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General experiment methods:
NMR spectra were all recorded on ECA (400 MHz) spectrometer. Chemical shifts are reported in
8 ppm referenced to an internal SiMey standard for '"H NMR and chloroform-d (5 77.0) for *C
NMR. HRMS was measured on Brucker micrOTOF 1II serial 10257. Optical rotations were
measured in CHCI; on a Rudolph research analytical, Auto p01® IV, automatic parameter. HPLC
was performed on an Agilent 1100 series instrument or a Jasco uv-2075 plus intelligent uv/vis
detector by using Daicel Chiracel AD-H column or PC-2 column. Flash column chromatography
was performed using silica gel (300400 mesh). Analytical thin—layer chromatography was
performed using glass plates pre-coated with 0.25 mm 300—400 mesh silica gel impregnated with
a fluorescent indicator (254 nm). Thin layer chromatography plates were visualized by exposure to
ultraviolet light. Commercial reagents and solvents were used as received. Dichloromethane was
fractionally distilled.
Screening of other catalysts and achiral bases:

Table 1 Screening of other catalysts ?

EtO,C, @

o o X-NO2  catalyst
+
)J\/u\ DCM/ 1M,
1a 2a

rt

7\/{/\—N HoH
N wOH H w N \n/ N CF3
y I MeO Z I S
X, F
Sy N CF3

Q-4
F1C
a
CF
NH ’
O; So CFs
Q-6
Entry  Catalyst/(X mol%) Time/h Yield” dr ee’
1 Q-1(10) 3+48 27% 1:1.4 -
2 Q-2 (10) 3+48 25% 1:1.3 -
3 Q-3(10) 3+48 19% 2.2:1 -
4 Q-4 (10) 3+21 55% >20:1 95%
5 Q-5 (5) 1421 65% >20:1 > 99%
6 Q-6 (5) 1421 85% >20:1 > 99%
7 Q-7 (10) 3+21 64% >20:1 -98%

# The reaction was performed using 0.22 mmol of 1a, 0.20 mmol of 2a, X mol% of catalyst,
followed adding 0.3 mmol of 3a in DCM (1.0 M) at room temperature. ® Isolated yield after
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column chromatography. ¢ dr was detected by '"H NMR. ¢ ee value of the major product was
determined by HPLC analysis on a chiral stationary phase. ® opposite enantiomer.
Table 2 Screening of achiral bases®

o O EtO,C

)]\_/U\ / achiral base
H + >
S NO, o) DCM, rt
N
Boc
3a
Entry Catalyst/(X mol%) Time/h Yield® dre ee’
1 TEA(100) 24 36% 11 >99%
2 TBD(100) 24 59% 2.7(desired):1 >99%
3 DABCO(100) 24 41% 2(desired):1 >99%

% The reaction was performed using 0.20 mmol (S)-Michael adduct of acac and nitroalkene, 0.2
mmol achiral base, 0.3 mmol of 3a in DCM (1.0 M) at room temperature. ® Isolated yield after
column chromatography. ¢ dr was detected by '"H NMR. 9 ¢e value of the major product was
determined by HPLC analysis on a chiral stationary phase.

General procedure for synthesis of spirocyclic oxindoles 4a-4p

O
Rs
/
R4 (0]
N
Boc
0O O § 3
)J\/U\ R N0 —~
Ry R, 3 DCM, RT RT
dr > 20:1,
1 2 ee > 99%
In all cases

A solution of B -dicarbonyl compounds 1 (0.22 mmol), nitroalkene 2 (0.20 mmol) and catalyst
Q-6 (5 mol%) in CH,Cl, (0.20 mL) was stirred for 1 hour until all the nitroalkene consumed, then
3 (0.3 mmol ) was added. After the reaction completed, the solution was concentrated and purified
using column chromatography (Petroleum ether: ethyl acetate: DCM = 10: 1: 1, R¢(P) = 0.4) to
afford the desired product.

All racemic reactions were catalyzed by achiral base TEA.
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4a was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 85% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak PC-2 column: hexane/i-PrOH 95:5, flow rate
0.70 mL/min, A = 214 nm: Tpgjor = 19.22 min., Tyinor = 11.36 min. [a]Dy =11.788 (c = 1.0, CHCI3).
HRMS: (ESI+, m/z) calculated for [C30H34N,0oNa]” (M+Na)": 589.2162, found: 589.2149.

'H NMR (400 MHz, CDCls): & 0.86 (s, 3H), 0.86 (t, J = 6.8 Hz, 3H), 1.63 (s, 1H), 1.71 (s, 9H),
3.83-3.88 (m, 2H), 3.95 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.32 (d, J
= 12.0 Hz, 1H), 5.35 (s, 1H), 5.96 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.18-7.37 (m, 7H),
7.64-7.66 (m, 1H), 7.72 (d, J = 8.0 Hz, 1H).

C NMR (100 MHz, CDCls): 215.39, 175.20, 168.44, 148.50, 140.24, 135.98, 129.51, 129.36,
128.69, 126.68, 125.63, 124.68, 114.44, 87.22, 85.29, 73.20, 61.88, 57.46, 55.01, 50.19, 46.08,
34.66, 28.17,22.72, 13.42.

1.500 Chromatogram (SRS-04-66"", org)

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

0 :
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time(min)

L (mv)

11.367

19.432

Results
Peak No. Peak ID Ret Time Height Area Conc.
1 11.367 230144.266 7057787.000 50,0328
2 19.432 125606.414 7048541.000 499672
Total 355750.680 14106328.000 100.0000
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1.500 Chromatogram (SQS—04-21. org)

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

{mv)
19.223

3

=1
(]
L]
[
(]
[
b

[t
o

i Z 3 4 H © 7 8 § 0 i1 iZ2 i3 14 15 16 7 18 1§ I
Time(min)

<

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 19.223 645553375 35441856.000 100.0000
Total 645553.375 35441856.000 100.0000

Br

4b was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 80% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tyujor = 13.03 min., Tyiner = 21.47 min. [a]5 = 7.989 (¢ = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [Cs3oH33BrN,OgNa]™ (M+Na)™: 667.1267, found:
667.1244.

