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Experimental Procedure
Me \'/%Pphz Preparation of ThioClickFerrophos. The following provides a typical
N’N© experimental procedure for the preparation of ThioClickFerrophos. In a 20
l{l'\/gf SEt mL Schlenk tube containing a magnetic stirring bar were charged
Ph L3 (Rp)-1-(diphenylphosphino)-2-[(S)-1-[4-phenyl-1H-1,2,3-triazol-1-yl]ethyl]-
ferrocene (0.15 g, 0.28 mmol) and dry THF (3.0 mL) under a slight pressure of nitrogen. The
flask was cooled at —78°C and a hexane solution of n-BuLi (0.25 mL, 0.38 mmol, 1.5 M) was
then added using a syringe through the septum with magnetic stirring. After 10 min, EtSSEt
(42 pL, 0.34 mmol) was injected into the mixture at —78°C and stirred for 10 min. The
mixture was allowed to warm to room temp. and then stirred for an additional 12 h. The
reaction was quenched with saturated NH4Cl, and the solution was then extracted with ethyl
acetate (10 mL % 3). The combined extracts were washed (brine), dried (MgSQO,), filtered, and
the solvent was removed on a rotary evaporator to leave a yellow residue. The crude product
was purified by flash column chromatography (hexane/ethyl acetate = 4/1) to give pure
ThioClickFerrophos L-3 (R = Et). Yield, 150 mg, 0.25 mmol, 90%. Yellow solid, mp =
161-162°C. [a]p> = 232 (¢ =0.15, CDCL3). '"H NMR (300 MHz, CDCl;) & 0.97 (t, 3H, J =
7.3 Hz), 2.04 (d, 3H, J = 6.8 Hz), 2.41-2.59 (m, 2H), 3.70 (s, 1H), 4.15 (s, SH), 4.41 (s, 1H),
4.93 (s, 1H), 6.2-6.3 (m, 1H), 6.7-6.9 (m, 5H), 7.2-7.5 (m, 8H), 7.75 (d, 2H, J = 7.6 Hz). "°C
NMR (75 MHz, CDCl;) & 14.5, 21.9, 30.0, 52.47 (d, J = 8.9 Hz), 69.8, 69.9, 70.9 (d, J = 3.6
Hz), 71.6 (d, J = 4.3 Hz), 75.5 (d, J = 7.7 Hz), 92.1 (d, J = 24.4 Hz), 124.1, 126.9, 127.5,
127.6, 127.7, 127.8, 128.0 (d, J = 7.9 Hz), 129.1, 130.8, 131.3 (d, J = 18.2 Hz), 135.0 (d, J =
20.7 Hz), 136.4 (d, J = 8.2 Hz), 137.7 (d, J = 7.8 Hz), 147.4. >'P NMR (CDCl3) § —25.0 (s).
HRMS: cacld for C34H3FeN3PS (M+Na"): 624.1302; found: 624.13009.

Me ﬁ L4: The compound was prepared by using the 4-phenyl free triazole
F

N S PPh; ferrocenyl phosphine as a precursor. Yield 68%, yellow solid, mp =

E' fsa 151-152°C. [a]p®> = 254 (¢ = 0.15, CHCL). 'H NMR (300 MHz, CDCl;)
L4 8 1.11 (t, 3H, J = 7.3 Hz), 1.95 (d, 3H, J = 6.8 Hz), 2.54 (dq, 1H, J = 7.2

Hz, 12.6 Hz), 2.66 (dq, 1H, J = 7.2 Hz, 12.6 Hz), 3.74 (s, 1H), 4.13 (s, 5H), 4.44 (s, 1H), 4.90
(s, 1H), 6.16 (ddd, 1H, J=3.3, 6.8, 13.6 Hz), 6.67 (t, 2H, J = 7.6 Hz), 6.9-7.1 (m, 4H), 7.3-7.5
(m, 5H including TzH). C NMR (75 MHz, CDCls) § 14.6, 21.7, 30.0, 52.60 (d, J = 9.5 Hz),
69.9, 70.0, 70.8 (d, J = 3.6 Hz), 71.9 (d, ] = 4.3 Hz), 75.8 (d, J = 8.2 Hz), 127.5, 127.8 (d, J =
6.2 Hz), 128.1 (d, J = 7.9 Hz), 128.4, 129.2, 131.5 (d, J = 18.1 Hz), 135.1 (d, J = 20.8 Hz),
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136.3, 136.5 (d, J = 8.1 Hz), 137.9 (d, J = 7.9 Hz). *'P NMR (121.5 MHz, CDCl5) § -25.3 (s).
HRMS: cacld for CosHy3sFeN3PS (M+Na"): 678.1771; found: 678.1773.

Ve ﬁpph L5: R = Me: Yield 72%, yellow solid, mp = 209-210°C. [a]p> = —214 (c

N 2 =0.11, CHCls). '"H NMR (300 MHz, CDCl;) & 2.01 (d, 3H, J = 6.8 Hz),

N ¥/¥S|v|e 2.04 (s, 3H), 3.72 (s, 1H), 4.17 (s, 5H), 4.44 (m, 1H), 4.95 (s, 1H), 6.33

(ddd, 1H, J=3.3, 6.8, 10.3 Hz), 6.7-6.9 (m, 5H), 7.2 -7.8 (m, 8H), 7.76 (d,

2H, J = 8.2 Hz). °C NMR (75 MHz, CDCL;) § 18.7, 22.1, 52.7 (d, J = 9.3

Hz), 69.9, 69.9, 71.1 (d, J = 3.5 Hz), 71.8 (d, J = 4.6 Hz), 75.7 (d, J = 7.7 Hz), 91.91 (d, J =

24.8 Hz), 125.4, 126.8, 127.7, 127.8, 127.8 (d, ] = 4.4 Hz), 128.1, 128.2, 129.2, 130.8, 131.5

(d, J=18.2 Hz), 135.1 (d, J = 20.8 Hz), 136.5 (d, J = 8.0 Hz), 137.8 (d, J = 7.5 Hz), 147.1.

