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1. General

NMR spectra were recorded on a Varian spectrometer (300 MHz for 'H, and 100 MHz for
C). Chemical shifts are reported in & ppm referenced to an internal SiMe, standard for 'H
NMR and chloroform-d (8 77.16) for °C NMR. HPLC was performed on a JASCO 2000
instrument by using Daicel columns.

2. General procedures for Rh-Catalyzed 1,4-additions.

Under N, atmosphere, a solution of [RhCI(C,H,),], (1.5 mg, 0.0075 mmol of Rh), 11 (3.2 mg,
0.0075 mmol), and arylboronic acid (0.60 mmol) in 0.5 mL of dioxane was stirred at 60 °C
for 30 min. To this mixture were added the a,B-unsaturated carbonyl compounds (0.25 mmol)
and then aqueous K;PO, (83 pL, 1.5M, 0.125 mmol). After being stirred at 60 °C for 1 h, the
mixture was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography to afford the corresponding addition product 14.

3. Characterization data of new ligand compounds.

Ligands 1, 5-12 were synthesized according to the procedures' we reported before. Ligands 2
was synthesized following the literature”’. Ligands 3 and 4 were synthesized by general
m-CPBA epoxidation and Mel/NaH methylation of ligand 1, respectively.

oo 'HNMR (300 MHz, CDCLy): & 1.28 (s, 9H), 2.59-2.63 (m, 2H), 4.39 (d, J =

N\

H,ys\4 8.7 Hz, 1H), 4.61-4,68 (m, 1H), 5.13-5.19 (m, 2H), 5.57-5.70 (m, 1H),

@/\/\ 7.24-738 (m, SH); *C NMR (100 MHz, CDCLy): § 23.25, 42.62, 56.98,
58.94, 118.60, 125.43, 126.53, 127.76, 132.11, 140.92; ESI-MS: 266.2 [M -

3 H]; HRMS (ESI) for C;4H;NO,SNa [M + Na]": caled 290.1191, found
288.1189.
0 'H NMR (300 MHz, CDCl5): & 1.19 (s, 9H), 2.46 (s, 3H), 2.67-2.88 (m, 2H),

\g’s‘"é 443 (t, =175 Hz, 1H), 5.03 (d, J = 10.2 Hz, 1H), 5.11 (d, J = 17.1 Hz, 1H),
SN 5.67-5.81 (m, 1H), 7.25-7.38 (m, 5H); *C NMR (100 MHz, CDCl;): § 22.99,
(>/\A 26.36, 36.11, 57.94, 66.40, 116.42, 126.84, 127.10, 127.54, 134.41, 138.44;
4 ESI-MS: 265.9 [M + H]"; HRMS (ESI) for C;sH»;NOSNa [M + Na]": caled
288.1398, found 288.1392.

! (a) X.-W. Sun, M.-H. Xu, G.-Q. Lin, Org. Lett., 2006, 8, 4979; (b) X.-W. Sun, M. Liu, M.-H.
Xu, G.-Q. Lin, Org. Lett., 2008, 10, 1259; (c) M. Liu, X.-W. Sun, M.-H. Xu G.-Q. Lin, Chem. Eur.
J., 2009, 15, 10217. (d) M. Liu, A. Shen, X.-W. Sun, F. Deng, M.-H. Xu, G.-Q. Lin,
Chem.Commun., 2010, 46, 8460.

2T Colyer, N. G. Andersen, J. S. Tedrow, T. S. Soukup, M. M. Faul, J. Org. Chem., 2006, 71,
6859.
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'H NMR (300 MHz, CDCLy): & 1.21 (s, 9H), 4.01 (d, J = 7.2 Hz, 1H),
Br HN’S"'é 5.22-5.26 (m, 1H), 5.32-5.41 (m, 2H), 5.80-5.96 (m, 2H), 7.13-7.19 (m, 1H),

NN 7.32-7.59 (m, 7H), 8.02 (d, J = 10.2 Hz, 2H); °C NMR (100 MHz, CDCl5):
OBz §21.69, 55.91, 59.28, 74.51, 118.76, 122.98, 126.73, 127.56, 128.76,
7 131.06, 132.34, 136.77, 164.18; ESI-MS: 450.0 [M + H]"; HRMS (ESI) for
Cy1HysBrNOsS [M + HJ': caled 450.0739, found 450.0748.