'H NMR (400 MHz, CDCls): & 0.85 (s, 3H), 0.86 (t, J = 6.8 Hz, 3H), 1.62 (s, 1H), 1.75 (s, 9H),
3.78-3.84 (m, 2H), 3.92 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.33 (d, J
=12.0 Hz, 1H), 4.73 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.22-7.75 (m, 6H), 7.67
(m, 1H), 7.72 (d, J = 8.0 Hz, 1H).

C NMR (100 MHz, CDCls): 214.85, 175.20, 168.28, 148.43, 135.18, 132.57, 129.58, 126.65,
125.49, 124.73, 122.82, 114.48, 87.06, 85.39, 73.15, 61.94, 57.43, 54.89, 50.07, 45.46, 34.88,
28.17,22.72,13.41.
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Chromatogram (sqs—-04-52rac. org)

2,000
1,900
1,800
1,700
1,600
1,500
1,400
1,300
1,200

Z 1,100

= 1,000

900

800

700

600

500

400

300

200

100

{mv

-13.135

21.473

10 11 12 13 14 15 16 17 18 19 20 21 22
Time{min)

23 24 25

Results

Peak No.

Peak ID Ret Time

Height

Area

Cone.

1
2

2
2

A
47

="
Wl Lh

|
2

433661.563
231076.844

11299696.000
1TO88107.000

50.4726
49,5274

Total

Peak No.

100

664738.406

Chromatogram (sqs-04-52, org)

-13.033

22387803.000

100.0000

-4
oy

Peak 1D Ret Time

w

e
L L2+
Time(min)

Results
Height

-
o
-
w
ma
<
L]

Area

Il
>
L
(%]
L]
£
L]
wn

Conc.

13.033

659692.438

16935784.000

100.0000

Total

659692 438

16935784.000

100.0000

4c was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 79% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpgjor = 8.32 min., Tminer = 12.08 min. [a]5 = 11.189 (c = 1.0,
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CHCl;). HRMS: (ESI+, m/z) calculated for [C3oH33CIN,OgNa]™ (M+Na)™: 623.1772, found:
623.1738.

'H NMR (400 MHz, CDCl;): 8 0.86 (s, 3H), 0.86 (t, J = 6.8 Hz, 3H), 1.75 (s, 12H), 3.82-3.88 (m,
2H), 3.96 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.33 (d, J = 12.0 Hz,
1H), 4.64 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.22-7.42 (m, 6H), 7.69(m, 1H), 7.75
(d, J=8.0 Hz, 1H).

3C NMR (100 MHz, CDCly): 214.89, 175.23, 168.31, 148.44, 140.21, 134.64, 129.61, 126.64,
125.49, 124.73, 114.49, 87.13, 85.40, 73.16, 61.94, 57.43, 54.94, 50.07, 45.39, 34.87, 28.17, 22.72,
13.41.

1500 Chromatogram (SS-04-44rac’ . org)
1,400
1,300
1,200
1,100
1,000
900
z 800
_” 700
= 800 5
500 =
w
400 3
=
300 =
200
100
0
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Time(min)
Results
Peak No. Peak 1D Ret Time Height Area Cone.
1 8.007 389757.156 8590370.000 50.2686
2 11.463 212585.781 8498571.000 497314
Total 602342938 17088941.000 100.0000
2,000 Chromatogram (sqs-04-44". org)
1,900
1,800
1,700
1,600
1,500
1,400
1,300 o
1,200 B
z 1,100 o
= 1,000
= 900
800
700
600
500
400
300
200
100
o -
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
| 8.323 1072532.250 27116426.000 100.0000
Total 1072532.250 27116426.000 100.0000
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4d was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 68% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tygjor = 16.47 min., Tyiner = 24.28 min. [a]5 = 6.793 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [C30H33FN,OgNa]™ (M+Na)™: 607.2068, found:
607.2023.

'H NMR (400 MHz, CDCls): & 0.85 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.73 (s, 3H), 1.75 (s, 9H),
3.82-3.88 (m, 2H), 3.97 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.24 (d, J = 12.0 Hz, 1H), 4.36 (d, J
= 12.0 Hz, 1H), 4.66 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.09-7.42 (m, 6H),
7.69(m, 1H), 7.76 (d, J = 8.0 Hz, 1H).

C NMR (100 MHz, CDCly): 215.05, 175.22, 168.34, 163.90, 161.43, 148.45, 140.22, 131.84,
129.56, 126.64, 125.52, 124.72, 116.32 (d, 1C, J = 1.2Hz), 114.48, 87.31, 85.36, 73.17, 61.92,
57.44, 55.08, 50.10, 45.28, 34.76, 28.17, 22.73, 13.41.

Chromatogram (SQ5-04-89. org)

1,500
1,400
1,300
1,200
1,100
1,000

L fmv)
o
&
|=]

200

=

|=)
L 16,355
> 24 288

01 2 2 4 5 6 7 8 9101 1213141516 17 18 15 20 21 22 23 24 25 26 27 28 28 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 16.353 127354.016 3132911.750 51.0075
2 24.288 76144.156 3009144000 48.9925
Total 203498.172 6142055.750 100.0000
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Chromatogram [(5Q5-04-43. org)

i my)
)
=]
a8

T

=]

=]
T ———=15.473

200 |

100

0

01 2 3 4 5 6 T & 9 101 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.
1 16.473 573197.188 14134037.000 100.0000
Total 573197.188 14134037.000 100.0000

Me

4e was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 72% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpujor= 13.88 min., Tpyjner = 16.59 min. [a]Dy = 12.388 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [C3HisN,OoNa]™ (M+Na)™: 603.2319, found:
603.2298.

'H NMR (400 MHz, CDCls): & 0.85 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.69 (s, 3H), 1.75 (s, 9H),
2.36 (s, 3H), 3.82-3.88 (m, 2H), 3.95 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.24 (d, J = 12.0 Hz,
1H), 4.36 (d, J=12.0 Hz, 1H), 4.79 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.17-7.42
(m, 6H), 7.69(m, 1H), 7.76 (d, J = 8.0 Hz, 1H).

C NMR (100 MHz, CDCls): 215.51, 175.22, 168.47, 148.50, 140.23, 138.44, 132.80, 130.02,
129.47, 126.69, 125.69, 124.66, 114.42, 87.35, 85.26, 73.21, 61.84, 57.46, 54.99, 50.21, 45.73,
34.75,28.18,22.73, 21.15, 13.42.
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L (mv)

Peak No.