J'P NMR (121.5 MHz, CDCLy) & —24.8 (s). HRMS: cacld for Cs3H3oFeN;PS (M+Na'):
672.1302; found: 672.1303.

Ph Ls

Vo \(%Pph L6: R = Cy: Yield 89%, yellow solid, mp = 214-215°C. [a]p> = —223 (C
N 2 =0.14, CHCl3). '"H NMR (300 MHz, CDCls)  1.0-1.7 (m, 11H), 2.05 (d,
N )—SCy 3H, J = 7.0 Hz), 2.71 (m, 1H), 3.69 (s, 1H), 4.13 (s, 5H), 4.39 (s, 1H),

4.90 (s, 1H), 6.2-6.3 (m, 1H), 6.6-6.9 (m, 5H), 7.2-7.5 (m, 8H), 7.75 (d,

2H, J = 6.7 Hz). °C NMR (75 MHz, CDCl;) & 21.7, 25.2, 25.5, 25.6, 32.6,

33.6, 48.3 (d, J=2.4 Hz), 52.3 (d, J = 9.8 Hz), 69.8, 70.9 (d, J = 3.5 Hz), 71.7 (d, J = 4.3 Hz),

75.6 (d, J = 8.5 Hz), 92.5 (d, J = 24.6 Hz), 123.8, 127.0, 127.5, 127.6, 127.7, 127.7, 127.9 (d,

J =7.8 Hz), 129.0, 130.9, 131.3 (d, J = 18.1 Hz), 135.0 (d, J = 20.9 Hz), 136.6 (d, 8.8 Hz),

137.8 (d, J = 8.2 Hz), 147.6. *'P-NMR (121.5 MHz, CDCl3) § —25.3 (s). HRMS: cacld for

C33H33FeN3PS: (M+Na") 686.1458; found: 686.1428.

Ph L6

Ve ﬁpph L7: R = tert-Bu: Yield 83%, yellow solid, mp = 189-190 °C. [a]p> = 236
N> 7 (e=0.15, CHCLy). 'H NMR (300 MHz, CDCls) & 1.04 (s, 9H), 2.17 (d, J =
N_/ SBU' 7.0 Hz, 3H), 3,63 (s, 1H), 4.12 (s, SH), 4.34 (s, 1H), 4.80 (s, 1H,), 6.2-6.3
Ph L7 (m, 1H), 6.5-6.9 (m, 5H), 7.2-7.7 (m, 10H). *C NMR (75 MHz, CDCl;) &
21.9, 31.2, 50.9, 51.7 (d, J = 7.1 Hz), 69.7, 69.8, 70.7 (d, J = 3.7 Hz), 71.4 (d, ] = 4.2 Hz),
75.1 (d, J = 10.0 Hz), 123.8, 127.5, 127.6, 127.7, 127.8, 127.8, 127.8 (d, J = 7.8 Hz), 129.0,
131.1 (d, J=17.5 Hz), 131.2, 135.0 (d, J = 21. 0 Hz), 137.0 (d, 9.5 Hz), 138.4 (d, J = 8.8 Hz).

3P NMR (121.5 MHz, CDCL) & = —33.6 (s). HRMS: cacld for CisHssFeN;PS (M+Na")
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706.0912; found: 706.0953. Crystals suitable for X-ray analysis was obtained by
recrystalization from CHCls/hexane: CCDC 764088.

The reaction of azomethine ylide with a-enones. The following provide a typical
experimental procedure of asymmetric 1,3-dipolar cycloaddition of azomethine ylide with
a-enones. In a 20-mL Schlenk tube containing a stirring bar, AgOAc (1.30 mg, 0.01 mmol)
and ThioClickFerrophos L7 (6.80 mg, 0.011 mmol) were dissolved in CH,Cl, (1.0 mL) and
stirred at room temperature for 30 min under nitrogen. The mixture was cooled to 0 °C, and
then a CH,Cl, (1.0 mL) solution of methyl N-(p-chlorobenzylidene)glycinate (36 mg, 0.20
mmol), benzalacetone (44 mg, 0.30 mmol), and Et;N (5.0 puL, 0.036 mmol) was added. The
resulting solution was stirred at the same temperature for 5 h and then filtered through Celite
and concentrated. The 'H NMR measurement of the crude product showed the presence of a
diastereomeric mixture of adducts (endo/exo = 85/15). The residue was purified by
preparative  TLC  (n-hexane/EtOAc = 2:1) to afford (2S,3R,4S,5R)-methyl
4-acetyl-5-(4-chlorophenyl)-3-phenylpyrrolidine-2-carboxylate (endo) 3a as a white solid,
yield 65.0 mg (85%); mp 125-126°C.

