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General Information: All reactions were carried out under Ar atmosphere using Schlenk technique,
whereas the work up was performed in air. 'H and '*C NMR spectra were recorded in CDCl; on Varian
Mercury 300, JEOL ECS400 and ECAS00 spectrometers. Enantiomeric excess was determined by HPLC
analysis using Shimadzu LC-10 and SPD-10AV equipped with DAICEL Chiralcel OJ-H, OD-H, OB-H and
Chiralpak AD-H, AS-H columns. Optical rotation was measured on JASCO DIP-1000. HRMS

measurements were carried out Thermo Fisher Schientific LTQ-Orbitrap XL.

Materials: All solvents used for reactions were passed through purification columns just before use.
Planar-chiral Cp’Ru complexes 1 were prepared as reported previously.! Cinnamyl chloride 2a was
purchased from TCI. Allylic chlorides were prepared by Corey-Kim chlorination of the corresponding
allylic alcohols.? All allylic chlorides were purified by distillation using glass tube oven. 1,3-Diketone (3e,?

3f,%3g,° 3h,° 3i,7 3j,% 3k,° 31" and 3m'? were synthesized according to the literature procedure.

Standard method of the catalytic reaction. To a solution of cinnamyl chloride (2a: 152.6 mg, 1.0 mmol),
(S)-1a (10.0pmol, 2 mol%), NaHCO; (100.8 mg, 1.20 mmol), and MS 3A (50 mg) in THF (2.0 mL) was
added 1-phenylbutene-1,3-dione (3a: 81 mg, 0.50 mmol). The mixture was stirred for 24 h at 25 °C. After
dilution with ether, the insoluble parts were filtered off. The solvent was evaporated under reduced pressure

and the residue oil was placed on a column of silica gel to give allylic compound 4a.


mailto:naokou@chem.sci.osaka-u.ac.jp

1-phenyl-2-(1-phenylallyl)butane-1,3-dione (4a)

O Me Flash chromatography over silica gel using hexane: ether (20:1) successively to give white
O Z solid (99% yield). After recrystallization of the product with hexane, the single
diastereomer of 4a was obtained in 60% yield. '"H NMR (CDCls, 300 MHz): § 8.07 (d, 2H,

J = 8.4 Hz, Ar), 7.64-7.47 (m, 3H, Ar), 7.36-7.18 (m, 5H, Ar), 5.83 (ddd, 1H, J = 17.2, 10.1, 7.0 Hz, -
CH=CH,), 5.12 (d, 2H, J = 11.3 Hz, PhCHCH-), 4.96 (dt, 2H, J = 17.2, 1.2 Hz, -CH=CH,), 4.93 (dt, 1H, J
=10.1, 1.2 Hz, =CH,), 4.49 (dd, 1H, J = 11.3, 7.0 Hz, PhCH-), 1.94 (s, 3H, -CHj3). 13C NMR (CDCl3, 101
MHz): § 202.5, 194.3, 139.7, 138.4, 137.1, 133.8, 128.9, 128.6, 128.3, 127.3, 116.3, 68.2, 50.0, 28.0. One
carbon peak was missing due to overlapping. HPLC analysis: Chiralcel OJ-H column, 100/4 (v/v), 0.75
mL/min, 254 nm; major enantiomer ¢ = 28.0 min, minor enantiomer ¢ = 35.2 min. 97% ee (S, S). [a]p?’ =—

8.5 (c 0.11, CHCl3). Caled for Cy9H;30,Na [M+Na*]: 301.1205, found: m/z = 301.1205.

1-phenyl- 2-(1-(4-methoxyphenyl)allyl)butane-1,3-dione (4b)

OO Z ° White solid (99%). '"H NMR (CDCl;, 300 MHz): major diastereomer: 8 8.07 (d, 2H, J =
MeO 7.2 Hz, Ar), 7.61-7.37 (m, 6H, Ar), 7.21 (d, 2H, J = 8.7 Hz, Ar), 6.87 (d, 2H, J = 8.7 Hz,
Ar), 5.81 (ddd, 1H, J=17.0, 10.3, 7.0 Hz, -CH=CH,), 5.21-4.90 (m, 6H, COCH-, -CH=CH,), 4.44 (dd, 1H,
J =11.4, 7.0 Hz, ArCH-), 3.78 (s, 3H, O -CH;), 1.95 (s, 3H, -CHj;). minor diastereomer: 6 7.84 (d, 2H, J
=7.3 Hz, Ar), 7.61-7.37 (m, 6H, Ar), 7.11 (d, 2H, J = 8.7 Hz, Ar), 6.72 (d, 2H, J = 8.7 Hz, Ar), 5.98 (ddd,
1H, J=17.0, 10.3, 7.0 Hz, -CH=CHy,), 5.21-4.90 (m, 6H, COCH-, -CH=CH,), 4.38 (dd, 1H, J=11.4,7.0
Hz, ArCH-), 3.70 (s, 3H, O -CH;), 2.22 (s, 3H, -CH3). 3C NMR (CDCl;, 101 MHz): 6 202.6, 194.3, 158.6,
138.7, 137.1, 133.7, 131.5, 129.3, 128.8, 128.6, 1 15.8, 114.3, 68.4, 55.2, 49.1, 27.9. [a]p*¢ = —6.3 (¢ 0.19,
CHCIy). Caled for CyoHy9O3Na [M+Na*]: 331.1310, found: m/z = 331.1306.

o O 1-phenyl-2-(1-(4-acetylphenyl)allyl)butane-1,3-dione (4¢)

O /Me White solid (99%). 'H NMR (CDCls, 300 MHz): major diastereomer: 6 8.08 (d, 2H, J= 8.3
Hz, Ar), 7.94 (d, 2H, J = 8.3 Hz, Ar), 7.63 (t, 1H, J= 7.5 Hz, Ar), 7.52 (t, 2H, J = 7.5 Hz,