Chromatogram (sqs-04-T70. org)

13.687
16.595

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time(min)

Results
Peak ID Ret Time Height Area Conc.

1
2

13.687 102792.250 2704530.000 49.7972
16.595 92130.219 2726556.250 50,2028

Total

WL E(mv)

Peak No.

1,000
950
900
850
800
750
T00
650
600
550
500
450
400
350
300
250
200
150
100

50

194922 469 5431086.250 100.0000

Chromatogram (sqs-04-42, org)

=13.880

.\E_/
—

— e

1 2 3 4 5 ] T 8 9 10 11 12 13
Time(min)

-
™
wn
@
-
o
w
[
(=}

Results
Peak ID Ret Time Height Area Conc.

13.880 124894852 3319747.750 100.0000

Total

124894.852 3319747.750 100.0000

OMe
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4f was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 71% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tyujor = 27.56 min., Tyiner = 17.71 min. [a]5 = 7.793 (¢ = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [CsH3sN,OoNa]™ (M+Na)": 619.2268, found:
619.2212.

'H NMR (400 MHz, CDCls): & 0.85 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.72 (s, 3H), 1.74 (s, 9H),
3.83 (s, 3H), 3.82-3.88 (m, 2H), 3.94 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.23 (d, J = 12.0 Hz,
1H), 4.36 (d, J=12.0 Hz, 1H), 4.77 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 6.92-7.44
(m, 6H), 7.70(m, 1H), 7.76 (d, J = 8.0 Hz, 1H).

C NMR (100 MHz, CDCls): 215.53, 175.17, 168.45, 159.66, 148.51, 140.24, 129.46, 127.72,
126.67, 125.68, 124.65, 114.42, 87.44, 85.24, 73.21, 61.83, 57.45, 55.24, 55.07, 50.21, 45.34,
34.73,28.17,22.72, 13 .41.

1,500 Chromatogram (sqs—04-33rac. org)

1,400

14 200
1,300

1,200
1,100/
1,000
900
800
700
600
500
400
300
200
100

R (mv)

17.710
27.788

0 y
012345678 91011121314151617181920212223242526272829303132333435363738
Time{min)

Results
Peak No. Peak ID Ret Time Height Area Conc.
1 17.710 172161.938 11016949.000 50.0078
2 27.788 110738.055 11013500.000 499922
Total 282899992 22030449.000 100.0000
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1,500 Chromatogram (sqs-04-33. org)

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

HH(my)

27.567

0 y
01234567 8 9101112131415161718192021222324 252627 2829 303132 3334 3536 37

Time{min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 27.567 224634.297 24382386.000 100.0000
Total 224634.297 24382386.000 100.0000

4g was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 87% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpajor= 18.20 min., Tyjnor = 15.13 min. [a]Dy = -4.995 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [ChsH3N,OoNa]™ (M+Na)™: 579.1955, found:
579.1938.

'H NMR (400 MHz, CDCls): 8 0.86 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.73 (s, 9H), 1.87 (s, 3H),
3.82-3.88 (m, 2H), 4.17 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.31 (d, J = 12.0 Hz, 1H), 4.39 (d, J
=12.0 Hz, 1H), 4.67 (s, 1H), 6.01 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 6.26 (d, J = 3.2 Hz, 1H),
6.35 (dd, J1 =3.2 Hz, J2 = 1.6 Hz, 1H), 7.21-7.25 (m, 1H), 7.37-7.41 (m, 1H), 7.49(d, J = 1.6 Hz,
1H), 7.69 (m, 1H), 7.78 (d, J = 8.0 Hz, 1H).

C NMR (100 MHz, CDCls): 215.04, 174.42, 168.15, 151.08, 148.69, 143.34, 140.32, 129.50,
126.74, 125.54, 124.55, 114.39, 110.85, 109.76, 85.18, 73.17, 61.88, 57.26, 52.49, 50.03, 39.85,
33.42,28.16,22.42, 13.38.
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1,500 Chromatogram (SQ5-04-72. org)

1,400
1,300
1.200
1.100
1,000
900
800
700
600
500
400
300
200
100

HE(mv)

>15.133
18.208

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 15.133 151190813 3337171.000 50.1297
2 18.208 125682.258 3319904.000 498703
Total 276873.070 6657075000 100.0000

1500 Chromatogram (SQS-04-37. org)

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

-18.207

L (mv)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time(min)

Results
Peak No. Peak 1D Ret Time Height Area Conc.

| 18.207 629709.125 17820950.000 100.0000
Total 629709.125 17820950.000 100.0000

4h was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 77% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tyujor = 18.65 min., Tyiner = 16.71 min. [a]5 = 6.794 (c = 1.0,
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CHCl;). HRMS: (ESI+, m/z) calculated for [CagH3,N,OoSNa]™ (M+Na)™: 595.1726, found:
595.1680.

'H NMR (400 MHz, CDCls): & 0.85 (s, 3H), 0.87 (t, J = 7.2 Hz, 3H), 1.74 (s, 9H), 1.87 (s, 3H),
3.82-3.89 (m, 2H), 4.25-4.38 (m, 3H), 4.66 (s, 1H), 5.94 (dd, J1 = 12.8 Hz, J2 = 12.8 Hz, 1H),
7.00 (dd, J1 = 5.2 Hz, J2 = 3.6 Hz, 1H), 7.08 (d, J = 2.4 Hz, 1H), 7.22-7.26 (m, 1H), 7.32 (d, J =
2.4 Hz, 1H), 7.38-7.42 (m, 1H), 7.68 (m, 1H), 7.76 (d, J = 8.0 Hz, 1H).

C NMR (100 MHz, CDCly): 215.09, 168.14, 163.41, 140.29, 138.40, 129.55, 127.56, 127.32,
126.64, 126.13, 125.51, 124.66, 114.46, 88.12, 85.28, 73.27, 61.96, 57.27, 55.81, 50.39, 41.45,
34.62,28.17,22.62, 13.40.

