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1. General Information

Unless otherwise specified, all reactions were carried out under a nitrogen atmosphere in an
oven-dried sealed tube, with dry, freshly distilled solvents in anhydrous conditions. The solvents
were distilled by standard methods. Reagents were obtained from commercial suppliers and used
without further purification unless otherwise noted. The silica gel (200-300 meshes) was used for
column chromatography, and the distillation range of petroleum was 60-90°C. *H and **C NMR
spectra were recorded on Bruker 600 MHz instrument in CDClIs, and spectral data were reported
in ppm relative to tetramethylsilane (TMS) as internal standard. The high resolution mass spectra
(HRMS) were measured on a Bruker Daltonics APEX Il 47e spectrometer by ESI. Data
collections for crystal structure were performed at room temperature (293 K) using Mo Ka
radiation on a Bruker APEXII diffractometer. The determination of enantiomeric excess was
performed via chiral HPLC analysis (RIGOL) L-3000 HPLC workstation. Optical rotations were
measured by Rudolph Autopol-I instrument. Enals 1 were were obtained from commercial
suppliers or synthesized by aldol condensation. lIsatin-derived enals 6 were were prepared

according to the literature.*

2. Experimental Section

General experimental procedure for the synthesis of 3,4-dihydropyridinones 3a,

5,6-dihydropyridinones 4a and spirocyclic oxindoles 6.

0
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1 (1.5 equiv.) Base (1.5 equiv.)
2 (1.0 equiv.) Oxidant7 (2.0 equw 4
THF, 45 °C Base: DABCO Base: LiOAc

A dry 25 mL Schlenk tube with stir bar was charged with 2-aminoacrylate 2 (0.2 mmol, 1.0
equiv), NHC E (0.04 mol, 20 mol %), base (DABCO or LiOAc) (0.30 mol, 1.5 equiv.), oxidant 7
(0.4 mol, 2.0 equiv.). The tube was evacuated, and refilled with nitrogen. Then enals 1 (0.3 mmol,
1.5 equiv) was added and the mixture was dissolved with newly distilled solvent THF (2.0 mL).
The mixture was stirred at 45°C for 12 hours when the substrate was consumed completely
(monitored by TLC). The reaction mixture was concentrated under vacuum and purified by

column chromatography on silica gel (petroleum ether/ethyl acetate) to afford corresponding
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products .

Spirooxindoles 6 were generated in the same way as described above by using isatin-derived
enals 5 (1.0 equiv), 2-aminoacrylate 2 (1.5 equiv) as the starting material and LiOAc (20 mol%) as
the base.

The preparation of 2-aminoacrylate 2a.?

p-TsOH (0.1 mol%) Ts

o 4-methoxyphenol (0.1 mol%) NH

ACOZEt +  p-TsNH,

toluene, reflux CO,Et
2a

A round-bottom flask equipped with a Dean-Stark trap was charged with p-TsNH; (25 mmol),
ethyl pyuvate (0.9 equiv), a catalytic amount of p-TsOH, 4-methoxyphenol (0.1 mol %) and
toluene (50 mL). The stirred mixture was heated under reflux for 48 h then concentrated in vacuo.
The resulting yellow oil was taken up in DCM (100 mL), washed with saturated NaHCO; (100
mL) and H,O (100 mL). The organic layer was dried over MgSQ,, filtered and concentrated in
vacuo. The residue was purified by silica gel chromatography to afford the desired product 2a in

40% yield as white solid.

Optimization of the bases to further reduce the isomerization for enals 1c, 1h and 1o

Since the 4:3 ratios are not good enough in Table 2, entries 3, 8, and 17, several experiments are
carried out to test whether the isomerization could be further reduced by other bases. And the
experimental results are summarized in Table 1. From the experimental results we could see that
employing C¢HsCO,Na (1.5 equiv.) as the base could improve the ratio of 4:3, but the yields were
reduced.

Table 1. Optimization of bases.*

" /T\N@Ph (E.20mol%) | i Ts
/\)OL . it e ciof MTS R /ii"[
1'?1_5 equiv_;-l /J\COQEt Base R Co,Et R Z CO,Et
2(1.0 equiv,) Oxidant7 (2.0 equiv) 3 4
THF, 45 °C

Entry R Base Products® Yield (%) ©
1 1c, 4-MeOC¢H, LiOAc (0.2 equiv.) 4c:3c=3:1 23
2 1c, 4-MeOCgH,4 CeHsCO;Na (0.2 equiv) 4c:3c=3:1 23
3 1c, 4-MeOCgH, CeHsCO;Na (1.5 equiv) 4c:3c=3.5:1 22
4 1c, 4-MeOC¢H, Mg(OAc), (1.5 equiv) N.R. -
5 1h, 2-MeCgH,4 LiOAc (0.2 equiv.) 4h:3h > 25:1 68
6 1h, 2-MeCgH, CeHsCO;Na (0.2 equiv) 4h:3h > 25:1 73
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7 1h, 2-MeCgH,4 CsHsCO;Na (1.5 equiv) 4h:3h > 25:1 65

8 1h, 2-MeCgH, Mg(OAc), (1.5 equiv) N.R. -
9 1o, 3- thienyl LiOAc (0.2 equiv.) 40:30=6:1 33
10 1o, 3- thienyl CeHsCO,Na (0.2 equiv) 40:30=18:1 40
11 1o, 3- thienyl CeHsCO,Na (1.5 equiv) 40:30=20:1 32
12 1o, 3- thienyl Mg(OAc), (1.5 equiv) N.R. -

3 Reaction conditions: 1a (0.3 mmol), 2a (0.2 mmol), THF (2 mL). ® The ratio of 4:3 are determined
by 'HNMR. ¢ Yield of isolated product.

3. Control Experiments

We demonstrated that the formation of 3,4-dihydropyridinones 3 was most likely to undergo
carbon-carbon double bonds migration from 5,6-dihydropyridinones 4 when DABCO was
employed as the base. To test our hypothesis, several additional reactions were carried out and the

results were summarized in scheme 1.
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Scheme 1

The transformation of 4aa to 3aa’.

A dry 25 mL Schlenk tube with stir bar was charged with 4aa (40 mg, 0.1 mmol, 1.0 equiv),
DABCO (5 mg, 50 mol %). The tube was evacuated, and refilled with nitrogen. Then the mixture
was dissolved with newly distilled solvent THF (1.0 mL). The mixture was stirred at rt for 12h
until the substrate was consumed completely (monitored by TLC). The reaction mixture was
concentrated under vacuum and purified by column chromatography on silica gel (petroleum

ether/ethyl acetate) to afford desired product 3aa in 65% yield as white solid.



The transformations of 4a to 3a, 4a to 3a’ were carried out in the same way as described above.

For the transformation of 4a to 3a’, 20 mol% chiral triazolium salt F was added.

The transformation of 4aa to 8a.

A dry 25 mL Schlenk tube with stir bar was charged with 4aa (40 mg, 0.1 mmol, 1.0 equiv),
DBU (23 mg, 50 mol %). The tube was evacuated, and refilled with nitrogen. Then the mixture
was dissolved with newly distilled solvent THF (1.0 mL). The mixture was stirred at rt for 12h
until the substrate was consumed completely (monitored by TLC). The reaction mixture was
concentrated under vacuum and purified by column chromatography on silica gel (petroleum

ether/ethyl acetate) to afford desired product 8a in 70% vyield as white solid.

The application of 2-bromoenal, ynal or ester in the NHC-catalyzed [3 + 3] annulation
strategy.

To further explore the reaction mechanism, the application of 2-bromoenal, ynal or ester with
2-aminoacrylates 2a as the starting materials to synthesis of dihydropyridinones was also carried

out and the results were summarized in scheme 2.

/\ﬁ HN-TS E (20 mol%) N
1) Ph H + Base (1.5 equiv.
}\coza (15 equiv.) COzEt CO,E
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11a THF, 45°C,18h
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i e . /iik /iik
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CO,Et
_ THF, 45°C, 24h
Ar = 4-NO,-CgH, 2a Base DABCO,

12a Product:3a,yield: <5%

Base:LiOAc, trace

Scheme 2

General experimental procedure: A dry 25 mL Schlenk tube with stir bar was charged with
2-aminoacrylate 2a (0.2 mmol, 1.5 equiv), NHC E (0.04 mol, 20 mol %), corresponding base
(DABCO, LiOAc or K,COg3) (0.30 mol, 1.5 equiv.). The tube was evacuated, and refilled with
nitrogen. Then the corresponding 2-bromoenal, ynal or ester (10a, 11a or 12a) (0.3 mmol, 1.5
equiv) was added and the mixture was dissolved with newly distilled solvent THF (2.0 mL). The

mixture was stirred at 45°C (monitored by TLC). The reaction mixture was concentrated under
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vacuum and purified by column chromatography on silica gel (petroleum ether/ethyl acetate) to

afford the corresponding products.

3. Characterization of Products

Ethyl 2-(4-methylphenylsulfonamido)acrylate (2a). White solid; Mp 66.3-68.0 °C; *H NMR
(600 MHz, CDCl3) 6 7.75 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H), 7.13 (s, 1H), 5.65 (s, 2H),
4.20 (9, J = 7.2 Hz, 2H), 2.42 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCI3) §
163.1, 144.3, 135.5, 131.1, 129.7, 126.5, 106.7, 62.5, 21.6, 14.0.

