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1. General Methods: *H and **C NMR spectra were recorded at 400 and 100 MHz or 300 and
75 MHz by VARIAN, respectively. Low- and high-resolution mass spectra were recorded by
El, ESI or MALDI method. The used organic solvents were dried by standard methods if it
was necessary. Optical rotations were determined at 589 nm (sodium D line) by using a
Perkin-Elmer-341 MC digital polarimeter; [o]p-values are given in unit of 10 deg™ cm® g™,
Chiral HPLC was performed on a SHIMADZU SPD-10A vp series with chiral columns
(Chiralpak AD-H, OD-H and IC-H columns 4.6 x 250 mm, (Daicel Chemical Ind., Ltd.)).
Commercially obtained reagents were used without further purification. All these reactions
were monitored by TLC with silica-gel-coated plates. Flash column chromatography was
carried out by using silica gel at increased pressure.

Chiral phosphine catalysts LB1-LB5 were synthesized according to our previous works.
All MBH carbonates 2a-2h,? 3-substituted benzofunan-2(3H)-ones 1a-1d® and 3-substituted

oxindoles 4a-4e* were prepared according to the previously reported procedures.
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2. General procedure for the synthesis of 3 (using 3a as an example)

To a mixture of 1a (0.10 mmol, 21.0 mg), 2a (0.20 mmol, 58.0 mg) and LB1 (10.0 mg, 0.02
mmol) was added 1.0 mL of toluene at 0 °C. The reaction solution was monitored by TLC.
After the reaction complete, the solution was concentrated under reduced pressure and the
residue was further purified by silica gel column chromatography (EtOAc/PE = 1/10) to give

the target product 3a.

3. General procedure for the synthesis of 5 (using 5a as an example)

To a mixture of 4a (0.10 mmol, 31.0 mg), 2e (0.20 mmol, 67.0 mg) and LB1 (10.0 mg, 0.02
mmol) was added 1.0 mL of toluene at roomtempreture. The reaction solution was monitored
by TLC. After the reaction complete, the solution was concentrated under reduced pressure
and the residue was further purified by silica gel column chromatography (EtOAc/PE = 1/10)

to give the target product 5a.
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4. Characterization and spectra charts containing HPLC traces for products 3a-q.

Ph Ph Cone
oL
O

Methyl 2-((2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate 3a

A white solid, this is a known compound,® 95% yield, 36 mg (syn:anti = 67:33); [a]*% =
-160.5 (c 0.5, CHCI3) for 94% ee (syn) and 91% ee (anti); Enantiomeric excess was
determined by HPLC with a Chiralcel 1C-H column, Hexane/'PrOH = 95/5, 0.5 mL/min, 230
nm, for syn product tmajor = 27.323 min, tminor = 35.282 min; for anti product tmajor = 33.532
Min, tminor = 25.773 min; *H NMR (400 MHz, CDCls, TMS): & 3.43 (s, 0.99H, CHs), 3.65 (s,

2.01H, CHs), 5.38 (s, 0.67H, =CH,), 5.39 (s, 0.33H, =CH}), 5.57 (d, J = 1.2 Hz, 0.33H, =CH)),
5.63 (s, 0.67H, =CH),), 6.27 (s, 0.33H, CH), 6.41 (s, 0.67H, CH), 6.79-6.82 (m, 1H, Ar),
6.90-7.03 (m, 2H, Ar), 7.07-7.19 (m, 4H, Ar), 7.26-7.39 (m, 5H, Ar), 7.47-7.65 (m, 2H, Ar);
MS (ESI) m/z 407.4 (M+Na®, 100). HRMS (MALDI) Calcd. for C,5H2004Na requires (M+Na®)
407.1270, Found: 407.1254.
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SRR Al 2011-07-06, 10:50:
it [Elg - :D: \HPLC\STOCHE AR, \EBH AM\wd—4-51-HF 0. org

257 31 R B A =31 I TH AR AR
1 25. 773 8645. 547 224427, 297 1. 7068

2 27,323 331225, 688 8501483, 000 64, 6545
33,532 113710. 508 4125101, 250 31,3717

4 35. 282 7686. 279 298086. 094 2. 2670
A 161268, 021 13149097, 641 100. 0000

(22 /&3
#E  HE  FEE RBRAEHR  HEZs  giedE SkrE ERER
5 70.000  0.000 100000. 000 0. 000 0. 000 49.163  10000. 0000

Ph Fh COqMe
(:\rg IC-H, 0.8 mlfmin, HexanediPrOH = 85/5, 230nm

Enantiomeric excess was determined by HPLC with a Chiralcel 1C-H column, Hexane/PrOH
= 95/5, 0.5 mL/min, 230 nm, for syn product tmajor = 27.323 Min, tminor = 35.282 min; for anti
product tmajor = 33.532 min, tminor = 25.773 min;
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Methyl 2-((5-chloro-2-0xo0-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate 3b

A white solid, 93% yield, 38 mg, m.p. 105-108 °C, (syn:anti = 56:44); [a]*’p = -148.1 (c 1.1,
CHCI3) for 92% ee (syn) and 91% ee (anti); Enantiomeric excess was determined by HPLC
with a Chiralcel AD-H column, Hexane/'PrOH = 95/5, 0.5 mL/min, 254 nm, for syn product
tmajor = 13.377 min, tminor = 18.227 min; for anti product tmajor = 14.227 min, tyinor = 16.927
min. *H NMR (400 MHz, CDCls, TMS): & 3.46 (s, 1.32H, CH3), 3.65 (s, 1.68H, CHs), 5.35 (s,
0.56H, =CH,), 5.39 (s, 0.44H, =CH,), 5.55 (d, J = 1.2 Hz, 0.44H, =CH,), 5.70 (s, 0.56H,
=CH,), 6.30 (s, 0.44H, CH), 6.43 (s, 0.56H, CH), 6.82-6.89 (m, 2H, Ar), 6.92-6.98 (m, 2H,
Ar), 7.10-7.21 (m, 3H, Ar), 7.25-7.37 (m, 4H, Ar), 7.43-7.61 (m, 2H, Ar); **C NMR (CDCls,
100 MHz): 6 [152.07, 52.31, 53.05, 53.58, 59.84, 60.15, 111.96, 112.16, 126.67, 127.22,
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127.36, 127.53, 127.86, 127.87, 128.17, 128.20, 128.25, 128.28, 128.40, 128.69, 128.90,
129.15, 129.38, 129.55, 129.56, 129.63, 129.71, 130.70, 134.63, 135.85, 136.63, 137.19,
138.37, 139.23, 150.98, 151.51, 166.74, 167.49, 175.75, 176.04; IR (neat) v 2949, 1805, 1718,
1466, 1262, 1132, 1065, 702 cm*; MS (ESI) m/z 441.4 (M+Na*, 100). HRMS (ESI) Calcd. for
Ca5H19ClO,4Na requires (M+Na") 441.0868, Found: 441.0864.
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Sample Name:wd-3-58-rac ad230 95 0.5. che Date:2011-08-23
Time:09:41 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
120
180
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100 5
! h
80 f 85
40 |
I
20 | ‘I
in
o )
VA
2 4 ] 8 0 12 1 3 1 20 2 24 E 2= 30
Min
No. PeakNo R. Time PeakHeight PeakArea PerCent
1 1 13.427 89100.1 1578296. 0 30.
2 2 14.227 54979.2 1025046. 9 19.
3 3 17.027 45598.9 1018930. 0 19.63
4 4 18.327 64006. 5 1567151. 8 30. 1990
Total 253684. 7 5189424. 7 100. 0000
Ph Fh COMe
Cl
o AD-H, 0.8 mlfmin, HexanelPrOH = 92/2, 224nm
o}
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HPLC REPORT

Sample Name:wd-3-58. che

Date:2011-08-23

Time:10:15 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
700
800
400 a
300 ﬂ 4
0 | ﬂ
C
0o | | P
\ } Lol (
o _.__._.._)I N VY . ¥ b
2 4 & 5 10 12 14 16 18 20 2 24
No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 15.377 374836.0 6632590.6 53. 7063
2 2 14.227 277739.9 5195300. 8 42. 0681
3 16.927 11455.0 251025. 2 2.0326
4 4 18.227 11233.7 270836. 6 2.1931
Total 675264.5 12349753. 2 100. 0000
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Methyl 2-((5-bromo-2-oxo0-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate 3c

A white solid, 90% vyield, 41 mg, m.p. 94-95 °C, (syn:anti = 71:29); [a]*p = -172.7 (c 0.6,
CHCI3) for 97% ee (syn) and 92% ee (anti); Enantiomeric excess was determined by HPLC
with a Chiralcel IC-H column, Hexane/PrOH = 98/2, 0.7 mL/min, 230 nm, for syn product
tmajor = 19.027 min, tminor = 23.527 min; for anti product tmajor = 21.727 min, tyiner = 16.977
min. *H NMR (400 MHz, CDCls, TMS): & 3.47 (s, 0.87H, CH3), 3.66 (s, 2.13H, CHs), 5.35 (s,
0.71H, =CHj), 5.38 (s, 0.29H, =CH,), 5.55 (s, 0.29H, =CH,), 5.70 (s, 0.71H, =CH,), 6.30 (s,
0.29H, CH), 6.43 (s, 0.71H, CH), 6.81-7.01 (m, 4H, Ar), 7.13-7.22 (m, 3H, Ar), 7.31-7.36 (m,
3H, Ar), 7.42-7.74 (m, 3H, Ar); *C NMR (CDCls, 100 MHz): § [152.10, 52.32, 53.11, 53.58,
59.81, 60.12, 112.44, 112.64, 116.43, 125.28, 127.24, 127.54, 127.88, 128.21, 128.22, 128.30,
128.72, 128.93, 129.01, 129.54, 129.59, 129.74, 130.10, 130.18, 132.29, 132.56, 134.65,
135.89, 137.22, 138.39, 139.29, 151.50, 152.02, 166.77, 167.50, 175.62, 175.92; IR (neat) v
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2916, 1806, 1719, 1466, 1234, 1135, 1065, 701 cm™; MS (ESI) m/z 485.3 (M+Na", 100).
HRMS (ESI) Calcd. for CsH19BrO4Na requires (M+Na)485 0366, Found: 485.0359.
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HPLC REPORT