0 "H NMR (300 MHz, CDCl3) & 1.59 (s, 3H), 2.83 (br s, 1H), 3.62 (dd,
Meﬁh 1H, J = 7.4, 8.4 Hz), 3.73 (s, 3H), 3.92 (dd, 1H, J = 7.4, 8.5 Hz),
4-CICeHa=\ ~~CO:Me 4 04 (d, 1H, J = 8.4 Hz), 4.84 (d, 1H, J = 8.5 Hz), 7.2-7.4 (m, 9H).
" BC NMR (CDCls) 8 31.5, 51.7, 52.3, 64.8, 65.6, 67.6, 127.2, 127.6,

128.7, 128.82, 128.84, 133.8, 137.7, 140.7, 173.0, 207.2. HRMS: calcd for CyyH2oCINO;
(M+H"): 358.1201; found: 358.1228. The enantiomeric excess (92% ee) was determined by
HPLC (Daicel Chiralpak AS-H, i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210 nm): tR =

8.4 min (2S,3R,4S,5R)-isomer, 12.0 min (2R,3S,4R,5S)-isomer. CCDC 764086.

0 3b. White solid; mp 153-154 °C. '"H NMR (300 MHz, CDCl3) & 1.59

Ph
Meﬁ—;‘; (s, 3H), 2.63 (br s, 1H), 3.62 (dd, 1H, J = 7.4, 83 Hz), 3.72 (s, 3H),
FEICTI M 3 90 (dd, 1H, 3= 7.4, 8.5 Hz), 4.03 (d, 1H, J = 8.3 Hz), 4.84 (d, 1H, J

= 8.5 Hz), 7.2-7.5 (m, 9H). °C NMR (CDCl;) § 31.4, 51.6, 52.2, 64.8, 65.5, 67.5, 121.9,
127.2,127.5, 128.8, 129.0, 131.7, 138.2, 140.6, 172.9, 207.1. HRMS: calcd for Cy0H20BrNO3
(M+H"): 401.0627; found: 401.0642. HPLC: Daicel Chiralpak AS-H, i-PrOH/hexane 50:50,
flow rate 0.7 mL/min, 210 nm): tR = 89 min (2S,3R,4S,5R)-isomer, 14.3 min
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(2R,3S,4R,5S)-isomer.

o 3c. White solid; mp 89-90°C. "H NMR (300 MHz, CDCl3) & 1.56 (s,
Meﬁ_gih 3H), 2.84 (br s, 1H), 3.59 (dd, 1H, J = 7.0, 8.4 Hz), 3.72 (s, 3H),
4-MeOCqHy N COMe 3 79 (s, 3H), 3.93 (dd, 1H, J= 7.0, 8.6 Hz), 4.01 (d, 1H, J = 8.4 Hz),
4.84 (d, 1H, J = 8.6 Hz), 6.87 (d, 2H, J = 8.6 Hz), 7.2-7.4 (m, 7H).
BC NMR (CDCl3) § 31.4, 51.9, 52.2, 55.2, 65.2, 65.9, 67.7, 114.0, 127.1, 127.6, 128.4, 128.8,
130.9, 141.0, 159.2, 173.1, 207.7. HRMS: calcd for CyH,3NO,4 (M+H"): 354.1705; found:
354.1703. HPLC: Daicel Chiralpak AS-H, i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210
nm): tR = 9.4 min (2S,3R,4S,5R)-isomer, 15.8 min (2R,3S,4R,5S)-isomer.

o 3d. Colerless oil. 'H NMR (300 MHz, CDCl;) & 1.52 (s, 3H), 2.59 (br s,

Meﬁh 1H), 3.62 (dd, 1H, J="7.0, 8.3 Hz), 3.73 (s, 3H), 3.94 (dd, 1H, J=7.0, 8.4

CeHs N COMe Hz), 4.03 (d, 1H, J = 8.3 Hz), 4.84 (d, 1H, J = 8.4 Hz), 7.2-7.4 (m, 9H).

BC NMR (CDCl3) § 31.3, 52.0, 52.2, 65.8, 65.9, 67.8, 127.1, 127.2, 127.6,

128.0, 128.7, 128.8, 138.8, 141.0, 173.1, 207.6. HRMS: calcd for CpH;NO; (M+H"):

324.1599; found: 324.1591. HPLC: Daicel Chiralpak AS-H, i-PrOH/hexane 50:50, flow rate
0.7 mL/min, 210 nm): tR = 7.5 min (2S,3R,4S,5R)-isomer, 11.1 min (2R,3S,4R,5S)-isomer.

0 3e. Yellow solid; mp 105-106 °C. 'H NMR (300 MHz, CDCl;) § 1.52
Meﬁ_ih (s, 3H), 2.59 (br s, 1H), 3.62 (dd, 1H, J = 6.8, 8.3 Hz), 3.73 (s, 3H),
2-CioH77 " ~COMe 3 94 (dd, 1H, J = 6.8, 8.5 Hz), 4.03 (d, 1H, J=8.3 Hz), 4.84 (d, 1H, J =
" 8.5 Hz), 7.2-7.4 (m, 9H). °C NMR (CDCl;) & 31.3, 52.0, 52.2, 65.8,
65.9, 67.8, 127.1, 127.2, 127.6, 128.0, 128.7, 128.8, 138.8, 141.0, 173.1, 207.6. HRMS:
caled for Co4Hp;NO3 (M+H"): 374.1756; found: 374.1751. HPLC: Daicel Chiralpak AS-H,
i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210 nm): tR = 9.2 min (2S,3R,4S,5R)-isomer,
16.2 min (2R,3S,4R,5S)-isomer.

o 3f. Colerless oil. '"H NMR (300 MHz, CDCl3) & 1.0-1.7 (m, 11H),
Meﬁ_ih 1.96-2.02 (m, 1H), 2.12 (s, 3H), 2.53 (br s, 1H), 3.11-3.18 (m, 1H),
c-CeHas COMe 321 (dd, 1H, J = 3.5, 5.9 Hz), 3.35 (dd, 1H, J = 3.5, 7.0 Hz), 3.63 (s,
3H), 3.77 (d, 1H, J = 7.0 Hz), 7.1-7.3 (m, 5H). “C NMR (CDCL) §

25.6, 25.7, 31.4, 31.8, 32.5, 38.5, 52.0, 54.9, 61.8, 68.8, 70.4, 127.0, 127.2, 128.8, 142.7,
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172.6, 210.7. HRMS: calcd for Co0Hy7NO3 (M+H"): 330.2069; found: 330.2018. HPLC:
Daicel Chiralpak IA, i-PrOH/hexane 20:80, flow rate 0.8 mL/min, 210 nm): tR = 8.4 min
(2S,3R,4S,5R)-isomer, 10.8 min (2R,3S,4R,5S)-isomer.