500 Chromatogram (SQS-04-73. org)
450
400
350
300
£ 250
E
200
150
um
100 ~ P
o o«
= =
50
0
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 16,715 57203418 1432345.375 503162
2 18.882 44700.711 1414341.250 49,6838
Total 101904,129 2846686,625 100.0000
1500 Chrozstogram (5Q5-04-41. org)
o
1,400 ;
1,300 2
1,200 _|l!
1,100 [l
1,000 H
500 [
Z a00 |
= 700 |
= e | |
500 |
400 | |
300 l
200 I|
100 j
a I\
o0 1 2 3 4 5 B 7 & 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 18648 1278089.125 38255328.000 100.0000
Total 1278089.125 38255328.000 100.0000
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4i was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 65% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpajor= 10.08 min., Tyiner = 24.75 min. [a]Dy =-1.699 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [C3H3sN,OgNa]®™ (M+Na): 603.2319, found:
603.2303.

'H NMR (400 MHz, CDCls): 8 0.86 (s, 3H), 0.87 (t, J = 7.2 Hz, 3H), 1.67 (s, 3H), 1.74 (s, 9H),
2.41 (s, 3H), 3.84-3.89 (q, 2H), 3.95 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.27 (d, J = 12.0 Hz,
1H), 4.36 (d, J=12.0 Hz, 1H), 4.77 (s, 1H), 6.02 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.18-7.51
(m, 7H), 7.63 (d, J = 8.2 Hz, 1H).

C NMR (100 MHz, CDCls): 215.39, 175.32, 168.37, 148.56, 137.87, 136.04, 134.36, 129.97,
129.33, 128.66, 127.17, 125.53, 114.20, 87.30, 85.05, 73.19, 61.78, 57.53, 55.06, 50.22, 46.11,
34.62,28.18,22.74, 21.16, 13.39.

Chromatogram (SQS-04-79" . org)
1,500

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

HiH(mv)
10.237

24,757

0
0 1 2 3 4 56 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Cone.

1 10.237 410704.000 5191423.000 50,7545
2 24.757 156324.578 7947874.500 49.2455

Total 567028.578 16139297.500 100.0000
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Chromatogram [(5@5-04-2%. org)

2,400
2,200
2,000
1,800
1,600 B
=
T 1,400 =
8
E 1,200 |
1,000 [
|
800 |
600 |
400 | |
200
0 J \
01 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 27 28 29 30
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 10.082 1340083.373 24650358 .000 100.0000
Total 1540083.375 24650358.000 100.0000

4j was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 77% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpajor = 9.42 min., Tyjnor = 31.47 min. [a]Dy = -1.798 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [C3oHs3CIN,OgNa]™ (M+Na)™: 623.1772, found:
623.1742.

'H NMR (400 MHz, CDCls): & 0.86 (s, 3H), 0.91 (t, J = 7.2 Hz, 3H), 1.67 (s, 3H), 1.74 (s, 9H),
3.86-3.91 (q, 2H), 3.94 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.21 (d, J = 12.0 Hz, 1H), 4.33 (d, J
=12.0 Hz, 1H), 4.81 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.33-7.46 (m, 6H), 7.71(d,
J=2.4Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H).

C NMR (100 MHz, CDCly): 215.13, 174.43, 168.36, 150.38, 148.31, 138.88, 135.79, 130.21,
129.51, 129.39, 128.76, 128.56, 127.50, 126.89, 115.66, 87.05, 85.62, 73.12, 62.06, 57.56, 54.94,
50.09, 46.10, 34.62, 28.15, 22.74, 13.42.
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340
320
300
280
Z 260
E
= 240
e
T 220
200
180
160 &
=
140 =2
120 '
100
80
60 ” o
-
40 | o
20 | /\
0 i PN oN s oo 5 = b
012 34567 8 91011121314151617181920212223242526272829303132333435
Tume(nun)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 9.425 139106.422 2310805.750 50.5819
2 31.472 33952.355 2257639.750 49.4181
Total 173058.777 4568445.500 100.0000

1500 Chromatogram (SQS-04-31. org)
1.400
1,300
1.200
1,100
1,000
00
£ 800
H o7 2
= =
600 =
500 |
400
300
200
100
0 . LA
01234567 89101112131415161718192021222324252627282930 313233
Time(min}
Results
Peak No. Peak ID Ret Time Height Area Cone.
| 9.098 557453.063 8776667.000 100.0000
Total 557453.063 8776667.000 100.0000
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4k was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 79% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpujor = 21.48 min., Toyjner = 15.82 min. [a]Dy = 14.985 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [CsoH33FN,OoNa]™ (M+Na)™: 607.2068, found:
607.2035.

'H NMR (400 MHz, CDCls): & 0.88 (s, 3H), 0.88 (t, J = 7.2 Hz, 3H), 1.67 (s, 3H), 1.68 (s, 9H),
3.84-3.99 (m, 3H), 4.24 (d, J=12.0 Hz, 1H), 4.36 (d, J=12.0 H, 1H,), 4.80(s, 1H), 6.00 (dd, J1 =
12.0 Hz, J2 = 12.0 Hz, 1H), 7.13-7.40 (m, 6H), 7.50(d, J = 1.2 Hz, 1H), 7.52 (d, J = 1.2 Hz, 1H).
C NMR (100 MHz, CDCLy): 215.24, 174.35, 168.26, 149.43, 146.93 (d, 1C, J = 5.1Hz), 135.81,
129.37, 128.93, 128.74, 125.45, 124.20, 122.57, 117.75, 117.55, 87.01, 86.51, 85.55, 73.12, 62.05,
58.23, 54.89, 50.04, 46.05, 34.62, 27.67, 22.67, 13.40.

1,uU0u
950
900
850
800
750
700
650
G600
550
500
450
400
350
300
250
200
150
100
50
D *
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time(min)

L (mv)

-14.825
20.102

Results
Peak No. Peak 1D Ret Time Height Area Conc.

1 14,825 134987.266 3664578.500 50,1018
2 20.102 115954.211 3649687.000 49.8982

Total 250941477 7314265.500 100.0000

g)

1.000 Chromatogram (S45-04-32. 0
950
900
850
800
750
700
650
600
550
500
450

L {mv)

350
300
250
200
150
100

19.998

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time(min)

Results
Peak No. Peak 1D Ret Time Height Area Conc.
| 19.998 133029.734 4415189.500 100.0000
Total 133029.734 4415189.500 100.0000
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4] was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 32% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpujor= 14.76 min., Toyjner = 26.71 min. [a]Dy = 51.149 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [C3H3N,OoNa]™ (M+Na)™: 611.2006, found:

611.1982.