Sample Name:wd-4-48-rac ic 98. che
Time:14:28
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Date:2011-08-25
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No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 16.927 123881. 6 3418705.6
2 2 19.327 153823. 6 4916406. 4
3 3 22.027 96401 3267880.7
4 4 24,177 1272 1888389. 3
Total 501334.8 16491382. 0 100. 0000
Ph Ph COMe
Br.
o 1C-H, 0.7 milfmin, HexanedProH =982, 230nm
Sample Name:wd-4-48 ic 98. che Date:2011-08-25
Time:15:01 Method:
column: the mobile phase:
Velocity: the detection wavelength:
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No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 16.977 1182.3 2 5 1.1621
2 2 19.027 60933. 8 175! . 2 69. 66!
3 3 21.727 22674.7 707999. 2
4 4 23,927 795.3 25832.0
Total 85586. 3 2515254. 9 100. 0000
Ph Fh COMe
Br
o 1C-H, 0.7 ralimin, HexanedPrOH =882, 230nm
o]
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Methyl 2-((5-(tert-butyl)-2-oxo0-3-phenyl-2,3-dihydrobenzofuran-3-yl)(phenyl)methyl)acrylate
3d

A colorless oil, 91% yield, 40 mg (syn:anti = 63:37); [a]*’b = -134.6 (c 2.0, CHCI3) for 90%
ee (syn) and 88% ee (anti); Enantiomeric excess was determined by HPLC with a Chiralcel
IC-H column, Hexane/'PrOH = 93/7, 0.5 mL/min, 230 nm, for syn product tmajor = 19.627 min,
tminor = 26.327 min; for anti product tyajor = 18.077 min, tyinor = 15.177 min. 'H NMR (400
MHz, CDClz, TMS): 8 1.25 (s, 5.67H, 'Bu), 1.38 (s, 3.33H, 'Bu), 3.44 (s, 1.11H, CHa), 3.66 (s,
1.89H, CHs), 5.38 (s, 0.37H, =CH,), 5.40 (s, 0.63H, =CH,), 5.41 (s, 0.67H, =CH,), 5.58 (d, J
= 1.2 Hz, 0.33H, =CH,), 6.29 (s, 0.33H, CH), 6.39 (s, 0.67H, CH), 6.76-6.78 (m, 2H, Ar),
6.89-6.98 (m, 2H, Ar), 7.06-7.20 (m, 3H, Ar), 7.25-7.36 (m, 4H, Ar), 7.49-7.63 (m, 2H, Ar);
3C NMR (CDCl;, 100 MHz): & [031.39, 31.52, 34.64, 34.71, 51.97, 52.26, 53.00, 53.39,
59.45, 59.67, 110.06, 110.09, 124.59, 125.98, 126.04, 127.29, 127.30, 127.58, 127.64, 127.66,
127.80, 127.90, 127.92, 128.01, 128.44, 128.60, 128.99, 129.61, 129.88, 135.12, 136.69,
137.77, 139.05, 139.78, 146.77, 146.84, 150.68, 150.86, 166.79, 167.71, 176.87, 177.17; IR
(neat) v 2957, 1801, 1720, 1488, 1264, 1145, 1065, 704, 702 cm™; MS (ESI) m/z 463.5
(M+Na*, 100). HRMS (ESI) Calcd. for CH2s0sNa requires (M+Na®) 463.1889, Found:
463.1880.
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Sample Name:wd-4-49-rac ic 93 0.5.che Date:2011-08-25
Time:08:46 Method:
column: the mobile phase:
Velocity: the detection wavelength:
Y 28p
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No. PeakNe R. Time PeakHeizht PeakArea PerCent
1 1 15 92028.8 1809233. 1
2 2 18 T6674.5 1830128. 1
3 3 18 155688, 8 4063108. 3
1 26. 110060. 1 1001874. 8
Total 134452, 1 11704344, 5 100. 0000
Ph P ClhMe
tBu .
o 1C-H, 0.5 mlfmin, HexanedPrOH = 893/7, 230nm
o]
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HPLC REPORT

Sample Name:wd-4-49. che Date:2011-08-25
Time:09:22 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
1200
1400 -
1
1000 I
00 £ ‘
800 ﬂ |
400 I |
) |
ﬁ L
0 \ LA
20
Win
No. PeakNo R Time PeakHeight PeakArea PerCent
1 1 15.177 55901.6 1077948. 5 2.1038
2 18.077 T45865.7 17662768. 1 34.4717
3 19.627 1154194.5 30911146.0 60. 3280
4 4 26.327 43733.9 1586605. 2 3.0965
Total 1999695. 7 51238467. 8 100. 0000

Fh

. Ph ClhMe
Bu
‘Cﬁg 1C-H, 0.9 milirmin, HexanedPrOH =93/7, 230nm
o

Methyl 2-((3-chlorophenyl)(2-oxo0-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3e

A white solid, this is a know compound,® 99% vield, 41 mg (syn:anti = 56:44); [a]*p = -189.6
(c 2.2, CHCI3) for 94% ee (syn) and 90% ee (anti); Enantiomeric excess was determined by
HPLC with a Chiralcel REGIS-H column, Hexane/PrOH = 100/0.5, 0.5 mL/min, 230 nm, for
syn product tmajor = 93.710 min, tminor = 68.245 min; for anti product tmajor = 71.377 Min, tyinor
= 86.127 min; *H NMR (400 MHz, CDCls, TMS): & 3.46 (s, 1.32H, CHs), 3.67 (s, 1.68H,
CHs), 5.33 (s, 0.63H, =CH,), 5.37 (s, 0.37H, =CH,), 5.58 (s, 0.40H, =CH,), 5.60 (s, 0.60H,
=CH,), 6.31 (s, 0.36H, CH), 6.44 (s, 0.64H, CH), 6.67-6.74 (m, 1H, Ar), 6.90 (d, J = 6.8 Hz,
1H, Ar), 7.01-7.18 (m, 4H, Ar), 7.27-7.39 (m, 5H, Ar), 7.47-7.51 (m, 2H, Ar).
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HPLC REPORT

Sample Name:WD-4-84-REGIS-100+0.35-0. 5. che Date:2011-09-07
Time:12:09 Method:
Column: Flow Rate:

Wave Length: Mobile Phase:

my 8D

20 40 80 80 100

Min

No. PeakNo  ID_Name R Time PeakHeight PeakArea PerCent
1 1 Unknown  65.293 3 32.53T1
2 2 7 7 L4 18. 2865
3 3 8: 8 17. 0397
1 Unknown  93.127 1 32.1368
Total 30949. 2 3734112.4 100. 0000

COMe
REGIS, 0.5 mlfmin, Hexane/iPrOH = 100/0.5, 230nm

HPLC REPORT

Sample Name:WD-4-80. che Date:2011-09-08
Time:08:04 Method:
Column: Flow Rate:
Wave Length: Mobile Phase:
™ 1ag
180
140
120
100
a0
o 5 =
40
20
o
[ 20 40 60
No. PeakNo  1D. Name R Time PeakHeight PeakArea PerCent
1 1 Unknown 1 376997.5 1. 6046
2 2 Unknown .3 9791626. 4 6757
3 3 Unknown 3 506412.8
1 Unknown 7 12819777.9 54. 5643
Total 103386. 4 23494814. 6 100. 0000

REGIS, 0.9 mlfmin, Hexane/PrCH = 100/0.5, 230nm
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Methyl 2-((3-cyanophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3f

A white solid, 84% vyield, 34 mg, m.p. 124-126 °C, (syn:anti = 56:44); [a]*° = -254.8 (c 1.8,
CHCI3) for 90% ee (syn) and 88% ee (anti); Enantiomeric excess was determined by HPLC
with a Chiralcel IC-H column, Hexane/PrOH = 93/7, 0.5 mL/min, 230 nm, for syn product
tmajor = 55.027 min, tyinor = 61.327 min; for anti product tyajor = 45.677 Min, tyinor = 50.477
min; *H NMR (400 MHz, CDCls, TMS): & 3.49 (s, 1.32H, CH3), 3.67 (s, 1.68H, CHs), 5.37 (s,
0.56H, =CH),), 5.41 (s, 0.44H, =CH,), 5.63 (d, J = 1.2 Hz, 0.44H, =CH,), 5.71 (s, 0.56H,
=CH,), 6.35 (s, 0.44H, CH), 6.48 (s, 0.56H, CH), 6.88-7.08 (m, 2H, Ar), 7.13-7.38 (m, 8H,
Ar), 7.40-7.63 (m, 3H, Ar); **C NMR (CDCls, 100 MHz): 80 52.20, 52.41, 52.62, 53.05,
59.24, 59.30, 111.22, 111.85, 111.96, 118.36, 124.17, 124.24, 126.11, 126.79, 127.22, 127.39,
128.06, 128.16, 128.29, 128.33, 128.58, 128.74, 128.77, 128.80, 128.96, 129.37, 129.82,
129.93, 131.00, 131.33, 133.20, 133.23, 134.13, 134.38, 136.03, 137.05, 137.13, 137.59,
138.32, 138.61, 152.52, 152.77, 166.43, 166.95, 176.06, 176.13; IR (neat) v 2952, 2230, 1800,
1719, 1462, 1271, 1066, 753, 699 cm™; MS (ESI) m/z 432.3 (M+Na’, 100). HRMS (ESI)
Calcd. for Co6H19NO4Na requires (M+Na*) 432.1216, Found: 432.1206.