0 5. White solid, mp 151-152 °C. '"H NMR (300 MHz, CDCl;) & 3.0 (br

h Ph
? §—>~ s, 1H), 3.73 (s, 3H), 4.11 (dd, 1H, J = 8.1, 9.0 Hz), 4.18 (d, 1H, J =

FOIGRTINTTO0ME 9 0 Hy), 451 (dd, 1H, = 8.1, 8.6 Ho), 497 (d, 1H, J = 8.6 Hz), 7.06
(s, 4H), 7.2-7.6 (m, 10H). >C NMR (CDCl;) & 52.2, 52.3, 60.3, 65.7, 67.4, 127.2, 127.7,
128.0, 128.2, 128.4, 128.7, 128.8, 133.0, 133.3, 137.2, 137.9, 140.3, 173.3, 198.3. HRMS:
caled for CpsH2CINOs; (M): 419.1288; found: 419.1285. HPLC: Daicel Chiralpak IA,
i-PrOH/hexane 10:90, flow rate 0.7 mL/min, 210 nm): tR = 33.2 min (2R,3S,4R,5S)-isomer,

42.7 min (2S,3R,4S,5R)-isomer.

6. White solid, 140-142°C. '"H NMR (300 MHz, CDCl;) & 3.0 (br s,

4C|C6H4§O_>ieH5 1H), 3.74 (s, 3H), 4.11 (dd, 1H, J=8.1, 9.0 Hz), 4.17 (d, 1H, J = 9.0

Hz), 4.45 (dd, 1H, J = 8.1, 8.6 Hz), 4.96 (d, 1H, J = 8.6 Hz), 7.08 (s,

N cote 4H), 7.2-7.5 (m, 9H). *C NMR (CDCL) & 52.2, 52.3, 60.3, 65.7,

67.4,127.3,127.7, 128.3, 128.6, 128.7, 128.8, 129.3, 133.5, 135.5, 137.7, 139.5, 140.2, 173.2,

197.2. HRMS: caled for CpsHyClNO3;(M): 453.0898; found: 453.0910. HPLC: Daicel

Chiralpak IA, i-PrOH/hexane 10:90, flow rate 0.7 mL/min, 210 nm): tR = 26.3 min
(2R,3S,4R,5S)-isomer, 33.2 min (2S,3R,4S,5R)-isomer.

4-CICgH

0 7. White solid, 132-133°C. 'H NMR (300 MHz, CDCl;) & 3.0 (br s,
4'MeOCGH4 \\CGHS
ﬁ_); 1H), 3.73 (s, 3H), 3.80 (s, 3H), 4.07 (dd, 1H, J = 8.1, 9.0 Hz), 4.18
4-C|C6H4 COyMe
N (d, 1H, J = 9.0 Hz), 4.45 (dd, 1H, J = 8.1, 8.6 Hz), 4.95 (d, 1H, J =

8.6 Hz), 6.74 (d, 2H, J = 8.0 Hz), 7.06 (s, 4H), 7.2-7.3 (m, 6H), 7.56
(d, 2H, J = 8.0 Hz). °C NMR (CDCl3) § 52.2, 52.3, 55.4, 59.8, 65.8, 67.4, 113.5, 127.0, 127.7,
128.1, 128.6, 128.7, 130.3, 133.1, 133.7, 138.1, 140.5, 163.4, 173.3, 196.5. HRMS: calcd
for CyH24CINOs (M): 449.1394; found: 449.1360. HPLC: Daicel Chiralpak IA,
i-PrOH/hexane 10:90, flow rate 0.7 mL/min, 210 nm): tR = 23.2 min (2S,3R,4S,5R)-isomer,
32.0 min (2R,3S,4R,5S)-isomer.

8. White solid, 159-160°C."H NMR (300 MHz, CDCl;) & 3.0 (br s, 1H), 3.74 (s, 3H), 4.16 (dd,
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2-CoH7 CeHs 1H, J = 8.1, 9.0 Hz), 4.24 (d, 1H, J = 9.0 Hz), 4.70 (dd, 1H, J =
4-CICsHhCOQMe 8.1, SIf Hz), 5.05 (d, 1H, J = 8.6 Hz), 7.0-7.8 (m, 15H), 8.11 (s,
H 1H). °C NMR (CDCls) & 52.2, 52.3, 60.3, 65.7, 67.4, 123.6,

127.2, 127.7, 128.2, 128.3, 128.5, 128.7, 128.8, 129.4, 129.7,

132.1, 133.2, 134.6, 135.3, 138.1, 140.2, 173.4, 198.0. HRMS: calcd for CyoH»4CINO;
(M+H"): 469.1445; found: 469.1432. HPLC: Daicel Chiralpak IA, i-PrOH/hexane 10:90, flow

rate 0.7 mL/min, 210 nm): tR = 250 min (2S,3R,4S,5R)-isomer, 27.5 min
(2R,3S,4R,5S)-isomer.