Ethyl 6-0xo-4-phenyl-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3a). White solid; Mp
111.3-112.9 °C; *H NMR (600 MHz, CDCl;) § 8.03 (d, J = 7.8 Hz, 2H), 7.47-7.45 (m, 2H),
7.43-7.41 (m, 3H), 7.33(d, J = 8.4 Hz, 2H), 6.16 (d, J = 3.0 Hz, 1H), 5.53 (dd, J;= 6.6 Hz, J,= 1.8
Hz, 1H), 4.16-4.05 (m, 2H), 3.50 (dd, J; = 18.0 Hz, J,= 1.8 Hz, 1H), 3.22-3.18 (m, 1H), 2.44 (s,
3H), 1.10 (t, J = 7.2 Hz, 3H); BC NMR (150 MHz, CDCI3) ¢ 169.7, 162.4, 151.8, 144.9, 136.0,
135.6, 130.6, 129.7, 129.0, 128.95, 126.2, 119.4, 62.4, 56.3, 30.7, 21.7, 13.9 ppm; HRMS (ESI):
calculated for C,;H»,05sNS*, [M+H]"400.1213, Found: 400.1216.

Ethyl 6-oxo0-4-phenyl-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4a). Light yellow oil.
'H NMR (600 MHz, CDCls) 6 8.03 (d, J = 8.4 Hz, 2H), 7.34-7.28( m, 5H), 7.17 (d, J = 7.2Hz,
2H), 6.66 (d, J = 4.2 Hz, 1H), 4.42-4.32 (m, 2H), 3.91-3.88 (m, 1H), 2.81-2.72 (m, 2H), 2.44 (s,
3H), 1.38 (t, J = 7.2 Hz, 3H); BC NMR (150 MHz, CDCI3) ¢ 169.5, 162.9, 145.3, 139.1, 135.7,
132.9, 129.5, 129.2, 129.1, 128.8, 127.7, 127.0, 62.1, 41.4, 36.8, 21.7, 14.0 ppm; HRMS (ESI):
calculated for C,;H»,05sNS*, [M+H]"400.1213, Found: 400.1215.

Ethyl 6-ox0-4-(p-tolyl)-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3b). White solid; Mp
150.6-152.2 °C; *H NMR (600 MHz, CDCl3) 6 8.03 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H),
7.32(d, J = 7.8 Hz, 2H), 7.21 (d, J = 7.8 Hz, 2H), 6.14 (d, J = 2.4Hz, 1H), 5.52 (dd, J, = 6.0 Hz, J,
= 1.8 Hz, 1H), 4.15-4.04 (m, 2H), 3.49 (dd, J, = 18.0 Hz, J, = 2.4 Hz, 1H), 3.19-3.15 (m, 1H), 2.43
(s, 3H), 2.37 (s, 3H), 1.09 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl,) 6 169.7, 162.5, 151.7,
144.8, 141.2, 135.8, 133.1, 129.7, 128.9, 126.2, 118.4, 62.3, 56.3, 30.6, 21.6, 21.3, 13.9 ppm;
HRMS (ESI): calculated for Cy,H40sNS™, [M+H]"414.1370, Found: 414.1374.

Ethyl 6-ox0-4-(p-tolyl)-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4b). Light yellow oil.
'H NMR (600 MHz, CDCl5) § 8.03 (d, J = 9.0 Hz, 2H), 7.30 (d, J = 7.8 Hz, 2H), 7.13 (d, J = 7.8
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Hz, 2H), 7.05 (d, J = 7.2 Hz, 2H), 6.65 (d, J = 4.2 Hz, 1H), 4.42-4.32 (m, 2H), 3.87-3.84 (m, 1H),
2.78-2.69 (m, 2H), 2.43 (s, 3H), 2.33 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz,
CDCl3) 6 169.7, 163.0, 145.2, 137.4, 136.0, 135.7, 132.8, 129.8, 129.5, 129.2, 129.1, 62.1, 41.5,
36.5, 21.7, 21.0, 14.0 ppm; HRMS (ESI): calculated for C,,H,40sNS*, [M+H]* 414.1370, Found:
414.1376.

Ethyl  4-(4-methoxyphenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate  (3c).
White solid; Mp 132.5-133.9 °C; *H NMR (600 MHz, CDCI3) ¢ 8.03 (d, J = 8.4 Hz, 2H), 7.44 (dd,
J1= 7.2 Hz, J,= 1.8 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 9.0 Hz, 2H), 6.10 (d, J = 3.0 Hz,
1H), 5.51 (dd, J;= 6.0 Hz, J,= 1.8 Hz, 1H), 4.15-4.04 (m, 2H), 3.83 (s, 3H), 3.50 (dd, J;= 17.4
Hz, J,= 1.8 Hz, 1H), 3.17-3.13 (m, 1H), 2.43 (s, 3H), 1.09 (t, J = 7.2 Hz, 3H); *C NMR (150
MHz, CDCI3) ¢ 169.7, 162.6, 161.7, 151.2, 144.7, 135.8, 129.7, 128.9, 128.1, 127.8, 117.2, 114.4,
62.3, 56.2, 55.4, 30.5, 21.6, 13.9 ppm; HRMS (ESI): calculated for CxHNOgS®, [M+H]
430.1319, Found 430.1317.

Ethyl  4-(4-methoxyphenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate  (4c).
Light yellow oil. '"H NMR (600 MHz, CDCl3) 6 8.02 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H),
7.08 (d, J = 8.4 Hz, 2H), 6.85 (dd, J; =12.0 Hz, J, = 2.4 Hz, 2H), 6.65 (d, J = 4.8 Hz, 1H),
4.42-4.32 (m, 2H), 3.86-3.83 (m, 1H), 3.80 (s, 3H), 2.78-2.69 (m, 2H), 2.44 (s, 3H), 1.38 (t, J =
7.2Hz, 3H); BC NMR (150 MHz, CDCl3) ¢ 169.7, 163.0, 159.0, 145.2, 135.7, 132.7, 131.0, 129.5,
129.2, 129.1, 128.0, 114.5, 62.1, 55.3, 41.6, 36.0, 21.7, 14.0 ppm; HRMS (ESI): calculated for
CaH24NO6S", [M+H]" 430.1319, Found 430.1320.

Ethyl 4-(4-chlorophenyl)-6-oxo0-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3d). White
solid; Mp 151.1-152.8 °C; *H NMR (600 MHz, CDCl3) § 8.03 (d, J = 8.4 Hz, 2H), 7.41-7.37 (m,
4H), 7.33 (d, J = 7.8 Hz, 2H), 6.14 (d, J = 2.4 Hz, 1H), 5.53 (dd, J,;= 6.0 Hz, J,= 1.8 Hz, 1H),
4.16-4.05 (m, 2H), 3.45 (J; = 18.0 Hz, J,= 1.8 Hz, 1H), 3.21-3.17 (m, 1H), 2.44 (s, 3H), 1.10 (t, J
= 7.2Hz, 3H); ®CNMR (150 MHz, CDCl3) § 169.6, 162.1, 150.5, 144.9, 136.8, 135.6, 134.4,
129.7, 129.2, 129.0, 127.5, 119.6, 62.4, 56.2, 30.6, 21.6, 13.9 ppm; HRMS (ESI): calculated for
C21H21CINOsS *, [M+H]" 434.0823, Found 434.0825.

Ethyl 4-(4-chlorophenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4d). Light
yellow oil; *H NMR (600 MHz, CDCls) 6 7.98 (d, J = 8.4 Hz, 2H), 7.30-7.26 (m, 5H), 7.09 (d, J

= 8.4 Hz, 2H), 6.64 (d, J = 5.4Hz, 1H), 4.43-4.32 (m, 2H), 3.88-3.85 (m, 1H), 2.79 (dd, J; =16.2
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Hz, J, = 5.4 Hz, 1H), 2.72 (dd, J; =16.2 Hz, J, = 9.0 Hz, 1H), 2.44 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H);
B¢ NMR (150 MHz, CDCI3) 6 169.1, 162.8, 145.4, 137.4, 135.4, 133.6, 133.3, 129.5, 129.3,
129.1, 128.3, 127.8, 62.2, 41.1, 36.0, 21.7, 14.0 ppm; HRMS (ESI): calculated for C»;H2CINOsS
*, [M+H]" 434.0823, Found 434.0820.

Ethyl 4-(4-bromophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3e). White
solid; Mp 171.6-173.4 °C; *H NMR (600 MHz, CDCls) & 8.03(d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.4
Hz, 2H), 7.34-7.32 (m, 4H), 6.14 (d, J = 3.0 Hz, 1H), 5.52 (dd, J; = 6.0 Hz, J,= 1.8 Hz, 1H),
4.16-4.05 (m, 2H), 3.44 (dd, J, = 17.4 Hz, J,= 1.8 Hz, 1H), 3.21-3.12 (m, 1H), 2.44 (s, 3H), 1.10
(t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl3) 6 169.6, 162.1, 150.6, 144.9, 135.6, 134.9, 132.2,
129.7, 129.0, 127.7, 125.1, 119.7, 62.5, 56.2, 30.6, 21.7, 13.9 ppm; HRMS (ESI): calculated for
Cx1H:BrNOsS ¥, [M+H]" 478.0318, Found 478.0321.