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

i

l CN
oh COgMe
(L =
a}

-0.000

M,
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9 8 7 6 5 4 3 2 1 0 PPM
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HPLC REPORT

Sample Name:wd-4-87-rac ic 93 0.5.che

Date:2011-08-25

Time:10:30 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
450
400-
E
300-
250
200
50 l
oo |
50 |
o / \\u\)
4 H 2 16 20 24 28 32 38 40 44 48 sz s 60 g4 @8 72
Win
No. PeakNo R Time PeakHeight PeakArea PerCent
1 1 121196.9 7184814.3 20. 4908
2 2 104886.5 7200155. 6
3 3 137349.5 10356109. 6
4 4 118658. 8 10322494. 6
Total 182091. 6 35063574. 1 100. 0000

. 0.8 milimin, Hexane/iPrOH = 83/7, 230nm
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HPLC REPORT

Sample Name:wd—4-87. che
Time:11:47
column:

Velocity:

Date:2011-08-25
Method:
the mobile phase:

the detection wavelength:

4 2 12 8 20 24 E a2 34 40 4 48 52 56 80 84 i
Min
No. PeakNe R.Time PeakHeizht PeakArea PerCent
1 45. 6 490629, 28350434. 7 41. 2325
50.4 28455.8 1880340, 9 2.6418
55.0 19855 38037851, 3 53. 4368
14 4 61.327 22560. 2 1914022, 8 2.6889
Total 1040202. 6 71182849. 7 100. 0000

1C-H, 0.8 milfmin, HexanefAPrOH = 83/7, 230nm

Methyl 2-((4-fluorophenyl)(2-oxo0-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3g

A white solid, this is a known compound,® 93% yield, 37 mg (syn:anti = 64:36); [a]*’b =
-228.7 (¢ 1.85, CHCI3) for 92% ee (syn) and 89% ee (anti); Enantiomeric excess was
determined by HPLC with a Chiralcel AD-H column, Hexane/'PrOH = 97/3, 0.5 mL/min, 210
nm, for syn product tyajor = 17.460 min, tyinor = 31.167 min; for anti product tmajor = 26.322
Min, tminor = 43.432 min; *H NMR (400 MHz, CDCls, TMS): & 3.46 (s, 1.08H, CHs), 3.66 (s,
1.92H, CHs), 5.34 (s, 0.64H, =CH,), 5.38 (s, 0.36H, =CH,), 5.57 (d, J = 1.2 Hz, 0.36H, =CH)),
5.65 (s, 0.64H, =CH,), 6.27 (s, 0.36H, CH), 6.40 (s, 0.64H, CH), 6.76-6.80 (m, 3H, Ar),
6.92-6.96 (m, 1H, Ar), 6.99-7.16 (m, 2H, Ar), 7.23-7.35 (m, 5H, Ar), 7.46-7.51 (m, 2H, Ar);
YF NMR (CDCls, 376 MHz, CFCls): & [1-114.83, -114.69.
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N2000 ¥ TIEss

SCUGHT(]: 2011-07-20, 18:39:22 g
165 P 20 P :D: \HPLC\STOCH#EAH\MBH AMA\wd-4-86-race. org 5 H R 2012-01-05, 20:43:07
B N ik

e R EETECEEEEEE SRR
900
250
800+
750}
700+
650|-
6001
550
E 500}
2 4501
2 400
350
300F
2501
200}
150+
100
501
P I —
30
i #] (min)
IHTEERE
S 47, R BI B IR] L e TH 7 it
1 18.073 881430. 250 24778986. 000 30. 4113
2 27.023 419636. 563 16027287. 000 19. 6703
3 31. 468 510919. 063 24940930. 000 30. 6101
4 44,942 256138. 547 15732261. 000 19. 3083
B 2068124. 422 81479464. 000 100. 0000
22 e
B flE Bg RAEHRE NEESE gUENE FkRE RRER
5 70.000 0. 00C 1000000. Q00 0.000 0. 000 59. 237 10000. 0000
F
COMe

ADH, 1.0 milfmin, HexanefPrOH = 97/3, 210nm
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N2000 ¥HE T ek 1

AR fE]: 2011-07-20, 19:44: 06
% Pl SCF :D: \HPLC\SIOCHiAH\MBH 4AA\wd-4-81-optical. org :m?%%'_j‘o'.fUi,ZO:'l'lIUZ
LmEBE—i

{184 P4 (wd—4-81-optical. org)

1,700
1,600} -+
1500} -+
1,400} -
1,300
1,200f -!
1.100} -
1,000} -
R
800
700} -
600} - -
500} -L---
400F -+
200} -}
2004 -
100

I (m

{18 (min)
SriT e Rk

] 54 R B B[] &R HETH R CE
1 17. 460 1417212. 625 34751088. 000 61. 5959

2 26.322 329177. 623 19091314. 000 33. 8391

3 31. 167 27199. 533 1490820. 000 2.6425

4 43,432 19096. 063 1084653. 250 1.9225
,E'.‘H“ 1992685. 846 56417875. 250 100. 0000

22 /e
BE  HE BE RIER  HE%E gUERE  FERE RLRER
5 70. 000 0. 00C 1000000. 000 0. 000 0. 000 52.958 10000. 0000

Me
ADH, 1.0 mlfmin, HexanefiPrOH = 87/3, 210nm

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH
= 97/3, 0.5 mL/min, 210 nm, for syn product tmajor = 17.460 min, tminor = 31.167 min; for anti
product tmajor = 26.322 min, tminor = 43.432 min;

Methyl 2-((4-nitrophenyl)(2-ox0-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3h

A white solid, this is a known compound,® 98% yield, 42 mg (syn:anti = 58:42); [a]*’b =
-171.4 (c 2.8, CHCI3) for 95% ee (syn) and 92% ee (anti); Enantiomeric excess was
determined by HPLC with a Chiralcel AD-H column, Hexane/'PrOH = 90/10, 1.0 mL/min,
210 nm, for syn product tmajor = 22.917 MiN, tyinor = 28.935 min; for anti product tyajor =
51.235 min, tminor = 44.657 min; *H NMR (400 MHz, CDCls, TMS): & 3.49 (s, 1.26H, CHs3),

3.66 (s, 1.74H, CHy), 5.45 (s, 0.58H, =CH,), 5.52 (s, 0.42H, =CH,), 5.65 (d, J = 1.2 Hz, 0.42H,
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=CH,), 5.75 (s, 0.58H, =CH}), 6.37 (s, 0.42H, CH), 6.49 (s, 0.58H, CH), 6.95-7.05 (m, 3H,
Ar), 7.15-7.19 (m, 1H, Ar), 7.22-7.25 (m, 1H, Ar), 7.29-7.38 (m, 4H, Ar), 7.44-7.49 (m, 2H,
Ar), 7.95-7.97 (m, 2H, Ar).

= R R R R R R RN
mmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmm

L I

P} DO AT O NAM NN DO DO NS D
S= R R R R R S e e R i
83 FIFSRRAR28EE858338LEZRT
e B N R R s R v R R

L2221 I |
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N2000 ¥ T VR

SCUGHT(T): 2011-07-21, 17:25:06 TAS
i 2t :D: \HPLC\STOCHE 4 \MBH AAA\wd-4-85-racere. org i ETE: 2012-01-05,20:37:29
B RNk

B/ (min)
SHTERE
5 s PR B IR L HETH A CES
1 23. 488 562525. 188 15296004. 000 30. 8039
2 29.725 449034, 969 15251658, 000 30. 7166
3 46. 202 181389. 391 9631626. 000 19. 3979
4 53. 648 156549. 188 9473547. 000 19.0796
E‘H“ 1349518. 734 49852835. 000 100. 0000
EBHR
B fE RE RAEHR NEES SENE  FERE RRER
5 70. 000 0. 00C 1000000. 000 0.000 0. 000 58.270 10000. 0000

;M

COpMe
AD-H, 1.0 mlfmin, HexanefiPrOH = 80710, 210nm
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N2000 ¥#E T 1 1

SEGAT[A): 2011-07-21, 18:22:49
i P A :D: \HPLC\STOCH AR \MBH AAA\wd—4-82-optical. or

1,200
1,100
1,000
900
800
T00
600

LR (mv)

500
400
300
200
100

L 25) % TR BTN 1R -3 AR CE
1 22,917 946530. 500 24926378. 000 54. 4200

2 28.935 20818. 945 640249, 438 1.3978

3 44. 65 15449. 302 736323. 188 1. 6076

4 51.235 340435, 938 19500780, 000 42, 5747
,{‘g’.ﬁ 1323234. 685 45803730. 625 100. 0000

L2283
EE HE T 0 RAEH HEEsz dieEdE Sbkdh FRER
5 70.000  0.000 100000. 000 0. 000 0. 000 54,948 10000. 0000
oA

COMe
AD-H, 1.0 mlfmin, HexanefiPrOH = 80/10, 210nm

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH
=90/10, 1.0 mL/min, 210 nm, for syn product tmajor = 22.917 min, tminor = 28.935 min; for anti
product tmajor = 51.235 min, tminor = 44.657 min

Ethyl 2-((2-ox0-3-phenyl-2,3-dihydrobenzofuran-3-yl)(p-tolyl)methyl)acrylate 3i

A colorless oil, 85% yield, 35 mg (syn:anti = 56:44); [a]? = -187.7 (c 1.2, CHCI3) for 95%
ee (syn) and 92% ee (anti); Enantiomeric excess was determined by HPLC with a Chiralcel
OD-H column, Hexane/'PrOH = 98/2, 1.0 mL/min, 210 nm, for syn product tmajor = 14.540
min, tminor = 29.405 min; for anti product tyajor = 33.103 min, tminor = 42.455 min; 'H NMR
(400 MHz, CDCl3, TMS): 6 1.07 (t, J = 9.6 Hz, 1.32H, CH3), 1.18 (t, J = 9.6 Hz, 1.68H, CH3),

2.20 (s, 1.32H, CHj), 2.24 (s, 1.68H, CHs), 3.75-3.96 (m, 0.88H, CH,), 4.00-4.17 (m, 1.12H,
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CH,), 5.35 (s, 0.56H, =CH,), 5.37 (s, 0.44H, =CH,), 5.55 (s, 0.44H, =CH,), 5.56 (s, 0.56H,
=CH,), 6.25 (s, 0.44H, CH), 6.38 (s, 0.56H, CH), 6.67-6.84 (m, 2H, Ar), 6.88-7.04 (m, 3H,
Ar), 7.23-7.37 (m, 5H, Ar), 7.48-7.66 (m, 2H, Ar); *C NMR (CDCls, 100 MHz): 80 13.86,
13.95, 20.99, 21.43, 52.65, 53.21, 59.51, 59.59, 60.95, 61.09, 110.84, 111.00, 123.67, 123.72,
125.26, 126.85, 127.41, 127.47, 127.54, 127.71, 127.83, 127.96, 128.19, 128.36, 128.48,
128.61, 128.73, 128.99, 129.23, 129.45, 129.50, 129.71, 132.06, 133.99, 136.64, 136.90,
137.15, 137.91, 139.13, 139.92, 152.69, 153.17, 166.39, 167.35, 176.50, 176.79; IR (neat) v
2980, 1796, 1712, 1460, 1232, 1127, 1061, 734, 696 cm™; MS (ESI) m/z 413.1 (M+H", 100).
HRMS (ESI) Calcd. for Co7H250, requires (M+H") 413.1675, Found: 413.1738.
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200 150 100 50

N2000 #dE T {Eush 1

FUHT(E]: 2012-03-31, 19:28:33

%
WP SO T2 \STOCHIHI \MBH AAA\wd—9-430d9821. 0210-race, org 03, 14:43:00

i L aR AR S AT il 2% :FID LR A

Frib T

{fi% ] (wd-9-430d9821. 0210-race. org)
T T

T T T . .

