and (2R,3S)-benzyl
2,3-dimethylpent-4-ynoate (2R,3S)-40/toluene (1 mL) afforded (S,,2S,35)-5 (85.5 mg,
55%, 97% ee: HPLC conditions: OJ-H column, rate = 0.7 mL/min, ecluent:
hexane/i-PrOH = 400:1, A = 214 nm, tg 14.2 min (major), 15.8 min (minor)): Liquid;

S31



Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014

[a]*’p = -12.1 (c = 2.00, CHCl3); '"H NMR (300 MHz, CDCls) & 7.42-7.28 (m, 5 H,
ArH), 5.16-5.09 (m, 3 H, CH, + CH=), 5.04 (qd, J = 6.6 and 3.0 Hz, 1 H, CH=),
2.58-2.35 (m, 2 H, 2 x CH), 2.01-1.85 (m, 1 H, CH), 1.80-1.57 (m, 5 H, 5 protons of
Cy), 1.34-0.96 (m, 11 H, 5 protons of Cy + 2 x CHs); *C NMR (CDCls, 75 MHz) &
202.5,175.7, 136.1, 128.5, 128.1, 98.2, 94.2, 66.0, 45.5, 37.1, 36.6, 33.04, 33.00, 26.1,
26.0, 18.4, 14.1; IR (neat, cm™) 2966, 2925, 2851, 1960, 1734, 1498, 1449, 1380,
1345, 1256, 1219, 1158; MS (EI) m/z (%) 312 (M, 1.09), 166 (100), 165 (100), 91
(100), 81 (100), 69 (100), 55 (100), 41 (100); HRMS calcd for CyHys0, (M):

312.2089, found: 312.2087.

(4) (Sa,2R,3R)-Benzyl 6-cyclohexyl-2,3-dimethylhexa-4,5-dienoate  (S3,2R,3R)-5

(zxb-12-48)
O ﬁPh ©,

TBS%L 1 equiv TBAF }L1 .25 equiv H (R) ‘:.:\_(
T .
THF, rt, 2 h 1.8 equiv CyCHO N
BnOOC BnOOC . S COOBn
(2R.3S)-4m (2R.35)-40 0.8 equiv ZnBr,, toluene (S.,2R,3R)-5

120°C, 24 h

57%, 98% ee

The reaction of (2R,3S)-4m (164.6 mg, 0.50 mmol), THF (3 mL), and TBAF (0.5
mL, 1 M in THF, 0.5 mmol) afforded (2R,3S)-benzyl 2,3-dimethylpent-4-ynoate
(2R,3S)-40, which was used directly in the next step.

2) The reaction of ZnBr; (90.6 g, 0.40 mmol), (R)-diphenylprolinol (156.8 mg,
0.62 mmol), CyCHO (100.4 mg, 0.90 mmol)/toluene (2 mL), and (2R,3S)-benzyl
2,3-dimethylpent-4-ynoate (2R,3S)-40/toluene (1 mL) afforded (S4,2R,3R)-5 (89.3 mg,
57%, 98% ee: HPLC conditions: AD-H column, rate = 0.2 mL/min, cluent:
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hexane/i-PrOH = 400:1, A = 214 nm, tg 31.4 min (minor), 34.0 min (major)): Liquid;
[a]*’p = +82.5 (c = 1.14, CHCl5); '"H NMR (300 MHz, CDCls) & 7.42-7.30 (m, 5 H,
ArH), 5.15-5.02 (m, 4 H, CH, + 2 x CH=), 2.60-2.34 (m, 2 H, 2 x CH), 2.02-1.85 (m,
1 H, CH), 1.80-1.55 (m, 5 H, 5 protons of Cy), 1.35-0.95 (m, 11 H, 5 protons of Cy +
2 x CH3). *C NMR (CDCls, 75 MHz) & 202.4, 175.7, 136.1, 128.5, 128.1, 98.3, 94.3,
66.0, 45.5,37.3, 36.8, 33.10, 33.08, 26.1, 26.0, 18.6, 14.5; IR (neat, cm™) 3033, 2925,
2851, 1959, 1735, 1498, 1451, 1379, 1346, 1256, 1158, 1071, 1028; MS (EI) m/z (%)
312 (M, 4.91), 165 (100), 91 (100), 69 (100), 55 (100); HRMS caled for CyHa50;

(M"): 312.2089, found: 312.2083.

3. Desilylation and Pd-catalyzed Sonogashira coupling reaction of (2S,3R)-4m

(2S,3R)-Benzyl 2,3-dimethyl-5-phenylpent-4-ynoate (2S,3R)-6 (zxb-12-8)

s 1) 1 equiv TBAF S 3
TBS—— < THF, rt, 2h -

""" 2) 1.5 equiv Phl BnOOC
s g’g)o_fn? 2 mol% PA(PPN;ICl,  (25,3R)-6, 98% ee
99% ee 2 mol% Cul 88% for 2 steps
DMSO/Et;N = 1/1
40-45°C, 4 h