o 9. White solid, 162-163°C. "H NMR (300 MHz, CDCl3) & 2.9 (br s,

CeHis A-CICeHs  1H), 3.74 (s, 3H), 4.11 (dd, 1H, J = 8.0, 9.3 Hz), 4.17 (d, 1H, J =9.3

4-CICGH4§;>*COZMe Hz), 4.47 (dd, 1H, J = 8.0, 8.9 Hz), 4.96 (d, 1H, J = 8.9 Hz), 7.08 (s,

H 4H), 7.2-7.5 (m, 9H). C NMR (CDCL) & 51.2, 52.3, 60.4, 65.4,

67.1, 128.0, 128.2, 128.4, 128.7, 128.9, 129.1, 133.0, 133.2, 133.4, 137.1, 137.9, 138.5, 173.1,

197.6. HRMS: calcd for CosHnCLNOs (M+H"): 453.0898; found: 453.0903. HPLC: Daicel

Chiralpak IA, i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210 nm): tR = 11.3 min
(2R,3S,4R,5S)-isomer, 16.7 min (2S,3R,4S,5R)-isomer.

o 10. Yellow solid, 168-169°C. '"H NMR (300 MHz, CDCls) § 2.9

CeHs A-MeOCeHs  (br s, 1H), 3.74 (s, 3H), 3.78 (s, 3H), 4.06 (dd, 1H, J = 8.4, 9.2 Hz),

4-C|C6H:§_N_>~002Me 4.14 (d, 1H, J=9.2 Hz), 4.47 (dd, 1H, J = 8.2, 8.7 Hz), 4.95 (d, 1H,

H J=8.7 Hz), 6.86 (d, 2H, J = 8.0 Hz), 7.06 (s, 4H), 7.2-7.5 (m, 6H),

7.56 (d, 2H, J = 8.0 Hz). >C NMR (CDCl3) 8 51.5, 52.3, 55.2, 60.3, 65.5, 67.4, 114.1, 128.0,

128.2, 128.4, 128.6, 128.7, 132.1, 133.0, 133.2, 137.2, 138.1, 158.6, 173.3, 198.2. HRMS:

caled for CysH4CINO, (M+H): 449.1394; found: 449.1390. HPLC: Daicel Chiralpak IA,

i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210 nm): tR = 10.7 min (2R,3S,4R,5S)-isomer,
14.1 min (2S,3R,4S,5R)-isomer.

0 11. White solid, 153-154°C. "H NMR (300 MHz, CDCl5) 8 3.0 (br s,
CGHS .\\4-CF306H4
ﬁ_X 1H), 3.74 (s, 3H), 4.2 (m, 2H), 4.17 (d, 1H, J = 9.3 Hz), 4.5-4.6 (m,
4-CICgHy = ~~COzMe 5
N 1H), 5.00 (d, 1H, J = 8.9 Hz), 7.05 (s, 4H), 7.2-7.6 (m, 9H). *C

NMR (CDCls) § 51.2, 52.4, 60.4, 65.4, 67.0, 125.7 (g, J= 3.8 Hz),
127.0 (g, J = 260 Hz), 128.0, 128.2, 128.3, 128.4, 128.8, 133.8 (d, J = 6.7 Hz), 133.2, 133.4,
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137.0, 137.9, 144.1, 173.0, 197.4. HRMS: calcd for CysH;;CIF3NO3; (M): 487.1162; found:
487.116x1. HPLC: Daicel Chiralpak IA, i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210
nm): tR =10.9 (2S,3R,4S,5R)-isomer, 15.4 min min (2R,3S,4R,5S)-isomer.

0 12. White solid, 174-175°C. "H NMR (300 MHz, CDCl;) & 3.1 (br
CeHs .2-C4oH7

ﬁ—}“ s, 1H), 3.72 (s, 3H), 4.28 (dd, 1H, J= 7,7, 9.0 Hz), 4.32 (d, 1H, J =
4-ClCeH N COMe 9 0 Hz), 4.62 (dd, 1H, J = 7.8, 8.6 Hz), 5.04 (d, 1H, J = 8.6 Hz),
7.08 (s, 4H), 7.2-7.6 (m, 8H), 7.8-7.9 (m, 4H). °C NMR (CDCl;) 5
52.3, 52.4, 60.4, 65.7, 67.3, 125.5, 125.8, 126.2, 126.8, 127.6, 127.8, 128.0, 128.2, 128.4,
128.6, 128.7, 132.6, 133.0, 133.3, 137.2, 137.6, 137.9, 173.3, 198.2. HRMS: calcd for
CoHCINO; (M+H'): 469.1445; found: 469.1453. HPLC: Daicel Chiralpak IA,
i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210 nm): tR = 9.1 min (2R,3S,4R,5S)-isomer,

15.8 min(2S,3R,4S,5R)-isomer.

13. White solid, 85-86°C. 'H NMR (300 MHz, CDCls) § 1.20 (d, 3H,

0]
MeHe J=6.7 Hz), 1.69 (s, 3H), 2.5 (br s, 1H), 2.72 (sext, 1H, J = 7.1 Hz),
cicats—L, F~come 3.12 (dd, 1H, J = 7.9, 8.6 Hz), 3.41 (d, 1H, J = 8.4 Hz), 3.82 (s, 3H),
H 4.64 (d, 1H, J = 8.6 Hz), 7.2-7.3 (m, 4H). °C NMR (CDCL) § 18.1,

31.1, 40.8, 52.3, 63.7, 65.3, 67.9, 128.5, 128.7, 133.6, 138.3, 173.5, 207.5. HRMS: calcd for
CisHisCINO; (M+H"): 296.1053; found: 296.1057. HPLC: Daicel Chiralpak IA,
i-PrOH/hexane 50:50, flow rate 0.7 mL/min, 210 nm): tR = 6.1 min (2S,3R,4S,5R)-isomer,
7.8 min, (2R,3S,4R,5S)-isomer.