'"H NMR (400 MHz, CDCls): § 0.93 (s, 3H), 1.76 (s, 9H), 1.90 (s, 3H), 4.26 (dd, J1 = 12.0 Hz, J2
=12.0 Hz, 1H), 4.59 (d, J = 12.0 H, 1H,), 4.87 (s, 1H), 5.48 (d, J = 12.0 Hz, 1H), 6.28 (dd, J1 =
2.4 Hz, J2 = 0.4 Hz, 1H), 6.35 (dd, J1 = 3.2 Hz, J2 = 2.4 Hz, 1H), 6.91 (m, 1H), 7.32 (m, 2H),
7.50 (m, 2H), 7.66 (m, 4H).
13C NMR (100 MHz, CDCls): 215.51, 197.06, 174.28, 148.70, 148.64, 143.38, 140.03, 136.54,
133.76, 129.41, 128.36, 128.22, 126.83, 124.87, 124.18, 114.53, 110.84, 109.71, 85.93, 85.07,
73.70, 57.75, 52.78, 49.58, 40.37, 33.56, 28.20, 22.44.

Chromatogram [(5Q5-04-80. org)

1,000
550
500
850
800
750
700
630
600
550
500
450
400

= gmv)

N

14647

Peak No.

% 26.690

0123

Peak ID

4 56 7 8 910112131415 16 17 1819202122 23 24 25 26 27 28 29 30 21 32 33 34 35

Ret Time

Time(mmin)

Results
Height

Area

Cone.

1

-
&

14647
26.690

240920.906
118747.156

5439471.300
5320004.300

30.6469
483331

Total

359668.063

10779476000

100.0000
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1.000 Chromatogram (SQS-04-53. org)

950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100
50

0

012 345 67 8 8101112131415 1617 181020212223 24252627 282030 31323323435

Time(min)

14.765

L (mv)

Results
Peak No. Peak ID Ret Time Height Area Conc.
! 14.765 513609344 12280146.000 100.0000
Total 513609.344 12280146.000 100.0000

4m was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 70% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Ty,jor = 48.80 min., Tyiner = 22.35 min. [a]5 = 4.396 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [C,oH34N,0;;Na]" (M+Na)™: 609.2060, found:
609.2021.

'H NMR (400 MHz, CDCl3): 5 0.86 (t, J = 7.2 Hz, 3H), 0.89 (s, 3H), 1.01 (t, J = 7.2 Hz, 3H), 1.57
(s, 3H), 1.67 (s, 9H), 3.82-3.88 (q, 2H), 4.04 (dd, J1 = 7.6 Hz, J2 = 7.2 Hz, 1H), 4.09 (d, J=12.0
Hz, 1H), 4.24 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.32 (d, J = 12.0 Hz, 1H), 4.41 (s, 1H), 5.99
(dd, J1 =12.0 Hz, J2 = 12.0 Hz, 1H), 6.29 (d, J=3.2 Hz, 1H), 6.32 (dd, J1 =3.2 Hz, J2 = 1.6 Hz,
1H), 7.21-7.25 (m, 1H), 7.38-7.42 (m, 1H), 7.46(d, J = 1.6 Hz, 1H), 7.70 (m, 1H), 7.82 (d, J=8.0
Hz, 1H).

C NMR (100 MHz, CDCls): 174.21, 157.17, 149.09, 148.74, 143.25, 129.52, 126.64, 124.50,
114.45,110.29, 109.23, 85.16, 72.46, 61.89, 61.59, 56.92, 50.04, 49.48, 39.59, 28.16, 22.63, 13.76,
13.39.
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700

B850
500
550
E 500
B 450
400
350
300
w
250 &
o
200
E
150 =
F
100
50
0
0 2 & 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 &2 44
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 22363 205666.594 8637572.000 505835
2 40.898 118452391 8457153.000 49.4145
Total 324118.984 17114725.000 100.0000
200
190
180
170
160
=z 150
= 140
=130
120
110
100
90
80
70 -
60 2
o
S0 x
40 ’Illli
30 { |
20 \
0 N .
-10
0 4 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Tune(nun)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 40.803 53600.082 3775297.000 100.0000
Total 53600.082 3775297.000 100.0000
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4n was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 79% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak PC-2 column: hexane/i-PrOH 80:20, flow
rate 0.70 mL/min, A = 214 nm: Tpgjor = 8.34 min., Tminer = 11.82 min. [a]Dy = 4.596 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [Cs;H3sCIN,OoNa]™ (M+Na)™: 653.1878, found:

653.1845.

'"H NMR (400 MHz, CDCLy): § 0.77 (t, J = 7.2 Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H), 0.90 (s, 3H), 1.74
(s, 9H), 3.82-3.90 (m, 4H), 3.98 (d, J1 = 12.0 Hz, 1H), 4.07 (q, 1H), 4.33 (d, J = 12.0 Hz, 1H),
4.34 (s, 1H), 5.93 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.23-7.43 (m, 6H), 7.69(m, 1H), 7.79 (d, J

= 8.0 Hz, 1H).

C NMR (100 MHz, CDCls): 174.76, 174.00, 168.20, 148.55, 140.30, 134.50, 134.42, 129.90,
129.58, 129.09, 126.57, 125.68, 124.64, 114.52, 87.21, 85.23, 72.50, 61.92, 61.46, 57.07, 51.20,

50.14, 45.11, 28.17, 22.78, 13.56, 13.40.

