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1. General Information

"H NMR and >C NMR spectra were recorded on Bruker 400 spectrometer and the
chemical shifts are reported in ppm downfield from tetramethylsilane (6 = 0.00 ppm) for
'"H NMR and relative to the central CDCIls resonance (§ = 77.0 ppm) for 3C NMR
spectroscopy. IR spectra were recorded on Nicolet Magna-I 550 spectrometer. High
resolution mass spectra (HRMS) were recorded on Micromass GCT with Electron Spray
Ionization (ESI-TOF) resource or Electron Impact lonization (EI) resource. Optical
rotations were measured on a WZZ-2A digital polarimeter at the wavelength of the sodium
D-line (589 nm). HPLC analysis was performed on Waters equipment using Daicel
Chiralpak AD-H column.

CH:2ClL2 and ethyl acetate were distilled from CaHz. Toluene, p-xylene, o-xylene,
m-xylene, mesitylene, tert-butylbenzene, ethylbenzene, cumene and
(trifluoromethyl)benzene were distilled from sodium-benzophenone. All other chemicals
were used without purification as commercially available. Thin-layer chromatography
(TLC) was performed on 10-40 um silica gel plates. Column chromatography was
performed using silica gel (300-400 mesh) eluted with ethyl acetate and petroleum ether.

Chiral catalysts C1-C8!, B,y-unsaturated amides 1% and the trifluoromethyl

acetophenone 2e’ were prepared according to literature procedure.

2. General Procedure for the Vinylogous Aldol/Lactonization Cascade

Reaction
o o)
M O C4 (10 mol%)
R’ N AR t ; 9
\ R2” “CF; 4AMS, 'BuPh, -15°C CF;
N=< R1 ,/RZ
1 2 3

To a solution of trifluoromethyl ketone 2 (0.2 mmol) and catalyst C4 (0.02 mmol, 10
mol%) in 1 mL ‘BuPh was added f,y-unsaturated amide 1 (0.3 mmol, 1.5 eq.) at -15 °C,
and the resulting mixture was stirred at this temperature until the reaction completed
(monitored by TLC). The solvent was removed under reduced pressure, and the residue
obtained was purified by column chromatography (petroleum ether/EtOAc) to afford the
desired product 3.
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(8)-4,6-diphenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one (3aa)
o Colorless oil, 57.2 mg, 90% yield, 99% ee, [a]p*® +153.9 (¢ 1.93,
/@‘ CHCl5); "H NMR (CDCls, 400 MHz): § 7.58-7.52 (m, 2H), 7.51-7.42
| LaCFs (m, SH), 7.41-7.36 (m, 3H), 625 (d, /= 2.4 Hz, 1H), 3.63 (d, J = 17.2
Ph Ph Wy 1H), 3.52 (dd, Ji = 17.2 Hz, J2 = 2.4 Hz, 1H); HPLC analysis

(Daicel Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol, flow rate:
0.9 mL/min): fr = 11.77 min (major), 16.05 min (minor).

(8)-6-(4-fluorophenyl)-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ab)

Colorless oil, 55.5 mg, 82% yield, 99% ee, [0]p?° +158.4 (c 1.22,
CHCL); 'H NMR (CDCl;, 400 MHz): § 7.56-7.42 (m, 7H),
7.12-7.04 (m, 2H), 6.26 (d, J = 2.4 Hz, 1H), 3.58 (d, J = 17.6 Hz,
1H), 3.53 (dd, J; = 17.6 Hz, J> = 2.0 Hz, 1H); HPLC analysis
(Daicel Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10

hexane/2-propanol, flow rate: 0.9 mL/min): fr = 16.79 min (major),

24.81 min (minor).

(8)-6-(4-chlorophenyl)-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ac)
o Colorless oil, 70.0 mg, 99% yield, 99% ee, [a]p* +207.3 (c 1.59,
/ij\/?‘ CHCI3); '"H NMR (CDCls, 400 MHz): J 7.55-7.43 (m, 7H), 7.41 (d, J
o | ~CFs = 8.8 Hz, 2H), 6.26 (d, J = 1.2 Hz, 1H), 3.57 (d, J = 17.6 Hz, 1H),
Q 3.52 (dd, J: = 17.6 Hz, J> = 2.0 Hz, 1H); HPLC analysis (Daicel
cl Chiralpak AD-H column, A = 254 nm, eluent: 90/10

hexane/2-propanol, flow rate: 0.9 mL/min): fr = 15.53 min (major), 21.92 min (minor).

