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Experimental Section

General Information: Unless otherwise noted, material were purchased from
commercial suppliers and used without further purification. cyclohexanone and
cyclopentanone were freshly distilled. Hexane and ethyl acetate for flash column
chromatography were distilled before use. Flash column chromatography was
performed using 200-300 mesh silica gel. '"HNMR spectra were recorded on a
Brucker-300 (300 MHz) spectrophotometer. Chemical shifts are reported in ppm from
the solvent resonance as the internal standard (CDCl;: 7.26 ppm). Data are reported as
follows: chemical shift, multiplicity (s = single, d = doublet, t =triplet, q = quartet, br =
broad, m = multiplet), coupling constants (Hz) and integration. Chiral HPLC was
performed on Waters 2996 series with chiral columns (Chirapak AD-H, AS-H, OD-H
columns, Daicel Chemical Ind., Ltd.). Catalysts 1 and 2 were prepared according to
literature procedure’

General procedure for the Aldol reaction

To a mixture of catalyst 1 (0.025 mmol) and TfOH (0.0375 mmol) was added
Cyclohexanone (1 mL), cyclopentanone (1 mL), tetrahydro-4H-puran-4-one (1.25 mmol)
or tetrahydrothiopuran-4-one (0.50 mmol). The reaction mixture was stirred for 5 min in
a closed system and then aldehyde (0.25 mmol) was added. The reaction mixture was
stirred for 9-166 h (monitored by TLC). the reaction was quenched with saturated
ammonium chloride solution (10 mL) and extracted with ethyl acetate (3 X 15 mL). The
combined organic layer was dried (Na,SOs) and concentrated in vacuo. The crude
product was purified by flash column chromatography to give pure aldol adduct.
Diastereoselectivity was determined by "H NMR analysis of the crude aldol product.
Optimization of Conditions:

Acid and Acid loading screening:

O O O OH
O)LH . é 10mol% 1 é)\©\
02N 0.25mmol 1.0mL r?g;(tj NOZ
3a 4a 25°C 5a
entry acid Time(h) Acid(%) Yield(%)* Ee(%) dr
1 TFA 19 15 54.8 95 6.8:1
2 No acid 39 0 74 87 1.6:1
3 TfOH 18 5 99 98 6.3:1
4 TfOH 12 10 97 98 6.9:1
5 TfOH 9 15 99 99 9.2:1
6 TfOH 15 20 77 98 9.0:1
7° TfOH 18 15 76 -94 10:1

* isolated yields.b 10% 2 used as catalyst

! Brunner, H.; Biigler, J.; Nuber, B. Tetrahedron: Asymmetry, 1995, 6, 1699-1702.
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Solvent screening:

o} o} O OH
/@)(H ) @ 10mol% 1 é)\Q
0N 15 mol% TfOH > NO
-25mmol 0.50mL  solvent 1mL 2
3a 4a 25°C 5a
entry solvent Time(h) Yield(%)* Ee(%) dr

1 neat 9 99 99 9.2:1
2 THF 17 98 99 9.8:1
3 DMSO 45 77 97 3.5:1
4 DMF 44 74 97 5.0:1
5 Toluene 23 94 98 8.6:1
6 H,O 4 97 97 4.8:1
7 CHCL, 22 84 98 7.0:1
8 EtOH 20 79 98 6.6:1
9 CH,Cl, 12 82 98 7.5:1
10 Et,O 19 98 98 8.1:1
11° DMF-H,0 24 94 97 4.1:1
12¢ neat 96 11 91 2.4:1
13¢ neat 38 90 98 5.0:1
14¢ neat 18 86 92 2.0:1
15 neat 18 73 86 1.7:1

*isolated yields. ®yolume ratio 1:1. © the reaction was carried out at -16°C. “the reaction was carried
out at 0°C. ¢ the reaction was carried out at 40°C. "the reaction was carried out at 60°C.

Full list of substrates

O O OH
o] 10mol% 1
%, x
R H X 15 mol% TfOH N
25°C

3 4 5

entry R X Time(h) Yield(%)* Ee(%) dr
1 4-NO,C¢H,4 CH, 9 99 99 9.2:1
2 4-NO,C¢Hy4 - 24 70 86 5.0:1
3 4-NO,C¢H,4 (0] 87 92 91 5.4:1
4 4-NO,C¢Hy4 S 117 38 94 3.0:1
5 3-NO,Cg¢H,4 CH, 34 74 97 3.2:1
6 2-NO,C¢H,4 CH, 35 98 97 7.5:1
7 2-NO,C¢H,4 - 20 99 84 2.4:1
8 2-NO,Cg¢H,4 O 140 44 87 3.2:1
9 4-CF;CgHy CH, 71 99 98 2.3:1
10 4-FCgHy4 CH, 90 58 94 1.7:1
11 C¢Hs CH, 100 31 86 1.0:1
12 2-furanyl CH, 47 39 94 1:2.5
13 1-naphthyl CH, 166 55 93 4.9:1
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14° 4-CIC¢H, CH, 69 70 91 4.1:1
15° 4-CH;0C¢H,4 CH, 100 19 89 3.7:1
164 4-NO,CgH, 52 25 56 -

