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(1) Material and Methods.

General Methods: All Manipulations were carried out under nitrogen atmosphere using Schlenk tube
technique. *H (300 MHz) and **C (75 MHz) spectra were recorded on a BRUKER-300 spectrometer. 'H
(600 MHz) and **C (150 MHz) spectra were recorded on a AVANCE Ill 600 (BRUKER) spectrometer.
Chemical shifts are reported in parts per million (ppm) down field from TMS, using residual CDCl; (7.26 ppm)
for '"H NMR, and CDCl; (77.0 ppm) for 3C NMR as internal standards respectively. Infrared spectra were
measured on a JASCO FT/IR-230 in Nujol mulls.  All the melting points were measured by using Yanagimoto
micro melting point apparatus under inert atmosphere and are uncorrected. Solvents were purified as follows:
tetrahydrofuran, diethylether and hexane by distillation from benzophenone ketyl under nitrogen;
dichloromethane and chloroform by distillation from calcium hydride. Optical rotation was measured on
RUDOLPH AUTOPOL IV digital polarimeter. Analytical HPLC was performed on a Shodex Model RI-72
instrument using Daicel CHIRALPACK AS-H (4.6 x 150 mm) and Daicel CHIRALPACK OJ-H (4.6 x 150
mm). High resolution mass spectral analysis (HRMS) was performed at Chemical Instrument Facility of Osaka
City University.

Materials:  Aryl- and alkenylimines were prepared according to the literature procedure.! Methyl

2,2-difluoro-2-(fluorosulfonyl)acetate was purchased from Aldrich.

(2) Preparation of Catalyst 4g

Catalyst 4g was synthesized as shown in Scheme S1.

Scheme S1. Synthesis of catalyst 4g.

Preparation of compound SAP2.
To a solution of SAP1% (640 mg, 0.621 mmol) and Cul (0.39 g, 16.2 mmol) in DMF (7.4 mL) and HPMA
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(0.43 mL) was added methyl 2,2-difluoro-2-(fluorosulfonyl)acetate (FSO,CF,COOMe) (0.32 mL, 2.48 mmol)
at room temperature, and the resulting reaction mixture was stirred at 70 °C for 24 h. After the addition of
water (20 mL), the reaction mixture was extracted with CH,Cl, (20 mL) by three times. Combined organic
layer was washed with water (10 mL) by two times. Organic layer was dried over MgSQO,, followed by
removal of the solvent under reduced pressure gave orange solid, which was subjected to the next reaction
without isolation.

The obtained orange material was dissolved in EtOH (8 mL) and 1,4-dioxane (8 mL). After addition of
conc. HCI ( 3mL), the reaction mixture was stirred at 80 °C for 12 h. After addition of brine (10 mL), the
reaction mixture was extracted with CH,Cl, (10 mL) by three tines. Combined organic layer was dried over
MgSQ,, and concentrated under reduced pressure, affording the crude material as a brown solid. The crude

material was purified by silica-gel column chromatography (eluent: hexane/CH,Cl, = 5/1) gave compound

SAP2 as a colorless solid (235 mg, 0.284 mmol, 46%): mp 151-153 °C; [o]p % 63.0 (c 1,0, CHCIs); IR (nujol),

3516, 3417, 1292, 1262, 1191, 1163, 1126 cm™; *H NMR(300 Mz, CDCls); 6 8.09 (2, 2H), 7.78 (s, 2H),7.40
(d, J = 12.0 Hz, 2H), 7.27(d, J = 12.0 Hz, 2H), 7.30-7.14 (m, 6H), 2.90 (sep, J = 12.0 Hz, 2H), 2.70 (d, J = 18.0
Hz, 2H), 2.59 (sep, J = 12.0 Hz, 2H), 1.24 (d, J = 12.0 Hz, 12H), 1.18-1.09 (m, J = 6.0 Hz, 6 H), 1.04 (d, J =
12.0 Hz, 6H), 1.02 (d, J = 18.0 Hz, 6H), 0.95 (d, J = 12.0 Hz, 6H); **C NMR (75 MHz, CDCl3) & 152.1, 150.0,
148.1, 148.0, 135.0, 131.1, 130.5, 128.7, 127.7, 125.4, 122.2, 121.64, 121.60, 121.48, 113.8, 34.4, 31.0, 31.6,
30.8, 24.3 24.0, 23.7, 22.7, 14.1; *F NMR (282 MHz, CDCl3) 8 —63.9; HRMS (FAB+) calcd. for CsyHssFsO2,
(M)*: 826.4185, found: 826.4187.