(5)-6-(3-chlorophenyl)-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ad)
Colorless oil, 69.6 mg, 99% yield, 98% ee, [a]p?® +166.1 (c 1.60,
CHCI3); '"H NMR (CDCls, 400 MHz): § 7.55 (s, 1H), 7.53-7.41 (m,
/E;O"Ca 6H), 7.39 (dt, J1 = 8.0 Hz, J> = 1.6 Hz, 1H), 7.36-7.31 (m, 1H),
Ph y 6.29-6.27 (m, 1H), 3.54 (d, J = 0.8 Hz, 2H); HPLC analysis (Daicel
@ Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol,

flow rate: 0.9 mL/min): r = 11.87 min (major), 13.75 min (minor).
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(8)-4-(2-chlorophenyl)-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ae)

Colorless oil, 20.0 mg, 28% yield, 99% ee, [a]p*® +160.8 (¢ 0.52,
/i‘;o‘ CHCI); 'H NMR (CDCls, 400 MHz): 6 7.87-7.81 (m, 1H), 7.58 (dd,
| «CF3 J1 =8.0 Hz, J2 = 1.6 Hz, 2H), 7.51-7.38 (m, 4H), 7.37-7.30 (m, 2H),
i /@ 6.30 (d, J=2.0 Hz, 1H), 6.30 (d, J= 2.0 Hz, 1H), 4.57 (d, /= 18.0 Hz,
cl 1H), 3.56 (dd, J; = 18.0 Hz, J> = 2.4 Hz, 1H); *C MNR (100 MHz,
CDCls): ¢ 161.7, 152.6, 135.2, 132.8, 132.3, 131.2, 131.1, 131.0, 130.7, 129.2, 1274,
126.3, 123.6 (q, J = 283.6 Hz), 114.0, 83.3 (q, J = 31.0 Hz), 29.1; IR (KBr, cm™): v 3445,
3064, 2962, 2920, 1734, 1617, 1429, 1259, 1194, 1030, 870, 761, 685; HRMS (ESI) calcd
for CisHi6>>CIF3NO2" and CisHis*’CIF3NO2" ([M + NH4]"): 370.0816 and 372.0787,
found: 370.0810 and 372.0792; HPLC analysis (Daicel Chiralpak AD-H column, A = 254
nm, eluent: 90/10 hexane/2-propanol, flow rate: 0.9 mL/min): fr = 12.96 min (major),

17.52 min (minor).

(5)-4-(4-bromophenyl)-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3af)

o Colorless oil, 76.4 mg, 96% yield, 99% ee, [a]p®® +187.2 (c 2.20,
/ij\/?‘ CHCl3); '"H NMR (CDCl3, 400 MHz): 6 7.52-7.42 (m, 7 H), 7.36 (dt,
o | //CF3 Ji1 = 8.8 Hz, J> = 2.4 Hz, 2H), 6.26 (d, /= 1.6 Hz, 1H), 3.58 (d, J =
Q 17.6 Hz, 1H), 3.52 (dd, J; = 17.6 Hz, J> = 2.0 Hz, 1H); HPLC
gr analysis (Daicel Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10
hexane/2-propanol, flow rate: 0.9 mL/min): fr = 17.04 min (major),

22.82 min (minor).

(5)-4-phenyl-6-(p-tolyl)-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one (3ag)
o Colorless oil, 40.1 mg, 60% yield, 99% ee, [a]p?® +163.5 (c 0.89,
/ii?‘ CHCl3);'"H NMR (CDCl3, 400 MHz): § 7.52-7.39 (m, 7H), 7.19 (d,
oh | //CFs J = 8.0 Hz, 2H), 6.24 (d, J = 2.4 Hz, 1H), 3.60 (d, J = 17.6 Hz,
Q 1H), 3.49 (dd, J: = 17.6 Hz, J> = 2.4 Hz, 1H), 2.33 (s, 3H); HPLC
CH, analysis (Daicel Chiralpak AD-H column, 4 = 254 nm, eluent:
90/10 hexane/2-propanol, flow rate: 0.9 mL/min): fr = 13.60 min