“jsolated yields. 0.5 mL H,O was added. ° cyclopentanone used 4 neat acetone used instead of cylic
ketone in the presence of 10% of catalyst and 15% of triflic acid.®

Spectra data for all the Aldol products

2-(Hydroxy-(4-nitrophenyl)methyl)cyclohexan-1-one 5a: ¥
O OH Reaction time: 9 h; The crude product was purified by flash column
chromatography (hexane/ ethyl acetate= 5:1) to give pure aldol
no, adduct. yield: 99%; ee: 99%; Anti/Syn= 9.2:1, 'THNMR (300 MHz,
5a CDCl3) o(ppm) 8.19-8.23 (m, 2H), 7.48-7.53 (m, 2H), 4.89 (dd, J =
8.4, 3.1 Hz, 1H), 4.08 (d, J =3.1 Hz, 1H), 2.46-2.59 (m, 2H), 2.35-2.40 (m, 1H),
2.08-2.14 (m, 1H),1.81-1.85 (m, 1H), 1.52-1.69 (m, 3H), 1.34-1.43 (m, 1H). HPLC
analysis Chiralcel AD-H (Hexane/ i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, 20°C) tz

(major)= 55.6 min and tz (minor)= 75.9 min.

2-(Hydroxy-(4-nitrophenyl)methyl)cyclopentan-1-one 5b !

O OH Reaction time: 24 h; The crude product was purified by flash column
chromatography (hexane/ ethyl acetate= 4:1) to give pure aldol
adduct. yield: 70%; 86%ee; Anti/Syn= 5.0:1, 'HNMR (300 MHz,
CDCl) do(ppm) 8.19-8.23 (m, 2H), 7.50-7.55 (m, 2H), 4.84 (d, J =

9.2 Hz, 1H), 4.76 (s, 1H), 2.27-2.45 (m, 3H), 1.54-2.02 (m, 4H). HPLC analysis
Chiralcel AD-H (Hexane/ i-PrOH = 95/5, 1.0 mL/min, A =254 nm, 20°C) tg (major)=
97.2 min and tg (minor)= 101.5 min.

5b N02

3-((1-hydroxy-1-(4-nitrophenyl))methyl)-tetrahydropyran-4-one 5c !

O OH Reaction time: 87 h; The crude product was purified by flash
column chromatography (hexane/ ethyl acetate= 3:1) to give pure

o no, aldol adduct. yield: 92%; 91%ee; Anti/Syn= 5.4:1, 'HNMR (300
5S¢ MHz, CDCls) é(ppm) 8.21-8.26 (m, 2H), 7.50-7.53 (m, 2H), 4.99 (d,

J=28.0 Hz, 1H), 4.19-4.25(m, 1H), 3.70-3.85 (m, 3H), 3.42-3.49 (m, 1H), 2.88-2.94 (m,
1H), 2.64-2.70 (m, 1H), 2.50-2.57 (m, 1H). HPLC analysis Chiralcel AD-H (Hexane/
i-PrOH = 95/5, 1.0 mL/min, A =254 nm, 20°C) tz (major)= 22.7 min and tz (minor)=
26.8 min

3-((1-hydroxy-1-(4-nitrophenyl))methyl)-tetrahydrothiopyran-4-one 5d !

Reaction time: 117 h; The crude product was purified by flash

column chromatography (hexane/ ethyl acetate= 4:1) to give pure

S NO» aldol adduct. yield: 38%; 94%ee; Anti/Syn= 3.0:1, 'THNMR (300
5d MHz, CDCl;) é(ppm) 8.24 (dd, J = 8.7, 1.8 Hz, 2H), 7.51-7.56 (dd,

J =8.7, 1.8 Hz, 2H), 5.05 (d, J = 8.0 Hz, 1H), 3.61 (br, 1H), 2.94-3.09 (m, 3H),

2.75-2.89 (m, 2H), 2.64-2.72 (m, 1H), 2.48-2.55 (m, 1H). HPLC analysis Chiralcel

O OH
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AD-H (Hexane/ i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, 20°C) tz (major)= 44.3 min
and tz (minor)= 81.5 min.

2-(Hydroxy-(3-nitrophenyl)methyl)cyclohexan-1-one 5e !