Cotey P 14. Yellow solid, 62-63°C. 'H NMR (300 MHz, CDCls) & 2.8 (br s,
CgH

\ﬁe °  1H), 3.76 (s, 3H), 3.93 (dd, 1H, J = 7.0, 8.2 Hz), 4.04 (dd, 1H, J =
4-CICgH, CO,Me

N 7.0, 8.2 Hz), 4.13 (d, 1H, J = 8.2 Hz), 4.94 (d, 1H, J = 8.2 Hz), 6.29

(d, 1H, 16.0 Hz), 7.16-7.36 (m, 15H). >C NMR (CDCls) & 51.9,

52.3, 63.2, 65.5, 67.5, 126.2, 127.1, 127.6, 128.2, 128.5, 128.6, 128.8, 130.5, 133.5, 134.1,

137.6, 140.9, 142.7, 173.2, 198.0. HRMS: caled for CaHoCINO; (M+H'): 455.1445;

found: 455.1450. HPLC: Daicel Chiralpak 1A, i-PrOH/hexane 50:50, flow rate 0.7 mL/min,
210 nm): tR = 10.7 (2S,3R,4S,5R)-isomer, 16.5 min min (2R,3S,4R,5S)-isomer.

I
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16. Yellow oil. '"H NMR (CDCls, 300 MHz): & 1.8-2.2 (m, 4H),

2.3 (brs, 1H), 2.89 (dd, 1H, J = 8.8, 9.1 Hz), 3.17-3.27 (m, 1H),
COMe 382 (s, 3H), 4.11 (d, 1H, J = 6.8 Hz), 4.45 (d, 1H, J = 9.4 Hz),

7.30 (s, 4H). °C NMR (CDCl3) § 23.8, 39.7, 42.2, 52.0, 55.3,

64.0, 64.1, 128.4, 130.9, 133.3, 137.0, 171.9, 217.0. HRMS:
caled for C;sH sCINO; (M+H"): 294.0897; found: 294.0886. HPLC: Daicel Chiralpak IB,
iI-PrOH-hexane 90/10, flow rate 0.7 mL/min, 210 nm), tR: 319 min for
(1S,3R,3aS,6aR)-isomer and 39.6 min for (1R,3S,3aR,6aS)-isomer.

Iz

Cl
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The reaction with 1-phenyl-2-propen-1-one
The reaction with 1-phenyl-2-propen-1-one produced a mixture of 17 and 18 in 25% and 41%
yields, respectively (below Scheme). Compound 18 probably resulted from the Michael
addition of the pyrrolidine group to 1-phenyl-2-propen-1-one. In each product the
endo-selectivity and ee% were high (98% ee). When the reaction was carried out using more

than twice the amount of 1-phenyl-2-propen-1-one, 18 was the major product.

1a
O AgOAc/L7
Ph)J\/ CH,Cl,/EtgN
0°C,24h

e O
CSHS%\ CSHSh
+
R™ NN~ ~CO,Me R™ N7 TCOMe
H
17 R = 4-CIC4H, 1sj\

25% 41%

17. White solid, mp 84-85°C. '"H NMR (300 MHz, CDCl3) § 2.41 (dt, 1H, J = 7.4, 13.2 Hz),
2.60 (dt, 1H, J = 7.1, 13.2 Hz), 2.80 (br s, 1H), 3.86 (s, 3H), 4.03 (dd, J = 8.2, 8.2 Hz), 4.35
(dt, J = 7.4, 8.0 Hz), 4.70 (d, 1H, J = 8.0 Hz), 7.0 (s, 4H), 7.2-7.6 (m, 5H). *C NMR (CDCl)
d 33.3, 51.0, 52.4, 59.8, 66.0, 128.0, 128.1, 128.3, 128.5, 132.9, 133.0, 133.1, 137.2, 137.7,
174.0, 199.0. HRMS: calcd for Cy3H,,CINO, (M+H"): 343.0975; found: 343.0982. HPLC:
Daicel Chiralpak IA, i-PrOH/hexane 10:90, flow rate 1.0 mL/min, 210 nm): tR = 24.1 min
(2S,3R,4S,5R)-isomer, 28.6 min (2R,3S,4R,5S)-isomer.

18. Yellow oil. '"H NMR (500 MHz, CDCls) § 1.60 (br s, 1H), 2.25 (dt, 1H, J = 6.4, 12.7 Hz),
2.28 (dt, 1H, J = 10.0, 12.7 Hz), 2.89 (dt, 1H, J = 7.4, 17.0 Hz), 2.99 (dt, 1H, J = 7.4, 17.0
Hz), 3.18 (t, 1H, J=7.4 Hz), 3.19 (t, 1H, J= 7.4 Hz), 3.77 (dd, J = 6.4, 10.0 Hz), 3.81 (s, 3H),
4.33 (dt, J=6.4, 10.0 Hz), 4.37 (d, J = 10.0 Hz), 6.90 (d, 2H, J = 8.4 Hz), 6.98 (d, 2H, J = 8.4
Hz), 7.36 (m, 4H), 7.50 (m, 2H), 7.64 (d, 2H, J = 7.8 Hz), 7.69 (d, 2H, J = 7.8 Hz). °C NMR
(CDCl3) 0 31.2, 37.5, 58.9, 50.3, 52.1, 65.6, 70.2, 127.7, 127.8, 128.1, 128.4, 129.6, 132.9,
133.0, 133.1, 136.5, 137.2, 139.3, 174.0, 197.4, 199.0. HRMS: calcd for C,sH2sCINO4
(M+H"): 476.1628; found: 476.1624. HPLC: Daicel Chiralpak IA, i-PrOH/hexane 90:10, flow
rate 0.7 mL/min, 210 nm): tR = 10.7 min (2S,3R,4S,5R)-isomer, 16.5 min
(2R,3S,4R,5S)-isomer.
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Discussion on the mechanism of the reaction