To a solution of (2S,3R)-4m (66.4 mg, 0.20 mmol) in THF (1.5 mL) was added
TBAF (0.2 mL, 1 M in THF, 0.2 mmol). After stirring for 2 h at rt, the result solution
was quenched with water (5 mL), extracted with ether (15 mL x 3), washed with brine,
dried over Na;SQ,, filtrated, and concentrated. The residue was purified by flash
chromatography on silica gel (eluent: petroleum ether: ethyl ether = 40 : 1) to afford
(2S,3R)-benzyl 2,3-dimethylpent-4-ynoate (2S,3R)-40, which was used directly in the

next step.
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To a dry Schlenk tube were added Pd(PPhs3),Cl, (2.9 mg, 0.004 mmol, 2 mol %),
Cul (1.2 mg, 0.006 mmol, 3 mol %), (2S,3R)-benzyl 2,3-dimethylpent-4-ynoate
(2S,3R)-40 prepared above, Et;N (1 mL), PhlI (59.8 mg, 0.29 mmol), and DMSO (1
mL). The resulting mixture was then heated at 40-45 °C. After complete conversion of
the starting material as monitored by TLC, the reaction mixture was quenched with
water (5 mL) and extracted with Et,O (3 x 15 mL). The combined organic layer was
washed with brine (twice) and then dried over anhydrous Na,SO,. Filtration,
evaporation, and chromatography on silica gel (eluent: petroleum ether : ethyl ether =
40 : 1) afforded the product (2S,3R)-6 (51.8 mg, 88%, 98% ee: HPLC conditions:
OJ-H column, rate = 1 mL/min, eluent: hexane/i-PrOH = 99:1, A = 254 nm, tg 30.6
min (major), 35.3 min (minor)): Liquid; [a]*’p = -28.4 (c = 1.44, CHCL); 'H NMR
(300 MHz, CDCl3) 6 7.41-7.30 (m, 7 H, ArH), 7.30-7.24 (m, 3 H, ArH), 5.19 (d, J =
12.6 Hz, 1 H, CH»), 5.14 (d, J = 12.3 Hz, 1 H, CH»), 3.08 (pentet, J = 7.1 Hz, 1 H,
CH), 2.56 (pentet, J =7.1 Hz, 1 H, CH), 1.37 (d, J = 6.9 Hz, 3 H, CH3), 1.26 (d, J =
6.9 Hz, 3 H, CHs); >C NMR (CDCls, 75 MHz) 6 174.8, 135.9, 131.6, 128.5, 128.14,
128.08, 127.7, 123.5, 91.2, 82.5, 66.3, 45.3, 30.0, 19.4, 14.8; IR (neat, cm™") 3064,
3033, 2977, 2935, 2877, 2224, 1735, 1598, 1490, 1455, 1382, 1345, 1261, 1168, 1080,
1028; MS (EI) m/z (%) 292 (M", 1.27), 91 (100); HRMS caled for CaH00, (M"):

292.1463, found: 292.1465.
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19.397
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0.072

N
—\

D\ #\nuts\DATA\$pdata

spect, CDCI3,

Fri May 11 01:37:20 2012

USER: nmr

SOLVENT:

Experiment = 2gpg30 5
Pulse length = 9.500 usec

Recycle delay = 2.000 sec MS—= u
NA = 115 LK

PTS1d = 32768 HOOC
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F1 = 75.476807 MHz
F2 = 1.000000 MHz
SW1= 2272727 Hz ZXB-10-108
i - T o T T T ; LR T - T i A T fal R (G —d
150 100 50 0 PPM
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00501.D Sample Name: zxb-11-70

OJ-H, n-Hexane:i-PrOH = 100/0, 0.22 mL/min, 214 nm

Injection Date 11/10/2012 1:05:13 PM

Sample Name : zxb-11-70 Location : =
Acqg. Operator : zxb =
Acqg. Method : D:\HPCHEM\1\METHODS\XFX_LC.M TMS——

11/10/2012 12:45:02 PM by zxb o
(modified after loading)

D: \HPCHEM\ 1\METHODS\XFX_LC.M BnOOC
11/10/2012 1:51:30 PM by zxb

(modified after loading)

VWD A, Wavelength=214 nm (ZXB\ZXB00501.0)

Last changed

Analysis Method
Last changed

Norm.
1400 —
¥

X
&

%;:18

1200

400

N

. L

T
] 10 15 20

-
=
&
=]
3

Area Percent Report

Sorted By 1 Signal
Multiplier : 1.0000
Dilution ) 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU s [mAU ] %
e | L G I e ) == |
1 33.553 MM 2.5526 516.90698 3.37497 0.3272
2 36.018 MM 2.2592 1.57482e5 1161.78137 99.6728

Totals : 1.57999%e5 1165.15635

Results obtained with enhanced integrator!

*** End of Report #***

Page 1 of 1

bﬁf%t'pldf%&oof? E’lr%“ l"?% \mvvzvﬁngprint.gom.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00500.D Sample Name: zxb-11-70

0J-H, n-Hexane:i-PrOH = 100/0, 0.22 mL/min, 214 nm

Injection Date : 11/10/2012 12:23:58 PM

Sample Name : 2xb-11-70 Location : = S

Acqg. Operator : zxb TMS——7

Acq. Method : D:\HPCHEM\1\METHODS\XFX_LC.M -

Last changed : 11/10/2012 12:45:02 PM by zxb @;__hq_‘>”m
(modified after loading) BnOOC

Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed : 11/10/2012 1:08:38 PM by zxb
(modified after loading)