Ar), 7.40 (d, 2H, J= 7.5 Hz, Ar), 5.81 (ddd, 1H, J=17.2, 10.0, 7.2 Hz, -CH=CH,), 5.15 (d,

1H, J=11.3 Hz, COCH-), 4.98 (d, 1H, J = 17.2 Hz, CH=CH,), 4.98 (d, 1H, J = 10.8 Hz, CH=CH,), 4.56
(dd, 1H, J=11.3, 7.2 Hz, ArCH-), 2.59 (s, 3H, CH5CO-), 1.95 (s, 3H, CH3). minor diastereomer: & 7.86 (d,
2H, J=8.5 Hz, Ar), 7.79 (d, 2H, J = 8.5 Hz, Ar), 7.52 (t, 1H, J = 8.3 Hz, Ar), 7.40 (t, 2H, J = 8.3 Hz, Ar),
7.31 (d, 2H, J = 8.3 Hz, Ar), 5.98 (ddd, 1H, J=17.0, 10.2, 8.5 Hz, -CH=CH,), 5.22 (d, 1H, J = 17.0 Hz,
CH=CH,), 5.16 (d, 1H, J = 10.2 Hz, CH=CH,), 5.09 (d, 1H, J = 11.2 Hz, COCH-), 4.50 (dd, 1H, J=11.2,
8.5 Hz, ArCH-), 2.50 (s, 3H, CH3CO-), 2.23 (s, 3H, CH;). 13C NMR (CDCl;, 126 MHz): § 202.7, 194.3,
158.6, 138.7, 137.1, 133.7, 131.5, 129.3, 128.8, 128.6, 128.5, 115.8, 114.3, 68.4, 55.2, 49.1, 27.9. HPLC

O

analysis: Chiralcel OD-H column, 100/1 (v/v), 1.0 mL/min, 254 nm; major enantiomer ¢ = 59.4 min, minor
enantiomer ¢ = 48.9 min. 93% ee. [a]p®®= -16.0 (¢ 0.20, CHCl;). HRMS (ESI): Calcd for Cy;H,00;3;Na
[M+Na*]: 343.1310, found: m/z = 343.1309.

0O 0 1-phenyl-2-(1-(4-(trifluoromethyl)phenyl)allyl)butane-1,3-dione (4d)



White solid (99%). 'H NMR (CDCl;, 300 MHz): major diastereomer:3 8.08-8.05 (m, 2H, Ar), 7.65-7.31
(m, 7H, Ar), 5.80 (ddd, 1H, J=17.6, 9.7, 7.0 Hz, -CH=CH,), 5.13 (d, 1H, J = 11.4 Hz, COCH-), 4.98 (d,
IH, J = 9.7 Hz, -CH=CH,), 4.97 (d, 1H, J = 17.6 Hz, -CH=CH,), 4.56 (dd, 1H, J=11.4, 7.0 Hz, ArCH-),
1.98 (s, 3H, -CH3). minor diastereomer: 6 7.86-7.83 (m, 2H, Ar), 7.65-7.31 (m, 7H, Ar), 5.97 (ddd, 1H, J =
17.9,9.7, 7.0 Hz, -CH=CH,), 5.21 (d, 1H, J = 17.9 Hz, -CH=CH,), 5.06 (d, 1H, J= 11.1 Hz, COCH-), 4.49
(dd, 1H, J =11.1, 7.0 Hz, ArCH-), 2.22 (s, 3H, -CH3). One proton peak of minor diastereomer was missing
due to overlapping with major diastereomer. 3C NMR (CDCl;, 101 MHz):8 201.7, 193.8, 144.0, 137.4,
136.8, 133.9, 129.4 (q, J=30.8 Hz), 128.9, 128.8, 128.6, 125.7, 123.94 (q, J=273.3 Hz) 117.1, 67.7, 49.5,
28.2. HPLC analysis: Chiralpak AD-H column, 100/4 (v/v), 0.75 mL/min, 254 nm; major enantiomer ¢ =
12.8 min, minor enantiomer ¢ = 13.6 min. 92% ee. [a]p?® = —49.8 (c 0.18, CHCIl;). HRMS (ESI): Calcd for
CyoH7F30,Na [M+Na*]: 369.1078, found: m/z = 369.1079.

o 0 1-(4-methoxyphenyl)-2-(1-phenylallyl)butane-1,3-dione (4¢)

MeO O /Me White solid (99%). 'H NMR (CDCl;, 300 MHz): major diastereomer: & 8.07 (d, 2H,

O J=9.1 Hz, Ar), 7.38-7.18 (m, S5H, Ar), 6.96 (d, 2H, J=9.1 Hz, Ar), 5.82 (ddd, 1H, J
= 17.1, 10.1, 7.0 Hz, -CH=CH,), 5.06 (d, 1H, J = 11.3 Hz, COCH-), 4.94 (dt, 1H, J = 17.1, 1.4 Hz, -
CH=CH,), 4.93 (dt, 1H, J=10.1, 1.4 Hz, -CH=CH,), 4.48 (dd, 1H, J = 11.3, 7.0 Hz, ArCH-), 3.88 (s, 3H,
OCH;), 2.20 (s, 3H, -CH3). minor diastereomer: 6 7.85 (d, 2H, J=9.1 Hz, Ar), 7.38-7.18 (m, 5H, Ar), 6.84
(d, 2H, J=9.1 Hz, Ar), 6.06 (ddd, 1H, J=17.1, 10.1, 7.0 Hz, -CH=CH,), 5.35 (dt, |H, J=17.1, 1.4 Hz, -
CH=CH,), 5.20 (dt, 1H, J=10.1, 1.4 Hz, -CH=CH,), 5.00 (d, 1H, /= 11.7 Hz, COCH-), 4.42 (dd, 1H, J =
11.7, 7.0 Hz, ArCH-), 3.82 (s, 3H, OCH3), 1.94 (s, 3H, CH;). 3C NMR (CDCl;, 101 MHz): § 202.9, 192.4,
164.1, 139.7, 138.5, 131.3, 130.0, 128.8, 128.2, 127.1, 116.1, 114.0, 67.8, 55.5, 49.7, 27.7. HPLC analysis:
Chiralpak AD-H column, 100/4 (v/v), 0.75 mL/min, 254 nm; major enantiomer ¢ = 18.5 min, minor
enantiomer ¢ = 21.6 min. 92% ee. [a]p?’ = —45.0 (¢ 0.27, CHCI3). Caled for C,H0O3Na [M+Na*]:
331.1310, found: m/z =331.1310.