Preparation of compound 4g.
To a solution of SAP2 (138 mg, 0.167 mmol) in CH,Cl, (1 mL) were added triethylamine (0.16 mL, 1.17
mmol), dimethylaminopyridine (41 mg, 0.33 mmol), and phosphorus oxytrichloride (18.3 uL, 0.20 mmol) at 0

°C, and resulting reaction mixture was stirred at room temperature for 50 min. Propionitrile (1 mL) and
trifluoromethanesulfonamide (50 mg, 0.33 mmol) were added to the reaction mixture. The resulting reaction
mixture was stirred at 100 °C for 12 h.  After the addition of water (5 mL), the reaction mixture was extracted
with CH.CI, (10 mL) by three times. Combined organic layer was washed with saturated NaHCO3 (10 mL),
and dried over MgSO,4. The removal of the solvent under reduced pressure gave brown solid, which was
purified by silica gel column chromatography (eluent: hexane/EtOAc = 1/1). Obtained material was dissolved

in Et,O (10 mL), and washed with 4N HCI. Organic layer was dried over MgSO,, followed by removal of the
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solvent under reduced pressure, affording compound 4g as a colorless solid (62 mg, 0.075 mmol, 45%): mp
183-185 °C; [a]p*7.9 (c 1,0, CHCIs); IR (nujol), 1290, 1197, 1167, 1132, 1068, 975 cm™; *H NMR(600 Mz,
CDCly); & 8.25(m, 2H), 8.06 (d, J = 4.2 Hz, 2H), 7.52 (d, J = 7.5 Hz, 2H), 7.34-7.27 (m, 2H), 7.20 (s, 1H),
7.03-7.15 (m, 3H), 3.47 (g, J = 6.6 Hz, 1H), 2.95 (br s, 2H), 2.70 (m, 2H), 2.59 (m, 1H), 2.51 (m, 1H), 1.29 (m,
15H), 1.21 (m, 6H), 1.13 (m,9H), 0.95 (d, J = 4.8 Hz, 6H); *C NMR (150 MHz, CDCl3) § 149.9, 149.5, 147.7,

147.6, 147.4, 147.3, 147.2, 146.8, 146.7, 143.2, 134.0, 133.9, 133.4, 133.3, 132.7, 132.7, 130.4, 130.0, 129.7
129.6, 128.6, 128.4, 127.9, 127.8, 126.7; 126.3, 126.1, 124.9, 123.1, 122.7, 122.6, 122.0, 121.5, 121.1, 120.9,
120.6, 66.0, 34.5, 34.3, 31.4, 31.2, 31.4, 30.8, 26.8, 26.7, 25.2, 25.1, 24.0, 23.9, 23.1, 23.0, 22.7, 22.0; "°F NMR

(564 MHz, CDCls) & —64.0, -79.5, -80.6; *'P NMR (242 MHz, CDCls) & 1.53; HRMS (FAB+) calcd. for

Cs3HssFoNNaOsPS, (M+Na)™: 1042.3293, found: 1042.3289.
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(8) Experimental procedure for the asymmetric aza-Diels-Alder reaction catalyzed by 4g.

Preparation of Racemic Products 3, 3aa-3ah, 3ba-3bn, 3ai, 7a, and 7b.

The racemic products were prepared by three-component coupling reaction. The reaction mixture of the
corresponding aldehyde (0.5 mmol), N-tosylamine (0.25 mmol) or 2-naphthalenesulfonamide (0.25 mmol), and
HOTf (0.025 mmol, 10 mol %) in CHCIlz (0.15 mL) was stirred with molecular sieve 5A (100mg) at room
temperature for 2 h.  2,3-Dimethyl-1,3-butadiene (1.5 mmol) or isoprene (1.5 mmol) was added to the reaction
mixture. The resulting reaction mixture was stirred at room temperature for 12 h..  Triethylamine (0.15 mL)
was added to the reaction mixture. After the removal of the solvent under the reduced pressure, crude material
was purified by silica gel column chromatography (eluent: hexane/EtOAc = 10/1 or 5/1) to give the racemic

aza-Diels-Alder adducts.

General experimental procedure for the enantioselective aza-Diels-Alder reaction of unactivated
acyclic dienes with aryl- and alkenyl-substituted imines: the reaction of

1,3-dimethyl-2,3-butadiene 1a with N-tosylphenylimine 2 (Table 1, Entry 10)

Me TS\N catalyst 4g (5 mol % ) Me N/TS
- Y
Me H Ph CHC|3, RT, 24 h Me Ph
1a 2
To a reaction mixture of N-tosylphenyl imine 2 (65 mg, 0.25 mmol), catalyst 4g (12.7 mg, 0.0125 mmol, 5

mol %) in CHCI; (0.15 mL) was added 2,3-Dimethyl-1,3-butadiene (62 mg, 0.75 mmol). The resulting

reaction mixture was stirred at roon temperature for 24 h.  Triethylamine (0.15 mL) was added to the reaction

mixture. After the removal of the solvent under the reduced pressure, crude reaction mixture was purified by
silica gel column chromatography (hexane/EtOAc = 5/1) to give 64 mg (019 mmol, 75%) compound (R)-3 as a
colorless solid.: mp 65-67 °C; [a]p?: -17.5 (c 1.00, CHCIs); IR (KBr) 1327, 1162, 1090, 689, 569 cm™; 'H
NMR (300 MHz, CDCl3) 6 = 7.58 (d, J = 8.3 Hz, 2H), 7.26 - 7.11 (m, 7H), 5.16 (d, J = 6.6 Hz, 1H), 3.80 (d, J =
18.0 Hz, 1H), 3.16 (d, J = 18.0 Hz, 1H), 2.33 (s, 3 H), 2.31 - 2.20 (m, 1H), 2.11 (d, J = 17.4 Hz, 1H), 1.49 (s, 3
H), 1.45 (s, 3H); *C NMR (75 MHz, CDCls): $142.9, 139.7, 137.7 129.4, 128.3, 127.3, 127.2, , 126.9, 123.2,
122.2,53.5, 44.9, 32.4, 21.5, 18.6, 16.0; HRMS (FAB+) calcd for CooH24NO,S, (M+H)™: 342.1528, found: 342.
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1523. The enantiomeric excess (85% ee) was determined through chiral HPLC analysis (Daicel CHIRALPAK
AS-H column; flow rate 0.4 ml/min; hexane/EtOH = 20/1): (R)-3 tg = 10.1 min, (S)-3 tg=12.8 min. Absolute