VWD1 A, Wavelength=268 nm (ZXB\ZXB00500.0)
Norm. |
u
800 1 o
£ &
.
ol
600 - 3
&
400 -
2004
0 T
. T T T T T T N = i T
5 10 15 20 25 30 35 min
Area Percent Report
Sorted By g Signal
Multiplier t 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=268 nm
Peak RetTime Type Width Area Height Area
# (min) [min] mAU *a [mAU ] %
S==mi= seuc) | il |t b i s
1 30.777 MM 1.0854 4.39334e4 674.60059 50.2260
2 34.548 VB 1.2043 4.35381e4 542.44604 49.7740
Totals : 8.74714e4 1217.04663
Results obtained with enhanced integrator!
*** End of Report ***
TRISK 1.11/10/2 2"159§5 PM z . Page 1 of 1
IE’]EIE i .f"pdfi—"actory ?’1ro L ;}‘3 www).ﬁ’nepnnt.com.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB10119.D Sample Name: ZXB-10-115'

0J-H, n-Hexane:i-PrOH=99.5/0.5, 0.5 ml/min, 215 nm

Injection Date : 6/1/2012 4:31:21 AM

Sample Name i 2XB-10-115" Location : = Ph

Acq. Operator zxb T

Acg. Method D: \HPCHEM\1\METHODS\XFX_LC.M TMS—=

Last changed 6/1/2012 4:08:01 AM by zxb Hall
(modified after loading) BnOOC

Analysis Method :

Last changed

D: \HPCHEM\1\METHODS\XFX_LC.M
1/1/2004 12:43:54 AM by DJD

(modified after loading)

VWD1 A, Wavelength=215 nm (ZXB\ZXB10119.D)
Norm. ']
800
600 —
400
200 -
07— -
- LS T T T T T
2 4 [:] 8 10
Area Percent Report
Sorted By 3 Signal
Multiplier : 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=215 nm

Peak RetTime Type Width Area Height Area
# [min] (min] mAU *3 [mAU ] %
et iy | ] =ems] = ==l I
1 11.017 MM 0.4883 247,11264 8.43362 1.0093
2 12.450 MM 0.8406 2.42364e4 480.51205 98,9907
Totals : 2.44835e4 488.94568

Results obtained with enhanced integrator!

*** End of Report ***

Bﬁﬁ%‘?’?mpﬁf%ﬁ{g% brot :ﬁ?;%?ﬁnegrim.com.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB10120.D Sample Name: ZXB-10-116"'

0J-H, n-Hexane:i-PrOH=99.5/0.5, 0.5 ml/min, 215 nm

Injection Date : 6/1/2012 4:52:41 AM

Sample Name : ZXB-10-116""' Location : -
Acq. Operator 1 zxb Ph
Acg. Method : D:\HPCHEM\1\METHODS\XFX_LC.M TMS—————

Last changed 6/1/2012 4:08:01 AM by zxb

(modified after loading) @

D: \HPCHEM\ 1\METHODS\XFX_LC.M BnOOC
1/1/2004 12:46:41 AM by DJD

(modified after loading)

Analysis Method
Last changed

VWD1 A, Wavelength=215 nm (ZXB\ZXB10120.D)
Norm, ]
1750
1500
1250
1000 -]
750 »
&
500
25D_
0-
T T T T
2 4 6 8
Area Percent Report
Sorted By 4 Signal
Multiplier H 1.0000
Dilution o 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=215 nm

Peak RetTime Type Width Area Height Area
# [min] (min] mAU *3s [mAU ] %
we=si < | =] i | ==
1 10.835 MM 0.5356 1.51934e4 472.75558 49.6417
2 12.321 MM 0.8074 1.54127e4 318.14163 50.3583

Totals : 3.06061e4 790.89722

Results obtained with enhanced integrator!

*** End of Report ***

é’ﬁf%;phfi—‘éﬁgg? fbr%:% :’ffﬁé?'qm?ﬁnegrim.com.cn SRR o &
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00403.D Sample Name: zxb-10-196

0J-H, n-Hexane:i-PrxOH = 99/1 , 0.4 ml/min, 254nm

Injection Date : 9/12/2012 3:06:22 AM

Sample Name : zxb-10-196 Location : -

Acq. Operator : zxb PMP

Acg. Method : D:\HPCHEM\1\METHODS\XFX_LC.M TMS—= X

Last changed : 9/12/2012 3:05:01 AM by zxb = o
(modified after loading)

Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M BnOOC

Last changed : 9/12/2012 7:04:47 AM by zxb
(modified after loading)

VWD1 A, Wavelength=254 nm (ZXB\ZXB00403 D)
mAU
40 -
30
204
104
0+
h_l\_/\_/L‘
— — T
10 20 30 40
Area Percent Report
Sorted By 3 Signal
Multiplier t 1.0000
Dilution g 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] AU *s [(mAU } %

1 29.110 MM 1.1651 95.18965 1.36171 1.4694
2 33.600 MM 1.9192 6382.96045 55.43168 98.5306

Totals : 6478.15010 56.79339

Results obtained with enhanced integrator!