o O 1-(4-fluorophenyl)-2-(1-phenylallyl)butane-1,3-dione (4f)

F O /Me Yellow solid (88%)."H NMR (CDCl;, 300 MHz): major diastereomer: 8 8.12 (d, 2H, J

O = 8.8 Hz, Ar), 8.11 (d, 2H, J = 8.8 Hz, Ar), 7.36-7.01 (m, 5H, Ar), 5.81 (ddd, 1H, J =
17.3, 10.0, 7.3 Hz, -CH=CH,), 5.06 (d, 1H, J = 11.1 Hz, COCH-), 4.95 (d, 1H, J = 17.3 Hz, -CH=CH,),
494 (d, 1H, J = 10.0 Hz, -CH=CH,), 4.47 (dd, 1H, J = 11.1, 7.3 Hz, ArCH-), 1.94 (s, 3H, CH3). minor
diastereomer: 6 7.87 (d, 2H, J= 8.8 Hz, Ar), 7.86 (d, 2H, J = 8.8 Hz, Ar), 7.36-7.01 (m, 5H, Ar), 5.99 ( ddd,
17.3, 10.0, 7.3 Hz, -CH=CH,), 5.20 (d, 1H, J = 17.3 Hz, -CH=CH,), 5.13 (d, 1H, J = 10.0 Hz, -CH=CH,),
5.00 (d, 1H, J = 10.9 Hz, COCH-), 4.40 (dd, 1H, J = 10.9, 7.3 Hz, ArCH-), 2.23 (s, 3H, CHj;). 3C NMR
(CDCl;, 101 MHz): 6 202.5, 192.7, 167.2, 164.7, 133.5, 131.7, 131.2, 128.9,128.2, 127.4 (d, J = 30.8 Hz),
116.3, 116.1, 68.1, 49.9, 27.7. HPLC analysis: Chiralcel OJ-H column, 100/1 (v/v), 0.75 mL/min, 254 nm;
major enantiomer ¢ = 44.0 min, minor enantiomer ¢ = 83.4 min. 86% ee. [a]p?’ = 5.2 (¢ 0.14, CHC]l;). Calcd

for C19H;70,FNa [M+Na*]: 319.1110, found: m/z =319.1109.



O O 1-(naphthalen-2-yl)-2-(1-phenylallyl)butane-1,3-dione (4g)

OO /Me White solid (91%)."H NMR (CDCl3, 300 MHz): major diastereomer: 8 8.63 (s, 1H, Ar),

O 8.09 (d, 1H, J = 8.5 Hz, Ar), 8.03 (d, 1H, J = 8.5 Hz, Ar), 7.92 (d, 1H, J = 8.5 Hz, Ar),
7.88 (d, IH, J = 8.5 Hz, Ar), 7.66-7.51 (m, 2H, Ar), 7.38-7.03 (m, 5H, Ar), 5.86 (ddd, /= 17.1, 10.1, 7.0
Hz, -CH=CH,), 5.28 (d, /= 11.4 Hz, COCH-), 4.99 (d, 1H, J= 17.1 Hz, -CH=CH,), 4.94 (d, 1H, J=10.1
Hz, -CH=CH,), 4.55 (dd, 1H, J = 11.4, 7.0 Hz, ArCH-), 1.99 (s, 3H, CH3). minor diastereomer: & 8.42 (s,
1H, Ar), 7.66-7.51 (m, 2H, Ar), 7.38-7.03 (m, 2H, Ar), 6.12-5.98 (m, 1H, -CH=CH,), 5.36 (d, 1H, J=17.3
Hz, -CH=CH,), 5.22 (d, 1H, J = 11.4 Hz, COCH-), 5.15 (d, 1H, J=10.3 Hz, -CH=CH,), 4.48 (dd, 1H, J =
11.4, 7.0 Hz, ArCH-), 2.26 (s, 3H, CH;). Four proton peaks of minor diastercomer were missing due to
overlapping with major diastereomer. 3C NMR (CDCl;, 126 MHz): & 202.6, 194.1, 139.6, 138.4, 135.7,
134.4, 132.4, 131.0, 129.8, 129.0. 128.9, 128.8, 128.3, 127.7, 127.2, 126.9, 124.0, 116.3, 68.2, 50.0, 27.9.
HPLC analysis: Chiralcel OD-H column, 100/2 (v/v), 0.75 mL/min, 254 nm; major enantiomer ¢ = 19.5
min, minor enantiomer ¢ = 17.6 min. 84% ee. [a]p?’ = —97.4 (¢ 0.14, CHCI3). Caled for Cy3H,00O;Na
[M+Na*]: 351.1361, found: m/z = 351.1361.