1,200 I oo qmomes Poomeoe i tomomes [
i i i i i | |

1.100 7T [— I | [ I [—
| | | | | | |

1,000 [ R [ [ N R [R—
1 i i 1 1 | i

900 tommm - - Fommm e f——-- Fmmmm F-—-
1 | 1 i | | i

800 Tommm - - Fommm e oo T mo—
1 1 1 v | | |

700 T - 1 T | T r

| | | !
\ | \ |

£ {8 (min)
AT R
g5 &4 R BT BT IR & g T 7 TR
1 14,127 1093313, 500 33259882, 000 33.2720
2 28. 345 458065. 438 33680548. 000 33.6929
3 32.285 175899. 250 16685321. 000 16. 6914
1 40. 923 155865, 781 16337720. 000 16. 3437
Hit 1885143. 969 99963471. 000 100. 0000

CHy

CO,E
OD-H, HexanedPrOH = 88/2, 1.0 ml/min, 210rm
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N2000 ¥ T 15k 1

SEIG AT () 2012-03-31, 20:22:12 S
WP SO T \STOCHEAE \MBH AAA\wd-0-430d9821. 0210-optical.ore 7B (Al 2012-04-03, 14:45:11
W5k R —iE

P LA R ARl Hrdll 3% - F1D i v

Hl: TR

‘ {14 (wd—0~430d0821. 0210 -optical. org) . .
850f - f o B e e T B
800 — ¢ ; B ; e
750+ | | | |
700} -+ R
6501 1 R R AR R B
B00[ - B e S
550 - 1 B e i e
— 500}~ 1 e
= 4501 - R e e
;lmn--% .
350/ -+
300 -1 a--
2500 - ¢ --H ] -1- S
200 - ¢ . -1- B R
i |

T e i aTs -
100; -+ : B Rk o DL E R
T \ i - | i

5 10 15 20 25 30 35 40 45 50

i 8] (min)
HTERE
5 4 4 B ] [ U&7 L JITE i

1 14. 540 695013. 750 21220052. 000 54. 6432
2 29. 405 6319.312 505141. 094 1.3008
33. 103 171789. 923 16434251. 000 42.3194
4 42. 455 5125. 742 674376, 730 17366
B 878748, 726 38833820. 544 100. 0000

OD-H, Hexane/IPrOH = 98/2, 1.0 ml/min, 210nm

Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/PrOH
=98/2, 1.0 mL/min, 210 nm, for syn product tmajor = 14.540 min, tminor = 29.405 min; for anti
product tmajor = 33.1203 min, tminor = 42.455 min

O,N

Ethyl 2-((4-nitrophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3j

A yellowish solid, 95% yield, 42 mg, m.p. 65-67 °C, (syn:anti = 55:45); [0]*% = -229.1 (c 2.0,
CHCI3) for 93% (syn) and 88% (anti) ee; Enantiomeric excess was determined by HPLC with
a Chiralcel AD-H column, Hexane/'PrOH = 95/5, 0.8 mL/min, 230 nm, for syn product tmajor =
15.727 min, tminor = 19.227 min; for anti product tmajor = 34.527 min, tyinor = 31.077 min; H
NMR (400 MHz, CDCls, TMS): & 1.08 (t, J = 6.8 Hz, 1.35H, CH3), 1.18 (t, J = 6.8 Hz, 1.65H,
CHs), 3.86-4.00 (m, 0.90H, CHj), 4.03-4.17 (m, 1.10H, CH,), 5.45 (s, 0.55H, =CH,), 5.53 (s,

0.45H, =CHy), 5.65 (d, J = 1.2 Hz, 0.45H, =CH,), 5.72 (s, 0.55H, =CH,), 6.37 (s, 0.45H, CH),
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6.49 (s, 0.55H, CH), 6.95-7.06 (m, 3H, Ar), 7.15-7.37 (m, 6H, Ar), 7.43-7.49 (m, 2H, Ar),
7.61-7.97 (m, 2H,Ar); B¢ NMR (CDCls, 100 MHz): 801 13.88, 13.93, 52.87, 52.91, 59.25,
59.45, 61.34, 61.43, 111.26, 111.28, 122.78, 123.01, 124.15, 124.27, 126.19, 126.79, 127.23,
127.30, 128.10, 128.31, 128.33, 128.88, 129.00, 129.12, 129.83, 129.93, 130.71, 130.75,
136.29, 137.06, 137.93, 138.54, 143.34, 144.99, 146.90, 147.27, 152.53, 152.75, 165.95,
176.13; IR (neat) v 2981, 1800, 1716, 1597, 1521, 1347, 1065, 757, 699 cm?; MS (ESI) m/z
466.4 (M+Na®, 100). HRMS (ESI) Calcd. for CysH,1NOgNa requires (M+Na®) 466.1268,
Found: 466.1261.

mmmgsqqqqmmm;wraDgammqmﬁsswq 23258858 8223858
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

S I W

COLE

R h‘l‘ ‘.‘1 I . W .}l
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HPLC REPORT

Sample Name:wd-4-95-A-rac ad230 95 0. 8. che

Date:2011-08-22

Time:12:30 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
350
300
250
200
E
50 4 £
| s
. | i
o | I
.
50 3
} | |‘ 1 : =
@ / \ vl f /\
4 8 12 18 20 24 28 32 36 40 a4
Min
No. PeakNo R Time PeakHeight PeakArea PerCent
1 1 15.777 146972. 8 3350264. 2 32. 3040
2 2 18.277 120208. 5 3303880, 9 32
3 3 31127 39912.9 1839532 1 17.
4 4 34.677 35955.1 1850246. 1 17. 6821
Total 343049.3 10463928. 3 100. 0000
O,N
COLEt
AD-H, 0.8 mlfmin, HexanefiPrOH = 85/5, 230nm
Sample Name:wd-4-95-A. che Date:2011-08-22
Time:13:39 Method:
column: the mobile phase:
Velocity: the detection wavelength:
mv
350-
100
250
200
50
100 =
50 N ) f\
g = A
. 2 AN
4 1 12 18 20 24 2 2 E 40 4
Min
No. PeakNo R. Time PeakHeight PeakArea PerCent
1 1 5.727 169650. 8 3919245. 2 B2.
2 2 19.227 5306.2 145880.2 1
3 3 1488. 4 200468. 8 2
4 4 4. 527 61063. 8 3130898. 5 42.
Total 240509. 2 7396792.7 100. 0000
OuN

CO.Et

AD-H, 0.8 mlfmin, HexanefPrOH = 85/8, 230nm
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Tert-butyl 2-((4-nitrophenyl)(2-oxo-3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)acrylate 3k

A white solid, 87% vyield, 41 mg, m.p. 147-149 °C, (syn:anti = 54:46); [a]*% = -119.7 (c 1.8,
CHCI3) for 91% ee (syn) and 85% ee (anti); Enantiomeric excess was determined by HPLC
with a Chiralcel AD-H column, Hexane/'PrOH = 93/7, 0.5 mL/min, 230 nm, for syn product
tmajor = 17.477 min, tminor = 14.977 min; for anti product tmajor = 19.777 min, tyinor = 16.177
min; *H NMR (400 MHz, CDCls, TMS): & 1.22 (s, 4.14H, 'Bu), 1.34 (s, 4.86H, 'Bu), 5.41 (s,
0.54H, =CHj,), 5.52 (s, 0.46H, =CH,), 5.55 (s, 0.54H, =CH,), 5.61 (s, 0.46H, =CH,), 6.33 (s,
0.46H, CH), 6.40 (s, 0.54H, CH), 6.90-7.07 (m, 3H, Ar), 7.15-7.49 (m, 8H, Ar), 7.96 (d, J =
7.2 Hz, 2H, Ar); *C NMR (CDCls, 100 MHz): & [127.64, 27.78, 52.41, 52.79, 59.00, 59.71,
81.69, 81.77, 111.18, 111.27, 122.68, 122.90, 124.04, 124.29, 126.33, 126.83, 127.16, 127.31,
127.85, 128.13, 128.25, 128.32, 128.45, 128.93, 129.77, 129.87, 130.66, 130.73, 136.58,
137.04, 139.21, 139.50, 143.72, 145.52, 146.72, 147.14, 152.58, 152.69, 165.00, 165.51,
176.10, 176.29; IR (neat) v 2978, 1801, 1709, 1604, 1524, 1347, 1146, 1065, 757 cm™: MS
(ESI) m/z 494.5 (M+Na", 100). HRMS (MALDI) Calcd. for C,gH2sNOgNa requires (M+Na®)
494.1579, Found: 494.1574.
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HPLC REPORT

Sample Name:wd-4-68-rac ad230 93 0. 5. che

Date:2011-08-25

Time:06:55 Method:
column: the mobile phase:
Velocity: the detection wavelength:
280
mv
200
240
220
200 |
180
180 [‘I'ﬂ
140 “\ =
120 5
; Il e
00 \| ‘ s
80- | \
60 ‘ l / \ ’
40
20 | \' | \‘\ f\
\
I\ [
K [\ M\ ’
-20
2 4 6 8 I} 12 14 16 18 20 2 24
Min
No. PeakNo R Time PeakHeight Peakirea PerGent
1 1 119233. 2 2407450. 9
2 2 57693.0 30426. 5
3 3 100400.0 2432569. 9
4 4 46115.0 1243896. 3
Total 323441.2 7314343. 6 100. 0000
AD-H, 0.8 mlimin, Hexane/iProH = 83/7, 230nm
Sample Name:wd-4-68 ad230 93 0. 5. che Date:2011-08-25
Time:07:42 Method:
column: the mobile phase:
Velocity: the detection wavelensth:
™V 280
2680
240
220
200-
180
180 o~
140 :
120 ‘i_,
100 \ b
0 | { I
80 \ i | “I
WA I |
40 LATA | \
20 \ J \ / \
| {oN
I S N (T ) )
2 ] 8 10 12 14 18 18 20 el 24
Nin
No. PeakNo R PeakHeight PeakArea PerCent
1 1 14.977 T345. 151133.6
2 2 16 10002. 3 211709.0
3 3 1T 130668. 9 3118097.1
4 i 19.777 93824.7 2576822. 2
Total 241841.6 6037761. 9 100. 0000

AD-H, 0.5 mlfmin, HexanefPrOH = 8377, 230nm
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5. Characterization and spectra charts containing HPLC traces for products 5a-k.