As illustrated in Figure 1, the high stereoselectivity of the reaction may be explained based
on Carretero's Cu/Fesulphos-azomethine complex intermediate although the central metal is
silver not copper.” The O and N atoms of the azomethine ylide should coordinate to the silver
atom of the Ag/ThioClickFerrophos complex to form a tetrahedral structure where the
azomethine species adopts a stable geometry. X-ray crystallographic structure of AgOAc/LS
complex (Figure 2), where acetoxy and triazole group coordinate in addition to phosphorus
and sulfur, may support the tetrahedral structure. The o-enone approaches from the less
hindered site (Re face of C=N bond) avoiding the bulky tert-Bu group. At this point, the
carbonyl group may coordinate to the silver atom, such that it is arranged endo to the

azomethine species. The stereocenters of C-2 and C-5 would be S and R, respectively.

R
N__-Ph AL
N I But O5~-
‘NI s Nf \
- .
phl.Me JAg”
\P/ \o/
Ph OMe
17
Figure 1

Figure 2.
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X-ray structure of 3a


Jasco_HPLC analytical result

mTEIIL
1200000 -ex660-1-CHY
1000000 - 3a
800000 -
=)
Y
> 600000
£ 400000 -
200000 -
2]
0 iy :
| T T i T B
0.0000 5.0000 10.0000 15.0000
Retention Time [min]
Table
8350 9788343
11.987} 21659
hex50 0.8mL 30min AS-H ex679-1 2(.770/07/ 14 18:57:15
Jasco_HPLC analytical result
1 Eex679-1-CH9
1000000 —
3b
800000 -
=)
S 600000 -
Fo
g
£ 400000 -
200000 - \
0 - o e e &j_ _,7A€J;>T,_
| ,,, S . S
. 0.0000 10.0000 20.0000
: Retention Time [min]
Table
- WRmin) “ares Gilanch! higbb VY arse | hight
Unknown 9 8973  25911557]  1038044] 97.709] 98.400]
- 2Junknown 9 | 14347 607678] 16877 2291] 160
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Jasco_HPLC analytical result

1500000 -

1000000

Intensity [pAU]

500000 -

3c

0.0000 10.0000 20.0000
Retention Time [min]

{lunknown 413] 50111306] 1725805 98.741] 98.984
“funknown [0 [ 15813 638737 11713 1259 101§

hex50 0.8mL 20min AS-H ex677-1 2010/01/14 18:59.48

Jasco_HPLC analytical result

1600000 1

1400000 -

1200000

{

1000000 -

800000 —

Intensity [pAU]

600000 -

1

400000

L

200000

Eex677- 1-CH§

3d

\ 5

T o o

0.0000 5.0000 10.0000
Retention Time [min]

97457 98.021
- 2lUnknown 9 | 11133 744550] 31229 254 1979

T
15.0000
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Jasco_HPLC analytical result

1 Fex681-2-CH9
3e
1500000 -
=)
3 ,
> 1000000
8
E
500000
2
Y S, 2 S
[ T T
0.0000 10.0000 20.0000

Retention Time [min]

9.227,
16.200)

96.740  97.80§
1780529] 41505 32600  2.194

hex80 0.7mlL 30min AS-H ex730-1 .2070/01/ 14 18:20:04

Jasco_HPLC analytical result

HOT IS4

1200000 Fex730-1-CH

1000000 3f

800000 -

600000

4

Intensity [HAU]

400000 -

200000

; b

T

!

T T
0.0000 5.0000 10.0000 15.0000
Retention Time [min]

AR fin} acea (WV-sesl] Hight TV~ :
j 8373 11398193 818289 95549
Zlunknown | 9 | 10.809 531029 29237 4.451



fukuzawa_shinichi
テキストボックス

fukuzawa_shinichi
テキストボックス

fukuzawa_shinichi
テキストボックス


39

hex90 0.7mL 60min AS-H ex747-1 2010/01/14 18:25:15

Jasco_HPLC analytical result

PIEE TN

300000 fex747-1-CH9)

250000 | 5
200000 -
150000 -
100000 -| A

50000 - Y ‘x// \\\

0 T X 3

Intensity [pAU]

-50000 -

-100000 -— s

T

I
20.0000 40.0000
Retention Time [min]

 min} ares [V V. ,
33.200 266507 349 1480 264
' [2lunknown 9 | 42667 17735925]  128826) 98520 97.357|

hex90 0.7mL 40min AS-H ex748-1 2010/01/14 18:27:38

Jasco_HPLC analytical result

DOIMISL
800000
600000 -|

E)

<<

2 400000 -

g 2

=

[
200000 - / \

) \
0 A —— Y Y .

0.0000 10.0000 30.0000

20.0000
Retention Time [min]

Hpaime 1} AR Dmib) area (uVisec]] hight [V ren! :
. {unknown 9 26.253) 1071287 15201 2.636) 4.5208
| 2Unknown 9 33.213] 39566877 321114 97.364 9548




hex90 0. 7mL 40min AS-H ex740-1 2010/01,/14 18:22:11

Jasco_HPLC analytical result

s BTN e
1200000 fex740-1-CHY)

1000000 7

800000 -

600000

400000 - l/\
200000 /

|
0 +— A\ e A

_ P v_{_Z .