O o 1-(naphthalen-1-yl)-2-(1-phenylallyl)butane-1,3-dione (4h)
OO Me Colorless oil (92%).'"H NMR (CDCl;, 300 MHz): 6 major diastereomer: & 8.59 (d, 1H,
O o Ar), 8.13 (d, 1H, J= 7.3 Hz, Ar), 8.04 (d, 1H, J = 7.3 Hz, Ar), 7.90 (d, I1H, J= 7.3 Hz,
Ar), 7.66-7.05 (m, 7H, Ar), 5.90 (ddd, J = 17.2, 10.0, 7.6 Hz, -CH=CH,), 5.17 (d, J =
11.4 Hz, COCH-), 5.10 (d, 1H, J=17.2 Hz, -CH=CH,), 4.97 (d, 1H, J = 10.0 Hz, -CH=CH,), 4.56 (dd, 1H,
J=114, 7.6 Hz, ArCH-), 2.04 (s, 3H, CH3). minor diastereomer: 6 7.99 (d, 1H, J = 7.3 Hz, Ar), 7.79 (d,
IH, J = 7.3 Hz, Ar), 7.66-7.05 (m, 7H, Ar), 6.10-5.96 (m, 1H, -CH=CH,), 5.15 (d, 1H, J = 10.0 Hz, -
CH=CH,), 5.08 (d, IH, J=11.1 Hz, COCH-), 4.49 (dd, 1H, J=11.1, 7.6 Hz, ArCH-), 2.34 (s, 3H, CHj3).
Three proton peaks of minor diastereomer were missing due to overlapping with major diastereomer. 13C
NMR (CDCl;, 126 MHz): 6 202.9, 197.2, 139.7, 138.3, 133.9, 133.7, 133.2, 130.1, 129.8, 128.9, 128.4,
127.2, 126.7, 125.6, 124.3, 116.6, 71.5, 51.1, 28.4. Two carbon peaks were missing due to overlapping.
HPLC analysis: Chiralcel OJ-H column, 200/1 (v/v), 1.0 mL/min, 254 nm; major enantiomer ¢ = 106.8 min,
minor enantiomer ¢ = 90.2 min. 90% ee. [a]p?’ = 15.7 (¢ 0.12, CHCI3). Calced for C,3Hy0O,Na [M+Na']:
351.1361, found: m/z =351.1360.

0O O 4,4-dimethyl-1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4i)

O /'BU White solid (79%).'H NMR (CDCl;, 300 MHz): major diastereomer: & 8.07 (d, 2H, J =

O 7.3 Hz, Ar), 7.61 (t, 1H, J= 7.3 Hz, Ar), 7.53 (t, 1H, J = 7.3 Hz, Ar), 7.33-7.26 (m, 4H, Ar),
5.90 (ddd, 1H, J=16.8, 10.0, 8.9 Hz, -CH=CH,), 5.51 (d, 1H, J=11.0 Hz, COCH-), 4.98 (d, 1H, J=16.8
Hz, -CH=CH,), 4.84 (d, 1H, J = 10.0 Hz, -CH=CH,), 4.43 (dd, 1H, J = 11.0, 8.9 Hz, ArCH-), 1.06 (s, 9H,
‘Bu). minor diastereomer: & 7.69 (d, 2H, J= 7.3 Hz, Ar), 7.42 (t, 1H, J= 7.3 Hz, Ar), 7.33-7.26 (m, 3H, Ar),
7.20 (t, 1H, J= 7.3 Hz, Ar), 7.10 (t, 2H, J = 7.3 Hz, Ar), 6.99 (t, 1H, J = 7.3 Hz, Ar), 6.12 (ddd, 1H, J =
16.8, 10.5, 8.5 Hz, -CH=CH,), 5.47 ( d, 1H, J = 10.3 Hz, COCH-), 5.09 (d, 1H, J = 10.5 Hz, -CH=CH,),
5.08 (d, 1H, J = 16.9 Hz, -CH=CH,), 4.40 (dd, 1H, J = 10.3, 8.5 Hz, ArCH-), 0.77 (s, 9H, ‘Bu). 3C NMR



(CDCl;, 101 MHz): 8 206.4, 194.0, 141.3, 137.5, 137.2, 133.3, 128.8, 128.7, 128.4, 128.2, 126.8, 117.3,
60.5, 52.4, 44.8, 25.8. HPLC analysis: Chiralcel OJ-H column, 100/1 (v/v), 0.75 mL/min, 254 nm; major
enantiomer ¢ = 14.6 min, minor enantiomer ¢ = 13.9 min. 70% ee. [0]p?’ = —161.9 (¢ 0.15, CHCI;). Caled

for C»,H,,0,Na [M+Na*]: 343.1674, found: m/z = 343.1673.

0O O 4-methyl-1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4j)

O /iPr White solid (93%).'"H NMR (CDCl;, 300 MHz): major diastereomer: § 8.08 (d, 2H, J= 7.1

O Hz, Ar), 7.60 (t, IH, J= 7.1 Hz, Ar), 7.50 (t, 2H, J = 7.1 Hz, Ar), 7.38-7.13 (m, 5H, Ar),
5.86 (ddd, 1H, J=17.1, 10.1, 7.6 Hz, -CH=CH,), 5.27 (d, 1H, J=11.0 Hz, COCH-), 4.97 (dt, I1H, J=17.1,
1.1 Hz, -CH=CH,), 4.92 (dt, 1H, J=10.0, 1.1 Hz, -CH=CH,), 4.52 (dd, 1H, J= 11.0, 7.6 Hz, ArCH-), 2.57
(hept, 1H, J = 6.9 Hz, CH), 0.66 (d, 3H, J = 6.9 Hz, CH;), 0.64 (d, 3H, J = 6.9 Hz, CH3). minor
diastereomer: 6 7.80 (d, 2H, J= 7.1 Hz, Ar), 7.49 (t, 1H, J= 7.1 Hz, Ar), 7.38-7.03 (m, 7H, Ar), 6.01 (ddd,
1H,J=17.1, 10.1, 8.2 Hz, -CH=CH,), 5.22 (d, 1H, J=11.0 Hz, COCH-), 5.11 (dt, IH, J=17.1, 1.1 Hz, -
CH=CH,), 5.09 (d, 1H, J = 10.1, 1.1 Hz, -CH=CH,), 4.47 (dd, 1H, J = 11.0, 8.2 Hz, ArCH-), 2.87 (hept,
1H, J= 6.9 Hz, CH), 1.00 (d, 3H, J = 6.9 Hz, CH3), 0.99 (d, 3H, J = 6.9 Hz, CH3). 13C NMR (CDCl;, 101
MHz): 6 207.3, 194.0, 140.4, 138.1, 137.3, 133.5, 128.8, 128.6, 128.4, 126.9, 116.4, 66.2, 50.3, 40.4, 18.5,
17.7. HPLC analysis: Chiralpak AD-H column, 100/1 (v/v), 0.75 mL/min, 254 nm; major enantiomer ¢ =
17.4 min, minor enantiomer ¢ = 18.9 min. 94% ee. [a]p?® = —63.3 (¢ 0.11, CHCI;). Caled for C,;H»,0,Na
[M+Na*]: 329.1518, found: m/z = 329.1518.