O,N

Tert-butyl
3-(2-(methoxycarbonyl)-1-(4-nitrophenyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5a

A white solid, 91% vyield, 48 mg, m.p. 90-92 °C, (anti:syn = 67:33); [a]*°5 = -200.0 (c 0.1,
CHCI3) for 98% ee (anti) and 89% ee (syn); Enantiomeric excess was determined by HPLC
with a Chiralcel AD-H column, Hexane/'PrOH = 80/20, 0.7 mL/min, 230 nm, for anti product
tmajor = 7.057 MiN, tminor = 8.517 min; for syn product tmajor = 9.900 Min, tyinor = 17.785 min; *H
NMR (400 MHz, CDCl3, TMS): 6 1.56 (s, 9.00H, for syn and anti, Boc), 3.48 (s, 0.99H, CH3),
3.64 (s, 2.01H, CH3), 5.40 (s, 0.67H, =CH,), 5.53 (s, 0.33H, =CH,), 5.59 (s, 0.33H, =CH)),
5.97 (s, 0.67H, =CHj), 6.32 (s, 0.33H, CH), 6.49 (s, 0.67H, CH), 6.99 (d, J = 8.8 Hz, 2H, Ar),
7.13-7.21 (m, 1H, Ar), 7.25-7.35 (m, 5H, Ar), 7.39-7.44 (m, 2H, Ar), 7.60-7.66 (m, 1H, Ar),
7.91 (d, J =8.8 Hz, 2H, Ar); BC NMR (100 MHz, CDCls): 6 27.88, 28.03, 52.15, 52.31, 53.17,
53.26, 60.15, 60.28, 84.76, 115.05, 115.19, 122.54, 122.72, 124.17, 124.27, 125.53, 126.60,
127.57, 127.80, 127.86, 127.96, 128.60, 128.80, 128.95, 129.03, 129.20, 130.70, 130.82,
136.95, 137.36, 137.99, 138.74, 138.94, 139.60, 143.88, 145.37, 146.75, 147.09, 148.40,
166.75, 167.25, 175.19, 175.43; IR (neat) v 2982, 1793, 1762, 1719, 1604, 1522, 1251, 1147,
738 cm™; MS (ESI) m/z 551.4 (M+Na*, 100). HRMS (ESI) Calcd. for C3qHxsN,07Na requires
(M+Na") 551.1797, Found: 551.1789.
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— >sitr = =
WH-500 f& % 43 #7r R &
60. 00 File Name: D:\Fi{ & s8R \TIT\BAP $0te (K §1i-14-12-re AD 80 20 0.7n] 230mm. sg
v
47.40 -
34.80 !' '
22,20 | ‘ ‘ll‘
] BN .
| L I ,«
)l | | | | | / lI'L
9.80 i I i 1
o | { |R
1 || \ \ ,‘ '\ I\
J Vol |
] ~h L NN AL EARNY |
S 2011 e B B Bt B D B B B B N O B B B S Y S B B Y B B B B B B B B |
0. 000 1.800 3. 600 5. 400 7.200 9.000 10. 500 12. 600 14. 400 16.200 “15. 000
Minutes
D 44 { B J) W) A wE BRI T g
1 6.330 43879 591218.0 29, 7703 1.55 1399
2 7.300 41730 597751.8 30. 0993 1.35 5176
3 8.193 25220 398571.2 20. 0697 1.31 5357
4 13.518 15113 398392, 5 20. 0607 1.18 5241
E: 125942 1985933. 3 100. 0000
QN
Co,Me

AD-H, Hexane/PrOH = 8020, 0.7 mU'min, 230nm
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WH-500 & i 4 7 | &

198. 00 File Name: D:'\# % &0 \TTT\BA™ #E 4k \wd-2-46 AD 80 20 0.7n] 230mm. 5 2011/07/29 19:55:35
) v
394. 60
293.20 ‘
91.80 ‘ ‘
1 |
i
|l
1 ‘ |\ |
90. 40 1 ‘ T T
|
\ A
[ o |\ 3
1 N § S SV~ H N .
-t
0. 000 2,200 1,400 6. 600 8.800 11. 000 13. 200 15. 400 17. 600 19. 800 ‘12.3. 000
Mimutes
D 44 i B ] W W idEs HiEFE T Mg
1 7.075 426652 6851901. 0 66. 1395 1.69 3865
2 8. 517 4970 86037. 4 0.8301 1.20 4824
3 9. 900 159276 3240683. 8 31. 2677 1.45 4719
4 17.785 4340 182689, 9 1. 7627 1.27 3558
T

5095238 10364312. 3 100. 0000

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH
= 80/20, 0.7 mL/min, 230 nm, for anti product tmajor = 7.057 min, tminor = 8.517 min; for syn
product tmajor = 9.900 Min, tminor = 17.785 min

Tert-butyl
3-(1-(3-cyanophenyl)-2-(methoxycarbonyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5b

A white solid, this is a known compound.® 86% yield, 43 mg (anti:syn = 62:38): [c]*° = -98.0
(c 0.15, CHCI3) for 94% ee (anti) and 80% ee (syn); Enantiomeric excess was determined by
HPLC with a Chiralcel AD-H column, Hexane/'PrOH = 90/10, 1.0 mL/min, 254 nm, for anti

product tmajor = 5.607 Min, tminor = 6.290 min; for syn product tmajor = 7.147 Min, tyinor = 8.542
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min; *H NMR (400 MHz, CDCls, TMS): 8 1.57 (s, 3.42H, Boc), 1.59 (s, 5.58H, Boc), 3.49 (s,
1.14H, CHs), 3.65 (s, 1.86H, CH3), 5.32 (s, 0.62H, =CH,), 5.43 (s, 0.38H, =CH}), 5.59 (d, J =
1.6 Hz, 0.38H, =CH,), 5.98 (s, 0.62H, =CH}), 6.32 (s, 0.38H, CH), 6.48 (s, 0.62H, CH),
6.95-7.03 (m, 1H, Ar), 7.10-7.17 (m, 2H, Ar), 7.22-7.45 (m, 9H, Ar), 7.59-7.71 (m, 1H, Ar).

N T T N OO R YL O T O T ONE O DD O T O~
mmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmm

E) i) R Vo

T T T T T T T T T
9 8 i 6 5 4 3 2 1 0 PPM

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

N
o COaM
(Lo
N
Boc
afp1
422,
S Lt i oo
057 1.00 0.4
il FMHMM j L e JU
: : ‘ : : ; : : ; :
9 8 7 6 ] 4 3 2 1 0 PPM
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WH-500 & & 4 #7 R &

286, 00—FiLe tame: D\ 81SENT TP \BHF- 495 K\ §11-15-76 4D 00 10 1. 0n) 250m se 2011/07/29 19:18:22
286. 00
ov
: _
225.257] |r' —
| W
1 [ |{"
1 [ [
1 (| '
164.55 | f t
4 ‘ | ‘
1 |
d | | | |
4 ‘ || ‘ |
103.83 i T
| | | |1 f;
1 | (! A ?
] BRI [ Al
13.10 T T — —
] I| | R [ [\
! | \ |
1 | [ f /
/ /
N v \=-——./ _ .
-net+rr—rm—m—ftT—T— Tt
3.016 3.764 4.511 5.259 6.006 6.754 7.502 8.249 8.997 9.744 10. 492
Minutes
1D A4y 4 e B 1 ] U i) W R HET BB
1 5. 745 220907 2767386. 9 35. 9667 1.43 4192
2 6. 498 209149 2765598.6 35. 9434 1.30 4814
3 7.348 73159 1077072, 4 13. 9983 1.26 4965
4 8. 717 60817 1084248. 5 14. 0916 1. 26 4765
I: 564032 7694306. 3 100. 0000

AD-H, Hexane/PrOH =180/10, 1.0 mLfmin, 254nm
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WH-500 & i 4 7 R &

153. 00 File Name: D:'\FHf& ¥R \JIT\BR™ $HRAEEY §1{-15-T9 AD 80 10 1. Cul 254nm. sg 2011/07/29 20:20:36
- ov
356. 00 =
1 ]
l
|||
235. 00 T |
4 | |
162.00 ‘ | —
1 i
I
|| /
II [
63. 00 i =
| (.
[ \ & |'I \ :
N IR I B N A N P N
-2 T T T T T 1 T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T 7T
2,087 3. 228 4.339 5. 490 6. 621 7.791 8. 882 10. 013 11144 12. 273 13. 403
Minutes
D Aoy i B R[] L) W i A R fEHT  HibiER
1 5. 607 340419 1435880. 2 60. 1622 1.45 3690
2 6. 290 11063 143806. 5 1. 9504 1. 01 4667
3 7. 147 154922 2509030. 1 34. 0290 1. 36 3881
4 8.542 14799 284484.0 3. 8584 1.15 3935
T 521203 7373200.7 100. 0000

Ch

CouMe

ADH, Hexane/ProH = 90410, 1.0 mLfmin, 254nm

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH
=90/10, 1.0 mL/min, 254 nm, for anti product tmajor = 5.607 Min, tminor = 6.290 min; for syn
product tmajor = 7.147 min, tminor = 8.542 min

Tert-butyl
3-(1-(3-chlorophenyl)-2-(methoxycarbonyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5¢

A white solid, this is a known compound.® 93% yield, 48 mg (anti:syn = 51:49); [a]*% =
-254.6 (c 1.85, CHCI3) for 92% ee (anti) and 87% ee (syn); Enantiomeric excess was
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determined by HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 95/5, 0.9 mL/min, 254
nm, for anti product tmajor = 4.915 Min, tminor = 14.830 min; for syn product tmajor = 5.487 min,
tminor = 16.798 min; *H NMR (400 MHz, CDCls, TMS): & 1.55 (s, 4.41H, Boc), 1.58 (s, 4.78H,
Boc), 3.46 (s, 1.47H, CHs), 3.65 (s, 1.53H, CH3), 5.29 (s, 0.51H, =CH,), 5.39 (s, 0.49H,
=CH,), 5.54 (d, J = 1.2 Hz, 0.49H, =CH,), 5.88 (s, 0.51H, =CH,), 6.26 (s, 0.49H, CH), 6.43 (s,
0.51H, CH), 6.64-6.82 (m, 1H, Ar), 6.94-7.15 (m, 4H, Ar), 7.23-7.36 (m, 5H, Ar), 7.42-7.46
(m, 2H, Ar), 7.59-7.74 (m, 1H, Ar).