Chromatogram (SQS-04-51rac’ . org)

500
450
400
350
300
'_?, 250
= 200
150
100 ) @
2 g
50 b
0
0 1 2 3 4 5 6 7 8 9 10 LA 12 13 14
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
| 8.565 50485660 1209014375 51.4611
2 11.828 32712.617 1140361.000 48.5389
Total 83198.277 2349375,375 100.0000
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Chromatogram (SQS-04-51. org)

1,300
1,200
1,100
1,000

o

900 3

800 OD
z 700
; 600
500
400
300
200

100
"
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 8.340 801711.813 24794072.000 100.0000
Total 801711.813 24794072.000 100.0000

40 was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 48% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tyyjor = 12.69 min., Tpiner = 7.17 min. [a]2 = 5.993 (c = 1.0,
CHCl;). HRMS: (ESI+, m/z) calculated for [CsHisN,OoNa]™ (M+Na)™: 619.2268, found:
619.2238

'H NMR (400 MHz, CDCls): § 0.73 (t, J = 7.2 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H), 0.93 (s, 3H), 1.73
(s, 9H), 3.76-3.90 (m, 4H), 3.97 (d, J1 = 12.0 Hz, 1H), 4.07 (q, 1H), 4.34 (d, J = 12.0 Hz, 1H),
4.45 (s, 1H), 5.98 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.21-7.43 (m, 7H), 7.71(m, 1H), 7.80 (d, J
=8.0 Hz, 1H).

C NMR (100 MHz, CDCls): 174.70, 174.24, 168.33, 148.63, 140.31, 135.82, 129.51, 128.84,
128.45, 126.60, 125.80, 124.59, 114.48, 87.33, 85.12, 77.38, 77.07, 76.75, 72.50, 61.85, 61.27,
57.09, 51.33,50.27, 45.76, 28.17, 22.81, 13.44, 13.40.
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‘hromatogram (SQ5-04-9" rac. org
1,500 Chromatogram (SQS-04-9" rac. org)

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

TATT

13.323

8 9 10 N 12 13 14 15 16 17 18 19 20
Time{min)

o
(S
w
E
o
-
~

Results
Peak No. Peak 1D Ret Time Height Area Conc.

1 7177 115862.844 1862437.750 50.9346
2 13.323 31866.393 1794088.125 49.0654

Total 147729.236 3656525.875 100.0000

“hrome T SQS—04-¢ g
1,500 Chromatogram (SQS-04-9. org)

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100 |

1 Hs (mv)

>12.698

0 1 2 3 4 5 6 7 8 9 10 M1 12 13 14 15 16 17 18 19 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 12.698 537923.063 29979000.000 100.0000
Total 537923.063 29979000.000 100.0000

Boc
4p was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 18% yield with >20:1 dr and >99% ee. The ee was
determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow
rate 0.70 mL/min, A = 214 nm: Tpujor= 18.88 min., Tpyjnor = 21.54 min. [a]2y =20.778 (c = 1.0,
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CHCl;3). HRMS: (ESI+, m/z) calculated for [C36H33N2010Na]+ (M+Na)+: 681.2424, found:
681.2395

'H NMR (400 MHz, CDCL): & 0.49 (t, J = 7.2 Hz, 3H), 0.87 (t, J = 7.2 Hz, 3H), 1.61 (s, 9H),
3.51-3.56 (m, 2H), 3.80-3.93 (m, 2H), 4.30 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.58 (d, J=12.0
Hz, 1H), 4.70 (d, J = 12.0 Hz, 1H), 5.03 (s, 1H), 6.23 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H),
6.96-7.54 (m, 13H), 7.80 (m, 1H).

BC NMR (100 MHz, CDCl3): 174.67, 173.88, 168.46, 148.00, 139.80, 138.25, 135.78, 129.17,
128.92, 128.55, 128.12, 127.34, 126.14, 125.40, 123.94, 114.13, 87.31, 84.29, 76.08, 61.93, 61.03,
58.21, 50.08, 49.59, 46.11, 28.09, 13.38, 13.13.

650}
600
550
E s00
]
450
® =
400} @
[u}
-— =
350 &
300 q
250
200
150
100
0]
0] A . .
D1 23 4 56 7 89 10111213 1415 16 17 15 153 20 21 22 23 24 25 26 27 28 23 30
Tirve( i)
Results
Peak Me. Peak ID Ret Time Height Area Conc.
1 18.907 364761 438 16647207 .000 501037
2 21540 3063541 781 16578283.000 49 2063
Total GT1303.219 33225450000 100.0000
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B0
550

iyl

500
450

A1

400
350

18.848

300
2350
200
1450
100

a0
09 I

L R L B L I L I L R M I L A I L I L IS L I I LA R L AL LA
01 2 3 4 5 6 7 8 9 101 1213 141516 17 18 19 20 21 22 23 24 25 26 27 26 29 30

Tiree(zeit)
Results
Peak MNo. Peak ID Ret Time Height Area Conr.
1 13848 280418125 12507439 000 100.0000
Total 280418125 12507430.000 100.0000

49 was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl
acetate/dichloromethane =10/1/1) in 15% yield with 1:1 dr and >99% ee. The ee was determined
by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 90:10, flow rate 0.70
mL/min, A = 214 nm: Tajor = 12.07 min., Tminor = 13.81 min. [a]2 = 0.999 (c = 0.4, CHCls).
HRMS: (ESI+, m/z) calculated for [C3¢H3sN,010H]" (M+H)": 509.1924, found: 509.1915.

'H NMR (400 MHz, CDCls): 8 0.80 (t, J = 7.2 Hz, 3H), 0.84 (s, 3H), 1.66 (s, 3H), 2.78 (s, 3H),
3.73-3.79 (m, 2H), 3.92 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.14 (d, J = 12.0 Hz, 1H), 4.29 (d, J
= 12.0 Hz, 1H), 4.74 (s, 1H), 5.87 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.21-7.39 (m, 7H),
7.67-7.69 (m, 1H), 8.17-8.20(m, 1H).