0O O 1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4k)

O /Et Colorless oil (84%).'"H NMR (CDCl;, 300 MHz): major diastereomer: & 8.07 (d, 2H, J =

O 7.3 Hz, Ar), 7.60 (t, 1H, J= 7.3 Hz, Ar), 7.50 (t, 2H, J = 7.3 Hz, Ar), 7.39-7.17 (m, 5H, Ar),
5.85(ddd, 1H, J=17.2,10.1, 7.2 Hz, -CH=CH,), 5.14 (d, 1H, J=11.4 Hz, COCH-), 4.96 (dt, 1H, J=17.2,
1.1 Hz, -CH=CH,), 4.94 (dt, 1H, J=10.1, 1.1 Hz, -CH=CH,), 4.50 (dd, 1H, J=11.4, 7.2 Hz, ArCH-), 2.29
(t, 1H, J=7.3 Hz, CH,), 2.26 (t, 1H, J= 7.3 Hz, CH>), 0.68 (t, 3H, J= 7.3 Hz, CH3). minor diastereomer: &
7.83 (d, 2H, J = 7.3 Hz, Ar), 7.39-7.10 (m, 7H, Ar), 5.99 (ddd, 1H, J=17.2, 10.1, 7.2 Hz, -CH=CH,), 5.10
(d, 1H, J=11.4 Hz, COCH-), 4.45 (dd, 1H, J=11.4, 7.2 Hz, ArCH-), 0.97 (t, 1H, J = 7.3 Hz, CH,). Five
proton peaks of minor diastereomer were missing due to overlapping with major diastercomer. '3C NMR
(CDCls5, 101 MHz): 6 204.8, 194.3, 139.9, 138.4, 137.1, 133.7, 128.9, 128.6, 128.5, 128.3, 127.2, 116.3,
67.5, 50.0, 34.6, 7.3. HPLC analysis: Chiralcel OJ-H column, 200/1 (v/v), 0.5 mL/min, 254 nm; major
enantiomer ¢ = 61.1 min, minor enantiomer ¢ = 44.5 min. 92% ee. [a]p?’ = —7.6 (¢ 0.18, CHC]l;). Calcd for

CyoH00O,Na [M+Na*]: 315.1361, found: m/z = 315.1361.

O O 1-phenyl-2-(1-phenylallyl)heptane-1,3-dione (41)
O /”Bu Colorless oil (127 mg, 79%). '"H NMR (CDCl;, 500 MHz): major diastereomer: & 8.07
O (d, 2H, J = 7.5 Hz, Ar), 7.60 (t, 1H, J = 7.5 Hz, Ar), 7.50 (t, 2H, J = 7.5 Hz, Ar), 7.34-
7.16 (m, 5H, Ar), 5.84 (ddd, 1H, J = 17.0, 10.1, 7.2 Hz, -CH=CH,), 5.15 (d, 1H, J = 11.0 Hz, COCH-),
4.96 (dt, 1H, J=17.0 Hz, -CH=CH,), 4.93 (dt, 1H, /= 10.1 Hz, -CH=CH,), 4.50 (dd, 1H, J=11.0, 7.2 Hz,



ArCH-), 2.25 (t, 1H, J = 7.3 Hz, CH,), 1.23-1.08 (m, 2H, CH,), 0.95 (hex, 2H, J = 7.3 Hz, CH,), 0.67 (t,
3H, J = 7.3 Hz, CHj3). minor diastereomer: 6 7.83 (d, 2H, J= 7.5 Hz, Ar), 7.37 (t, 2H, J= 7.5 Hz, Ar), 7.34-
7.07 (m, 6H, Ar), 5.99 (ddd, 1H, J = 17.2, 10.1, 7.2 Hz, -CH=CH,), 5.09 (d, 1H, J = 11.1 Hz, COCH-),
4.54 (dd, 1H, J=11.0, 7.2 Hz, ArCH-), 2.56 (t, 2H, J = 7.3 Hz, CH,), 1.46 (pent, 2H, J = 7.3 Hz, CH,),
1.23-1.08 (m, 2H, CH,), 0.83 (t, 1H, J = 7.3 Hz, CH,). *C NMR (CDCls, 126 MHz): 3 204.3, 194.3, 139.9,
138.5, 137.2, 133.7, 128.8, 128.8, 128.4, 127.1, 116.2, 67.7, 50.0, 40.9, 25.0, 21.7, 13.6. HPLC analysis:
Chiralpak AD-H column, 100/1 (v/v), 1.0 mL/min, 254 nm; major enantiomer ¢ = 13.6 min, minor
enantiomer ¢ = 19.2 min. 90% ee. [a]p>?>= -81.6 (¢ 0.055, CHCl;). HRMS (ESI): Calcd for C,H,0,Na
[M+Na*]: 343.1674, found: m/z = 343.1673.

o o 5,5-dimethyl-3-(1-phenylallyl)hexane-2,4-dione (4m)

ééﬂe Colorless oil (81%)."H NMR (CDCl;, 300 MHz): major diasterecomer: 8 7.39-7.14 (m, 5H,