configuration was assigned by analogy with compound 3ai.

Synthesis of compound 3aa according to the general procedure (Table 2, Entry 1)

The reaction (reaction time 48 h) gave the crude product, which was purified

Me N/SOZ by silica gel column chromatography (hexane/EtOAc = 5/1) to give 82 mg
| (0.22 mmol, 87%) of compound as a colorless solid.: mp 82-83 °C; [0]p*:
Me
2 Ph -15.2 (¢ 1.00, CHCls); IR (Nujol) 1332, 1263, 1162,1070,752 cm™; *H NMR
aa

(600 MHz, CDCl5) & 8.35 (s, 1H), 7.96- 7.84m, 3H), 7.70 (dd, J = 8.6, 1.9 Hz,
1H), 7.65-7.56 (m, 3H), 7.28-7.17 (m, 4H), 5.30 (d, J = 6.6 Hz, 1H), 3.94 (d, J = 17.5 Hz, 1H), 3.28 (d, J = 17.5
Hz, 1H), 2.35 (dd, J = 16.8, 4.2 Hz, 1H), 2.18 (d, J = 16.8 Hz, 1H), 1.52 (s, 6H).2*C NMR (150 MHz, CDCl3) 5
139.4,137.4,134.6,132.1, 129.2, 129.0, 128.5, 128.4, 128.3, 127.8, 127.4, 127.3, 127.2, 123.3, 122.4, 122.2,
53.6, 45.01, 32.7, 18.6, 16.0; HRMS (FAB+) calcd for Co3H24NO,S, (M+H)*: 378.1528, found: 378.1524.
The enantiomeric excess (93% ee) was determined through chiral HPLC analysis (Daicel CHIRALPAK AS-H
column; flow rate 0.7 ml/min; hexane/EtOH = 20/1): (R)-3aa tr = 14.3 min, (S)-3aa trg=16.4 min. Absolute

configuration was assigned by analogy with compound 3ai.
Synthesis of compound 3ab according to the general procedure (Table 2, Entry 2)

The reaction (reaction time 62 h) gave the crude product, which was purified by

silica gel column chromatography (hexane/EtOAc = 10/1) to give 69 mg (0.18

Me N/SOZ mmol, 70%) of compound as a colorless solid.: mp 82-83 °C; [o]p?": 20.0 (c
| 1.00, CHCI3); IR (Nujol) 1647, 1541, 1507,1156 cm™; *H NMR (300 MHz,
Me
CDCl3) 8 8.27 (s, 1H), 7.90- 7.78 (m, 3H), 7.63 (dd, J = 8.6, 1.9 Hz, 1H),
3ab Me

7.60-7.46 (m, 2H), 7.01 d(d, J = 28.8, 8.1 Hz, 4H), 5.19 (d, J = 6.6 Hz, 1H),
3.87 (d, J = 17.5 Hz, 1H), 3.28 (d, J = 17.5 Hz, 1H), 2.20 (s, 3H), 2.40-2.00 (m, 2H), 1.45 (s, 6H).**C NMR
(150 MHz, CDCl3) 6 137.4, 137.0, 136.5, 134.6, 132.0, 129.1, 129.0, 128.9, 128.5, 128.2, 127.8, 127.3, 127.2,
123.3, 122.4, 122.1, 53.4, 32.8, 20.5, 18.5, 16.0; HRMS (FAB+) calcd for CysHsNO,S, (M+H)"™: 392.1684,
found: 392.1687. The enantiomeric excess (89% ee) was determined through chiral HPLC analysis (Daicel

CHIRALPAK AS-H column; flow rate 0.7 ml/min; hexane/EtOH = 20/1): (R)-3ab tg = 17.0 min, (S)-3ab
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tr=21.6 min. Absolute configuration was assigned by analogy with compound 3ai.