[ T T T

0.0000 10.0000 20.0000 30.0000
Retention Time [min]

t

Intensity [BAU]

|

5 23.227 19375346 37192 99.227]  99.276;
| 2|unknown 9 31.907 150931 2712 0.773] 0.724

hex90 0.7mL 40min AS-H ex745-1 2010/01/14 18:23.58

Jasco HPLC analytical result

R MISL N
1200000 Eex745-1-CH9

1000000 8

{

800000 —

1

600000

Intensity [pAU]

400000 - ?\
200000 - / \

0 . . ,,,,,,,,_,,,,,,,,!L;._\%Z{: S
- T

T T

0.0000 10.0000 20.0000 30.0000
Retention Time [min]

s , ]
Munknown [ 9 [ 24 323148 98335 97.737]
2Junknown 9 | 27547 379317| 748y  1.665]  2.263)




hex50 0.8mL 30min AS-H ex755-3 2010/01/15 11:31:02

Jasco_HPLC analytical result

HOR ML o
1200000 fex755-3-CHg
1000000 9

2
800000 -

=)

2

= 600000 -|

@
5] ‘
£ 400000 - ‘
i
200000 J \
1 :
0 - A AJAKV S 7 4
. [ T T
" 0.0000 10.0000 20.0000
Retention Time [min]
Table
A area [oV-sec)] -hight (V] - areaN i
9 812138 4489 3.173] 5.2t
9 | 16707 24783517 815490 96.827 94.782)
hex50 0.8mL 30min AS-H ex758—2 2010/01/13 17:45:29
Jasco_HPLC analytical result
mRMISL .
1200000 lex758-2-CHY
1000000 - 10
800000 -
=) 2
<
= 600000 -
oy
@
=4
g
£ 400000 -
200000 |
0 ﬂi ' i
[ I T
0.0000 10.0000 20.0000

Retention Time [min]

24703
9 14.080] 16267250 675601 97.835[ 96.473

m Unknown
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hex70 1.0ml 40min IA shimiken-ex411 2010/01/15 12:23:16

Jasco_ HPLC analytical result

DO RIS
shimiken-ex411-CH9)
1400000 — S
11
1200000
: 2
1000000
2
5 800000
Z
@
§ 600000 -
=
400000 / \
200000 - | \
1 J
0 o ,_N,,WH;7_,¢4~-.!A‘w__, KA
T

T i

0.0000 5.0000 10.0000 15.0000
Retention Time [min]

671118 50295 2.084

2l 9 15773 31525164 1062217  97.916] 95.479

hex70 1.0mL 30min AS-H ex757-1 2010/01/15 11:30:23

Jasco_HPLC analytical result

DARIS L o
800000 fex757-1-CH9)
12
600000 -
=)
3 400000 -
Z
[
s
5
200000 - %
/
/ \\\ 2
04— Y - ve
o T T I T I T 1
0.0000 5.0000 10.0000 15.0000 20.0000  25.0000

Retention Time [min]

CH} tR [min) area [iV-sec) hight fus sres

9 10.867 9718456 18485! 95.944  85.903]

9 15.360% 410858| 7897] 4.056) 4.097|




hex50 0.8mL 30min AS-H ex770-1 2010/01/26 20:42:51

Jasco_HPLC analytical result

ORMISL
800000 €x770-1-CH9
13
600000 -
=) 1
<<
2 400000 «
,'E i
v
8
5
200000 -
0 S / L‘ vZ‘LA _
[ I T T
0.0000 5.0000 10,0000 15.0000
Retention Time [min]
38276] 3903 o881 0.886]
hex50 0.8mi 20min IA shimiker-ex418 2010/01/19 15:41:17
Jasco_HPLC analytical result
[abd TN —
1 [shimiken-ex418-CH9
2000000 | 14
1500000
=)
<
=
Z
2 1000000 -
g
S
500000 | ‘
\ :
0 U U 7 N, ,’Jﬂﬁf/\‘@ - l/l\i
B T T | 1
5.0000 15.0000 20.0000

10.0000
Retention Time [min]

a [uVrson]] “hight oV] - aresN hights
45969079 _ 2226606] 97450 97801

1202867, 47977 2.550) 2.109
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'Jasco_HPLC analytical result

ooItISL
800000 €x775-2-CHI
15
600000 -
=) y
X 400000 |
Z
2 r
g f
£
200000 - ‘
o L d g
= T T T
0.0000 10.0000 20.0000 30.0000
Retention Time [min]
28:640( 190361 8304 0:950|
Jasco_HPLC analytical result
oaeMISh -
2500000 {shimiken-ex419-CHY
, 16
2000000 |
1
S 1500000 -
<
=
Z
2
£ 1000000
=
500000 -
0 e e A — e ————————————— e ¢ ——— 4‘j e T ,,,;7.,ﬁ*>1
. o I T - T e |
0.0000 10.0000 20.0000 30.0000
Retention Time [min]

E—sme

: iV-sec] - hight [V - hight
9 | 1565 39852387]  1645469] 98.544] 98.935
9 | 26.200 588829 17716]  1.456(  1.069
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Jasco_HPLC analytical result

DORMISL
1200000 fex765-1-CH9
1000000 18
800000 -
=)
3 600000 |
=
7]
&
£ 400000 - 1
200000 - \
0 . _ _ . Y vZJn
I T T T
0.0000 10.0000 20.0000 30.0000 40.0000

30.533]

8906746

362479

Retention Time [min]

9 38.493)

251044

5224
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