*#% End of Report #*#¥

BESEPP parthciony Brot #33%%7 e ineprint.com.cn e
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00402.D

OJ-H, n-Hexane:i-PrOH = 99/1 , 0.4 ml/min, 254nm

Sample Name: zxb-10-197

Injection Date : 9/12/2012 1:54:42 AM

Sample Name : zxb-10-197 Location :
Acqg. Operator : zxb

Acq. Method : D:\HPCHEM\1\METHODS\XFX_LC.M

Last changed : 9/12/2012 1:51:16 AM by zxb

(modified after loading)
Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed : 9/12/2012 7:04:47 AM by zxb

(modified after loading)

VWD1 A, Wavelength=254 nm (ZXB\ZXB00402.D)
mAU
30 ]
25
20
154
10
5
0
-5~
N A S
SR T S T T T ¥ | ¥
0 ] 10 15 20 25 30 35 _mi}
Area Percent Report
Sorted By : Signal
Multiplier 5 1.0000
Dilution t 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# | [min]) | [min] lmAU *s l[mAU ] %
............... e B E et e P ———
1 29.710 MM 1.2393 3116.46582 41.91092 50.7075
2 34.817 BV 1.3513 3029.49829 26.93868 49.2925
Totals : 6145.96411 68.84960
Results obtained with enhanced integrator!
**%* End of Report *#*
1.9/12/20 =§3?a§ AM zxb . Page 1 of 1
BBIS ;W?‘?T“pdﬂ%ctory bzro-‘ www fineprint.com.cn g
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zxb—11-108-0j-h-100-0-0. 15-214

SCHOM Al 2012-11-08, 16:54:37 #EMME: 2012-11-09, 18:00:05
B304 :D: \zhuguang jiong\zxb\20121109\zxb-11-108-0j-h-100~
0-0. 15-214. org

St!ﬂl’i@!ﬁfh

100+0 TMS—=
0 lSml/lun 214nm
BnOOC
1,000 4 (2xb—11-108-0j~h~100-0-0. 15-214. arg)
7
7
6!
= 8
:
# § 2
3 B
3
2|
2
1 ~
' o
0
0
UER R bl 1 L e B B T
10,
AHERR
il 2 RENF ] KK R wi
1 51.715 333193. 844 30711444. 000 99. 1051
2 55. 817 2742. 081 277311. 094 0.8949
Bt 335935. 925 30988755. 094 100. 0000

PDF SC{4{F “pdfFactory Pro” RFIARAEIR www. fineprint. cn
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zxb-11-109-0j-h-100-0-0. 15-214

SLEORE): 2012-11-09, 15:50:21 M. 2012-11-09, 16:56:01
B :D: \zhuguang jiong\zxb\20121109\zxb-11-109-0 j~h-100-
0-0. 15-214. org
EWAEM S
oih 10040 TMS—=
0. 15m1/min 214nm I
BnOOC /
1,000, % Bl (2xb-11-109-0 j-h—100-0-0. 15-214. org)
800;
7
7
6501
3
H oy
E 3 g
8
2
1
1

0 24 6 810121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
in,

SFERE
] %2 RENR sl di CL.S
1 51, 447 360846. 844 33269554 000 49.8789
2 55. 805 290011. 938 33431080. 000 50. 1211
B 650858, 781 66700634. 000 100. 0000

PDF XM "pdfFactory Pro” XFIMRAEIE wew. fineprint. cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00478.D

0J-H, n-Hexane:i-PrOH = 100/0, 0.2 ml/min, 254 nm

Injection Date 10/31/2012 11:37:24 AM

Sample Name: zxb-11-105

Sample Name : zxb-11-105 Location : _ 5
Acg. Operator : zxb TMS——
-Acg. Method : D:\HPCHEM\1\METHODS\XFX_LC.M 11CqH7-N
Last changed : 10/31/2012 8:26:19 AM by zxb BrOOC
(modified after loading)
Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed : 10/31/2012 10:00:13 AM by zxb
(modified after loading)
VWD1 A, Wavelength=254 nm (ZXB\ZXB00478.D)
Norm. ]
35_
30
%7
204
15
10
5_
0 .
5
10— T T —T— T T T T
5 10 15 20 25 30 35
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
-—-- J o] e | S e |
1 32.972 MM 1.2233 24.85612 3.38640e-1 1.6214
2 35.587 MM 1.9812 1508.18677 12.68766 98,3786
Totals : 1533.04289 13.02630
Results obtained with enhanced integrator!
*** End of Report ***
Page 1 of 1

Bi5E W{J:‘pldfll-%é%# E%'Wlw%ﬁbgepring.com,cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00475.D Sample Name: zxb-11-105+106

0J-H, n-Hexane:i-PrOH = 100/0, 0.2 ml/min, 254 nm

MS—=—
Injection Date : 10/31/2012 9:16:23 AM -1CqH7-n
Sample Name : zxb-11-105+106 Location : - BnOOC
Acg. Operator : zxb
Acq. Method : D:\HPCHEM\1\METHODS\XFX_LC.M 4 -+
Last changed : 10/31/2012 8:26:19 AM by zxb L
(modified after loading) TMS—= "
Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M CaHe-n
Last changed : 10/31/2012 10:00:13 AM by zxb BnOOC
(modified after loading)
VWD1 A, Wi gth=254 nm (ZXB\ZXB00475.D)
Norm.
35._
30_
] N &
20 § b= .(6?
p o g
154 o
10
5+
0"
59
-10 . T T T T T T T T
5 10 15 20 25 30 35 minj
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution 5 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| | ==== I | et | =1
1 31.504 MM 1.4061 1462.35571 17.33329 48.7713
2 34.811 MM 1.7648 1536.03662 14.50645 51.2287
Totals : 2998.39233  31.83974
Results obtained with enhanced integrator!
*** End of Report **¥
1.10/31/2012 :01:38 AM i Page 1 of 1
BBE 89 part aciory Pro* 775333 wiww fineprint.com.cn =
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00479.D Sample Name: zxb-11-106

0J-H, n-Hexane:i-PrOH = 100/0, 0.2 ml/min, 254 nm

Injection Date : 10/31/2012 12:26:51 PM

Sample Name : zxb-11-106 Location :