Ethyl 4-(4-bromophenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4e). Light
yellow oil; *H NMR (600 MHz, CDCI3) 6 7.97 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.29
(d, J = 7.8 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 4.8 Hz, 1H), 4.42-4.32 (m, 2H),
3.86-3.83 (m, 1H), 2.78 (dd, J; =16.2 Hz, J, = 5.4 Hz, 1H), 2.72 (dd, J; =16.2 Hz, J, = 9.0 Hz,
1H), 2.44 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCI3) ¢ 169.1, 162.8, 145.4,
138.0, 135.5, 133.4, 132.2, 129.5, 129.1, 128.7, 127.6, 121.6, 62.2, 41.0, 36.0, 21.7, 14.0 ppm;
HRMS (ESI): calculated for C1H»BrNOsS *, [M+H]* 478.0318, Found 478.0320.

Ethyl 4-(4-fluorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3f). White
solid; Mp 110.1-111.7 °C; *H NMR (600 MHz, CDCl,) § 8.03(d, J =8.4 Hz, 2H), 7.47-7.45 (m,
2H), 7.33 (d, J = 7.8 Hz, 2H), 7.10 (t, J = 8.4 Hz, 2H), 6.11 (d, J = 2.4 Hz, 1H), 5.53 (dd, J, = 6.0
Hz, J,= 1.8 Hz, 1H), 4.16-4.05 (m, 2H), 3.46 (dd, J,= 18.0 Hz, J,= 2.4 Hz, 1H), 3.21-3.16 (m,
1H), 2.43 (s, 3H), 1.10 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl5) § 169.6, 164.9, 163.2,
162.2, 150.7, 144.8, 135.5, 132.2 (d, J = 3.0 Hz), 129.6, 128.9, 128.2 (d, J = 9.0 Hz), 119.0, 116.0
(d, J = 21.0 Hz), 62.4, 56.1, 30.7, 21.6, 13.9 ppm; HRMS (ESI): calculated for Cy;H, FNOsS *,
[M+H]" 418.1119, Found 418.1116.

Ethyl 6-oxo-1-tosyl-4-(4-(trifluoromethyl)phenyl)-1,2,3,6-tetrahydropyridine-2-carboxylate
(39). White solid; Mp 138.5-140.3 °C; *H NMR (600 MHz, CDCls) § 8.03 (d, J = 8.4 Hz, 2H),
7.67 (d, J =8.4 Hz, 2H), 7.56 (d, J = 7.8 Hz, 2H), 7.34(d, J = 8.4 Hz, 2H), 6.20(d, J = 2.4 Hz, 1H),

5.55 (dd, J; = 6.0 Hz, J,= 1.8 Hz, 1H), 4.17-4.07 (m, 2H), 3.47 (dd, J, = 18.0 Hz, J,= 1.8 Hz, 1H),
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3.27-3.22 (m, 1H), 2.44 (s, 3H), 1.11 (t, J = 7.2 Hz, 3H); **C NMR (150MHz, CDCI3) & 169.5,
161.9, 150.3, 145.0, 139.6, 135.4, 132.2 (q, J = 33.0 Hz), 129.7, 129.0, 126.6, 125.9 (g, J = 3.0
Hz), 123.6 (q, J = 270 Hz), 121.1, 62.5, 56.2, 30.7, 21.6, 13.9 ppm; HRMS (ESI): calculated for
CaH2F3NOsS ¥, [M+H]" 468.1087, Found 68.1088.

Ethyl 6-ox0-4-(o-tolyl)-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4h). White solid; Mp
119.7-121.6 °C; *H NMR (600 MHz, CDCl5) 58.10 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H),
7.19-7.16 (m, 3H), 7.06 (d, J = 6.6 Hz, 1H), 6.59 (d, J = 4.2 Hz, 1H), 4.42-4.32 (m, 2H),
4.12-4.08 (m, 1H), 2.77-2.69 (m, 1H), 2.45 (s, 3H), 2.33 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H); *C
NMR (150 MHz, CDCl3) 6 169.8, 162.9, 145.3, 137.2, 135.7 , 135.5, 133.0 , 131.0, 129.6,
129.2, 129.1 , 127.6 , 126.8 , 126.0 , 62.1 , 40.7, 33.4, 21.7 , 19.5 , 14.0 ppm; HRMS (ESI):
calculated for C,1H»0sNS", [M+H]400.1213, Found: 400.1212.

Ethyl 4-(2-bromophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3i). White
solid; Mp 148.4-150.0 °C; *H NMR (600 MHz, CDCI3) &: 8.02 (d, J = 7.8 Hz, 2H), 7.58 (d, J =
7.8 Hz, 1H), 7.34-7.31 (m, 3H), 7.22 (t, J = 7.8 Hz, 1H), 7.09 (d, J = 7.8Hz, 1H), 5.90 (d, J = 3.0
Hz, 1H), 5.49 (dd, J; = 6.6 Hz, J,= 1.2 Hz, 1H), 4.24-4.18 (m, 1H), 4.10-4.04 (m, 1H), 3.38-3.34
(m, 1H), 3.22 (dd, J; = 18.0 Hz, J,= 1.8 Hz, 1H), 2.44 (s, 3H), 1.17 (t, J = 7.2 Hz, 3H); ®C NMR
(150 MHz, CDCl3) ¢ 169.5, 161.8, 152.9, 144.9, 138.7, 135.3, 133.3, 130.4, 129.6, 129.0, 128.9,
127.7,124.1, 120.5, 62.3, 56.2, 32.7, 21.6, 13.9 ppm; HRMS (ESI): calculated for C,;H,;BrNOsS
*, [M+H]" 478.0318, Found 478.0324.

Ethyl 4-(2-bromophenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4i). White
solid; Mp 150.1-151.3 °C; *H NMR (600 MHz, CDCls) 6 8.08(d, J = 8.4 Hz, 2H), 7.58 (d, J = 7.8
Hz, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.29-7.26 (m, 1H), 7.17-7.14 (m, 2H), 6.64 (d, J = 4.8 Hz, 1H),
4.42-4.36 (m, 2H), 4.32-4.29 (m, 1H), 2.84-2.75 (m, 2H), 2.44 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H);
B3C NMR (150 MHz, CDCl3) ¢ 169.2, 162.9, 145.4, 137.7, 135.7, 133.5, 133.5, 129.6, 129.3,
129.2, 128.2, 128.0, 126.9, 124.0, 62.2, 40.0, 36.5. 21.7, 14.0 ppm; HRMS (ESI): calculated for
CxH2BrNOsS ¥, [M+H]" 478.0318, Found 478.0322.

Ethyl 6-ox0-4-(m-tolyl)-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3j). White solid; Mp
118.7-120.5 °C; *H NMR (600 MHz, CDCls) ¢ 8.03(d, J = 8.4 Hz, 2H), 7.34-7.23 (m, 6H), 6.14
(d, J = 2.4 Hz, 1H), 5.52 (dd, J; = 6.0 Hz, J, = 1.8 Hz, 1H), 4.16-4.05 (m, 2H), 3.50 (dd, J;=17.4

Hz, J,= 1.8 Hz, 1H), 3.21-3.16 (m, 1H), 2.43 (s, 3H), 2.37 (s, 3H), 1.11 (t, J = 7.2 Hz, 3H): *C
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NMR (150 MHz, CDCls) ¢ 169.7, 162.4, 152.0, 144.8, 138.7, 136.0, 135.7, 131.4, 129.6, 128.9,
128.8, 126.8, 123.3, 119.1, 62.3, 56.2, 30.7, 21.6, 21.3, 13.9 ppm; HRMS (ESI): calculated for
C2H405NS”, [M+H]" 414.1370, Found: 414.1372.

Ethyl 6-ox0-4-(m-tolyl)-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4j). Light yellow oil;
'"H NMR (600 MHz, CDCls) 6 8.02 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.21 (t, J = 7.8
Hz, 1H), 7.09 (d, J = 7.8 Hz, 1H), 6.96-6.95 (m, 2H), 6.66 (d, J = 4.8 Hz, 1H), 4.42-4.32 (m, 2H),
3.86-3.83 (M, 1H), 2.78-2.70 (m, 2H), 2.43 (s, 3H), 2.33 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H); °C
NMR (150 MHz, CDCl3) 6 169.6, 162.9, 145.2, 139.0, 138.8, 135.7, 132.7, 129.4, 129.1, 129.0,
128.96, 128.4, 127.6, 123.9, 62.0, 41.3, 36.7, 21.6, 21.3, 14.0 ppm; HRMS (ESI): calculated for
CaH240sNS", [M+H]" 414.1370, Found: 414.1374.