Ar), 5.78 (ddd, 1H, J=17.1, 10.0, 8.0 Hz, -CH=CH,), 5.00 (d, 1H, J = 17.1 Hz, -CH=CH,),
498 (d, 1H, J = 10.1 Hz, -CH=CH,), 4.45 (d, 1H, J = 11.5 Hz, COCH-), 4.22 (dd, 1H, J = 11.5, 8.0 Hz,
ArCH-), 1.88 (s, 3H, CHs), 1.14 (s, 9H, ‘Bu). minor diastereomer: 6 7.39-7.14 (m, SH, Ar), 6.01 (ddd, 1H, J
=17.2,10.2,9.0 Hz, -CH=CH,), 5.20 (d, 1H, J=17.2 Hz, -CH=CH,), 5.12 (d, 1H, J = 10.2 Hz, -CH=CH,),
4.61 (d, 1H, J=11.3 Hz, COCH-), 4.18 (dd, 1H, J=11.3, 9.0 Hz, ArCH-), 2.19 (s, 3H, CH3), 0.75 (s, 9H,
‘Bu). 13C NMR (CDCIl;, 101 MHz): 8 208.7, 203.5, 140.6, 138.6, 128.9, 128.1, 127.2, 116.8, 70.2, 51.8,
45.8, 27.4, 26.0. HPLC analysis: Chiralcel OJ-H column, 100/1 (v/v), 0.75 mL/min, 254 nm; major
enantiomer ¢ = 11.5 min, minor enantiomer ¢ = 15.2 min. 92% ee. [a]p?°=-15.4 (¢ 0.12, CHCI3). Calcd for

C17H»,O,Na [M+Na*]: 281.1518, found: m/z =281.1513.

0 (IJ O OH OH OH
Ph)ﬁ \\LMe DIBAL-H Ph ‘LMe + Ph)j ‘L Me
Ph-##  toluene, -78 °C  pp wZ#
4a 5 6a
dr > 20/1 20%° 65%°
99% ee 99% ee

The diastereoselective reduction of 4a: To a toluene solution (0.25 mL) of 4a (30 mg, 0.11 mmol) was



added dropwise a 1.0 M toluene solution of diisobutylaluminium hydride (0.5 mL, 0.5 mmol) at —78 °C,
and the mixture was stirred for 1 h. The reaction was warmed to room temperature, and stirred for 12 h.
The mixture was cooled to -78 °C and, quenched by the addition of a saturated potassium sodium tartrate
solution (5.0 mL) and the mixture was allowed to warm to room temperature and stirred for 1 h. The
reaction mixture was extracted with ethyl acetate. Combined organic layer was washed with brine and dried
over Na,SOy. The solvent was removed by evaporation to give yellow oil. The oil was purified by silica gel
column chromatography (eluent: dichloromethane/ethyl acetate = 8/2) to give colorless oil of 5a (4 mg,
26%) and 6a (20 mg, 65%).

2-(1-hydroxyethyl)-1,3-diphenylpent-4-en-1-one (5a): White solid (26%). 'H NMR (CDCl;, 400 MHz):
8 7.96 (dd, 2H, J = 7.3, 1.3 Hz, Ar), 7.61 (dt, 1H, J= 7.3, 1.3 Hz, Ar), 7.51 (t, 2H, J = 7.3 Hz, Ar), 7.38-
7.35 (m, 4H, Ar), 7.20-7.23 (m, 1H, Ar), 5.89 (ddd, 1H, J=16.9, 10.1, 8.9 Hz, -CH=CHy,), 4.97 (dt, |H, J =
16.9, 1.3 Hz, -CH=CH,), 4.83 (ddd, 1H, J=10.1, 1.3, 0.7 Hz, -CH=CH,), 4.07 (t, |H, J= 11.0 Hz, -CHPh),
3.89 (dd, 1H, J=11.0, 2.8 Hz, CH), 3.63 (m, 1H, -(OH)CHCHj;), 3.21 (d, 1H, J = 10.7 Hz, -(OH)CHCH3;),
1.05 (d, 3H, J = 6.6 Hz, -(OH)CHCHj;). *C NMR (CDCl;, 101 MHz): § 206.4, 141.4, 139.1, 138.5, 133.6,
128.8, 128.4, 128.2, 126.9, 116.7, 77.2, 670 54.5, 51.0, 22.9.

1-phenyl-2-(1-phenylallyl)butane-1,3-diol (6a): Colorless oil (65%)."H NMR (CDCl;, 400 MHz): § 7.40-
7.18 (m, 10H, Ar), 5.58 (ddd, 1H, J=17.0, 10.1, 8.7 Hz, -CH=CH,), 5.35 (br, 1H, -(OH)CHPh), 4.82 (ddd,
1H,J=17.0, 1.6, 1.1. Hz, -CH=CH,), 4.69(ddd, 1H, J=10.1, 1.6, 0.7 Hz, -CH=CH,), 3.98 (qd, 1H, J= 6.5,
2.3 Hz, -(OH)CHCHs), 3.91 (t, IH, J = 8.5 Hz, -CHPh), 3.46 (br, 1H, -(OH)CHPh), 2.26 (dt, 1H,J = 8.5,
2.3 Hz, CH), 1.94 (br, 1H, -(OH)CHCHj3), 1.27 (d, 3H, J = 6.5 Hz, CH3), 1*C NMR (CDCls, 101 MHz): 8
143.7, 143.6, 140.9, 128.7, 128.3, 128.0, 126.6, 126.4, 126.2, 114.8, 71.6, 68.6, 53.9, 48.0, 22.2. HPLC
analysis: Chiralcel OJ-H column, 90/10 (v/v), 0.5 mL/min, 230 nm; major enantiomer ¢ = 17.2 min, minor
enantiomer ¢ = 21.9 min. 99% ee. [a]p?! = —13.5 (¢ 0.16, CHCI3). Caled for C;oH,,0,Na [M+Na*]:
305.1518, found: m/z =281.1515.