Acq. Operator : zxb

Acq. Method : D:\HPCHEM\1\METHODS\XFX_LC.M MS—=

Last changed : 10/31/2012 8:26:19 AM by zxb CaHy-n
(modified after loading) Bood o7

D:\HPCHEM\1\METHODS\XFX_LC.M

10/31/2012 1:11:48 PM by zxb

(modified after loading)

Analysis Method
Last changed

VWD1 A, Wavelength=254 nm (ZXB\ZXB00479.D)
Norm. 2 ,e{p'i’
25+
m_
18]
104
5
0 A
rIrrr TR L e erd 1 T T T T T
5 10 15 20 25 30 35 40 min
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e e et sty | | =1
1 31.475 MM 1.7157 2922.46240 28.38920 100.0000
Totals : 2922.46240  28.38920
Results obtained with enhanced integrator!
*** End of Report ***
1.10/31/2Q12 1:14. PM z . Page 1 of 1
PBES "Wﬂt'pdfi-‘acmry ?—'}ro" 33553 www’.ﬁ’nepr!nt.com.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00475.D Sample Name: zxb-11-105+106

0J-H, n-Hexane:i-PrOH = 100/0, 0.2 ml/min, 254 nm

TMS——
Injection Date : 10/31/2012 9:16:23 AM “11CaHy-n
Sample Name : zxb-11-105+106 Location : - BnOOC
Acqg. Operator : zxb
Acq. Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed : 10/31/2012 8:26:19 AM by zxb T™MS—=
(modified after loading) CaHoen
Analysis Method : D: \HPCHEM\ 1\METHODS\XFX_LC.M 30T
Last changed : 10/31/2012 10:00:13 AM by zxb BnOOC
(modified after loading)
VWD1 A, Wavelength=254 nm (ZXB\ZXB00475.D)
Norm. ]
35
m_.
25+ P
3 ¥
] LT 4
15
10
5_
04—
.5_.
'10- T T T T t I T N . TN SR T
5 10 15 20 25 30 35 mirf
Area Percent Report
Sorted By : Signal
Multiplier 4 1.0000
Dilution 2 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAU *g [mAU ] %
=mes] l====] == [ | ——————— [
1 31.504 MM 1.4061 1462.35571 17.33329 48.7713
2 34.811 MM 1.7648 1536.03662 14.50645 51.2287
Totals : 2998.39233 31.83974
Results obtained with enhanced integrator!
*** End of Report ***
1,.10/31/2012 :01:38 AM zxb | Page 1 of 1
PBE#P73 t”pdfi—'acmry Bro- (Criee fineprint.com.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00494.D Sample Name: zxb-11-116

0J-H, n-Hexane:i-PrOH = 100/0, 0.15 mL/min, 214 nm

Injection Date 11/9/2012 10:04:57 PM

Sample Name zxb-11-116 Location : =

Acq. Operator : zxb F

Acq. Method : D:\HPCHEM\1\METHODS\XFX LC.M .

Last changed  : 11/9/2012 10:35:33 PM by zxb TBS"‘{—»..-n
(modified after loading)

Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M BnOOC

Last changed 11/9/2012 11:06:17 PM by zxb

(modified after loading)

VWD1 A, Wavelength=214 nm (ZXB\ZXB00494.D)
Norm. ]
1750
1500 —
1250
1000 -
Ly
750 - ;
500
250
2
<
0 .
T T e T v 1 = ¢ o @& T & 5 =
10 20 30 40 50 mirj
Area Percent Report
Sorted By t Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min) [min] mAU *s [mAU ] %
ama— jessg | I= | |
1 45.787 PV 1.0284 467.82681 5.39899  0.3188
2 48.613 VB 3.0328 1.46282e5 669.41394 99,6812
Totals : 1.46750e5 674.81293
Results obtained with enhanced integrator!
*** End of Report ***
e 1.11/9/20 ;062 FM z N Page 1 of 1
BEIE 71 .%pdf}actory bzrol‘]’”%’?‘ag www fineprint.com.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00492.D

0J-H, n-Hexane:i-PrOH = 100/0, 0.15 mL/min, 214 nm

Sample Name: zxb-11-115+116

>

TBS—=
Injection Date 11/9/2012 8:07:54 PM B
Sample Name ¢ zxb-11-115+116 Location : BnOOC
Acq. Operator : zxb -+
Acqg. Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed : 11/9/2012 8:04:07 PM by zxb TBS——
(modified after loading)
Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M B8
Last changed 11/9/2012 9:12:08 PM by zxb n00OC
(modified after loading)
VWD1 A, Wavelength=214 nm (ZXB\ZXB00492.D)
Norm, |
800 -
600 —
400
q
@
3
2
=]
200 8
04
Tee " T T == T T T T
0 10 20 30 40 50 min
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution E 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e | - - e | e | === I
1 44.622 BV 2.1382 4.12262e4 285.62735 50.4463
2 50.060 VB 2.9900 4.04967e4 187.39545 49.5537
Totals 8.17229%e4 473.02280
Results obtained with enhanced integrator!
*** End of Report ***
Page 1 of 1