Synthesis of compound 3ac according to the general procedure (Table 2, Entry 3)

The reaction (reaction time 62 h) gave the crude product, which was purified
by silica gel column chromatography (hexane/EtOAc = 10/1) to give 79 mg

Me S0, . o 27
| N (0.20 mmol, 81%) of compound as a colorless solid.: mp 51-52 “C; [a]p“":

Me Me 24.2 (c 1.00, CHCI3); IR (Nujol) 1647, 1581, 1507,1156 cm™; *H NMR (300
3ac MHz, CDCls) 6 8.29 (s, 1H) , 7.86 - 7.79 (m, 3H), 7.63 (dd, J = 8.6, 1.9 Hz,

1H), 7.59 - 7.50 (m, 2H), 7.05 (t, J = 7.6 Hz, 1H), 6.94 (t, J = 5.3 Hz, 3H),
5.19 (d, J = 6.4 Hz, 1H), 3.91 (d, J = 17.3 Hz, 1H), 3.23 (d, J = 16.5 Hz, 1H), 2.24 (s, 1H), 2.15 (s, 3H), 2.11 (d,
J = 22.3 Hz, 1H), 1.46 (s, 3H), 1.44 (s, 3H); **C NMR (150 MHz, CDCls) & 139.4, 137.9, 137.4 134.6, 132.0,
129.2,129.1, 128.9, 128.5, 128.3, 128.2 128.1, 128.0, 127.8, 127.3, 123.9, 123.3, 122.4, 122.1, 53.6, 32.7, 21.3,
18.5, 16.0; HRMS (FAB+) calcd for CosHsNO,S, (M+H)":392.1684, found: 392.1687. The enantiomeric
excess (85% ee) was determined through chiral HPLC analysis (Daicel CHIRALPAK AS-H column; flow rate
0.7 ml/min; hexane/EtOH = 50/1, flow rate 0.7 ml/min): (R)-3ac tg = 14.5 min, (S)-3ac tg=17.7 min. Absolute

configuration was assigned by analogy with compound 3ai.

Synthesis of compound 3ad according to the general procedure (Table 2, Entry 4)

The reaction (reaction time 96 h) gave the crude product, which was purified

by silica gel column chromatography (hexane/EtOAc = 10/1) to give 74 mg

Me N/Soz (0.19 mmol, 76%) of compound as a colorless solid.: mp 127-128 °C; [a]p>":
| 24.2 (c 1.00, CHCI5); IR (Nujol) 1336, 1157, 1127,1070, 906,748 cm™; *H
NMR (600 MHz, CDCl3) & 8.33 (s, 1H) , 7.99 — 7.78 (m, 3H), 7.71 (dd, J =

8.6 Hz, 1H), 7.68 - 7.42 (m, 2H), 7.25-7.08 (m, 2H), 4.08-6.50 (m, 2H), 5.47

(d, J = 6.4 Hz, 1H), 3.91 (d, J = 17.3 Hz, 1H), 3.28 (d, J = 17.3 Hz, 1H), 2.55(s, 3H), 2.32(d, J = 18.8 Hz, 1H),
1.99 (d, J = 18.8 Hz, 1H), 1.49 (s, 3H), 1.25 (s, 3H).; *C NMR (150 MHz, CDCls) 5 137.8, 137.5, 137.0, 134.6,
132.0, 130.1, 129.0, 128.5, 128.3, 128.4, 127.7, 127.3, 126.2 125.6, 124.1, 122.7, 122.6, 51.3, 45.4, 32.7, 19.8,
18.0, 16.2; HRMS (FAB+) calcd for CysHNO,S, (M+H)":392.1684, found: 392.1687. The enantiomeric
excess (96% ee) was determined through chiral HPLC analysis (Daicel CHIRALPAK AS-H column; flow rate

Me

3ad Me
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0.7 ml/min; hexane/EtOH = 50/1, flow rate 0.7 ml/min): (R)-3ad tgr = 18.0 min, (S)-3ad tg = 28.4 min. Absolute

configuration was assigned by analogy with compound 3ai.

Synthesis of compound 3ae according to the general procedure (Table 2, Entry 5)

The reaction (reaction time 62 h) gave the crude product, which was purified

by silica gel column chromatography (hexane/EtOAc = 10/1) to 3ae in 75
mg (0.19 mmol, 74%) as colorless solid; [a]o?": 26.0 (c 1.00, CHCls); IR

Me /802
| N (nujol) 1166, 1091, 1056, 1004, 752, 674 cm™; *H NMR (600 MHz, CDCl5)
Me §8.34 (s, 1H) , 7.92-7.80 (m, 2H), 7.70 (dd, J = 8.4, 1.8 Hz, 1H), 7.60 (dt, J
3ae OMe = 13.2, 7.2 Hz, 3H), 7.16 (d, J = 9.0 Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H),

5.23(d, J = 6.6 Hz, 1H), 3.93 (d, J = 17.9 Hz, 1H), 3.74(s, 3H), 3.27 (d, J = 17.4 Hz, 1H), 2.39-2.30 (m, 1H),

2.14 (d, J = 17.4 Hz, 1H), 1.53(s, 3H), 1.52(s, 3H); 13C NMR (150 MHz, CDCly) 5 158.8, 137.5, 134.6,
132.1, 131.6, 129.1, 128.9, 128.6, 128.5, 128.3, 127.8, 127.3, 123.3, 122.4, 122.2, 113.6, 55.2, 53.2,

44.9, 33.0, 18.5, 16.0; HRMS (FAB+) calcd for C24H2NOsS, (M+H)*: 408.1633, found: 408.1639;

The enantiomeric excess (87% ee) was determined through chiral HPLC analysis (Daicel AS-H column; flow
rate 0.7 mL/min; hexane EtOH = 50 : 1; flow rate 0.7 ml/min): (R)-3ae tr = 15.6 min), (S) -3ae tr = 24.4 min.