Determination of the relative configuration of 6a by Rychnovsky’s method.

MeO_ OMe

OH OH X O><O
TsOH (cat.
Ph /Me SOH (cat.) Ph)ﬁMe
Ph benzene Ph =
6a 7a

Synthesis of 7: A solution of 6a (46 mg, 0.16 mmol), 2,2-dimethoxypropane (1.0 mL) and a catalytic
amount of p-toluenesulfonic acid in benzene (1.0 mL) was stirred for 4 h at room temperature. To the
solution was added sodium hydrogen carbonate aqueous solution, and the mixture was diluted with ethyl
acetate, and the organic layer was washed with water and dried with Na;SO4,. After removal of the solvents,

the residue was purified by silica gel column chromatography (n-hexane/diethyl ether = 50/1) to give



colorless oil (50 mg, 98%). 'H NMR (CDCl;, 400 MHz): 7.22-7.05 (m, 8H, Ar), 6.90 (d, 2H, J = 6.9 Hz,
Ar), 5.77 (ddd, 1H, J = 16.9, 10.2, 8.9 Hz, -CH=CH,), 5.26 (d, 1H, J = 4.4 Hz, -CHCH(-O)Ph), 4.61 (dd,
1H, J=10.2, 1.4 Hz, -CH=CH,), 4.56 (dd, 1H, J = 16.9, 1.4 Hz, -CH=CH,), 3.73 (quin, 1H, J = 6.4 Hz, -
CHC(-O)CH3), 3.45 (dd, 1H, J= 8.9, 6.4 Hz, PhCH-), 2.38 (td, 1H, J = 6.4, 4.4 Hz, -CH(-CH)CH-), 1.40 (s,
3H, CH;), 1.34 (s, 3H, CH3), 1.16 (d, 3H, J = 6.4 Hz, -CHC(-O)CHj3), 3C NMR (CDCl;, 101 MHz): 145.5,
140.0, 139.8, 128.2, 128.0, 127.6, 126.4, 125.7, 114.4, 100.9, 69.9, 67.7, 53.5, 48.9, 25.8, 24.3, 21.8. Two

carbon peaks were missing due to overlapping. [a]p® = +10.5 (¢ 0.29, CHCI;). Caled for CHy0,Na
[M+Na*]: 345.1830, found: m/z = 345.1829.

13C chemical shifts of methyl groups in 1,3-diol acetonides.
25.8 24.3

™o

Ph/_ji\/Me
Ph

Determination of the absolute configuration of 7 by NOE analysis.

2,2,4-trimethyl-6-phenyl-5-((:S)-1-phenylallyl)-1,3-dioxane (7)

NOE

NOE
¢ /\HA\‘
O O 25.8 ppm Me Ph_H
SN <G

Ph w Me 24.3 ppm me” "0 q Me J“J

NOE
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Figure S1. NOESY (400 MHz, in CDCl; at 303 K) spectrum of 7.



Table S1. Screening of Solvent.

0O 0 (S)-1a (2.0 mol%) 9 ¢ o 0
PN+ > o Ph
Ph NaHCO; (1.2 mmol)
"// X
1.0 mmol 0.50 mmol solvent (2.0 mL) Ph Ph
2a 3a 25 C,16h 4a 5a
MS 3A

entry solvent yield? 4a/5a® dr of 4a® ee of 4a°
1 THF 99 >20/1 5/1 97
2 Dioxane 99 >20/1 31 91
3 DME 99 >20/1 6/1 89
4 Acetone 92 >20/1 6/1 84
5 DMF 99 >20/1 11 94
6 CH,Cl, 99 >20/1 3/1 79
7 Toluene trace - - _

“cat/NaHCO5;/2a/3a = 0.0072/1.2/0.50/1.0 mmol in solvent (2.0 mL) at 25 °C. ®Determined by 'H NMR
spectroscopic analysis of crude reaction mixtures. “Determined by HPLC analysis on a chiral stationary

phase.

Table S2. Effect of Temperature®.



0O 0 (512 (2.0 mol%) _ o ¢
PN e ¢ NN Ph “J\ +  Ph
NaHCO, (12 mmoly.

1.0 mmol 0.50 mmol THF (2.0 mL) Ph
2a 3a 16h 4a 5a
MS 3A

entry  temperature ('C) yield? 4a/5a’ dr of 4a® ee of 4a°
1 30 99 >20/1 5/1 93
2 25 99 >20/1 5/1 97
3 20 99 >20/1 5/1 93
4 15 99 >20/1 6/1 95
59 10 99 >20/1 6/1 91
69 5 99 >20/1 6/1 92
7¢ 0 99 >20/1 7/1 92

“cat/NaHCO5/2a/3a = 0.0072/1.2/0.50/1.0 mmol in THF (2.0 mL). *Determined by "H NMR spectroscopic
analysis of crude reaction mixtures. “Determined by HPLC analysis on a chiral stationary phase.’Reaction
time for 2 days. “Reaction time for 3 days.

Table S3. Screening of Reaction Time“.

O O O O
O O  (SHa(20 mol% |
PN+ o A PR Ph
NaHCO; (1.2 mmol
vy P X

1.0 mmol 0.50 mmol THF (2.0 mL) Ph Ph

2a 3a 25 C 4a 5a
MS 3A

entry Reaction time (h)  yield(%)® 4a/5a dr of 4aP ee of 4a°
1 4 42 >20/1 5/1 -
2 8 94 >20/1 5/1 90
3 12 99 >20/1 5/1 95
4 24 99 >20/1 5/1 97

“cat/NaHCO3/2a/3a = 0.0072/1.2/0.50/1.0 mmol in THF (2.0 mL) at 25 °C. bDetermined by 'H NMR
spectroscopic analysis of crude reaction mixtures. “Determined by HPLC analysis on a chiral stationary
phase.