-0.000

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

L S s e = s =i fros v v v RS}

[—
T 1548
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9 8 T 6 5 4 3 2 1 0 PPM

R R R R P e Lt I e S
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WH-500 f& % 4+ #7 R &

2011/07/29 19:26:24

{9, gg—File lame: D\ A B TTT\BH =S 30 79-16~18-rae OD 95 5 0.9n] 254nm. 5z

- ov

33.79

2460 !

15. 40
_ |
| |
1 ‘ I 2

5.20 , :
| | [ } ‘ If/\\ El
1 I N [\ £
| Y IV N\ VNG I N VRN _/\

-ttt -

L. 998 3. 811 0. 624 T.437 9.231 11. 064 12. 877 14. 690 16. 503 18. 317 20. 130
Minutes
D H9r 4 f B ) Iy T e i RET it
1 4,918 29217 291127.9 33. 2162 1.29 4856
2 5. 163 12295 147254.9 16. 8011 1.28 4147
3 15. 427 7206 290159.4 33. 1057 1. 06 2925
4 17.422 3850 147920. 2 16. 8770 1.11 4098
E: 52568 876462. 6 100. 0000
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WH-500 & % 4 T R &

373, (4—ile liame: D: \Hi 4 & R T T \BHP 405 R4k \ §91-16-18 OD 95 5 0.9m] 254mm. sp 2011/07/29 19:31:32
- .I]'\'
255. 03
87.02
119.01 i
51,01 ‘ f
i .
A e
AR - —
B0/ e e e e o e e e L e e o e B e . e e s e e e e L
0. 000 2.500 5. 000 7.500 10. 000 12. 500 15. 000 17. 500 20. 000 22. 500 25. 000
Minutes
i) Ho+4 (B 1] L] W # e REAT iR
1 4.915 2809841 2784728. 2 18. 5168 1.35 4902
2 5. 487 228500 2648240.0 16. 1388 1.36 4467
3 14. 830 3432 120264. 1 2.0953 1.13 3570
4 16. 798 4664 186189.8 3.2491 1.19 3518
z: 517580 5739722.2 100. 0000

OD-H, Hexane/ProH = 955, 0.8 rL/min, 254nm

Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/PrOH
= 95/5, 0.9 mL/min, 254 nm, for anti product tmajor = 4.915 Min, tminor = 14.830 min; for syn
product tmajor = 5.487 Min, tminor = 16.798 min

Tert-butyl
3-(1-(4-chlorophenyl)-2-(methoxycarbonyl)allyl)-2-oxo0-3-phenylindoline-1-carboxylate 5d

A white solid, this is a known compound.® 92% vyield, 47 mg, m.p. 134-136 °C, (anti:syn =
59:41); [a]*°> = -203.0 (c 0.1, CHCIs) for 93% ee (anti) and 88% ee (syn); Enantiomeric
excess was determined by HPLC with a Chiralcel AD-H column, Hexane/'PrOH = 90/10, 0.7

mL/min, 230 nm, for anti product tmajor = 6.652 MinN, tminor = 7.385 min; for syn product tmajor =
s43
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7.985 min, tminor = 13.052 min; *H NMR (400 MHz, CDCl3, TMS): & 1.54 (s, 3.69H, Boc),
1.57 (s, 5.31H, Boc), 3.44 (s, 1.23H, CH3), 3.64 (s, 1.77H, CHs), 5.28 (s, 0.59H, =CH,), 5.39
(s, 0.41H, =CH,), 5.51 (d, J = 1.2 Hz, 0.41H, =CH,), 5.88 (s, 0.59H, =CH,), 6.22 (s, 0.41H,
CH), 6.41 (s, 0.59H, CH), 6.72-6.89 (m, 2H, Ar), 6.98-7.14 (m, 3H, Ar), 7.22-7.37 (m, 5H, Ar),
7.42-7.46 (m, 2H, Ar), 7.59-7.73 (m, 1H, Ar); °C NMR (100 MHz, CDCly): & 27.94, 27.98,
51.96, 52.19, 52.88, 53.09, 60.25, 60.48, 84.37, 84.45, 114.93, 115.14, 123.85, 124.06, 125.74,
126.99, 127.65, 127.70, 127.77, 127.83, 127.91, 128.07, 128.37, 128.61, 128.69, 128.96,
131.12, 131.20, 132.94, 133.28, 134.34, 135.87, 137.10, 138.08, 138.51, 139.07, 139.66,
140.00, 148.55, 148.61, 167.03, 167.82, 175.32, 175.83; IR (neat) v 2927, 1793, 1762, 1735,
1491, 1368, 1287, 1148, 738 cm™; MS (ESI) m/z 494.5 (M+Na', 100). HRMS (ESI) Calcd. for
C3oH2sCINOsNa requires (M+Na+) 540.1563, Found: 540.1548.
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175831
176320

HPLC REPORT
Sample Name: jj—16-19-rac ad250 90.che Date:2010-05-19

:14:03 Method:
column: A’ﬁ“{“’v/ the mobil

Velocity: 0- the detect

Q%J

velength: 7 }:;

mv
700
600- I
I 5
o [ :
400 ” "‘
l
300 |
BE
00 T
[ =
100 | ‘ Il A
| \ } { [}
g S NEENE JANT N\
0 B i s 3 R
Min
No. PeakNo R.Time PeakHe ight PeakArea PerCent
1 1 6. 677 543457.5 4999209. 2
2 2 7.427 502362, 5 4954883. 8
3 3 7.998 224095, 2 2272195. 6
i ¢ 13.073 124201. 2 2229860. 6
tal 1394116. 4 0

14456149. 2 C/{ 100. 0000
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HPLC REPORT
Sample Name:jj-16-19. che Date:2010-05-19
K Method:

the mobile phase

the detection wavelengt

No. PeakNo R.Time PeakHe ight

3 7.985 282625. 9
4 13.052 10735. 2

800084. 1

Tert-butyl
3-(1-(4-fluorophenyl)-2-(methoxycarbonyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5e

A white solid, this is a known compound.® 86% yield, 43 mg (anti:syn = 58:42); [a]*% =
-236.0 (c 1.9, CHCI3) for 93% ee (anti) and 85% ee (syn); Enantiomeric excess was
determined by HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 99/1, 1.0 mL/min, 254
nm, for anti product tmajor = 6.793 Min, tminor = 35.273 min; for syn product tmajor = 8.958 min,

tminor = 52.310 min; *H NMR (400MHz, CDCls, TMS) 5 1.54 (s, 3.78H, Boc), 1.57 (s, 5.22H,
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Boc), 3.44 (s, 1.26H, CHs), 3.64 (s, 1.74H, CH3), 5.30 (s, 0.58H, =CH,), 5.40 (s, 0.42H,
=CH,), 5.52 (d, J = 1.2 Hz, 0.42H, =CH,), 5.90 (s, 0.58H, =CH,), 6.21 (s, 0.42H, CH), 6.40 (s,
0.58H, CH), 6.71-6.79 (m, 3H, Ar), 6.88-7.14 (m, 2H, Ar), 7.22-7.36 (m, 5H, Ar), 7.42-7.47
(m, 2H, Ar), 7.61-7.72 (m, 1H, Ar).
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167. 00 File Name: D'\ & it 8 \J]T\BH ™ $5E 2"\ {1i-16-21-rac OD 99 1 1.0n] 254mm. sg 2011/07/29 19:37:06
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Minutes
D AN45r4 i J 0 ) e W i L RE HEFTF  HibEk
1 6. 723 134396 3001215. 1 32,0112 1.38 1807
2 8. 773 52925 1636236. 2 17. 4522 1.80 1605
3 36. 460 21603 3069048.0 32,7347 2.55 1313
4 50. 167 4729 1669010. 6 17. 8018 1.42 103
T 213653 9375509. 9 100. 0000

OD-H, Hexane/'ProH = 88/1, 1.0 mLimin, 254nm
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WH-500 & ¥ 4 #r R &

99.00 File Name: D:\JiHH& i &30 \TTT\BEF 3 5R 3 {11-16-21 0D 99 1 1.0ul 254nm s 2011/07/29 19:40:35

_ ‘ |
16. 60 } } \
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0. 000 6. 000 12. 000 18. 000 24,000 30. 000 36. 000 42. 000 48. 000 24. 000 \?0. 000
Minutes
1D Ao e B I ) I e U R fERHET  EigR
1 6. 793 95021 2667696. 1 56. 0877 1.19 1167
2 8. 958 55152 1849147. 4 38. 8779 1. 66 1423
3 35.273 905 91013. 3 1. 9766 1.24 2298
1 52.310 742 145435.8 3.0578 L.70 1420

1

151820 4756292, 5 100. 0000

OD-H, Hexane/'PrOH = 98/1, 1.0 mLimin, 254nm

Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/PrOH
=99/1, 1.0 mL/min, 254 nm, for anti product tmajor = 6.793 MinN, tminor = 35.273 min; for syn
product tmajor = 8.958 Min, tminor = 52.310 min