C '"H NMR (300 MHz, CDCL): § 1.20 (s, 9H), 3.83 (d, J = 5.7 Hz, 1H),
iy S 4.84-4.87 (m, 1H), 5.32-5.43 (m, 2H), 5.69-5.80 (m, 1H), 5.92-5.95 (m,
N 1H), 7.44-7.49 (m, 2H), 7.57-7.66 (m, 5H), 8.00 (d, J = 8.1 Hz, 2H); 1°C
Fc OBz NMR (100 MHz, CDCly): & 21.69, 55.88, 60.20, 75.25, 119.03, 124.65,
9 124.68, 127.52, 127.69, 128.70, 130.76, 132.55, 141.32, 164.52; ESI-MS:

440.0 [M + H]"; HRMS (ESI) for CoHysFsNO5S [M + HJ': caled 440.1507, found 440.1498.

'H NMR (300 MHz, CDCl5): & 1.17 (s, 9H), 4.07 (d, J = 6.6 Hz, 1H), 5.33
(d, J = 10.5 Hz, 1H), 5.44 (d, J = 17.4 Hz, 1H), 5.72-5.83 (m, 2H),
6.01-6.04 (m, 1H), 7.42-7.67 (m, 7H), 7.83 (d, J = 8.1 Hz, 1H), 7.89 (d, J =
8.4 Hz, 1H), 8.07 (d, J = 8.1 Hz, 2H), 8.46 (d, J = 8.7 Hz, 1H); *C NMR
(100 MHz, CDCls): & 21.76, 54.87, 55.92, 74.93, 118.63, 122.25, 124.22,
124.64, 125.04, 125.98, 127.57, 127.98, 128.05, 128.82, 129.02, 129.99, 130.64, 132.33,
132.89, 133.37, 164.73; ESI-MS: 422.0 [M + H]"; HRMS (ESI) for C»sH,sNOsS [M + HJ™:
calcd 422.1790, found 422.1800.

Q 'H NMR (300 MHz, CDCl5): & 1.23 (s, 9H), 4.08 (d, J = 2.7 Hz, 1H), 5.35

(d, J = 10.5 Hz, 1H), 5.46 (d, J = 17.1 Hz, 1H), 5.71-5.86 (m, 2H),
6.00-6.02 (m, 1H), 7.40-7.65 (m, 7H), 7.81 (d, J = 7.8 Hz, 1H), 7.87 (d, J =
8.4 Hz, 1H), 8.08 (d, J = 7.2 Hz, 2H), 8.41 (d, J = 8.4 Hz, 1H); *C NMR
(100 MHz, CDCls): & 21.61, 55.20, 55.87, 75.39, 119.24, 122.12, 124.01,
124.89, 125.16, 125.82, 127.51, 127.83, 127.98, 128.68, 128.75, 128.90, 130.38, 130.54,
132.31, 132.79, 164.74; ESI-MS: 422.0 [M + H]"; HRMS (ESI) for C»sH,sNOsS [M + HJ™:
calcd 422.1790, found 422.1800.
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4. Characterization data and HPLC of addition products.

o}

1l4a

Peak MNo.

"H NMR (300 MHz, CDCl;): & 1.70-1.92 (m, 2H), 2.05-2.20 (m, 2H), 2.35-2.62
(m, 4H), 2.95-3.08 (m, 1H), 7.19-7.25 (m, 3H), 7.34 (t, J = 7.8 Hz, 2H). [o]p™
-18.2 (¢ 1.01, CHCL;) for 96% ee [Lit. 1: [a]p> -19.5 (c 0.95, CHCLs) for 93%
ee of the S-isomer; Org. Lett., 2008, 10, 4101; Lit. 2: [a]p™ -21 (¢ 0.96, CHCl;)
for 97% ee of the S-isomer; J. Am. Chem. Soc. 1998, 120, 5579.]
HPLC: Chiracel OJ-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 90/10;
flow = 0.7 mL/min; Retention time: 13.4 min, 15.6 min (maj).
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o 'H NMR (300 MHz, CDCl;): & 1.73-1.94 (m, 2H), 2.05-2.17 (m, 2H),
2.31-2.60 (m, 4H), 2.33 (s, 3H), 2.94-3.02 (m, 1H), 7.11 (d, J = 8.7 Hz, 2H),
7.15 (d, J = 8.7 Hz, 2H).
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
14p i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 8.7 min (maj), 9.7