BISE 953 parksctony Pro* 75537 liviin fineprint.com.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00496.D Sample Name: zxb-11-115
OJ-H, n-Hexane:i-PrOH = 100/0, 0.15 mL/min, 214 nm
Injection Date 11/9/2012 12:50:22 AM
Sample Name zxb-11-115 Location : -
Acqg. Operator zxb 8s —
Acq. Method i D:\HPCHEM\1\METHODS\XFX_LC.M T -
Last changed 11/9/2012 11:46:15 PM by zxb
(modified after loading) BnOOC
Analysis Method : D:\HPCHEM\I\METHODS\XFX_LC.M
Last changed : 11/10/2012 12:09:43 AM by zxb
{modified after loading)
VWD1 A, Wavelength=254 nm (ZXB\ZXB00496.D)
Norm. ]
m_
600 —
400 gé\p
g
200 -
9
g &
04 JL,.__i L F——
N T T L T " T T
0 10 20 30 40 50 min|
Area Percent Report
Sorted By : Signal
Multiplier 3 1.0000
Dilution F 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
| m— o | l.== i | =m=—————
1 43.392 MM 2.4291 3.6951%e4 253.53271 99,1389
2 48.660 MM 1.1778 320.95422 4.54177 0.8611
Totals 3.72728e4 258.07448
Results obtained with enhanced integrator!
*** End of Report ***
Page 1 of 1

i3 %Epﬁfi‘éﬁglfyz E’lr%" %%ﬁqw%ﬁegrint com.cn
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00492.D Sample Name: zxb-11-115+116

0J-H, n-Hexane:i-PrOH = 100/0, 0.15 mL/min, 214 nm =
TBS—=—

Injection Date : 11/9/2012 8:07:54 PM s
Sample Name : zxb-11-115+116 Location : - BnOOC
Acg. Operator : zxb b
Acqg. Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed : 11/9/2012 8:04:07 PM by zxb TBS——

(modified after loading)

Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M

Last changed : 11/9/2012 9:12:08 PM by zxb BnOOC
(modified after loading)

VWD1 A, Wavelength=214 nm (ZXB\ZXB00492.D)
Norm. |
sm_
600
] 8
3
8
S
200 3
0
T T T T T o " T
0 10 20 30 40 50 mi
Area Percent Report
Sorted By C Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
mEs |mm——— SR B == | . |
1 44.622 BV 2.1382 4.12262e4 285.62735 50,4463
2 50.060 VB 2.9900 4.04967e4 187.39545 49.5537
Totals : 8.1722%e4 473.02280
Results obtained with enhanced integrator!
*%* End of Report ***
1 .11/9/20 ]9 PM zxb - Page 1 of 1
BBIE i) .r"pdfi-‘actory i‘}i’o% 'J. ‘??'5 J?'r' www.fineprint.com.cn
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10.184

— 7.260
2.865

2.842

2.828

— 2612

2.587

2.559

2,535

= 2502

W

D:\Z % \nuts\DATA\$pdata
spect, CDCI3,

Sat Oct 13 05:55:36 2012
USER: nmr

SOLVENT:

Experiment = zg30

Pulse length = 14.000 usec
Recycle delay =  1.000 sec
NA = 32

PTS1d = 32768 ZXB-11-89
F1 = 300.131866 MHz

F2 = 1.000000 MHz

2.477
2.449
2425
1.460
1.367
1.351

~

1.304
1.248
0.923
— 0.900

W/

.34

0.877

0.128

N\MA

SW1= 6188.12 Hz - n-C4Hg
HEmIMMTIW
|
i HOOC
1.00
072 \Q\Q\ o4
_ A
' ! I T I — T S
12 10 6 4

o~

PPM
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N
811
|+ 178.028
"g“
4 Nl13EFF G o
| e
| it
§ "of & 3
] a8 gt @ g
4 §§ "
r 108.217
" g
2
§\J]
- O g
— 5 @ 86.152
Q - -
] S— = & 77.421
| 3 —~<_—m
g,
T F== = = 30.925
34.022
] ;'__‘“* —
i 1 22.305
13.951
©- 0.060 -
0
2
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——10.826

0.81

[ e T

12

7.260

DAZ$\nuts\DATA\$pdata
spect, CDCI3,

Thu Oct 18 06:15:23 2012
USER: nmr

SOLVENT:

Experiment = 2g30

Pulse length = 14.000 usec
Recycle am.m«. = 1.000 sec
NA =

PTS1d = uwwmm

F1 = 300.131866 MHz

F2 = 1.000000 MHz
SW1= 6188.12Hz

i .:sms”/%

n-CgHy,

| HOOC

ZXB-11-99

2.860
2.840
2.606
2.582
2.554
2.530
2.494
2.469
2442
- 2.418

W

0.98

10

e - —— - _—

1.482
1.469
1.446
1 430
1 296
1.246
0 905
O 883

WY

.52

J

0.861
0.123

13.10

.25
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|
8
, 3??5?§§§§§§i§ 178.118
" o a . o
1 N8 & 3iz
TR
N " 5 3
1 FEE gg% g §
E =4
a & N
g
| 108.205
g 2
: 2 % I
% 8 — 86148
i - 77.422
3 = 77000
| :I 78570
g_
] 39.941
34258
. 31.358
28.884
28624
j 22478
13.975
o 0.068
E .
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-~ 10.531
7.260

D:\Z#\nuts\DATA\$pdata
spect, CDCI3,

Sat Apr 20 01:38:34 2013
USER: nmr

SOLVENT:

Experiment = zg30

Puise length = 14.000 usec
Recycle delay =  1.000 sec
NA = 24

PTS1d = 32768

F1 = 300.131866 MHz

F2 = 1.000000 MHz
SW1= 6188.12Hz

____—"0s88

zxb-12-37

3!0&-1_0

! qzmIMMTI%

HOOC

1.01

T oo

10 8

41

NUN

0 PPM
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wn [ard o (3] 'y non ;. © (3]
s g ¢ 388 25288 § 8
2 = 8 Kk g 338 8§ 2 =2
E:\ZXB\ift E\zxb-11\zxb-12-37-c\2\pdata\1\1r
spect, CDCI3,
Sat Apr 20 01:41:41 2013
USER: nmr
SOLVENT:
Experiment = zgpg30
Pulse length = 9.500 usec n-C4Hyg
Recycle delay = 2.000 sec ———
b ._._sm||.|A
PTS1d = 32768
F1 = 75476807 MHz HOOC
F2 = 1.000000 MHz
SWi1= 2272727 Hz
zxb-12-37c
i LLr:jvﬂ .Aﬂ..}L —rJ‘ 'n o b ey Ilr.’ L Jr ’ » L-.:.;-‘r-. F, L e sy 14!L _>]. e .L.>11 e n‘i‘l + oo
| T T T = T T T T T T T T T T T S
200 150 100 50 0 PPM
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=24
=PiSLd
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E D: \CHEM32\1\DATA\ ZXB\ ZXB12000430.D
Edh4: zxB-12-43
0J-H; n-Hexane/iPrOH =100/0; 0.6 ml/min; 214nm
HEBN : 2004-1-1 3:15:09
PE LR : ZXB-12-43 FA -
HIEE : zxb
1% 2% e 31
R TT ik : D:\CHEM32\1\METHODS\ZYY_LC.M CuHo-n
BB : 2004-1-1 2:29:57 :  zxb TMS —= 49
CEHEEER -
Sy Tk : D:\CHEM32\1\METHODS\ZYY LC.M
BEE® : 2004-1-1 3:17:28 :  zxb BnOOC
CGAREER
[ VWDTA, %&=214 nm (ZXB\ZXB12000430.0)
Norm. ']
250 4
zm_
150 - dﬁ’
¢ &
100 - *
o
3
50 - é@ K
P i —
04
10 15 2 25 30 35 min
MR TSRS
HeFF =5
FeFAE T 1.0000
MmBET 1.0000
PIPRE F SRR A T FUR R B T
1% 1: vwDpl A, =214 mm
i {REFRT(A] KA W I E AR U5 B e R
#  [min] [min] mAU  *s  [mAU ]
e et | =mmm | = ==mmmmmmee [=mmmmm e |==mmmmmm |
1 21.954 MM 2.2975 142.34769 1.03264 0.8604
2 30.102 MM 3.7101 1.64022ed 73.68303 99.1396
BEE 1.65446e4 74.71567
e gﬁ{sgm *k ok
¥8% 1 2004-1-1 3:56:43 zxb W o1/1
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o S D:\CHEM32\1\DATA\ ZXB\ 2XB12000423.D
A5 ZXB-12-42

OJ-H; n-Hexane/iPrOH =100/0; 0.3 ml/min; 214nm

BRI : 2004-1-1 2:34:27
P 5L 42 BR : ZXB-12-42 LHEr 0 -
BRiEE : zxb
S
RI ik ¢ D:\CHEM32\1\METHODS\2YY_LC.M CiH
LI T : 2004-1-1 2:29:57 :  zxb TMS—=—=__/ *97"
(W S B }g
SR : D:\CHEM32\1\METHODS\ZYY_LC.M
BiEEX% : 2004-1-1 3:17:28 :  zxb BnOOC
(AREEBR
[ VAWDT A, ®K=214 nm (ZXB\ZXB12000423 D)
Norm. ]
250_
m—‘
150 -
100
g &
] 8 8§ &
50 - 8
0
T T T = T T — ™
5 10 15 20 25 30 35 min
[aE y=pad- ki
HeFF : 1%
SRFEF : 1.0000
mEET 1.0000
AR RAE FARER T
/5% 1: VWDl A, #4&=214 mm
i {RETEE) R g L= Fiage] % 75 g AR
# [min] [min] mAU *3 [mAU ] %
| |====1= - I | === [
1 20.675 VB 1.4671 4783.42285 39.85707 49.5001
2 28.926 MM 3.5638 4880.03564 22.82242 50.4999
AR 9663.45850  62.67950
ek wﬁggi ke
8% 1 2004-1-1 3:17:45 zxb T o1/1
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zxb—11-138-0j-h-400-1-0. 7-214

MM E: 2012-11-28, 14:14:42

SLEORY [E]: 2012-11-28, 13:50:41
A 4% :D: \zhuguang jiong\zxb\20121128\zxb-11-138-0j-h-400~

1-0. 7-214. org

LWHEMN
oj-h 400+1
0. 7ml/min 214nm

£1# Bl (zxb-11-138-0j-h—400-1-0. 7-214. org)

Cy

\?}—\COOBn

800
T
7
~ 450
2 400
H
2
2 2
M~
w9
1
1
:
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20
it 7] (min)
SHrgRE
5 4 HREr R L] EE R &k
1 14, 848 2572. 828 37076. 621 0. 6549
2 15. 758 164255. 844 5623964. 000 99. 3451
Bt 166828. 671 5661040. 621 100. 0000

PDF U4 "pdfFactory Pro” AR ASIE www. fineprint. cn
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zxb-11-137+138-0j-h-400-1-0. 7-214

SCEMS fE]: 2012-11-28, 14:38:17 e&ptE: 2012-11-28, 15:00:26
# P34 :D: \zhuguang jiong\zxb\20121128\zxb~11-137+138-0j-h~
400-1-0. 7-214. . org