Boc
Tert-butyl 3-(2-(methoxycarbonyl)-1-(p-tolyl)allyl)-2-oxo-3-phenylindoline-1-carboxylate 5f
A white solid, 81% vyield, 39 mg, m.p. 82-84 °C, (anti:syn = 60:40); [a]*°> = -89.5 (c 1.2,
CHCI3) for 95% ee (anti) and 91% ee (syn); Enantiomeric excess was determined by HPLC
with a Chiralcel 1C-H column, Hexane/'PrOH = 90/10, 0.7 mL/min, 214 nm, for anti product
tmajor = 11.627 min, tyinor = 25.043 min; for syn product tyajor = 15.877 min, tyinor = 22.543 min;
'H NMR (300 MHz, CDCls, TMS): & 1.52 (s, 3.60H, Boc), 1.57 (s, 5.40H, Boc), 2.19 (s,
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1.20H, CHa), 2.22 (s, 1.80H, CHs), 3.42 (s, 1.20H, CHs), 3.64 (s, 1.80H, CHj), 5.31 (s, 0.60H,
=CH,), 5.38 (s, 0.40H, =CH,), 5.51 (s, 0.40H, =CH,), 5.79 (s, 0.60H, =CH,), 6.18 (s, 0.37H,
CH), 6.38 (s, 0.63H, CH), 6.66-6.79 (m, 2H, Ar), 6.84-7.14 (m, 3H, Ar), 7.25-7.34 (m, 5H, Ar),
7.35-7.51 (m, 2H, Ar), 7.62-7.74 (m, 1H, Ar); 3C NMR (CDCls, 75 MHz): 801 20.97, 27.93,
27.99, 51.89, 52.15, 53.02, 53.51, 60.33, 60.57, 84.03, 84.17, 114.82, 115.06, 123.65, 123.84,
126.13, 127.24, 127.42, 127.55, 127.63, 127.86, 128.22, 128.46, 128.72, 129.60, 129.69,
132.44, 134.05, 136.54, 136.79, 137.27, 138.67, 138.84, 139.18, 140.18, 140.26, 148.74,
167.21, 168.24, 175.43, 176.05; IR (neat) v 2981, 1759, 1724, 1463, 1345, 1287, 1146, 1098,
734, 697 cm™; MS (ESI) m/z 520.2 (M+Na*, 100). HRMS (ESI) Calcd. for CaHyOsNa
requires (M+Na") 520.2202, Found: 520.2086.

mmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmm
kkkkkkkkkkkkkkkkkkkkkkkkkkkk

3636
3422
0.000
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TT— 3183
1566
————— 1515
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]
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238 33T
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122 s
M | Y JJ JH\_‘_.». |
— 7 T
8 7 6 5 4 3 2 1 0 PPM
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<o
pr
oo
BB

40263
48,742
40,182
38181
39842
38671
ara7?
36740
36,540
34,062
37436
29.694
29 fi03
28724
28 458
28217
27 856
27629
27.552
27420
27243
26,126
23842
23 651
15.058
14,823
84173
£84.027
77430
77.000
76681

Ph COMe

60,568
60331
53.507
63015
52149
51,886
27.992
27034
20969

HPLC REPORT

Sample Name:wd-9-85-rac—1c-9-1-0. 7-214. che
Time:09:41
Column:

Wave Length:

Date:2012-04-05
Method:

Flow Rate:
Mobile Phase:

™Y 801
1601
1401
1201
1001
804
607 Z
401 = -
201 5 E_ ;
o [— .)\ _j\/\
20 — L ——
0 4 8 12 16 20 24 28 32 3
Min
No. PeakNo  |1D. Name R.Time PeakHeight PeakArea PerCent
1 1 Unknown 11.543 45343.0 1064361. 9 29.1625
2 2 Unknown 15.960 22489.6 733796. 2 20. 1053
3 3 Unknown 22,377 10783.5 781395.6 21. 4095
1 4 Unknown 24, 877 19691.6 1070208. 9 29,3227
Total 98307.7 3649762. 6 100. 0000
hle
h COsMe
O 0 I1G-H, HexanediPrOH = 90410, 07 mlmin, 214 nm
I
Boc
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HPLC REPORT

Sample Name:wd-9-85—chiral. che Date:2012-04-05
Time:10:18 Method:

Column: Flow Rate:

Wave Length: Mobile Phase:
™V 8004

Min
No. PeakMo  ID.HName R Time PeakHe ight PeakArea PerCent
1 Unknosm 11,627 618571.0 14727940. 9 58. 7947
2 Unknown 15877 2915729 9527367.0 38. 0337
3 Unknown  22.543 5898.0 125616, 2 1.6991
1 Unknown  25.043 6737.6 368857. 5 1.4725
Total 922779, 3 25049781, 6 100. 0000
E]
Ph COoMe
O 0 1C-H, HexanefiPrOH =90/10, 0.7 mbimin, 214 nm
Boc
o P COMe
\
Boc

Tert-butyl 3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxo-3-phenylindoline-1-carboxylate 59

A white solid, this is a known compound.® 89% yield, 42 mg (anti:syn = 57:43); [a]*’b =
-196.0 (c 0.1, CHCI3) for 93% ee (anti) and 89% ee (syn); Enantiomeric excess was
determined by HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 95/5, 0.9 mL/min, 254
nm, for anti product tmajor = 6.295 MinN, tminor = 12.578 min; for syn product tmajor = 8.940 min,
tminor = 18.340 min; *H NMR (400 MHz, CDCl3, TMS): & 1.52 (s, 3.87H, Boc), 1.57 (s, 5.13H,
Boc), 3.43 (s, 1.29H, CHj3), 3.63 (s, 1.71H, CHs), 5.34 (s, 0.57H, =CH,), 5.42 (s, 0.43H,

=CH,), 5.53 (d, J = 0.8 Hz, 0.43H, =CH},), 5.85 (s, 0.57H, =CHy), 6.22 (s, 0.43H, CH), 6.40 (s,
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0.57H, CH), 6.79-6.92 (m, 2H, Ar), 6.95-7.12 (m, 4H, Ar), 7.24-7.33 (m, 5H, Ar), 7.44-7.50
(m, 2H, Ar), 7.61-7.72 (m, 1H, Ar).

©
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«
b

3632
3420

N (e

0.000

__——— 1565
T —— 1518

Ph  CcOJve

N
Boc

1 0 PPM
=
2
<
Ph COzMe
Ph
0
N
Boc
761 bl
zor | 274 1m0 oo
1{.3u/// e 100 088 ggq 104 2a
133 000 087 0ga 02 bJLA
Ll § I
T T T T T
8 [ 4 2 o PPM
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WH-500 & i 4 #7 R &

File Name: D:\FHHE B8R \JTT\BH™ SR #4LA §1i-16-20-rac 0D 95 5 0.9ul 254m.s

2011/07/29 18:33:07

103. 00
w
83.00 -
] |
61.00 |i
39.00 ‘ 8
: N
] \ : I!
7 | i© \
17.00 T \ I||I T 1‘
: } \I | I\ } \ 2
| oA S
] S Y L Y W Sl / |
E 770 |1 s S s s B B B S B B B B B B S R S B N S S S S B S N B B B O N B S N S N N S B
0. 000 2.500 5.000 7.300 10. 000 12. 500 15. 000 17. 500 20. 000 22. 500 112.5' 000
inutes
D a4 R E 0] U W T B wE HEHET  FitiER
1 6. 320 76344 1179214. 7 36. 5696 1.23 3337
2 9. 017 19584 441699. 6 13. 6979 .24 3185
3 12.525 34142 1179442.9 36. 5767 141 2620
4 18.242 6926 424217.5 13. 1558 2.04 1768
E: 1368996 3224574. 6 100. Q000
Ph
Ph COaMe
0OD-H, Hexane/PrOH = 95/5,0.9 mLfmin, 254nm
N\
Boc
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WH-500 f& % 4r #7r | &

ag3, gy —File Neme: D:\HUA M BGR\TIT\BHP S5 R(E) 1111620 0D 65 5 0.0m] 25dnm. o 2011/07/29 19:35:34
ov ;
|
|
303. 15 ‘
222.4 i ‘
| ;
41.80 i 1 ll
| |
|
|
-
|
61.13 |‘ T I|
| | It
o Il z -
[V o\ d
SR ' N Y ) [ L= =
B TR S s S s S B S B O S S S B S S S B S B N B S B S N S B B S E S S B S E S S R B S
3. 486 3. 268 7.049 8.830 10,611 12,392 14.173 15. 954 17. 735 19.516 21. 297
Minutes
o) Hor 4 {8 i) T T B it HEEHF HiEIER
1 6. 295 365651 5316050. 0 55, 0017 1.38 3737
2 8.940 180774 3936893. 5 40. 7325 1.39 3359
3 12.578 5391 181858. 0 1. 8816 1.26 2774
4 18. 340 4067 230448. 4 2.3843 1.35 2088
T 555886 9665249. 8 100. 0000
Ph
o COMe
w 0D-H, Hexane/'PrOH = 95/5, 0.9 mLimin, 254nm
N\
Boc

Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/PrOH
= 95/5, 0.9 mL/min, 254 nm, for anti product tmajor = 6.295 Min, tminor
product tmajor = 8.940 Min, tminor = 18.340 min

12.578 min; for syn

Tert-butyl

3-(4-fluorophenyl)-3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxoindoline-1-carboxylate 5h

A white solid, this is a known compound.® 82% yield, 41 mg (anti:syn = 60:40); [a]*%
-147.7 (¢ 1.1, CHCI3) for 92% ee (anti) and 89% ee (syn); Enantiomeric excess was
determined by HPLC with a Chiralcel AD-H column, Hexane/'PrOH = 95/5, 1.0 mL/min, 254

nm, for anti product tyajor = 5.468 Min, tminor = 7.813 min; for syn product tmajor = 5.998 min,
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tminor = 8.328 min; *H NMR (400 MHz, CDCls, TMS): & 1.52 (s, 3.38H, Boc), 1.57 (s, 5.62H,
Boc), 3.46 (s, 1.20H, CHs), 3.64 (s, 1.80H, CHs), 5.30 (s, 0.60H, =CH,), 5.35 (s, 0.40H,
=CHb,), 5.52 (s, 0.40H, =CHj), 5.72 (s, 0.60H, =CH,), 6.22 (s, 0.40H, CH), 6.39 (s, 0.60H,
CH), 6.78-6.89 (m, 3H, Ar), 6.94-7.14 (m, 5H, Ar), 7.25-7.37 (m, 2H, Ar), 7.41-7.49 (m, 2H,
Ar), 7.59-7.73 (m, 1H, Ar).
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wwwwwwwwwwwwwwwwwwwwwwwwww 28 pe 2
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 3% 55 s
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=
Ph COMe
‘ M
Boc
548
e 20 2y
P e ~ o s
208
0
T T T T T T T T T T
9 ] 7 6 5 4 3 2 1 0 PPM
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm o 2
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm = 3
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 55 3
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm -2 =
E
F'h COuMe
O °
N
Boc
24 w0
2 243,