Absolute configuration was assigned by analogy with compound 3ai.

Synthesis of compound 3af according to the general procedure (Table 2, Entry 6)

The reaction (reaction time, 72 h) gave the crude product, which was
purified by silica gel column chromatography (hexane/EtOAc = 10/1) to

Me /SOZ . .
| N give 73 mg (0.18 mmol, 71%) of compound 3af as a colorless solid; mp
Me 69-70 °C; [0]o™®: 50.3 (c 1.00, CHCIs), IR (nujol) 1324, 1164, 1129, 1070
3af Cl cm™; 'H NMR (300 MHz, CDCls) & 8.35 (d, J = 3.0 Hz, 1H), 7.96-7.85 (m,

3H), 7.73-7.54 (m, 3H), 7.49 (J = 9.0 Hz, 2H), 7.37 (J = 9.0 Hz, 2H), 5.34
(d, J = 6.6 Hz, 1H), 3.98 (d, J = 18.0 Hz, 1H), 3.30 (d, J = 18.0 Hz, 1H), 2.49-2.30 (m, 1H), 2.19 (d, J = 18.0 Hz,

1H), 1.53 (s, 6H); 13C NMR (75 MHz, CDCl3) 5 143.7, 137.1, 134.7, 132.1, 129.9, 129.2, 129.1, 128.6,
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128.5, 128.2, 127.7, 127.6, 126.1, 123.0, 122.5, 122.2, 53.3, 45.2, 32.8, 18.6, 16.0; HRMS (FAB+)

caled for CasH2335CINO2S: (M+H)* 412.9522, found 412.9520. The enantiomeric excess (94% ee) was
determined through chiral HPLC (Daicel CHIRALPAK OJ-H, hexane:EtOH = 50:1, flow rate 1.0 ml/min):

(R)-3af tr = 53.0 min. (S)-3af tr = 86.1 min. Absolute configuration was assigned by analogy with compound

3ai.

Synthesis of compound 3ag according to the general procedure (Table 2, Entry7)

The reaction (reaction time, 91 h) gave the crude product, which was
purified by silica gel column chromatography (hexane/EtOAc = 10/1) to
give 76 mg (0.18 mmol, 71%) of compound 3ag as a colorless solid: mp
141-145 °C; [a]p®®: -26.5 (c 1.00, CHCI3); IR (nujol) 3419, 2353, 1647,

1357, 1329, 1158 cm™; *H NMR (300 MHz, CDCl3); & 8.60 (d, / = 8.7

Hz, 1H), 8.32 (s, 1H), 7.84-7.65 (m, 6H), 7.58-7.40 (m, 3H), 7.23-7.10

(m, 3H), 6.05 (d, J= 7.5 Hz, 1H), 3.79 (d, /= 17.5 Hz, 1H), 3.13 (d, /
=17.5 Hz, 1H), 2.45 (m, 1H), 2.13 (d, J=17.7 Hz, 1H), 1.49 (s, 3H) 1.29 (s, 3H); 13C NMR (150 MHz,
CDCly) & 137.1, 134.8, 134.7, 133.9, 132.0, 131.6, 129.0, 128.8, 128.6, 128.5, 128.4, 127.7, 127.2,
126.7, 125.7, 124.7, 124.3, 124.2, 124.1 122.8, 122.4, 50.5, 45.4, 32.9, 18.1, 16.2; HRMS (FAB+)

caled for CarH2sNO2S, (M+H)*+ 428.1684, found: 428.1690. The enantiomeric excess (98% ee) was

determined through chiral HPLC (Daicel CHIRALPAK AS-H, hexane:EtOH = 50:1, flow rate 0.7 ml/min):
(R)-3ag tr = 21.8 min. (S)-3ag tg = 35.1 min. Absolute configuration was assigned by analogy with

compound 3ai.

Synthesis of compound 3ah according to the general procedure (Table 2, Entry 8)

The reaction (reaction time, 43 h) The reaction (reaction time 62 h) gave the
crude product, which was purified by silica gel column chromatography
(hexane/EtOACc = 10/1) to give 93 mg (0.23 mmol, 92%) of compound 3ah
as a colorless solid: mp 89-91 °C; [a]p?: 39.6 (c 1.00, CHCIs), IR (nujol)
Me 3421, 2353, 1646, 1160 cm™; *H NMR (300 MHz, CDCls) & = 8.33 (s, 1H),

3ah S9



7.98 - 7.65 (M, 4H), 7.65 - 7.45 (m, 2H), 7.30 — 7.04 (m, 3H), 7.03-6.90 (M, 2H), 6.34 (d, J = 15.9 Hz, 1H), 5.79
(dd, J = 15.9, 6.9 Hz, 1H), 4.79 (m, 1H), 3.84 (d, J = 17.0 Hz, 1H), 3.35 (d, J = 17.0 Hz, 1H), 2.45 (m, 1H),
1.87 (d, J = 17.1 Hz, 1H), 1.52 (s, 6H),

; 13C NMR (150 MHz, CD2Cls) § 136.4, 136.2, 134.6, 132.4, 132.0, 129.1, 128.9, 128.7, 128.5, 128.3,
128.2, 127.7, 127.5, 127.2, 126.2, 126.0, 122.8, 121.0, 53.2, 45.2, 35.9, 18.7, 16.1 ; HRMS (FAB+)

caled for CasH2sNO2S (M+H)*: 404.1684 found: 404.1683; The enantiomeric excess (96% ee) was

determined through chiral HPLC (Daicel CHIRALPAK AS-H, hexane:EtOH = 50:1, flow rate 0.7 ml/min):
(R)-3ah tg = 28.9 min. (S)-3ah tg = 36.5 min. Absolute configuration was assigned by analogy with

compounds 3ai.