min.
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Q '"H NMR (300 MHz, CDCL): & 1.75-1.89 (m, 2H), 2.05-2.17 (m, 2H),
2.37-2.61 (m, 4H), 2.95-3.04 (m, 1H), 6.99-7.04 (m, 2H), 7.16-7.20 (m, 2H).

HPLC: Chiracel OJ-H Column (250 mm); detected at 214 nm; n-hexane /

F i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 14.8 min, 16.0 min

(maj).
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'H NMR (300 MHz, CDCLy): & 1.74-1.89 (m, 2H), 2.05-2.19 (m, 2H),

(@]
2.32-2.61 (m, 4H), 2.94-3.04 (m, 1H), 7.15 (d, J = 8.1 Hz, 2H), 7.30 (d, J =
8.4 Hz, 2H).
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
Ccl . . . . . .
14d i-propanol = 95/5; flow = 0.7 mL/min; Retention time: 8.8 min (maj), 9.3
min.
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'H NMR (300 MHz, CDCls): & 1.73-1.88 (m, 2H), 2.05-2.16 (m, 2H),
2.36-2.61 (m, 4H), 2.92-3.01 (m, 1H), 3.80 (s, 3H), 6.87 (d, J = 7.8 Hgz,
2H), 7.14 (d, J = 8.1 Hz, 2H).

HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /

OMe i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 10.9 min (maj),

14e
11.6 min.
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o 'H NMR (300 MHz, CDCl5): § 1.75-1.91 (m, 2H), 2.05-2.18 (m, 2H), 2.35 (s,
3H), 2.35-2.62 (m, 4H), 2.92-3.01 (m, 1H), 7.01-7.07 (m, 3H), 7.20-7.26 (m,
1H).

HPLC: Chiracel OD-H Column (250 mm); detected at 214 nm; n-hexane /
1t i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 11.2 min (maj), 13.3
min.
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o 'H NMR (300 MHz, CDCL;): & 1.77-1.91 (m, 2H), 1.99-2.05 (m, 1H), 2.16-2.20
(m, 1H), 2.32 (s, 3H), 2.37-2.53 (m, 4H), 3.16-3.25 (m, 1H), 7.13-7.25 (m, 4H).
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 7.5 min (maj), 8.5 min.
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o 'H NMR (300 MHz, CDCLy): & 1.75-1.93 (m, 2H), 2.01-2.16 (m, 2H),
OMe 2.34-2.61 (m, 4H), 3.37-3.46 (m, 1H), 3.82 (s, 3H), 6.86-6.97 (m, 2H),

7.18-7.26 (m, 2H).

HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane /
14h i-propanol = 60/40; flow = 0.6 mL/min; Retention time: 12.6 min, 18.0 min

(maj).
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0 'H NMR (300 MHz, CDCLy): & 1.89-2.07 (m, 2H), 2.19-2.27 (m, 2H),

14i

(maj).