Table S4. Stoichiometry of Substarates®.



0O © (S)-1a (2.0 mol%) o9 Q a
PR NNe e NN e Ph
NaHCO3 (1.2 mmol) y S
THF(2.0 mL), 25 °C, Ph” 7 Ph
2a 3a 16h 4a 5a
MS 3A
entry 2a : 3a (mmol) yield(%)? 4a/5aP dr of 4a® ee of 4a°

1 1.0:0.50 99 >20/1 5/1 97

2 0.60:0.50 90 >20/1 5/1 91

3 0.50:1.0 90 >20/1 5/1 96

“cat/NaHCO; = 0.0072/1.2 mmol in THF (2.0 mL) at 25 °C. Determined by 'H NMR spectroscopic

analysis of crude reaction mixtures. “Determined by HPLC analysis on a chiral stationary phase.

1-phenyl-2-(1-phenylallyl)butane-1,3-dione (4a)
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1-phenyl-2-(1-(4-acetylphenyl)allyl)butane-1,3-dione (4c)
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1-(4-fluorophenyl)-2-(1-phenylallyl)butane-1,3-dione (4f)
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1-(naphthalen-2-yl)-2-(1-phenylallyl)butane-1,3-dione (4g)
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4,4-dimethyl-1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4i)
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1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4k)
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(1-hydroxyethyl)-1,3-diphenylpent-4-en-1-one (5a)
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1-phenyl-2-(1-phenylallyl)butane-1,3-diol (6a)

5

3 (ppm)
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

3 (ppm)



(4S,5S5,6R)-2,2,4-trimethyl-6-phenyl-5-((S)-1-phenylallyl)-1,3-dioxane (7a)
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1-phenyl-2-(1-phenylallyl)butane-1,3-dione (4a)



0.20

0.15
0.10
0.05
0.00
14 16 18 20 22 24 26 28 30 32
NO RT i REI BC
1 14.95 1710744 12. 340 BY
2 16. 59 1479855 10. 675 VB
3 25 M 5368841 38. 721 BB
4 30. 1M 5303731 38. 258 BB
13863171 100. 000
0.05
0.04
0.03
0.02
0.m
0.00
14 16 18 20 22 24 26 28 30 32 34 36
NO RT [ REN BC
1 14.93 464083 25,674 BB
2 16. 84 7688 0.425 BB
3 28. 00 1319037 72.972 EB
4 35.17 16794 0.929 BB
1807602 100. 000

1-phenyl-2-(1-(4-acetylphenyl)allyl)butane-1,3-dione (4c)
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504
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16 17 18 19 20 21 22 23 24 25
min
FPeak Table
Uv=Vis Chil 254nm
Peak Retention Time Area High Area Percent
1 18.529 4310296 168793 42.074
2 20.245 704183 25507 6.874
3 21573 4462192 147072 43.556
4 22715 T67975 25193 7.496
& 10244647 366564 100.000
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4 2259 BE360 1593 2702
=it 2085873 78548 100.000

1-phenyl-2-(1-(4-(trifluoromethyl)phenyl)allyl)butane-1,3-dione (4d)
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2 11.426 20374 1270 0.856
3 12.790 1672628 87936 70.296
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& 2379418 131665 100,000

1-(4-methoxyphenyl)-2-(1-phenylallyl)butane-1,3-dione (4e)
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1-(4-fluorophenyl)-2-(1-phenylallyl)butane-1,3-dione (4f)
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1-(naphthalen-2-yl)-2-(1-phenylallyl)butane-1,3-dione (4g)
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2 16. 32 374820 9.8M1 BV
3 17. 63 1525036 40, 164 VB
4 19. 62 1509885 39. 764 BB

3797067 100. 000
13 14 15 16 17 18 19 20 21

NO RT mH REI BC
1 14.57 35923 1.238 BB
2 16. 23 451832 15.575 BY
3 17.57 192332 6. 630 VB
4 19. 48 2220927 16. 557 BB

2901014 100. 000



1-(naphthalen-1-yl)-2-(1-phenylallyl)butane-1,3-dione (4h)
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0.04 N
0.02
0.00 —
40 60 80 100 120 140 160 160 200
NO RT m RE1
1 65. 72 6222124 15. 555
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3 128. 70 13618554 34. 046
4 158. 01 13511486 33.718
40000674 100. 000
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0.15 3 5 i
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40 60 80 100 120 140 160 180 200
NO RT m BE1
1 65. 27 18116972 19. 766
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4 152. 74 68444175 74.674

91657873 100. 000



4,4-dimethyl-1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4i)

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.0
0.00

0 1 12 13 14 15 16 17 18 19 20 21
NO RT i RET BC
1 9.52 1001642 10. 632 BY
2 13. 86 3690076 39.170 Vv
3 14. 64 3726234 39, 554 Vv
4 18.73 1002751 10. 644 BB

9420703 100. 000
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0 1 12 13 14 15 16 17 18 19 20 21
NO RT M RET BC
1 9.59 1387654 15. 906 v
2 14. 24 1068516 12. 248 vV
3 14.92 5960807 68. 326 W
4 18.17 307059 3. 520 BB

8724036 100. 000



4-methyl-1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4j)
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=it 7009944 313500 100,000



1-phenyl-2-(1-phenylallyl)pentane-1,3-dione (4k)
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1-phenyl-2-(1-phenylallyl)heptane-1,3-dione (41)
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10 12 14 16 18 20 22 24
NO RT i BET BC
1 13.63 1445303 36. 631 BY
2 16. 09 523356 13 264 W
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4 19,27 1453503 36. 839 W
3945606 100, 000
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NO RT m BE BC
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2 15 04 413146 16 377 W
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4 19.19 104135 4128 BB
2522716 100. 000



5,5-dimethyl-3-(1-phenylallyl)hexane-2,4-dione (4m)
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1-phenyl-2-(1-phenylallyl)butane-1,3-diol (6a)
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