(major), 18.25 min (minor).
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(S,E)-4-phenyl-6-styryl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-2-one (3ah)

o Colorless oil, 60.3 mg, 88% yield, 99% ee, [a]p*® +147.0 (c 0.30,
o CHCl;); 'H NMR (CDCls, 400 MHz): & 7.58-7.43 (m, SH),
L CPs  739-726 (m, 5H), 6.92 (d, J = 160 Hz, 1H), 6.38 (d, J = 2.0 Hz,

Ph ’//\ph
1H), 6.13 (d, J=16.0 Hz, 1H), 3.39 (dd, J: = 17.2 Hz, J> = 2.0 Hz,

1H), 3.16 (d, J = 17.2 Hz, 1H); *C MNR (100 MHz, CDCl3): 6 161.8, 151.3, 136.4, 135.4,
134.6,131.2,129.2, 129.1, 128.7, 127.0, 126.0, 123.3 (q, J =282.1 Hz), 121.1, 114.4, 81.1
(q, J = 30.3 Hz), 29.6; IR (KBr, cm™): v 3029, 1720, 1625, 1448, 1230, 1172, 1021, 970,
748, 689; HRMS (EI) caled for C20HisF302" ([M]%): 344.1019, found: 344.1027; HPLC
analysis (Daicel Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol,

flow rate: 0.9 mL/min): = = 25.10 min (major), 18.73 min (minor).

(R)-6-ethyl-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-2-one (3ai)
o) Colorless oil, 11.8 mg, 22% yield, 99% ee, [a]p®® +48.3 (c 0.06,
o CHCIl3); 'TH NMR (CDCl3, 400 MHz): § 7.57-7.44 (m, 5H), 6.39 (s,
| ~«CF3 1H), 3.13 (dd, J: = 18.4 Hz, J>= 1.6 Hz, 1H), 2.97 (d, /= 18.4 Hz, 1H),
Ph Et 2.18-2.06 (m, 1H), 2.05-1.93 (m, 1H), 1.08 (t, /= 7.2 Hz, 3H); HPLC
analysis (Daicel Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol,
flow rate: 0.9 mL/min): = = 20.86 min (major), 28.26 min (minor).

(8)-6-phenyl-4-(p-tolyl)-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one (3ba)

Colorless oil, 40.6 mg, 61% yield, 99% ee, [a]p*® +173.2 (¢ 0.71,
CHCIl3); 'H NMR (CDCls, 400 MHz): 6§ 7.57-7.50 (m, 2H),
7.42-7.35 (m, SH), 7.25 (d, J = 8.4 Hz, 2H), 6.22 (d, /= 2.4 Hz,
1H), 3.62 (d, J=17.6 Hz, 1H), 3.49 (dd, Ji = 17.6 Hz, J= 2.4
Hz, 1H), 2.39 (s, 3H); HPLC analysis (Daicel Chiralpak AD-H
column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol, flow rate: 0.9 mL/min): tr = 16.63

min (major), 27.04 min (minor).

(8)-4-(4-fluorophenyl)-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ca)

O Colorless oil, 56.5 mg, 84% yield, 99% ee, [a]p®® +190.2 (¢ 1.92,
CHCI3); '"H NMR (CDCl3, 400 MHz): § 7.56-7.46 (m, 4H),
7.43-7.36 (m, 3H), 7.17-7.11 (m, 2H), 6.21 (d, J = 2.0 Hz, 1H),
3.58 (d,J=17.2 Hz, 1H), 3.51 (dd, J:1 = 17.6 Hz, J>=2.4 Hz, 1H);
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3C MNR (100 MHz, CDCl3): 6 163.4 (d, J = 248.7 Hz), 161.5, 151.9, 135.3, 131.3, 129.5
(d, J=3.4 Hz), 129.2, 128.6 (d, J = 8.4 Hz), 125.9, 123.1 (q, J = 282.0 Hz), 1159 (d, J =
21.7 Hz), 114.8, 82.1 (q, J = 40.0 Hz), 29.6; IR (KBr, cm™): v 3438, 3083, 2975, 2925,
1729, 1606, 1511, 1448, 1241, 1174, 1049, 995, 767, 688, 522; HRMS (ESI) calcd for
CisH12F402Na™ ([M + Na]"): 359.0666, found: 359.0670; HPLC analysis (Daicel
Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol, flow rate: 0.9

mL/min): fr = 15.01 min (major), 22.47 min (minor).