Ethyl 4-(3-fluorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3k). White
solid; Mp 121.8-123.5 °C; *H NMR (600 MHz, CDCl;) ¢ 8.03(d, J = 8.4 Hz, 2H), 7.39 (dd, J; =
13.8 Hz, J,= 7.8 Hz, 1H), 7.33(d, J = 8.4 Hz, 2H), 7.24 (d, J = 7.8 Hz, 1H), 7.15-7.12 (m, 2H),
6.15 (d, J = 2.4 Hz, 1H), 5.53 (d, J=2.4 Hz, 1H), 4.17-4.06 (m, 2H), 3.44 (dd, J,= 17.4 Hz, J,=
1.2 Hz, 1H), 3.22-3.18 (m, 1H), 2.44(s, 3H), 1.12 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls)
5 169.5, 163.8, 162.1 (d, J = 12.0 Hz), 150.4 (d, J = 3.0 Hz), 145.0, 138.3 (d, J = 7.5 Hz), 135.5,
130.6 (d, J = 9.0 Hz), 129.7, 129.0, 121.9 (d, J = 3.0 Hz), 120.3, 117.4(d, J = 21.0 Hz), 113.2 (d, J
= 22.5 Hz), 62.5, 56.2, 30.7, 21.7, 13.9 ppm; HRMS (ESI): calculated for CyH,FNOsS ™,
[M+H]" 418.1119, Found 418.1116.

Ethyl 4-(3-fluorophenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4k). Light
yellow oil; '"H NMR (600 MHz, CDCl3) & 8.01 (d, J = 8.4 Hz, 2H), 7.32-7.28 (m, 3H), 6.99-6.96
(m, 2H), 6.86 (d, J = 9.6 Hz, 1H), 6.64 (d, J =4.8 Hz, 1H), 4.43-4.33 (m, 2H), 3.91-3.88 (m, 1H),
2.80 (dd, J; =16.2 Hz, J, = 5.4 Hz, 1H), 2.72 (dd, J; =16.2 Hz, J, = 9.6 Hz, 1H), 2.43 (s, 3H), 1.39
(t, J = 7.2 Hz, 3H); °C NMR (150 MHz, CDCl3) 6 169.1, 163.2 (d, J = 246 Hz), 162.8, 145.4,
1415 (d, J = 6.0 Hz), 135.4, 133.2, 130.7 (d, J = 7.5 Hz), 129.4, 129.1, 127.6, 122.7 (d, J = 3.0
Hz), 114.6 (d, J = 21.0 Hz), 114.0 (d, J = 21.0 Hz), 62.2, 41.0, 36.4, 21.6, 14.0 ppm; HRMS (ESI):
calculated for Co1H»;FNOsS ¥, [M+H]" 418.1119, Found 418.1121.

Ethyl 4-(3,5-difluorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate  (3I).
White solid; Mp 171.2-173.0 °C; *H NMR (600 MHz, CDCls) 6 8.02 (d, J = 7.8 Hz, 2H), 7.33 (d,

J=7.8Hz, 2H), 6.97 (d, J = 6.0 Hz, 2H), 6.88 (t, J = 8.0 Hz, 1H), 6.14 (d, J = 2.4 Hz, 1H), 5.53
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(dd, J; = 6.0 Hz, J,= 1.8 Hz, 1H), 4.18-4.07 (m, 2H), 3.38 (dd, J; = 17.4 Hz, J,= 1.8 Hz, 1H),
3.22-3.17 (m, 1H), 2.44 (s, 3H), 1.12 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) 6 169.4,
164.0 (d, J = 13.5 Hz), 162.3 (d, 12.6 Hz), 161.7, 149.3, 145.1, 139.3 (t, J = 9.0 Hz), 135.4, 129.7,
129.0, 121.2, 109.4 (d, J = 4.5 Hz), 109.2 (d, J = 4.5 Hz), 105.7 (t, J = 25.5 Hz), 62.5, 56.1, 30.6,
21.6, 13.9 ppm; HRMS (ESI): calculated for CyHyFoNOsS *, [M+H]" 436.1025, Found
436.1028.

Ethyl 4-(3,5-difluorophenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate  (4l).
White solid; Mp 151.5-153.2 °C; *H NMR (600 MHz, CDCl3) 6 7.99 (d, J = 8.4 Hz, 2H), 7.29 (d,
J = 8.4 Hz, 2H), 6.73-6.68 (m, 1H), 6.60 (d, J = 4.8 Hz, 1H), 4.43-4.33 (m, 2H), 3.89-3.86 (m,
1H), 2.81 (dd, J; =16.8 Hz, J, = 5.4 Hz, 1H), 2.70 (dd, J; =16.8 Hz, J, = 9.6 Hz, 1H), 2.43 (s, 3H),
1.39 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) 6 168.7, 164.1 (d, J = 12.0 Hz), 162.7,
162.4 (d, J=13.5 Hz), 145.5, 142.8 (t, = 7.5 Hz), 135.2, 133.6, 129.5, 129.1, 126.4, 110.2 (d, J =
6.0 Hz), 110.1 (d, J = 6.0 Hz), 103.2 (t, J = 25.5 Hz), 62.3, 40.7, 36.3, 21.6, 13.9 ppm; HRMS
(ESI): calculated for CyHaoFoNOsS ™, [M+H]" 436.1025, Found 436.1029.

Ethyl 4-(3-bromo-4-fluorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate
(3m). White solid; Mp 157.4-158.8 °C; *H NMR (600 MHz, CDCl5) 6 8.02 (d, J = 7.8 Hz, 2H),
7.65 (dd, J, = 6.0 Hz, J,= 1.8 Hz, 1H), 7.41-7.38 (m, 1H), 7.33 (d, J = 7.8 Hz, 2H), 7.16 (t, J = 8.4
Hz, 1H), 6.10 (d, J = 2.4 Hz, 1H), 5.53 (dd, J; = 6.0 Hz, J,= 1.8 Hz, 1H), 4.17-4.07 (m, 2H), 3.41
(dd, J; = 15.0 Hz, J,= 1.8 Hz, 1H), 3.20-3.16 (m, 1H), 2.44(s, 3H), 1.12(t, J = 7.2Hz, 3H); **C
NMR (150 MHz, CDCl3) ¢ 169.5, 161.8, 160.2 (d, J = 255 Hz), 149.4, 145.0, 135.5, 133.7 (d, J =
3.0 Hz), 131.6, 129.7, 129.0, 127.0 (d, J = 7.5 Hz), 120.2, 117.0 (d, J = 18.0 Hz), 110.0 (d, J =
21.0 Hz), 62.5, 56.1, 30.8, 21.6, 13.9 ppm; HRMS (ESI): calculated for CyH,BrFNOsS *,
[M+H]" 496.0224, Found 496.0229.

Ethyl  4-(3-bromo-4-fluorophenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate
(4m). Light yellow oil; *"H NMR (600 MHz, CDCl3) & 7.98 (d, J = 8.4 Hz, 2H), 7.36 (dd, J; =6.0
Hz, J, = 1.8 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.11-7.05 (m, 2H), 6.62 (d, J = 4.8 Hz, 1H),
4.44-4.33 (m, 2H), 3.87-3.84 (m, 1H), 2.81 (dd, J; =10.8 Hz, J, = 5.4 Hz, 1H), 2.71 (dd, J, =16.2
Hz, J, = 9.0 Hz, 1H), 2.44 (s, 3H), 1.40 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) & 168.8,
162.7, 158.5 (d, J = 255 Hz), 145.5, 136.4 (d, J = 3.0 Hz), 135.4, 133.5, 132.1, 129.5, 129.2, 127.6

(d, J = 7.5 Hz), 127.1, 117.0 (d, J = 21.0 Hz), 109.7 (d, J = 21.0 Hz), 62.3, 41.1, 35.6, 21.7, 14.0
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ppm; HRMS (ESI): calculated for Cy;HBrFNOsS ¥, [M+H]" 496.0224, Found 496.0227.

Ethyl 4-(3,4-dimethylphenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3n).
White solid; Mp 113.8-115.4 °C; *H NMR (600 MHz, CDCls) ¢ 8.03(d, J = 8.4 Hz, 2H), 7.32 (d, J
= 7.8 Hz, 2H), 7.23 (s, 1H), 7.23-7.20 (m, 1H), 7.16 (d, J = 7.8 Hz, 2H), 6.13 (d, J =2.4 Hz, 1H),
5.51(dd, J; = 6.0 Hz, J,= 2.4 Hz, 1H), 4.15-4.03(m, 2H), 3.50 (dd, J,;= 17.4 Hz, J,= 1.8 Hz, 1H),
3.18-3.14 (m, 1H), 2.43 (s, 3H), 2.78(s, 6H), 1.10(t, J = 7.2Hz, 3H); *C NMR (150 MHz, CDCls)
0 169.7, 162.6, 151.9, 144.7, 139.9, 137.3, 135.7, 133.4, 130.2, 129.6, 128.9, 127.3, 123.7, 118.2,
62.3, 56.2, 30.6, 21.6, 19.8, 19.7, 13.9 ppm; HRMS (ESI): calculated for Co3HzsNOsS ¥, [M+H]"
428.1526, Found 428.1530.