100 ‘”‘-59// 200 100 0sT 100

e s Iy i I a7

o 158

02 037 ° 028 023029
Y N P s
i : : : i : : : T : : : i : - : T
8 6 4 2 0 PPM
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File Name: D:\FHI& ¥\ IT\BE iR 4\ 11i-15-60 AD 95 5 L. 0ul 254nm. s

WH-500 & % 4 #7 R &

2011/07/29 18:11:07

33.06
ov 4
26.32
19.59 =
] I
] | :
1 | ‘ PII
12.85 M ‘
[
] N a
J | |‘ I| |
|
. || |
B ie [ ) [ 2
J \ | | o
i I‘ N'. f ".\ [ !r’\,\
\ [ i
1 / / /
S N \\-J N i \r’ \7 B
T s e e s e e e e e L e e e e e e e e S e s s s e e e e
3.870 4. 536 5.241 5.926 6.612 7.297 7.983 8.668 9. 354 10.039 10.724
Minutes
i} 54 (i B I ) = e pl fiidis fEEK T HE g
1 5. 443 19629 182816.7 37.8243 1.32 6308
2 5. 978 5647 59227.4 2. 2540 1.27 6476
3 7.793 14395 185007. 4 38,2775 1.17 7329
4 8.302 4170 56280.5 11. 6443 1.14 7511
E: 43841 483331.9 100. 0000
F
£ ™ come
AD-H, Hexane/ProH = 955, 1.0 mLfmin, 254nm
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WH-500 f& i 4 7 W &

569. 35 File Name: D:'\§f & i $748 T T\BH™ S0t 44\ {11-16-12 AD 05 5 1.0nl 254nm, ¢ 2011/07/29 20:04:03
ov 4
150. 28
f
331.21 H
Il
|
I Z
| N
212,14 B |'| '|
I [
l | | II
| | |l
a0 l [ | I'.
93. 07 11 1
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2. 962 3.602 4. 242 1. 882 3. 922 6. 162 6. 802 7. 442 8. 082 8.722 9. 362
Minutes
D 4514 i B 1] e Wi R fEHT  HibER
1 5. 468 361279 3655820. 7 57. 3072 1.31 5820
2 5.998 239439 2425689. 4 38. 0241 1.23 6987
3 7.813 10632 150569. 4 2.3603 1. 10 6067
4 8.328 11033 147263. 5 2. 3084 1. 07 7760
r: 622383 6379343. 1 100. 0000
F
0 Ph COMe
O o ADH, Hexane/PrOH = 95/5, 1.0 mLfimin, 254nm
&

EDC

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH
= 95/5, 1.0 mL/min, 254 nm, for anti product tmajor = 5.468 Min, tyinor = 7.813 min; for syn

product tmajor = 5.998 min, tminor = 8.328 min

H3C

(L
N

\

Boc

Tert-butyl 3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxo-3-(p-tolyl)indoline-1-carboxylate 5i

A white solid, this is a known compound.® 76% yield, 38 mg (anti:syn =

61:39); [a]*% =

-177.8 (¢ 1.85, CHCI3) for 92% ee (anti) and 88% ee (syn); Enantiomeric excess was

determined by HPLC with a Chiralcel AD-H column, Hexane/'PrOH = 95/5,
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nm, for anti product tmajor = 6.902 Min, tminor = 8.437 min; for syn product tmajor = 7.322 min,
tminor = 18.025 min; *H NMR (400 MHz, CDCl3, TMS): § 1.51 (s, 3.51H, Boc), 1.56 (s, 5.49H,
Boc), 2.29 (s, 1.13H, CHs), 2.31 (s, 1.87H, CHs), 3.43 (s, 1.17H, CHs), 3.63 (s, 1.83H, CHy),
5.31 (s, 0.61H, =CHy), 5.39 (s, 0.39H, =CHy), 5.54 (d, J = 1.2 Hz, 0.39H, =CH), 5.86 (s,
0.61H, =CH,), 6.22 (s, 0.39H, CH), 6.40 (s, 0.61H, CH), 6.81 (d, J = 7.2 Hz, 1H, Ar), 6.92 (t,
J=8.4Hz, 1H, Ar), 7.01-7.14 (m, 6H, Ar), 7.22-7.36 (m, 4H, Ar), 7.60-7.71 (m, 1H, Ar).
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4.378 5.974 7.570 9. 185 10. TEL 12. 337 13.952 15. H3 17.144 E. 739 20. 335
Minutes

0 44 RERI i s Wi WEAT Bl

1 6. 832 38943 479921, 8 35. 9022 1.23 6408

2 7.300 14336 186815, 4 13. 9754 1.3 6272

3 8. 405 3694 497630, 4 37. 2285 1.21 6843

4 17. 888 6030 172358, 4 12, 8839 1.10 7806

: G4625 1336745.9 100. 0000
HiC
Ph
Q COuMe
O o A0H, Hexare/ProH = 955, 0.8 ml/min, 254nm
M
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WH-500 f& ¥ 4 A | &H

59, 00—File Hane Do\l 8N TT\BRF S5 26{6\11i-16-13 4D 06 5 0.6nl 254m 3p 2011/07/29 20:08:52
.D'\'
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52.20 |'|
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I
| ‘.\| \
[ 3
— P S B N R
S0ttt T T
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Minutes
1D o4 e B i ) = VgL W iR H T e
1 6. 902 53925 609277.0 58. 6916 1.38 7437
2 7.322 32395 378913.2 36. 5007 1.42 7809
3 8. 437 1672 25909.0 2. 4958 1.33 5908
4 18. 025 826 23999.8 2.3119 1.04 7670
z: 88818 1038099. 1 100. 0000
H;
O Fh coMe
O o AD-H, Hexane/'ProH = 858, 0.8 mL/min, 254nm
I

Boc

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH
= 95/5, 0.8 mL/min, 254 nm, for anti product tmajor = 6.902 min, tminor = 8.437 min; for syn
product tmajor = 7.322 Min, tminor = 18.025 min

Ph
oh CO,Me

Boc

Tert-butyl
5-fluoro-3-(2-(methoxycarbonyl)-1-phenylallyl)-2-oxo0-3-phenylindoline-1-carboxylate 5j

A white solid, this is a known compound.® 82% yield, 41 mg (anti:syn = 56:44); [a]*’b =
-155.0 (c 0.25, CHCI3) for 97% ee (anti) and 84% ee (syn); Enantiomeric excess was
determined by HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 95/5, 0.9 mL/min, 254
nm, for anti product tmajor = 5.585 Min, tminor = 12.665 min; for syn product tmajor = 6.605 min,
tminor = 9.740 min; *H NMR (400 MHz, CDCl3, TMS): & 1.52 (s, 3.96H, Boc), 1.56 (s, 5.04H,

Boc), 3.44 (s, 1.32H, CHy), 3.64 (s, 1.68H, CHs), 5.31 (s, 0.56H, =CH,), 5.41 (s, 0.44H,
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=CH,), 5.49 (d, J = 1.6 Hz, 0.44H, =CH,), 5.87 (s, 0.56H, =CH5), 6.23 (s, 0.44H, CH), 6.41 (s,
0.56H, CH), 6.67-6.83 (m, 2H, Ar), 6.91-6.96 (m, 1H, Ar), 7.04-7.12 (m, 3H, Ar), 7.28-7.38
(m, 4H, Ar), 7.41-7.47 (m, 2H, Ar), 7.62-7.72 (m, 1H, Ar).
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Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, Hexane/PrOH
= 95/5, 0.9 mL/min, 254 nm, for anti product tmajor = 5.585 Min, tminor = 12.665 min; for syn
product tmajor = 6.605 Min, tminor = 9.740 Min
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Tert-butyl
3-(2-(methoxycarbonyl)-1-phenylallyl)-5-methyl-2-oxo0-3-phenylindoline-1-carboxylate
5k
A colorless oil, this is a known compound.® 78% vyield, 38 mg (anti:syn = 64:36); [0]*° =
-32.7 (c 0.25, CHCI3) for 96% ee (anti) and 94% ee (syn); Enantiomeric excess was
determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH = 95/5, 1.0 mL/min, 254
nm, for anti product tmajor = 7.887 Min, tminor = 11.732 min; for syn product tyajor = 9.095 min,
tminor = 13.745 min; *H NMR (400 MHz, CDCls, TMS): & 1.51 (s, 3.24H, Boc), 1.55 (s, 5.78H,
Boc), 2.29 (s, 1.92H, CHs), 2.42 (s, 1.08H, CHs), 3.44 (s, 1.08H, CHs), 3.64 (s, 1.92H, CHy),
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0.64H, =CH,), 6.22 (s, 0.36H, CH), 6.40 (s, 0.64H, CH), 6.73-6.93 (m, 2H, Ar), 7.03-7.14 (m,
4H, Ar), 7.24-7.33 (m, 4H, Ar), 7.40-7.59 (m, 3H, Ar).
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Enantiomeric excess was determined by HPLC with a Chiralcel AD-H column, Hexane/PrOH
= 95/5, 1.0 mL/min, 254 nm, for anti product tmajor = 7.887 min, tminor = 11.732 min; for syn
product tmajor = 9.095 Min, tminor = 13.745 min
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6. A plausible reaction mechanism

R'I

A plausible mechanism for this asymmetric reaction is outlined in Scheme SI-1. As proposed by Krische,’
the treatment of MBH carbonate with LB1 produces an electrophile-nucleophile ion pair A stabilized by an
intramolecular H-bonding, which reacts with the 3-substituted benzofunan or oxindole anion generated
from BocO™ and 3-substituted benzofunan or oxindole to give intermediate B. Intermediate B is favored

through intermolecular hydrogen-bonding, providing the addition product 3 or 5 from both Re-face or

OBoc O

BocO™ R

Ph N
LB1 yars
/ o)
N~H

OR —

o

A top view

Both Re-face and Si-face

,/OR_’/

T _

top view of the TS

B (a favored TS)

product 3 or 5

~

CO, + 'BuOH

Scheme SI-1

Si-face attacking via the transition state TS shown in Scheme SI-1.
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