Cy Cy,
KRABM \='=>__\ + :':\_(
oi-h 40041 : \
0. Tml/min 214nm COOBn S CO0Bn
800 £ B (zxb—11-137+138-0j-h-400-1-0. 7-214. . org)
T
T
,;450
g«»
@ t
b
2
8
©
U]
NN
0 1 2 3 4 5§ 6 7 8 8 10 1 12 13 14 15 16 17 18 19 20
B (] (min)
M RE
“E L ] HRERMH N L Jiipod 7
1 14. 112 261346. 359 5254473, 000 49, 9269
2 15. 628 115546. 352 5269857, 500 50, 0731
A 376892. 711 10524330. 500 100. 0000

PDF C#F{ER “pdfFactory Pro” ifFIRRA A www, fineprint.cn
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N2000 #i8 T TESE

zxb—12-49
C
SLIORTIE: 2013-05-22, 16:3 Zuk, b & .
WD \mxaﬁ\NzoOO\#.ﬂ\nooav org FERE: 2013-05-22, 17:48:17 3
Ry iz mRA—% }—\
COOBn

LRABEEN
AD-H, n-l Hexeme i-PrOH=400/1, 0.2 nL/min, 214 nm

E.lgm (AOOS? org)

[ (mv)

12 14 1;‘ 18 20 22
B} (6] (min)

SHERR
TRE R [A)

il

24 26 28 30 32 34 36 38 40 42

L di G} S

33.473

36. 442 1437.

181961. 813

11966860. 000
85593. 734

99. 2898

312 0.7102

2013-05-22

$122

183399. 124

12052453. 734 100. 0000
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N2000 #ki2. T TE3S 1
zxb—-12-48+49

SLIORTIE]: 2013-05-22, 15:03:56 LIH: zxb
8 B3 1 D2 \ B A \N2000\FE £ \A0035. org WiEwE: 2013-05-22, 16:36:38
Banmg mea—E&
Cy, Cy
LA EE I 2
AD-H, n-Hexane:i-PrOH=400/1, 0.2 mL/min, 214 nm :.:>_\ +
' e < “coosn
1.000 . éiﬁE (A0035. org)
950 e e e el I S i 9 L i B 4 _
800} —- —1— i~ | I T - = P . — o
850 i 1 =1 g “, 1 1 = | 1
e T O O T i g i i s ik i el i %
750 " " i » I — ' T \L T :
s e et e e e S — e s
6501 . ! | SR - - ke - £ ! o PR 5 e et %
600 e, el | i - — i wiia - S § . i o — LS | ack e
= 550 [ i ¥ 4 — - . N
B 500} L—nim | [ NN - S B I O i S ! M- = 1
B oas0f— — - AEgg ! b u ] = = = | O .
£ 400 L L e T i | ST ) : : :
3504 —i _. e e i — b= = = o h okl I I B
300} — - _ | AN S : = . §
250}——-— — - il ks
200] - fromes H L. o —+ —p o
1501 Lo L LSS SO S O S |
100} ! e T | _— =
50. - - et — ‘
Of——— - e T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
B 1) (min)
MG RR
L5 L ¥ {RERA e W TH AR Y
1 32,232 105345. 445 5672367. 500 48. 2355
2 35. 823 106239. 539 6087379, 500 51. 7645
Bt 211584, 984 11759747. 000 100. 0000
2013-05-22 ST A AT RE 18 TS
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zxb-11-137-0 j-h—-400-1-0. 7-214

SLUomfE): 2012-11-28, 13:24:50 #E5R: 2012-11-28, 14:16:29
B 4 :D: \zhuguang jiong\zxb\20121128\zxb-11-137-0 j-h-400~
1-0. 7-214. org
Cy,
KRAEM:
oj-h  400+1 2
0.7ml/min 214nm N COOBn
200, £, 8 (zxb—11-137-0 j-h-400-1-0. 7-214. org)
7
7
~ 4
B
E §
# =
2
1
|
g
A Mo

0o 1 2 3 4 65 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

(min)
SRR
L ] fR e L 3. KR Ak
1 14. 228 279208. 500 6542720. 500 98. 6974
2 15. 808 2262. 429 86348. 047 1. 3026
Bit 281470, 929 6629068, 547 100. 0000

PDF SCH4#F “pdfFactory Pro” RFIRRAAIE www. fineprint.cn
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zxb-11-137+138-0j-h-400-1-0. 7-214

SEIOMFE]: 2012-11-28, 14:38:1 REME: 2012-11-28, 15:00:26
B4 :D: \zhusuanwong\sz\zmzllza\lerl1—137+133—o,1—h—
400-1-0. 7-214. . org

Cy Cy,

LRABMI k 3
oj-h 400+ \ < +
0. 7ml/min 214nm
< COO0OBn COOBn
i £ Bl (zxb~11-137+138-0j-h-400-1-0. 7-214. . org)
7
7
6501
600]
5504
5004
o 450
400
3 3s0) o
300{ b
250]
150) w
100]
50
AN
i 2 3 4 6 6 7 8 8 10 11 12 13 14 15 16 17 18 19 20
B 8] (min)
TR
L5 ] HRENR L 7. EEH R
1 14.112 261346. 359 5254473, 000 49,9269
2 15. 628 115546. 352 5269857. 500 50. 0731
Bit 376892, 711 10524330. 500 100. 0000

PDF SCf4{¥F] “pdfFactory Pro” iXFIARABI® www. fineprint. cn
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