Ethyl 4-(3,4-dimethylphenyl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4n).
Light yellow oil; *"H NMR (600 MHz, CDCl5) ¢ 8.03 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H),
7.08 (d, J = 7.8 Hz, 1H), 6.93 (s, 1H), 6.88 (d, J = 7.8 Hz, 1H), 6.66 (d, J = 4.8 Hz, 1H), 4.42-4.32
(m, 2H), 3.84-3.81 (m, 1H), 2.77-2.69 (M, 2H), 2.44 (s, 3H), 2.24 (s, 6H), 1.38 (t, J = 7.2 Hz, 3H);
3¢ NMR (150 MHz, CDCl3) ¢ 169.7, 163.0, 145.2, 137.4, 136.5, 136.1, 135.8, 132.7, 130.3,
129.5, 129.1, 128.2, 124.2, 62.1, 41.6, 36.5, 21.7, 19.8, 19.3, 14.0 ppm; HRMS (ESI): calculated
for C,3Ha6NOsS *, [M+H]" 428.1526, Found 428.1532.

Ethyl 6-oxo-4-(thiophen-3-yl)-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (30). White
solid; Mp 141.4-143.1 °C; *H NMR (600 MHz, CDCl3) J 8.02 (d, J = 8.4 Hz, 2H), 7.55 (m, 1H),
7.37(dd, J,= 4.8 Hz, J,= 2.4 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.25 (dd, J; = 4.8 Hz, J,= 2.4 Hz,
1H), 6.12 (d, J = 2.4 Hz, 1H), 5.51 (dd, J, = 6.0 Hz, J,= 1.8 Hz, 1H), 4.15-4.03 (m, 2H), 3.46 (dd,
J1=17.4 Hz, J,= 1.8 Hz, 1H), 3.22-3.17 (m, 1H), 2.43 (s, 3H), 1.09 (t, J = 7.2 Hz, 3H); *C NMR
(150 MHz, CDCls) 6 169.6, 162.7, 145.6, 144.8, 138.1, 135.7, 129.6, 128.9, 127.4, 126.0, 124.9,
117.6, 62.4, 56.0, 30.7, 21.6, 13.9 ppm; HRMS (ESI): calculated for CioHxNOsS, ¥, [M+H]"
406.0777, Found 406.0779.

Ethyl 6-0xo0-4-(thiophen-3-yl)-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (40). Light
yellow oil; *H NMR (600 MHz, CDCls) 6 7.97 (d, J = 8.4 Hz, 2H), 7.33 (dd, J, = 4.8 Hz, J, = 3.0
Hz, 1H), 7.29 (d, J = 7.8 Hz, 2H), 7.00 (d, J = 1.8 Hz, 1H), 6.94 (d, J = 4.8 Hz, 1H), 6.69 (d, J =
4.8 Hz, 1H), 4.40-4.34 (m, 2H), 3.95 (m, 1H), 2.82 (dd, J; =16.2 Hz, J, = 2.4 Hz, 1H), 2.43 (s,
3H), 1.38 (t, J = 7.2 Hz, 3H); **C NMR (150 MHz, CDCl3) 6 169.4, 162.9, 145.2, 139.1, 135.5,

132.8, 129.4, 129.1, 127.8, 127.1, 126.2, 121.3, 62.1, 40.6, 32.2, 21.6, 14.0 ppm; HRMS (ESI):
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calculated for C19H2oNOsS, *, [M+H]" 406.0777, Found 406.0780.

Ethyl 4-(furan-2-yl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3p). White solid;
Mp 65.1-66.8 °C; 'H NMR (600 MHz, CDCls) 6 8.01 (d, J = 7.8 Hz, 2H), 7.53 (d, J = 1.2 Hz, 1H),
7.32 (d, J = 8.4 Hz, 2H), 6.74 (d, J = 3.6 Hz, 1H), 6.51 (dd, J, = 3.0 Hz, J,= 1.2 Hz, 1H), 6.19 (d,
J = 2.4 Hz, 1H), 5.50 (dd, J; = 6.6 Hz, J,= 1.8 Hz, 1H), 4.14-4.03 (m, 2H), 3.35 (dd, J; = 17.4 Hz,
Jo= 2.4 Hz, 1H), 3.14-3.10 (m, 1H), 2.43 (s, 3H), 1.09 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz,
CDCI) 6 169.5, 162.5, 150.0, 145.8, 144.8, 139.3, 135.7, 129.6, 128.9, 114.8, 113.4, 112.5, 62.4,
56.0, 28.6, 21.7, 13.8 ppm; HRMS (ESI): calculated for C1oH,0NOgS *, [M+H]" 390.1006, Found
390.1003

Ethyl 4-(furan-2-yl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4p). Red solid,
Mp 143.5-145.2 °C; '"H NMR (600 MHz, CDCl;) ¢ 8.01(d, J = 8.4 Hz, 2H), 7.31(d, J = 7.8 Hz,
3H), 6.65 (d, J = 5.4 Hz, 1H), 6.28 (dd, J; = 3.0 Hz, J, = 1.8 Hz, 1H), 6.08 (d, J = 3.0 Hz, 1H),
4.41-4.33 (m, 2H), 3.95-3.92 (m, 1H), 2.83-2.75 (m, 2H), 2.44 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H);
3¢ NMR (150 MHz, CDCIl3) ¢ 169.0, 162.8, 151.2, 145.3, 142.5, 135.5, 133.2, 129.6, 129.1,
125.1, 110.4, 106.4, 62.2, 38.6, 30.8, 21.7, 14.0 ppm; HRMS (ESI): calculated for C1oH20NOgS *,
[M+H]" 390.1006, Found 390.1008.

Ethyl 4-(naphthalen-1-yl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3q). White
solid; Mp 125.6-128.3; *H NMR (600 MHz, CDCl5) & 8.07 (d, J = 8.4 Hz, 2H), 7.87 (t, J = 7.8 Hz,
2H), 7.81 (d, J = 8.4 Hz, 1H), 7.53-7.46 (m, 3H), 7.36 (d, J = 8.4Hz, 2H), 7.29 (d, J = 7.2 Hz, 1H),
6.05 (d, J = 2.4 Hz, 1H), 5.56 (dd, J; = 6.6 Hz, J,= 2.4 Hz, 1H), 4.29-4.24 (m, 1H), 4.20-4.14 (m,
1H), 3.45-3.35 (m, 2H), 2.46 (s, 3H), 1.19 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz, CDCl5) &
169.9, 162.0, 152.9, 145.0, 135.9, 135.6, 133.8, 129.8, 129.79, 129.7, 129.66, 129.0, 128.7, 126.9,
126.4, 125.1, 125.0, 124.4, 124.2, 62.3, 56.5, 34.2, 21.7, 14.0 ppm; HRMS (ESI): calculated for
CasH24NOsS ¥, [M+H]" 450.1370, Found 450.1374.

Ethyl 4-(naphthalen-1-yl)-6-oxo-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4q). White
solid; Mp 177.6-179.3 °C; 'H NMR (600 MHz, CDCl3) § 8.10 (d, J = 8.4 Hz, 2H), 7.90 (dd, J; =
7.4 Hz, J, = 2.4 Hz, 2H), 7.79 (d, J = 7 Hz, 1H), 7.59-7.56 (m, 1H), 7.54-7.52 (m,1H), 7.39 (t,
J=7.8 Hz, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.25 (s, 1H), 6.73 (d, J = 4.8 Hz, 1H), 4.65-4.62 (m, 1H),
4.42-4.32 (m, 2H), 2.95 (d, J = 7.8 Hz, 2H), 2.44 (s, 3H), 1.37 (t, J = 7.2 Hz, 3H); *C NMR (150

MHz, CDCl3) § 169.8, 162.9, 145.3, 135.7, 134.1, 134.0, 133.1, 130.6, 129.6, 129.3, 129.2, 128.6,
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128.5, 126.8, 126.0, 125.4, 123.8, 122.5, 62.1, 40.3, 33.0, 21.7, 14.0 ppm; HRMS (ESI):
calculated for Co5H24NOsS ™, [M+H]* 450.1370, Found 450.1372.

(E)-ethyl 6-oxo-4-styryl-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3r). White solid;
Mp 157.5-159.1 °C; *H NMR (600 MHz, CDCl;) 6 8.01 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 7.2 Hz,
2H), 7.39-7.31 (m, 5H), 6.95 (d, J = 17.2 Hz, 1H), 6.81 (d, J = 17.2 Hz, 1H), 5.86 (d, J = 1.8 Hz,
1H), 5.51 (dd, J; = 6.0 Hz, J, = 1.2 Hz, 1H), 4.16-4.04 (m, 2H), 3.39 (dd, J; = 17.4 Hz, J, = 1.2
Hz, 1H), 3.03-2.99 (m, 1H), 2.43 (s, 3H), 1.10 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl3) 6
169.7, 162.6, 149.1, 144.8, 136.4, 135.7, 135.3, 129.7, 128.94, 128.92, 127.4, 126.3, 121.6, 62.4,
56.1, 28.1, 21.7, 13.9 ppm; HRMS (ESI): calculated for Cp3H,sNOsS ¥, [M+H]" 426.1370, Found
426.1366.