Synthesis of compound 3ba according to the general procedure (Table 2, Entries 9 and 10)

The reaction (reaction time, 300 h) gave the crude product, which was

purified by silica gel column chromatography (hexane/EtOAc = 15/1) to
give 53 mg (0.15 mmol, 58%) of compound 3ba as a colorless solid; mp

134-135 °C; [a]p?22.3 (c 1.0, CHCIs), IR (nujol) 1338, 1153, 1075, 925,

685 cm™; *H NMR (600 MHz, CDCls); 6 8.37 (s, 1H), 7.91 (d, /= 8.4 Hz,

3ba 1H), 7.88 (d, J= 8.4 Hz, 2H), 7.73 (dd, /= 8.4, 1.8 Hz, 1H), 7.65 (dt,

= 21.0, 7.2 Hz, 2H), 7.30-7.20(m, 5H), 5.37 (d, J = 6.6 Hz, 1H), 5.30 (s, 1H), 4.15 (d, J= 18.0 Hz,
1H), 3.38 (d, = 18 Hz, 1H), 2.33 (m, 1H), 2.23 (d, J= 17.4 Hz, 1H), 1.07 (s, 3H); 13C NMR (150
MHz, CDCl3) & 139.3, 137.4, 134.6, 132.1, 131.5, 129.1, 129.0, 128.5, 128.4, 128.3, 127.8, 127.5,

127.3, 127.2, 122.4, 117.4, 53.3, 40.9, 31.5, 23.2; HRMS (FAB+) calcd for C22H22NO2S (M+H)* :

364.1371, found: 364.1368. The enantiomeric excess (94% ee) was determined through chiral HPLC (Daicel
CHIRALPAK 0J-H, hexane:EtOH = 50:1, flow rate 0.7 ml/min): (R)-3ba tg = 38.7 min., (S)-3ba tg = 56.9 min.

Absolute configuration was assigned by analogy with compound 3ai. When the same reaction was conducted
at 50 °C (reaction time 140 h), (R)-3ba was obtained in 68% yield with 83% ee (entry 10).

Synthesis of compound 3bb according to the general procedure (Table 2, Entry 11)
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The reaction (reaction time 300 h) gave the crude product, which was
purified by silica gel column chromatography (hexane/EtOAc = 13/1) to
give 47 mg (0.13 mmol, 50%) of compound 3bb as a colorless solid; mp

63-65 °C; [0]p®: 28.8 (c 1.00, CHCIs);, IR (nujol) 1155, 1077, 814, 722

Me cm™®; 'H NMR (300 MHz, CDCls); & 8.23 (dd, = 9.3, 5.1 Hz, 1H),

3bb
7.94-7.75 (m, 3H), 7.66 (dd, /= 8.7, 1.8 Hz, 1H), 7.60-7.45 (m, 2H), 7.12

(d, J= 8.1 Hz, 2H), 6.98 (d, J= 8.1 Hz, 2H), 5.28-5.22 (m, 2H), 4.07 (d, J = 18.3 Hz, 1H), 3.22 (d, J =
18.3 Hz, 1H), 2.21 (s, 3H), 2.33-2.10 (m, 2H), 1.54 (s, 3H); 13C NMR (75 MHz, CDCly) & 137.5, 137.2,
136.3, 134.6, 132.1, 131.6, 129.2, 129.1, 129.0, 128.5, 128.3, 127.8, 127.3, 127.2, 122.5, 117.4, 53.1,

40.9, 31.6, 23.2, 21.0; HRMS (FAB+) calcd for Ca3H24NO2S (M+H)*: 378.1528, found: 378.1531. The

enantiomeric excess (95% ee) was determined through chiral HPLC (Daicel CHIRALPAK OJ-H, hexane:EtOH
= 50:1, flow rate 0.7 ml/min): (R)-3bb tg = 27.0 min., (S)-3bb tg = 44.0 min. Absolute configuration was

assigned by analogy with compound 3ai.