C NMR (100 MHz, CDCls): 215.12, 177.32, 170.86, 169.10, 140.83, 135.99, 129.88, 129.59,
128.93, 126.69, 125.86, 125.45, 116.04, 87.37, 73.33, 62.14, 57.83, 55.42, 50.71, 46.01, 34.76,
27.12,22.92,13.52.
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Chromatogram (sqs-06-65rac. org)

1,000
950
900
850
800
750
700
650
600
< 550
= 500
= 450
T 400
350 o =
300 S £
250 = o
200
150
100
50
0 {
0 1 2 3 4 5 6 7 ) 9 10 11 12 13 14 15 16 17 18 19 20
Time(min)
Results
Peak No. Peak 1D Ret Time Height Area Conc.
1 12.072 244632.406 4754877.000 50.0936
2 13.755 218626.859 4737103.000 499064
Total 463259.266 9491980.000 100.0000
1500 Chromatogram (sgs-06-65. org)
1,400
1,300
1,200
1,100 o
2
1,000 c',_,
900
800
= 700
T 800
500
400
300
200 -
5
100 2
0 E
4] 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 12.072 3777.002 71899.250 0.3560
2 13.808 906497.250 20126010.000 99.6440
Total 910274.252 20197909.250 100.0000

Results of other Michael acceptors:

yield =59% dr =1.08:1 yield = 78%, dr = 2:1 yield = 0% yield = 0%
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To a solution of 40 (59 mg, 0.1 mmol) in DCM (2 mL) was added TFA (2 mL). After 10 minutes,
the reaction mixture was cooled to 0 °C and diluted by 20 mL DCM. Then the mixture was
quenched by 1M NaOH aq. and adjusted pH = 11.0. The mixture was extracted by DCM (3x20
mL). The organic layer was combined, dried by Na,SO4, and concertrated in vacuo. Purification
on flash column chromatography (petroleum/ethyl acetate =2/1) obtained 60 in quatitative yield.
[a], = 3.525 (c = 1.0, CHCl3). HRMS: (ESI+, m/z) calculated for [C,6H,sN,0gNa]” (M+Na)':
519.1743, found: 519.1721

'H NMR (400 MHz, CDCls): & 0.74 (t, J = 7.2 Hz, 3H), 0.77 (t, J = 7.2 Hz, 3H), 1.00 (s, 3H),
3.75-3.92 (m, 4H), 4.01-4.10 (m, 2H), 4.39-4.42 (m, 2H), 6.11 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz,
1H), 6.84 (d, J =8.0 Hz, 1H), 7.10-7.14 (m, 1H), 7.28-7.38 (m, 4H), 7.43 (br, 2H), 7.69 (d, J = 8.0
Hz, 1H), 8.40 (s, 1H).

C NMR (100 MHz, CDCLy): 177.46, 174.26, 169.20, 141.32, 136.03, 129.33, 128.83, 128.41,
127.41, 127.24, 122.76, 109.73, 87.13, 72.25, 61.64, 61.17, 57.44, 51.46, 49.71, 45.74, 22.73,
13.49, 13.36.

To a solution of 60 (52 mg, 0.1 mmol) in MeOH (2 mL) was added Zn powder (50 mg) and 2 mL
0.1 N HCI aq.. After 10 minutes, the reaction mixture was cooled to 0 °C and diluted by 20 mL
ethyl acetate. Then the mixture was quenched by 1M NaOH aq. and adjusted pH = 11.0. The
mixture was extracted by ethyl acetate (3x20 mL). The organic layer was combined, dried by
Na,SO,, and concertrated in vacuo. 70 was obtained in 75% yield. [a]5, = -17.985 (¢ = 1.0,
CHCls). HRMS: (ESI+, m/z) calculated for [CosH3N,OgH]" (M+H)": 467.2182, found: 467.2217
'H NMR (400 MHz, CDCl3): § 0.69 (t, J = 7.2 Hz, 3H), 0.73 (t, J = 7.2 Hz, 3H), 0.96 (s, 3H), 3.17
(dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 3.70 (d, J = 12.0 Hz, 1H), 3.73-3.94 (m, 4H), 4.04 (d, J =
12.0 Hz, 1H), 4.30 (dd, J = 12.0 Hz, 1H), 4.38 (br, 1H), 6.87 (d, J = 8.0 Hz, 1H), 7.07-7.112 (m,
1H), 7.24-7.38 (m, 6H), 7.67 (d, J = 8.0 Hz, 1H), 8.07 (br, 1H).

C NMR (100 MHz, CDCLy): 178.72, 175.57, 172.19, 141.28, 138.75, 128.67, 127.61, 127.34,
122.35, 109.38, 72.42, 60.63, 60.53, 59.95, 57.57, 52.00, 48.97, 43.23, 23.14, 13.52.
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To a solution of 40 (59 mg, 0.1 mmol) in MeOH (2 mL) was added Zn powder (50 mg) and 2 mL
0.1 N HCI aq.. After 10 minutes, the reaction mixture was cooled to 0 °C and diluted by 20 mL
ethyl acetate. Then the mixture was quenched by 1M NaOH aq. and adjusted pH = 11.0. The
mixture was extracted by ethyl acetate (3x20 mL). The organic layer was combined, dried by
Na,SO,, and concertrated in vacuo. 80 was obtained in 77% yield. [a]2, = -9.987 (c = 1.0,
CHCI;). HRMS: (ESI+, m/z) calculated for [C3;H3oN,Os+H] (M+H)": 567.2706, found: 567.2692.
'H NMR (400 MHz, CDCl5): 6 0.73 (t, J = 7.2 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H), 0.93 (s, 3H), 1.73
(s, 9H), 3.75-3.93 (m, 5H), 4.15-4.19 (m, 2H), 4.52 (s, 1H), 7.21-7.25 (m, 1H), 7.33-7.39 (br, 6H),
7.74-7.78 (m, 1H).

C NMR (100 MHz, CDCLy): 175.51, 174.83, 171.22, 148.84, 139.99, 137.23, 135.41, 129.70,
128.95, 128.57, 127.60, 126.97, 124.44, 114.16, 84.68, 72.77, 60.94, 60.79, 60.56, 57.13, 51.95,
49.85, 38.79, 28.19, 23.08, 13.53, 13.45.