(E)-ethyl 6-oxo-4-styryl-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4r). Light yellow
oil; *H NMR (600 MHz, CDCls) § 7.96 (d, J = 8.4 Hz, 2H), 7.32-7.30 (m, 2H), 7.27-7.25 (m, 3H),
7.13 (d, J = 8.4 Hz, 2H), 6.63 (d, J = 6.0 Hz, 1H), 6.40 (d, J = 15.6 Hz, 1H), 5.97 (dd, J; = 16.2 Hz,
J, = 7.2 Hz, 1H), 4.41-4.35 (m, 2H), 3.42-3.39 (m, 1H), 2.71 (dd, J; = 16.2 Hz, J, = 6.0 Hz, 1H),
2.57 (dd, J; = 16.2 Hz, J, = 6.6 Hz, 1H), 2.33 (5, 3H), 1.40 (t, J = 7.2 Hz, 3H); *C NMR (150
MHz, CDCls3) 6 169.5, 163.0, 145.2, 136.0, 135.4, 133.1, 132.3, 129.6, 129.1, 128.6, 128.0, 126.9,
126.4, 126.0, 62.1, 39.5, 34.0, 21.6, 14.0 ppm; HRMS (ESI): calculated for Cy3HNOsS *,
[M+H]" 426.1370, Found 426.1372.

Methyl 6-oxo-4-phenyl-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (3s). White solid; Mp
182.5-183.5 °C; *H NMR (600 MHz, CDCl3) & 8.03 (d, J = 8.4 Hz, 2H), 7.47-7.41 (m, 5H), 7.33
(d, J = 7.8 Hz, 2H), 6.16(d, J = 2.4 Hz, 1H), 5.55 (dd, J; = 6.0 Hz, J, = 1.2 Hz, 1H), 3.64 (s, 3H),
3.50 (dd, J; = 18.0 Hz, J, = 2.4 Hz, 1H), 3.22-3.18 (m, 1H), 2.44 (s, 3H); *C NMR (150 MHz,
CDCl3) ¢ 170.2, 162.2, 151.8, 144.9, 135.9, 135.5, 130.6, 129.7, 128.94, 128.91, 126.2, 119.24,
119.23, 56.1, 53.0, 30.6, 21.6 ppm; HRMS (ESI): calculated for CooH,oNOsS *, [M+H]" 386.1057,
Found 386.1058.

Methyl 6-oxo0-4-phenyl-1-tosyl-1,4,5,6-tetrahydropyridine-2-carboxylate (4s). Light yellow oil;
'H NMR (600 MHz, CDCl3) 6 7.96 (d, J = 8.4 Hz, 2H), 7.32-7.30 (m, 2H), 7.27-7.25 (m, 3H),
7.13 (d, J = 8.4 Hz, 2H), 6.63 (d, J = 6.0 Hz, 1H), 6.40 (d, J = 15.6 Hz, 1H), 5.97 (dd, J; = 16.2 Hz,
J, = 7.2 Hz, 1H), 4.41-4.35 (m, 2H), 3.42-3.39 (m, 1H), 2.71 (dd, J; = 16.2 Hz, J, = 6.0 Hz, 1H),

2.57 (dd, J; = 16.2 Hz, J, = 6.6 Hz, 1H), 2.33 (s, 3H), 1.40 (t, J = 7.2 Hz, 3H); *C NMR (150
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MHz, CDCl3) 6 169.5, 163.0, 145.2, 136.0, 135.4, 133.1, 132.3, 129.6, 129.1, 128.6, 128.0, 126.9,
126.4, 126.0, 62.1, 39.5, 34.0, 21.6, 14.0 ppm; HRMS (ESI): calculated for CyHxNOsS ¥,
[M+H]" 386.1057, Found 386.1059.

Ethyl
1-benzyl-2,2'-dioxo-1"-tosyl-2',3'-dihydro-1"H-spiro[indoline-3,4'-pyridine]-6'-carboxylate
(6a). White solid; Mp 216.8-217.9 °C; *H NMR (600 MHz, CDCls) § 8.21 (d, J = 8.4 Hz, 2H),
7.43 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.30-7.27 (m, 4H), 7.22 (td, J; =
7.8 Hz, J, = 0.6 Hz, 1H), 7.07 (t, J = 7.8 Hz, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.31 (s, 1H), 4.91 (s,
2H), 4.44-4.39 (m, 1H), 4.36-4.31 (m, 1H), 3.16 (d, J = 16.2 Hz, 1H), 2.68 (d, J = 16.2 Hz, 1H),
2.47 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl,) 6 175.6, 167.7, 162.7, 145.7,
141.7, 135.2, 135.0, 134.7, 130.0, 129.7, 129.2, 128.9, 128.0, 127.9, 127.2, 124.2, 124.0, 122.6,
109.8, 62.4, 47.1, 44.2, 42.2, 21.7, 14.0 ppm; HRMS (ESI): calculated for CygHsN,NaOgS *,
[M+Na]" 553.1404, Found 553.1402

Ethyl 1-benzyl-5-methyl-2,2'-dioxo-1'-tosyl-2',3'-dihydro-1"H-spiro[indoline-3,4'-pyridine]-
6'-carboxylate (6b). White solid; Mp 225.4-226.4 °C; *H NMR (600 MHz, CDCl5) § 8.21 (d, J =
8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.33-7.31 (m, 3H), 7.29-7.24 (m, 3H), 7.02 (d, J = 7.8 Hz,
1H), 6.64 (d, J = 7.8 Hz, 1H), 6.31 (s, 1H), 4.88 (s, 2H), 4.45-4.39 (m, 1H), 4.36-4.31 (m, 1H), 3.1
5 (d, J = 16.8 Hz, 1H), 2.66 (d, J = 16.8 Hz, 1H), 2.46 (s, 3H), 2.29 (s, 3H), 1.38 (t, J = 7.2 Hz,
3H); *C NMR (150 MHz, CDCls) § 175.5, 167.8, 162.7, 145.5, 139.3, 135.3, 135.1, 134.5, 133.8,
129.94, 129.9, 129.2, 128.9, 128.0, 127.8, 127.2, 125.0, 122.7, 109.5, 62.3, 47.1, 44.2, 42.2, 21.7,
20.9, 13.9 ppm; HRMS (ESI): calculated for CsoHzsN,NaOgS*, [M+Na]® 567.1560, Found
567.1560.

Ethyl 1-benzyl-5-methoxy-2,2'-dioxo-1'-tosyl-2",3'-dihydro-1"H-spiro[indoline-3,4'-pyridine]-
6'-carboxylate (6¢). White solid; Mp 229.3-230.1 °C; *H NMR (600 MHz, CDCl3) § 8.21 (d, J =
8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.34-7.32 (m, 3H), 7.29-7.23 (m, 4H), 6.77 (dd, J, = 8.4 Hz,
Jo = 2.4 Hz, 1H), 6.66 (d, J = 9.0 Hz, 1H), 6.38 (s, 1H), 4.91-4.86 (m, 2H), 4.45-4.40 (m, 1H),
4.35-4.30 (m, 1H), 3.79 (s, 3H), 3.21 (d, J = 16.2 Hz, 1H), 2.66 (d, J = 16.2 Hz, 1H), 2.46 (s, 3H),
1.38 (t,J = 7.2 Hz, 3H); BC NMR (150 MHz, CDCly) 6 175.4, 167.9, 162.6, 157.0, 145.6, 135.14,
135.07, 134.7, 134.4, 129.8, 129.2, 128.9, 128.8, 127.9, 127.1, 123.2, 115.8, 110.5, 109.9, 62.3,

56.1, 47.5, 44.2, 42.3, 21.7, 14.0 ppm; HRMS (ESI): calculated for C3oHxsN,NaO;S ", [M+Na]”
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583.1509, Found 583.1507.

ethyl 1-benzyl-5-bromo-2,2'-dioxo-1'-tosyl-2",3'-dihydro-1"H-spiro[indoline-3,4'-pyridine]-
6'-carboxylate (6d). White solid; Mp 219.3-246.0 °C; *H NMR (600 MHz, CDCls) & 8.19 (d, J
=8.4 Hz, 2H), 7.55 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.35-7.32 (m,3H), 7.29 (m,1H), 7.23 (d, J =
7.2 Hz, 2H), 6.62 (d, J = 8.4 Hz, 1H), 6.25 (s, 1H), 4.88 (s, 2H), 4.45-4.33 (m, 2H), 3.10 (d, J =
16.8 Hz, 1H), 2.69 (d, J = 16.2 Hz, 1H), 2.46 (s,3H), 1.40 (t, J = 7.2 Hz, 3H); *C NMR (150
MHz, CDCl3) 6 174.9, 167.2, 162.6, 145.7, 140.8, 135.1, 135.0, 134.5, 132.6, 130.0, 129.3, 129.2,
129.0, 128.9, 128.1, 127.3, 127.2, 127.1, 121.4, 116.5, 111.3, 62.5, 47.0, 44.2, 41.9, 21.8, 13.9
ppm; HRMS (ESI): calculated for CygHosBrN,NaOgS*, [M+Na]* 631.0509, Found 631.0511.
Ethyl 1-benzyl-5-chloro-2,2'-dioxo-1'-tosyl-2',3"-dihydro-1'H-spiro[indoline-3,4'-pyridine]-
6'-carboxylate (6e). White solid; Mp 224.7-226.5 °C; *H NMR (600 MHz, CDCls) 6 8.19 (d, J =
8.4 Hz, 2H), 7.40 (d, J =8.4 Hz, 3H), 7.35-7.32(m, 2H), 7.30 (d, J = 7.2 Hz, 1H), 7.23 (d, J = 7.2
Hz, 2H ), 7.19 (dd, J; = 8.4 Hz, J, = 1.8 Hz, 1H), 6.67 (d, J = 8.4 Hz, 1H), 6.25 (s, 1H), 4.89 (s,
2H), 4.45-4.33 (m, 2H), 3.12 (d, J = 16.2 Hz, 1H), 2.68 (d, J = 16.2 Hz, 1H), 2.46 (s, 3H), 1.40 (t,
J=17.2 Hz, 3H); BC NMR (150 MHz, CDCI3) ¢ 175.0, 167.2, 162.6, 145.8, 140.3, 135.1, 134.9,
134.5, 130.0, 129.7, 129.6, 129.3, 129.0, 128.1, 127.1, 124.6, 121.4, 110.8, 62.5, 47.1, 44.3, 41.9,
21.8, 14.0 ppm; HRMS (ESI): calculated for CygH,5CIN;NaOgS*, [M+Na]® 587.1014, Found
587.1017.