(5)-4-(3-chlorophenyl)-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3da)

Colorless oil, 56.4 mg, 80% yield, 99% ee, [a]p*® +153.6 (c 1.65,
CHCIL3); '"H NMR (CDCls, 400 MHz): 6 7.56-7.50 (m, 2H),
7.47-7.43 (m, 2H), 7.43-7.34 (m, 5H), 6.25 (d, J = 1.6 Hz, 1H),
3.57 (d, J=17.6 Hz, 1H), 3.51 (dd, J: = 17.6 Hz, J> = 2.4 Hz,
1H); HPLC analysis (Daicel Chiralpak AD-H column, 1 = 254
nm, eluent: 90/10 hexane/2-propanol, flow rate: 0.9 mL/min): fr = 9.56 min (major), 11.48

min (minor).

(5)-4-(4-chlorophenyl)-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ea)

Colorless oil, 55.8 mg, 79% yield, 99% ee, [0]p*® +139.2 (¢ 1.49,
CHCl3); '"H NMR (CDCls, 400 MHz): 6 7.55-7.49 (m, 2H),
7.46-7.36 (m, 7H), 6.23 (d, J= 2.4 Hz, 1H), 3.57 (d, /= 17.6 Hz,
1H), 3.51 (dd, J: = 17.6 Hz, J: = 2.4 Hz, 1H); HPLC analysis
(Daicel Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10

hexane/2-propanol, flow rate: 0.9 mL/min): fr = 22.48 min (major), 34.26 min (minor).

(5)-6-phenyl-6-(trifluoromethyl)-4-(4-(trifluoromethyl)phenyl)-5,6-dihydro-2 H-pyran
-2-one (3fa)

Colorless oil, 71.2 mg, 92% yield, 99% ee, [a]p?® +187.2 (c
1.49, CHCl3); '"H NMR (CDCl3, 400 MHz): § 7.71 (d, J = 8.0
Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.56-7.50 (m, 2H),
7.44-7.37 (m, 3H), 6.30 (s, 1H), 3.64-3.53 (m, 2H); *C MNR
(100 MHz, CDCls): 0 161.2, 150.4, 139.0, 133.4, 132.7 (q, J
= 32.8 Hz), 129.9, 128.9, 126.4, 126.4, 126.2 (q, J = 3.8 Hz), 123.5 (q, J = 270.7 Hz),
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123.2 (q, J = 281.9 Hz), 116.9, 82.6 (q, J = 40.0 Hz), 29.8; IR (KBr, cm™): v 2927, 1729,
1415, 1326, 1170, 1126, 1070, 1049, 844, 719; HRMS (EI) calcd for C1oH12FsO2" ([M]):
386.0736, found: 386.0740; HPLC analysis (Daicel Chiralpak AD-H column, 4 = 254 nm,
eluent: 90/10 hexane/2-propanol, flow rate: 0.9 mL/min): tr = 15.46 min (major), 18.58

min (minor).

(5)-4-(3,4-dichlorophenyl)-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ga)

Colorless oil, 76.1 mg, 99% yield, 99% ee, [a]p®® +193.4 (¢ 2.17,
CHCl3); 'H NMR (CDCl3, 400 MHz): J 7.56 (d, J = 2.0 Hz, 1H),
7.55-7.47 (m, 3H), 7.44-7.37 (m, 3H), 7.33 (dd, Ji =8.4 Hz, J> =
2.0 Hz, 1H); 6.25 (s, 1H), 3.52 (s, 2H); '3C MNR (100 MHz,
CDCl3): 0 161.1, 149.3, 135.5, 135.3, 133.8, 133.3, 131.2, 129.9,
128.9, 127.8, 126.4, 125.0, 123.1 (q, J = 282.1 Hz), 116.2, 82.5 (q, J = 30.0 Hz), 29.5; IR
(KBr, ecm™): v 2921, 1747, 1245, 1178, 1101, 1045, 1031, 991, 804, 777, 701; HRMS (EI)
caled for CioH1102F3*°Cl2*, CioH1102F3%CIP7Cl* and Ci19H1102F3*’CL" ([M]Y): 386.0083,
388.0053 and 390.0024, found: 386.0086, 388.0063 and 390.0022; HPLC analysis (Daicel
Chiralpak AD-H column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol, flow rate: 0.9

Cl

Cl

mL/min): fr = 17.23 min (major), 20.06 min (minor).