General procedure for synthesis of spirocyclic oxindoles 5:

Z
H
MeO
0 N O
" QN-TU, 10% ri- 1Y R?
o o / Q 6. 5% R3/\/N02 2 R5 O .-\\\N02
+ ol N > 3
R1J\/U\R2 R O beMm,0°C 0°c R4 &
Boc
1 3 Boc

A solution of B-dicarbonyl compounds 1 (0.2 mmol), oxindoles derivatives 3 (0.3 mmol) and
catalyst Q-6 (5 mol%) in CH,Cl, (0.20 mL) was stirred under 0 °C until all the B-dicarbonyl
compounds consumed, then 10 mol% of QN-TU and nitroalkenes 2 (0.22 mmol ) was added.
After the reaction completed, the solution was concentrated and purified using column
chromatography (Petroleum ether: ethyl acetate: DCM = 5: 1: 1, R¢(5)= 0.3) to afford the desired
product.
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HO
Me Me
NO,
EtO0C
Ph
N (0]
Boc 5a

The title compound 5a was isolated as single diasteroisomer by flash column chromatography
(petroleum/ethyl acetate/dichloromethane =5/1/1) in 43% yield with 2.5:1 dr and 96% ee. The ee
was determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 80:20,
flow rate 0.70 mL/min, A = 214 nm: Tpgjor = 10.83 min., Tyinor = 8.08 min. [a]Dy =-2.597 (c =1,
CHCl;). HRMS: (ESI+, m/z) calculated for [C30H34N,Oo+Na] (M+Na)™: 589.2162, found:
589.2138.

'H NMR (400 MHz, CDCls): & 0.81 (t, J = 7.2 Hz, 3H), 1.49 (s, 3H), 1.55 (s, 9H), 2.36 (s, 3H),
3.69-3.86 (m, 2H), 3.93 (d, J = 12.0 Hz, 1H), 4.12(d, J = 12.0 Hz, 1H), 4.13 (s, 1H), 4.21(d, J =
2.4 Hz, 1H), 4.24 (d, ] = 2.4 Hz, 1H), 5.35 (s, 1H), 5.86 (d, J = 12.0 Hz), 6.44-7.19 (m, 7H), 7.38
(m, 1H), 7.45 (m, 1H).

C NMR (100 MHz, CDCls): 211.69, 175.45, 169.91, 148.17, 139.48, 132.11, 129.08, 128.21,
127.91, 124.52, 122.39, 114.74, 89.74, 84.34, 70.98, 61.70, 52.55, 48.77, 48.42, 33.91, 28.07,
25.31, 13.29.

2.000; Chromatogram (sqs-05-56". org)

1,900|

1,800|

1,700|

1,600|

1,500|

1,400{

1,300{ o

1,200| S
Z 1,100 ¢
£ 1,000] I
= 900| i

800|

700| (

600| |

500|

400| |

300] |
200| [ 1 i

100 \ |
o S [ I N

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time(min)

—11.318

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 8.245 1070426.750 17691554.000 48,1757
2 11.318 771053.313 19031460.000 51.8243

Total 1841480.063 36723014.000 100.0000
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Chromatogram (sqs-05-39. org)

2,000
1,900
1,800
1,700
1,600
1,500
1,400
1,300
1,200

= 1,100

= 1,000

= 900

~ 800

700
600
500
400
300 |
200
100

10838

@) 8.082

0 1 2 3 4 5 6 7 . 9 10 1" 12 13 14 15

Time(imin)

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 8.082 16431.469 280644.031 2.4975
2 10.838 481880.656 10956487.000 97.5025

Total 498312.125 11237131.031 100.0000

Brsp
The title compound 5b was isolated as single diasteroisomer by flash column chromatography
(petroleum/ethyl acetate/dichloromethane =5/1/1) in 52% yield with 4:1 dr and 92% ee. The ee
was determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 80:20,
flow rate 0.70 mL/min, A = 214 nm: Tpajor= 9.29 min., Tyinor = 7.31 min. [a]Dy =20.575 (c =1,
CHCIl;). HRMS: (ESI+, m/z) calculated for [C30H33BrN,Oyg+Na] (M+ Na)+: 667.1267, found:
667.1237.
'H NMR (400 MHz, CDCls): & 0.81 (t, J = 7.2 Hz, 3H), 1.49 (s, 3H), 1.57 (s, 9H), 2.36 (s, 3H),
3.70-3.85 (m, 2H), 3.91 (d, J = 12.0 Hz, 1H), 4.13 (s, 1H), 4.19 (d, J = 5.2 Hz, 1H), 422 (d, J =
5.2 Hz, 1H), 5.80 (d, J=12.0 Hz, 1H), 6.31-7.02 (br, 4H), 7.19-7.23 (m, 2H), 7.38-7.44 (m, 2H).
C NMR (100 MHz, CDCls): 211.68, 175.42, 169.77, 147.92, 139.43, 131.38, 131.13, 129.36,
127.65, 124.68, 122.48, 122.34, 114.96, 89.54, 84.69, 70.98, 61.80, 52.43, 48.76, 47.82, 33.97,
28.05, 25.26, 13.31.
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1300 Chromatogram (sqs-06-0lrac. org)

1,200
1,100
1,000
900
800
700
600

L Hefmv)

500
400
300

= 7.315

200

—==-9.007

100

0 R

I
)

0 1 2 3 4 5 [ 7
Time(min)

llk_ __j'lll \,_ [

9 10 11 12 13 14 15

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 7.315 260576.641 3430902.000 50.0682
9.007 199189.266 3421556.500 499318

[}

Total 459765.906 6852458.500 100.0000

1,000 Chromatogram (sqs-06-43. org)

950
900
850
800
750
700
650
800 -
550 3
500 o
450 I‘||
400 |
350
300 | |
250 [
200 [ 1
150
100

50 .

o ——— A SN
0 1 2 3 4 5 [ 7 8 ] 10 1 12 13 14 15
Time(min)

L He{mv)

7.488

Results
Peak No. Peak ID Ret Time Height Area Conc.

1 7.488 25747.566 361981.906 3.9418
9.293 471531.781 8821191.000 96.0582

(5]

Total 497279348 9183172.906 100.0000
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Gram-scale cascade reactions:

0
EtO
/
o]
o o x_NO, IE\;IOC
)J\/U\ + Q-6 (2 mol%)  3a, 9 mmol
1a 22 DCM, rt, 1d rt, 3 d
6.6 mmol 6 mmol
0
EtO
.
0]
o o xNO, fE\;IOC
M+ Q-6 (5mol%)  3a,6 mmol
1a 22 DCM, rt, 1d i, 4 d
4.4 mmol 4 mmol

1.23 g, yield: 36%
dr > 20:1, ee > 99%

1.72 g, yield: 76%
dr>20:1, ee > 99%
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