Ethyl 1-benzyl-5-fluoro-2,2'-dioxo-1'-tosyl-2',3'-dihydro-1'H-spiro[indoline-3,4'-pyridine]-
6'-carboxylate (6f). White solid; Mp 244.5-246.0 °C; *H NMR (600 MHz, CDCls) 6 8.19 (d, J =
8.4 Hz, 2H), 7.39 (d, J = 7.8 Hz, 2H), 7.35-7.33 (m, 2H), 7.31-7.28 (m, 1H), 7.24 (d, J = 7.2 Hz,
2H), 6.92 (td, J; = 9.0 Hz, J, = 2.4 Hz, 1H), 6.67(dd, J; = 8.4 Hz, J, = 4.2 Hz, 1H), 6.27 (s, 1H),
4.89 (s, 2H), 4.45-4.40 (m, 1H), 4.38-4.33 (m, 1H), 3.17 (d, J = 16.2 Hz, 1H), 2.67 (d, J = 16.8 Hz,
1H), 2.47 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) ¢ 175.3, 167.3, 162.6,
160.5, 158.8, 145.9, 137.6, 135.0, 134.8, 134.6, 130.0, 129.4, 129.35 129.3, 129.0, 128.1, 127.1,
121.8, 116.1 (d, J = 9.0 Hz), 112.4 (d, J = 27.0 Hz), 110.5 (d, J = 7.5 Hz), 62.5, 47.3, 44.3, 42.0,
21.8, 14.0 ppm; HRMS (ESI): calculated for CyoHasFN,NaOgS+*, [M+Na]™ 571.1310, Found
571.1312.

Ethyl

1-benzyl-5,7-dimethyl-2,2'-dioxo-1'-tosyl-2',3'-dihydro-1"H-spiro[indoline-3,4'-pyridine]-
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6'-carboxylate (6g). White solid; Mp 223.5-224.7 °C; *H NMR (600 MHz, CDCI3) 6 8.21 (d, J =
8.4 Hz, 2H), 7.38 (d, J = 7.8 Hz, 2H), 7.33 (m, 2H), 7.27-7.25 (m, 2H), 7.18 (s, 1H), 7.10 (d, J =
7.8 Hz, 2H), 6.81 (s, 1H), 6.30 (s, 1H), 5.18-5.12 (dd, J; = 19.8 Hz, J, = 11.4 Hz, 2H), 4.45-4.39
(m,1H), 4.36-4.31 (m, 1H), 3.16 (d, J = 16.2 Hz, 1H), 2.70 (d, J = 16.8 Hz, 1H), 2.46 (s,3H), 2.26
(s, 3H), 2.21 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H); **C NMR (150 MHz, CDCls) § 176.5, 167.8, 162.8,
145.6, 137.2, 136.9, 135.2, 134.4, 134.0, 133.8, 129.9, 129.2, 128.9, 128.8, 127.4, 125.4, 122.9,
122.8, 120.2, 62.3, 46.6, 45.3, 42.5, 21.7, 20.6, 18.5, 14.0 ppm; HRMS (ESI): calculated for
Ca1H3oN,NaOgS™, [M+Na]* 581.1717, Found 581.1716.

Ethyl
1-benzyl-6-bromo-2,2'-dioxo-1'-tosyl-2",3'-dihydro-1"H-spiro[indoline-3,4'-pyridine]-6'-carb
oxylate (6h). White solid; Mp 183.7-185.1 °C; *H NMR (600 MHz, CDCl3) ¢ 8.19 (d, J = 8.4 Hz,
2H), 7.39-7.34 (m, 4H), 7.31 (d, J = 7.2 Hz, 2H), 7.25 (d, J = 7.8 Hz, 2H), 7.20 (d, J = 7.8 Hz, 1H),
6.91 (d, J = 0.6 Hz, 1H), 6.27 (s, 1H), 4.87 (s, 1H), 4.43-4.39 (m, 1H), 4.36-4.32 (m, 1H), 3.13 (d,
J =16.8 Hz, 1H), 2.64 (d, J = 16.8 Hz, 1H), 2.46 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H); *C NMR (150
MHz, CDCl3) 6 175.4, 167.3, 162.5, 145.7, 143.0, 134.9, 134.87, 134.4, 130.0, 129.2, 129.1, 128.1,
127.1, 126.9, 126.8, 125.5, 123.4, 121.8, 113.1, 62.4, 46.7, 44.2, 42.0, 21.7, 13.9 ppm; HRMS
(ESI): calculated for CygH2sBrN;NaOgS™, [M+Na]* 631.0509, Found 631.0513.

Ethyl
1-methyl-2,2'-dioxo-1"-tosyl-2',3"'-dihydro-1'H-spiro[indoline-3,4'-pyridine]-6'-carboxylate
(6i). White solid; Mp 185.0-186.4 °C; *H NMR (600 MHz, CDCl;) & 8.20 (d, J = 8.4 Hz, 2H),
7.45(s, 1H), 7.39-7.34 (m, 3H), 7.13-7.10 (m, 1H), 6.88 (d, J = 7.8 Hz, 1H), 6.26 (s, 1H),
4.42-4.30 (m, 2H), 3.23 (s, 3H), 3.08 (dd, J; = 16.2 Hz, J, = 1.2 Hz, 1H), 2.63 (d, J = 16.2 Hz, 1H),
2.47 (s, 3H), 1.36 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) § 175.4, 167.9, 162.7, 145.6,
142.6, 135.1, 134.5, 130.0, 129.2, 128.0, 126.4, 124.1, 124.0, 122.7, 108.7, 62.3, 47.0, 42.0, 26.7,
21.8, 14.0 ppm; HRMS (ESI): calculated for CyHN,NaOgS*, [M+Na]® 477.1091, Found
477.1093.

Ethyl
1-allyl-2,2'-dioxo-1"-tosyl-2',3'-dihydro-1'H-spiro[indoline-3,4'-pyridine]-6'-carboxylate (6j).
White solid; Mp 161.5-162.3 °C; *H NMR (600 MHz, CDCls) & 8.20 (d, J = 8.4 Hz, 2H), 7.45

(s,1H), 7.39 (d, J = 8.4 Hz, 2H), 7.31 (t, J = 7.8 Hz, 1H), 7.10 (t, J = 7.8 Hz, 1H), 6.87 (d, J = 8.4
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Hz, 1H), 6.27 (s, 1H), 5.86-5.79 (m, 1H), 5.27-5.22 (m, 2H), 4.43-4.35 (m, 1H), 4.34-4.30 (m, 3H),
3.11 (d, J = 16. 2Hz, H), 2.64 (d, J = 16.2 Hz, 1H), 2.47 (s, 3H), 1.37 (t, J = 7.2 Hz, 3H); *C
NMR (150 MHz, CDCls) 6 175.1, 167.8, 162.6, 145.6, 141.8, 135.1, 134.5, 130.7, 130.0, 129.6,
129.2, 128.0, 124.2, 123.9, 122.6, 118.2, 109.6, 62.3, 46.9, 42.7, 42.1, 21.7, 13.9 ppm; HRMS
(ESI): calculated for Co5H24NoNaOgS*, [M+Na]* 503.1247, Found 503.1247.

Methyl
1-benzyl-5-methyl-2,2'-dioxo-1'-tosyl-2',3'-dihydro-1"H-spiro[indoline-3,4'-pyridine]-6'-carb
oxylate (6k). White solid; Mp 203.9-205.2 °C; *H NMR (600 MHz, CDCl5) ¢ 8.20 (d, J = 8.4 Hz,
2H), 7.39 (d, J = 8.4 Hz, 2H), 7.34-7.24 (m, 6H), 7.02 (d, J = 8.4 Hz, 1H ), 6.64 (d, J = 7.8 Hz,
1H), 6.33 (s, 1H), 5.29 (s, 1H), 4.88 (dd, J; = 19.2 Hz, J, = 15.6 Hz, 2H), 3.91 (s, 3H), 3.15 (d, J =
16.2 Hz, 1H), 2.67 (d, J = 16.2Hz, 1H), 2.47 (s, 3H), 2.28 (s, 3H); *C NMR (150 MHz, CDCl3) 6
175.4,167.8, 163.1, 145.7, 139.2, 135.14, 135.1, 134.2, 133.8, 129.9, 129.3, 128.9, 127.9, 127.85,
127.1, 124.9, 123.3, 109.5, 52.9, 47.1, 44.1, 42.2, 21.7, 21.0 ppm; HRMS (ESI): calculated for
Ca9H2sN2NaOgS", [M+Na]" 553.1404, Found 553.1403.