(8)-6-phenyl-4-(thiophen-2-yl)-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-2-one (3ha)
0 Colorless oil, 54.1 mg, 83% yield, 99% ee, [a]p?® +189.7 (c 1.67,
CHCI3); 'HNMR (CDCl3, 400 MHz): 6 7.59-7.53 (m, 2H), 7.52 (d,
N ,//PC;Fs J=5.2Hgz, 1H), 7.46 (d, J = 3.6 Hz, 1H), 7.42-7.34 (m, 3H), 7.15 (dd,
\_s Ji =4.8 Hz, J> = 4.0 Hz, 1H), 6.17 (d, J = 2.0 Hz, 1H), 3.62 (d, J =
17.2 Hz, 1H), 3.50 (dd, J: = 17.2 Hz, J> = 2.0 Hz, 1H); HPLC analysis (Daicel Chiralpak
AD-H column, 4 = 254 nm, eluent: 90/10 hexane/2-propanol, flow rate: 0.9 mL/min): tr =

21.51 min (major), 26.18 min (minor).

(5)-4-(naphthalen-1-yl)-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one
(3ia)

Colorless oil, 37.7 mg, 51% yield, 96% ee, [a]p* +171.2 (c 0.87,
CHCI3); '"H NMR (CDCl3, 400 MHz): 6 7.88 (d, J = 8.0 Hz, 2H),
7.62-7.56 (d, J = 8.0 Hz, 2H), 7.54-7.37 (m, 7H), 7.20 (d, J = 6.8
Hz, 1H), 6.12 (d, J=2.4 Hz, 1H), 3.74 (dd, J: = 17.6 Hz, J> = 2.4

Fs
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Hz, 1H), 3.45 (d, J = 17.6 Hz, 1H); '*C MNR (100 MHz, CDCl3): § 161.2, 153.7, 135.5,
133.8, 133.7, 130.0, 129.8, 129.5, 128.9, 128.7, 127.0, 126.8, 126.6, 125.1, 124.5, 124.3,
123.3 (q, J = 282.0 Hz), 120.0, 82.9 (q, J = 30.5 Hz), 33.6; IR (KBr, cm™): v 2923, 1727,
1398, 1255, 1174, 1051, 869, 819, 700; HRMS (EI) caled for C22HisF302" ([M]Y):
368.1019, found: 368.1026; HPLC analysis (Daicel Chiralpak AD-H column, 4 = 254 nm,
eluent: 90/10 hexane/2-propanol, flow rate: 0.9 mL/min): fr = 8.41 min (major), 11.25 min

(minor).

(5)-4-butyl-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2 H-pyran-2-one (3ja)
o Colorless oil, 34.1 mg, 57% yield, 99% ee, [a]p*® +118.8 (c 0.55,
v\/i;o‘ CHCL); 'H NMR (CDCls, 400 MHz): & 7.54-7.47 (m, 2H),
| =CFs  7.44-7.38 (m, 3H), 5.74 (s, 1H), 3.15 (dd, J1 = 18.0 Hz, J> = 1.6
P Hz 1H), 3.01 (d, J = 17.6 Hz, 1H), 2.20 (1, J = 7.6 Hz, 2H),
1.51-1.33 (m, 2H), 1.30-1.10 (m, 2H), 0.86 (t, J = 7.6 Hz, 3H); *C MNR (100 MHz,
CDCl): 6 161.5, 157.8, 134.0, 129.6, 128.7, 126.4, 123.2 (q, J = 281.8 Hz), 115.7, 82.3 (q,
J=30.4 Hz), 36.6, 31.3, 28.0, 22.0, 13.7; IR (KBr, cm™): v 2933, 1741, 1452, 1238, 1172,
1047, 993, 871, 759, 719; HRMS (EI) caled for Ci6H17F302" ([M]%): 298.1175, found:
298.1182; HPLC analysis (Daicel Chiralpak AD-H column, 4 = 254 nm, eluent: 95/5

hexane/2-propanol, flow rate: 0.9 mL/min): fr = 11.39 min (major), 12.45 min (minor).
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4. Copies of '"H NMR and C NMR Spectra for products 3
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