2.41-2.79 (m, 4H), 3.81-3.90 (m, 1H), 7.39-7.56 (m, 4H), 7.76 (d, J = 8.1 Hz,
1H), 7.88 (d, J=7.5 Hz, 1H), 8.04 (d, J=8.1 Hz, 1H).
HPLC: Chiracel OJ-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 26.7 min, 28.8 min
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o 'H NMR (300 MHz, CDCls): & 1.81-2.04 (m, 2H), 2.15-2.23 (m, 2H),

2.37-2.53 (m, 2H), 2.59-2.71 (m, 2H), 3.14-3.22 (m, 1H), 7.37 (d, J = 8.4
Hz, 1H), 7.45-7.47 (m, 2H), 7.64 (s, 1H), 7.79-7.83 (m, 3H).
HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /

14j . . . . . .
) i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 10.1 min (maj),
10.9min.
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14k

'H NMR (300 MHz, CDCLy): & 1.90-2.08 (m, 1H), 2.22-2.54 (m, 4H), 2.67 (dd, J
= 18.3, 7.8 Hz, 1H), 3.35-3.49 (m, 1H), 7.22-7.30 (m, 3H), 7.31-7.39 (m, 2H).
[a]p™ -81.2 (c 0.81, CHCL3) for 90% ee [Lit. 1: [a]p>* -73.8 (¢ 1.21, CHCI;) for
80% ee of the S-isomer; Org. Lett., 2008, 10, 4101; Lit. 2: [a]p™ -92 (¢ 0.82,
CHCI;) for 97% ee of the S-isomer; J. Am. Chem. Soc. 1998, 120, 5579.]

HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 99/1;
flow = 1.0 mL/min; Retention time: 19.5 min, 21.7 min (maj).
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Q 'H NMR (300 MHz, CDCls): & 1.90-2.04 (m, 1H), 2.27-2.51 (m, 4H), 2.34 (s,
3H), 2.66 (dd, J = 18.0, 7.5 Hz, 1H), 3.33-3.45 (m, 1H), 7.16 (s, 4H).
HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 99/1; flow = 0.5 mL/min; Retention time: 37.7 min, 40.2 min (maj).
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1 37673 163888 156 TOAE155.500 49 9028
2 a0.173 167311 484 FO0OZ00.000 5000972
Total 331199 641 13067355 500 100.0000
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2 40153 1023675750 36766132000 030467
Total 1103921 205 A0423779.500 100.0000
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"H NMR (300 MHz, CDCls): & 1.88-2.02 (m, 1H), 2.24-2.51 (m, 4H), 2.66 (dd,

J=18.0, 7.5 Hz, 1H), 3.34-3.45 (m, 1H), 7.19 (d, J = 8.7 Hz, 2H), 7.31 (d, J =

8.4 Hz, 2H).

HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 16.2 min, 18.7 min
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o '"H NMR (300 MHz, CDCl5): & 1.88-2.02 (m, 1H), 2.22-2.50 (m, 4H), 2.64 (dd,
J=18.0,7.5 Hz, 1H), 3.31-3.43 (m, 1H), 3.80 (s, 3H), 6.88 (d, J = 7.8 Hz, 2H),
7.18 (d, J = 8.1 Hz, 2H).

HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 99/1; flow = 0.5 mL/min; Retention time: 16.8 min, 18.4 min
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"H NMR (300 MHz, CDCLy): & 2.10-2.23 (m, 1H), 2.31-2.59 (m, 4H), 2.80 (dd,
J=18.0, 7.2 Hz, 1H), 4.15-4.25 (m, 1H), 7.35 (d, J = 6.9 Hz, 1H), 7.42-7.58
(m, 3H), 7.76 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 7.8 Hz, 1H), 8.09 (d, J = 8.4 Hz,

HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90/10; flow = 0.8 mL/min; Retention time: 16.5 min, 22.1 min
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o '"H NMR (300 MHz, CDCl3): § 1.83-2.05 (m, 1H), 2.17-2.51 (m, 4H), 2.35 (s,
3H), 2.65 (dd, J = 18.0, 7.5 Hz, 1H), 3.27-3.44 (m, 1H), 6.94-7.12 (m, 3H),

7.21-7.26 (m, 1H).