Synthesis of compound 3bh according to the general procedure (Table 2, Entry 12)

The reaction (reaction time, 120 h) gave the crude product, which was
purified by silica gel column chromatography (hexane/EtOAc = 10/1) to
_so, give 95 mg (0.25 mmol, 98%) of compound 3bh as a colorless solid; mp

| N 118-119 °C; [o]p®>: 31.5 (c 1.00, CHCI3); IR (nujol) 1331, 1158, 1131, 826
Me Z cm™®; 'H NMR (300 MHz, CDCl3) & = 8.40 (s, 1H), 7.38 (g, J = 7.2 Hz, 3H),
7.75 (dd, J = 8.6, 1.8 Hz, 1H), 7.58 (t, J = 8.4 Hz, 1H), 7.53 (t, J = 7.2 Hz,

1H), 7.18 - 7.14 (m, 3 H), 7.05 - 7.03 (m, 2H), 6.13 (d, J = 16.2 Hz, 1H),
5.90 (dd, J = 16.2, 7.2 Hz, 1H), 5.34 (br. s, 1H), 4.92 (t, J = 6.6 Hz, 1H), 4.14 (d, J = 17.4 Hz, 1H), 3.58 (d, J =

3bh

17.4 Hz, 1H), 2.52 (d, J = 16.8 Hz, 1H), 1.93 (d, J = 16.8 Hz, 1H), 1.65 (s, 3 H); 13C NMR (75 MHz, CHCl,)
5 136.5, 136.2, 134.7, 132.5, 132.1, 130.9, 129.1, 129.0, 128.8, 128.5, 128.3, 127.7, 127.6, 127.3,
126.3, 125.9, 122.9, 116.3, 52.8, 41.3, 34.8, 23.3; HRMS (FAB+) calcd for C24H2sNOsS (M+H)*:

390.1528, found: 390.1528; The enantiomeric excess (97% ee) was determined through chiral HPLC (Daicel

CHIRALPAK 0J-H, hexane:EtOH = 50:1, flow rate 0.7 ml/min): (R)-3bh tg = 24.6 min., (S)-3bh tg = 58.1 min.
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Absolute configuration was assigned by analogy with compound 3ai.

Synthesis of compound 3ai according to the general procedure (Table 2, Entry 13)

c| The reaction (reaction time, 38 h) gave the crude product, which was purified
/©/ by silica gel column chromatography (hexane/EtOAc = 10/1) to give 58 mg

Me | N/802 (0.16 mmol, 64%) of compound 3ai as a colorless solid; mp 107-108 °C; [a]p
Me 28.33.4 (c 0.1, CHCIs), IR (nujol) 1743, 1552, 1457, 1377, 1260 cm™; 'H
NMR (300 MHz, CDCl5) § = 7.62 (d, J = 9.0 Hz, 2H), 7.31 (d, J = 9.0 Hz,

3ai 2H), 7.24 - 7.11 (m, 5H), 5.16 (d, J = 6.7 Hz, 1H), 3.79 (d, J = 17.5 Hz, 1H),

3.18 (td, J = 1.0, 17.5 Hz, 1H), 2.39 - 2.24 (m, 1H), 2.15 (d, J = 17.1 Hz, 1H), 1.53 (s, 3H), 1.47 (s, 3H); 13C
NMR (150 MHz, CDCly) & 139.3, 139.0, 138.7, 129.0, 128.4, 127.5, 127.2, 123.3, 122.1, 53.7, 45.0,

32.8, 18.6, 16.0; HRMS (FAB+) calcd for C19H2135CINO2S (M+H)*: 362.0982 found: 362.0978. The

enantiomeric excess (89% ee) was determined through chiral HPLC (Daicel CHIRALPAK AS-H, hexane:EtOH
= 50:1, flow rate 0.8 ml/min): (R)-3ai tg = 7.1 min. (S)-3ai tg = 9.1 min. Recrystallization from EtOH gave

optically pure 3ai in 72% yield: mp. 108-109 °C; [a]o % -37.5 (c 1.0, CHCIs). Absolute configuration was

unequivocally determined by X-ray crystallographic analysis.

General procedure for the three component coupling reaction (Scheme 2)

SO,NH SO
LG X e e

CHCI3 RT,70h 7 R’
5a: R1 CH,CH,Ph 7a: CH,CH,Ph, 46%; 52% ee
5b: R' = (CH,)sCH,4 7b: (CH,)sCHz, 40%; 57% ee

The reaction mixture of aldehyde 5 (0.5 mmol), 2-naphthalenesulfonamide 6 (51.8 mg, 0.25 mmol), and catalyst
4g (51 mg, 0.025 mmol, 10 mol %) in CHCI3 (0.15 mL) was stirred with molecular sieve 5A (100mg) at room
temperature for 2 h.  2,3-Dimethyl-1,3-butadiene (123 mg, 1.5 mmol) was added to the reaction mixture. The
resulting reaction mixture was stirred at room temperature for 70 h..  Triethyamine (0.15 mL) was added to the
reaction mixture. After the eavaporation of the solvent under the reduced pressure, crude reaction mixture was
purified by silica gel column chromatography (hexane / EtOAc = 10/1) to give aza-Diels-Alder adduct product

7.
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Synthesis of compound7a (Scheme 2)

The 4g-catalyzed reaction of 5a, 6, and 1a gave 47 mg (0.12 mmol, 46%)
of compound 7a as a colorless solid; mp 212-214 °C; [a]o®®: 3.5 (c 1.00,
Me N S02 CHCLy); IR (nujol) 1336, 1259, 1161, 1129, 679 cm™; *H NMR (300 MHz,
| CDCls;) 4 8.30 (s, 1H), 7.89 - 7.82 (m, 3 H), 7.64 (d, J = 8.7 Hz, 1H), 7.60 -
7.48 (m, 2H), 7.19 - 7.05 (m, 3H), 7.05 - 6.96 (m, H), 4.07 (g, J = 7.2 Hz,
1H), 3.96 (d, J = 17.4 Hz, 1H), 3.46 (d, J = 18.6 Hz, 1H), 2.66 - 2.46 (m,