Ethyl 6-ox0-4-phenyl-1,6-dinydropyridine-2-carboxylate (8a). Brown solid; Mp 157.6-159.3 °C;
'H NMR (600 MHz, CDCl3) § 10.55 (bs, 1H), 7.62-7.60 (m, 2H), 7.50-7.45 (m, 3H), 7.28 (d, J =
1.2 Hz, 1H), 7.02 (d, J = 1.2 Hz, 1H), 4.46 (q, J = 7.2 Hz, 2H), 1.43 (t, J = 7.2 Hz, 3H ); *C NMR
(150 MHz, CDCl3) ¢ 163.0, 160.9, 152.3, 136.7, 133.9, 129.9, 129.1, 126.8, 122.5, 109.3, 62.8,

141
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4. Crystal data and crystal structure of 6a

XRD Data for Compound 6a (CCDC No. 1526708)
Ts

Bond precisicn: C-C = 0.0036 A Wavelength=0.71073

Cell: a=11.4870(4) b=25.8357(¢6) ©=9.2054(3)
alpha=90 beta=110.444(4) gamma=90

Temperature: 290 K
Calculated Reported

Volume 2559.86(15) 2559.85(14)

Space group P 21/c P121l/c1

Hall group -P 2ybc -P 2ybc

Moiety formula C29 H26 N2 06 S C29 H26 N2 06 S

Sum formula C29 H26 N2 06 S C29 H26 N2 06 S

Mr 530.58 530.58

Dx,g cm-3 1.377 1.377

Z 4 4

Mu (mm-1) 0.174 0.174

F000 1112.0 1112.0

Fooo’ 1113.03

h, k, Imax 14,31,11 14,31,11

Nref 5041 5033

Tmin, Tmax 0.959,0.976 0.843,1.000

Tmin’ 0.959

Correction method= # Reported T Limits: Tmin=0.843 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 0.9598 Theta (max)= 26.020
R(reflections)= 0.0511( 3638) wR2 (reflections)= 0.1268( 5033)
S = 1.045 Npar= 373
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5. HPLC spectra of 3aa, 4aa and 6aa

(o}

N
Ph 7 >Co,Et

4aa

[a]ZSD = -133.2 (¢ = 1.0 in CHCI3); HPLC analysis: 99% ee., [CHIRALPAK OD column; 1.0
mL/min; solvent system: i-PrOH/hexane = 90:10; retention times: 19.8 min (minor), 24.2 min

(major)].
mAU
1000+ PDA Multi 1 200mm, Anm
750 3 s
i | o
‘ 3
] i \
500 N I
1 [ M
A i
‘ |
4 | | | |‘
250+ | ‘|‘ I
' n |
[ — AV S /\\_%‘ ;i_/-ﬁr_\i—— _
0 5 10 15 20 25 30 ‘
min
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 19.424 29692651 754418 51.992 56.351
2 24.220 27417339 584367 48.008 43.641
Total 57109990 1338786 100.000 100.000
mAU
10007 PDA Multi 1 200nm, nm
750+ |‘”I‘I
|1
N
] (|
500 |
i R
[
- ‘ |
250 | I".
] 5 [
0__— M — — 7:L . / \J
0 T s 10 15 o0 ' 5
min
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 19.776 171905 4383 0.454 0.541
2 24.201 37678427 805897 99.546 99.459
Total 37850332 810280 100.000 100.000
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Jil” S
Ph CO,Et

3aa

The asymmetric synthesis of 3aa using chiral triazolium salt F as the precatalyst under condition
A. (Scheme 3, Egn 1).

[a]®p = -46 (¢ = 1.0 in CHCLy); [a]®p = -148 (¢ = 1.0 in CH,Cl,) * HPLC analysis: 99% ee.,
[CHIRALPAK OD column; 1.0 mL/min; solvent system: i-PrOH/hexane = 90:10; retention times:
22.2 min (major), 26.5 min (minor)].

mAU
2007 PDA Multi 1 200nm, dnm
100 g
300 I E
] 1 f\
] A I
200 (| I‘ ‘.‘
1 I [
100 I\ \". “I \
1 [ :
0 I‘J\ _ . / \\JT J‘I \ L
T T T T T T T
0 5 10 15 20 25 30 35
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 22.361 15890120 330804 50.272 54.527
2 25.634 15717915 275876 49.728 45.437
Total 31608035 606680 100.000 100.000
mAU
2 PDA Multi 1 200nm, 4nm
7501 E
| ‘H
, I
500 /'
| | ‘|
N
250 | E
J | .“
Fo g
[\ S
- N . AN TR
0 5 10 15 20 % 30 .
min
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 22.163 34353868 718885 99.428 99.518
2 26.462 197498 3484 0.572 0.482
Total 34551366 722369 100.000 100.000
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Ph CO,Et

The HPLC spectra for the transformation of 4aa to 3aa’ using DABCO as the base. (Scheme 5,

Eqgn 1)

[a]®p = -143 (¢ = 1.0 in CH,Cl,); HPLC analysis: 99% ee., [CHIRALPAK OD column; 1.0
mL/min; solvent system: i-PrOH/hexane = 90:10; retention times: 21.7 min (major), 25.7 min

(minor)].
mAU
2007 PDA Wulti 1 200nm, dno
100 g
300 | E
i I f\
] X I
200 M M
1 . A
1 [ (|
100 | \
] " l \\ \‘ ‘I"\
0: JI‘I‘J\ _ T ‘I‘ \\J’T / \ 1
0 5 10 15 20 25 30 35 _
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 22.361 15890120 330804 50.272 54.527
2 25.634 15717915 275876 49.728 45.437
Total 31608035 606680 100.000 100.000
mAU
2 PDA Multi 1 200nm, 4nm
500 “;;
] |‘|‘
i
[
|
1
250-] | '\
N
R i
- | ‘I"‘ :i
f [\ =
o I | S — — N L &
0 5 0 5 20 5 30 %5 _
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 21.680 23173304 491032 99.294 99.409
2 25.705 164840 2919 0.706 0.591
Total 23338144 493951 100.000 100.000
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(e}

T
o
Ph CO,Et

3a’

The HPLC spectra for the transformation of racemic 4a to 3a’ in the presence of chiral triazolium
salt F. (Scheme 5, Eqgn 2)
HPLC analysis: 0% ee., [CHIRALPAK OD column; 1.0 mL/min; solvent system: i-PrOH/hexane

=90:10
mAl
2007 FDA Multi 1 200nm, dnn
100+ z
300 \'F"w g
] I
] X I
200-| M M
AR
100 | "‘.‘ | \
1 Y ‘-\
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0 5 o 15 0 2 0 35 _
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 22.361 15890120 330804 50.272 54,527
2 25.634 15717915 275876 49.728 45.437
Total 31608035 606680 100.000 100.000
mAU
3007 FDA Wult: 1 200nm, oo
200; ""“ i
4 |I‘ ﬁ)‘l
i |H'
. I
100 “ ‘l‘ ‘I \
1 | "‘ I
1 B
ol Sl
T L | T T U T
0 5 10 15 20 25 30 35 .
min
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 21.864 9805427 208358 50.856 54.909
2 25.082 9475340 171100 49.144 45.091
Total 19280767 379459 100.000 100.000
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6aa

[a]®p = 112 (¢ = 1.0 in CHCI3); HPLC analysis: 79.7 ee., [CHIRALPAK OD column; 1.0 mL/min;
solvent system: i-PrOH/hexane = 90:10; retention times: 25.3 min (minor), 35.2 min (major)].

mAU
1007 - PDA Multi 1 200nm, Anm
] I u
1 x A
50 h |' | M\
| \ [\
] I F
25+ | " I"‘ ."I‘ ‘I"-‘
1 | \ \
| | / \
] [ / \
D N S S S N
| T T T T T T T T T T
0 10 20 30 10
min
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 25.525 6072085 78818 49.624 56.731
2 35.236 6164140 60116 50.376 43.269
Total 12236224 138933 100.000 100.000
mAU
2007 PDA Wulti 1 200nm, Inm
100 g
3004 i
] M
4 | |
2004 [
LOU*_ | ||‘
| | |
] [
100+ .
i | I [T
- i\ " Y . o«
0 : \lIVL , J \\._L T )
0 L ' 1b ' ' 2'0 ' 3'0 L --1'0 '
min
PDA Ch1 200nm
Peak# Ret. Time Area Height Area % Height %
1 25.250 25052613 335466 89.878 92.873
2 35.232 2821278 25742 10.122 7.127
Total 27873891 361209 100.000 100.000
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