HPLC: Chiracel OZ-H Column (250 mm); detected at 214 nm; n-hexane /

i-propanol = 95/5; flow

0.7 mL/min; Retention time: 13.2 min, 14.1 min

14p
(mayj).
450-
400-
f
350- el
] =
300- =
E 250
1
# 200
1504
1004
50- L L
o ' ) f
0 2 4 £ 10 12 14 16 18 20
Tirnei poin)
Results
Peak Mo, Peal: ID Ret Time Height Area Cone.
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0 "H NMR (300 MHz, CDCl;): 6 1.97-2.10 (m, 1H), 2.15-2.21 (m, 1H), 2.63 (dd,
o] J =177, 10.8 Hz, 1H), 2.92 (dd, J = 17.7, 5.7 Hz, 1H), 3.19-3.29 (m, 1H),
4.35-4.43 (m, 1H), 4.48-4.54 (m, 1H), 7.20-7.39 (m, 5H).
HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane /
14q i-propanol = 60/40; flow = 0.7 mL/min; Retention time: 25.6 min, 29.4 min
(mayj).
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Results
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1 26.490 303225031 ZEIT5E50.000 49,1951
2 30.748 328160.500 2A033634.000 503009
Total 721394531 47305454 000 100,0000
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Total 105510550 5520745 158 100.0000
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o]

14r

Peak Mo.

'"H NMR (300 MHz, CDCl;): & 1.94-2.07 (m, 1H), 2.14-2.20 (m, 1H), 2.58
(dd, J=17.7, 10.8 Hz, 1H), 2.91 (dd, J = 17.7, 5.7 Hz, 1H), 3.18-3.28 (m,
1H), 7.15 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H); *C NMR (100 MHz,
CDClL;): & 30.17, 36.90, 37.40, 68.52, 127.85, 129.12, 132.98, 141.23,
c 170.32; EI-MS: 210.0 M"; HRMS (ESI) for C;;H;;ClO, M": calcd 210.0448,
found 210.0450.
HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 60/40;

flow = 0.7 mL/min; Retention time: 28.2 min, 30.2 min (maj).
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] 'H NMR (300 MHz, CDCl;): & 2.05-2.13 (m, 1H), 2.64 (dd, J = 14.4, 9.9 Hz,
1H), 291 (dd, J = 14.4, 6.3 Hz, 1H), 3.49-3.59 (m, 1H), 3.84 (s, 3H),
4.33-4.52 (m, 2H), 6.88-6.98 (m, 2H), 7.12 (d, J = 7.5 Hz, 1H), 7.23-7.28 (m,
1H); *C NMR (100 MHz, CDCL): & 28.45, 32.17, 35.93, 55.16, 68.68,
110.69, 120.77, 126.88, 128.19, 130.85, 156.88, 171.65; EI-MS: 206.1 M";
HRMS (ESI) for C;,H40; M™: caled 206.0943, found 206.0946.

HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane / i-propanol = 60/40;
flow = 0.7 mL/min; Retention time: 26.0 min, 46.8 min (maj).
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O 'H NMR (300 MHz, CDCl;): § 1.96-2.09 (m, 1H), 2.12-2.20 (m, 1H), 2.36 (s,
o} 3H), 2.63 (dd, J = 17.7, 10.8 Hz, 1H), 2.90 (dd, J = 18.0, 6.0 Hz, 1H),
3.15-3.25 (m, 1H), 4.34-4.42 (m, 1H), 4.47-4.54 (m, 1H), 7.00-7.02 (m, 2H),
7.08-7.10 (d, J = 7.8 Hz, 1H), 7.22-7.27 (m, 1H).
HPLC: Chiracel AS-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 60/40; flow = 0.7 mL/min; Retention time: 23.2 min, 26.0 min (maj).
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BnN

14u

Peak Mo.

'"H NMR (300 MHz, CDCLy): § 1.85-2.09 (m, 2H), 2.59 (dd, J = 17.4, 10.8
Hz, 1H), 2.82 (dd, J = 17.4, 4.8 Hz, 1H), 3.05-3.12 (m, 1H), 3.27-3.35 (m,
2H), 4.55 (d, J = 15.0 Hz, 1H), 4.74 (d, J = 14.7 Hz, 1H), 7.17-7.33 (m,

10H).

HPLC: Chiracel AD-H Column (250 mm); detected at 214 nm; n-hexane /
i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 22.0 min (ma;j), 23.9 min.
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5. Copies of 'H and **C NMR for new compounds.
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