2H), 2.08 - 1.95 (m, 1H), 1.74 - 1.61 (m, 3H), 1.50 (s, 3H), 1.35 (s, 3H)

7a

; 13C NMR (75 MHz, CDCl3) § 141.6, 137.7, 134.6, 132.1, 129.2, 129.1, 128.5, 128.3, 128.2, 128.1,
127.8, 127.4, 125.8, 122.9, 122.4, 120.8, 51.1, 44.6, 33.9, 33.3, 32.8, 18.8, 15.9; HRMS (FAB+) calcd

for C25H2sNO2S (M+H)+: 406.1841, found: 406.1837. The enantiomeric excess (52% ee) was determined

through chiral HPLC analysis: (Daicel CHIRALPAK OJ-H, hexane/EtOH = 50/1, flow rate 0.7 ml/min) (R)-7a

tr = 47.0 min., (S)-7a tg =69.3 min.). Absolute configuration was assigned by analogy with compound 3ai.

Synthesis of compound 7b (Scheme 2)
The 4g-catalyzed reaction of 5b, 6, and 1a gave 39 mg (0.10 mmol, 40%) of

compound 7b as a colorless solid; mp 195-197 °C; [a]p ®* -1.17 (¢ 1.0,

Me S0, CHClIy), IR (nujol) 1637, 1357, 1339, 1163, 1075 cm™; *H NMR (600 MHz,

N
| Me CDCls) 8 8.37 (s,1H), 7.92 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 9.0 Hz, 1H),
Me
7.87 (d, J=10.2 Hz, 1H), 7.73 (dd, J = 8.4, 1.8 Hz, 1H), 7.59 - 7.56 (m, 2H),
7b 4.08 — 4.04 (m, 1H), 3.97 (d, J = 17.4 Hz, 1H), 3.47 (d, J = 17.4 Hz, 1H),.

2.08 (d, J = 16.2 Hz, 1H), 1.55 (s, 3H), 1.42 (s, 3H), 1.45 — 1.35 (m, 1H),
1.32 - 1.10 (m, 10 H), 0.82 (t, J = 7.2 Hz, 3 H); 13C NMR (150 MHz, CDCly) & 137.8, 134.5, 132.1, 129.0,
128.9, 128.4, 128.0, 127.8, 127.3, 123.0, 122.4, 120.7, 51.3 44.5, 33.9, 31.6, 31.3, 29.0, 26.4, 22.5,

18.8, 15.8, 14.0; HRMS (FAB+) caled for C23H32NO2S (M+H)*+ 386.2154, found: 386.2158. The

enantiomeric excess (57% ee) was determined through chiral HPLC analysis (Daicel CHIRALPAK OJ-H,
hexane/EtOH = 100/1, flow rate 0.7 ml/min) (R)-7b tg = 21.4 min., (S)-7b tx = 26.4 min.) Absolute

configuration was assigned by analogy with compound 3ai.
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(4) Computational Data
(a) Relative HOMO Energy Level of 2,3-dimethyl-1,3-butadiene and Danishefsky’s diene

calculated at B3LYP/6-31G(d) level (Scheme 1)

2,3-dimethyl-1,3-butadiene

Me

Me

TOTAL ENERGY = -234.4580876224 hartrees
COORDINATES OF ALL ATOMS ARE (ANGS)
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m - T @D Q O a a a o
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1.0

1.0

1.0
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-2.1550401277

-0.3986121677

2.1550376544
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-1.4800675803
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1.4800800455

0.9005872317

-0.9005845415

-1.7536'756259

-2.3053651398
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2.3053625987
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-0.0000447092

-0.0000226216

-0.0000226525

-0.0000447920
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0.0000441661

-0.0000329957

-0.0000699990

-0.0000331456
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1.0
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-1.6812188917
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Danishefsky’s diene

0.4616171919

1.5488137845

1.5490976534

-0.4616162360
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-1.5490967142

-0.0000946207
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-0.0000945593
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-0.8813059513

OSiMe3

Meo/w
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-0.0205568780
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0.0052457201

0.0331511750
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4.1641015679

-1.3739917520

-2.9097791093

-1.3814000268

-2.8488764874
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-2.3974671204
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-2.9082198217

-2.3202506405
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0.1648330641
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0.0724552945
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-2.4542107889
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(b) Structure Optimization of (2)- N-Tosylphenylimine at B3LYP/6-31G(d) (Figure 1).

TOTAL ENERGY =  -1845.6892480688 hartrees
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(¢) Structure Optimization of Simplified N+riflylphosphoramide anion at BSLYP/6-31G(d).

TOTAL ENERGY =

-3138.4343521438 hatrees
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(d) Structure Optimization of Simplified Chiral Ion Pair A at B3LYP/6-31G(d) level (Figure 1).
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(6) X-Ray Structure of 3ai
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