A Reaction time: 34 h; The crude product was purified by flash
No, column chromatography (hexane/ ethyl acetate= 5:1) to give pure
m aldol adduct. yield: 74%; 97%ee; Anti/Syn= 3.2:1, 'HNMR (300
5e MHz, CDCl;) 6(ppm) 8.21 (m, 1H), 8.14-8.18 (m, 1H), 7.67(d, J =
7.7 Hz, 1H), 7.53 (t, /= 7.9 Hz, 1H), 4.89 (dd, J =8.5, 3.0 Hz, 1H),
4.12 (d, J = 3.0 Hz, 1H), 2.36-2.62 (m, 3H), 2.10-2.11 (m, 1H), 1.80-1.82 (m, 1H),
1.55-1.63 (m, 3H), 1.23-1.25 (m, 1H), HPLC analysis Chiralcel AD-H (Hexane/ i-PrOH

=95/5, 1.0 mL/min, A = 254 nm, 20°C) tg (minor)= 39.1 min and tz (major)= 51.5 min.

2-(Hydroxy-(2-nitrophenyl)methyl)cyclohexan-1-one 5f @

0 oH No, Reaction time: 35 h. The crude product was purified by flash column
chromatography (hexane/ ethyl acetate= 7:1) to give pure aldol adduct.
yield: 98%; 97%ee; Anti/Syn="7.5:1, 'HNMR (300 MHz, CDCl;) d(ppm)

5f 7.84 (d, J = 8.2 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H), 7.63 (t, J = 7.4 Hz,
1H), 7.42 (t, J= 8.0 Hz, 1H), 5.44 (d, /= 7.1 Hz, 1H), 3.80 (br, 1H), 2.71-2.79 (m, 1H),
2.28-2.47 (m, 2H), 2.06-2.12 (m, 1H), 1.82-1.86 (m, 1H), 1.52-1.79 (m, 4H). HPLC
analysis Chiralcel AD-H (Hexane/ i-PrOH = 90/10, 1.0 mL/min, 1 = 254 nm, 20°C) tg
(minor)= 45.6 min and tz (major)= 50.4 min.

2-(Hydroxy-(2-nitrophenyl)methyl)cyclopentan-1-one 5g
0 oH No, Reaction time: 20 h; The crude product was purified by flash column
chromatography (hexane/ ethyl acetate= 7:1) to give pure aldol adduct.
% yield: 99%; 84%ee; Anti/Syn=2.4:1, 'HNMR (300 MHz, CDCls) o(ppm)
> 7.98 (dd, J=8.2, 1.3 Hz, 1H), 7.88 (dd, J = 7.9, 1.4 Hz, 1H), 7.62-7.68
(m, 1H), 7.40-7.46 (m, 1H), 5.91 (d, J = 3.0 Hz, 1H), 2.70-2.74 (m, 1H), 2.34-2.37 (m,
2H), 2.16-2.19 (m, 1H), 2.01-2.07 (m, 2H), 1.71-1.75 (m, 2H). HPLC analysis Chiralcel

AD-H (Hexane/ i-PrOH = 95/5, 1.0 mL/min, A =254 nm, 20°C) tg (minor)= 35.5 min
and tz (major)= 38.5 min.

3-((1-hydroxy-1-(2-nitrophenyl))methyl)-tetrahydropyran-4-one 5h !

0 oH No, Reaction time: 140 h; The crude product was purified by flash column
chromatography (hexane/ ethyl acetate= 3:1) to give pure aldol adduct.
yield: 46%; 87%ee; Anti/Syn=3.2:1, "HNMR (300 MHz, CDCl3) d(ppm)
7.92 (dd, J = 8.2, 1.1 Hz, 1H), 7.78-7.83(m, 1H), 7.65-7.70 (m, 1H),
7.44-7.49 (m, 1H), 5.48 (d, J = 6.6 Hz, 1H), 4.22-4.28 (m, 1H), 3.89-3.95 (m, 2H),
3.71-3.85 (m, 2H), 3.04-3.08 (m, 1H), 2.65-2.68 (m, 1H), 2.47-2.54 (m, 1H). HPLC
analysis Chiralcel AD-H (Hexane/ i-PrOH = 95/5, 1.0 mL/min, 1 =254 nm, 20°C) tz
(minor)= 35.1 min and tz (major)=37.1 min.

° 5

2-(Hydroxy-(4-(trifluoromethyl)phenyl)methyl)cyclohexan-1-one 5i

o fH Reaction time: 71 h; The crude product was purified by flash column
CF S5

. 3
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chromatography (hexane/ ethyl acetate= 15:1) to give pure aldol adduct. yield: 99%;
98%ee; Anti/Syn=2.3:1, 'HNMR (300 MHz, CDCls) d(ppm) 7.61 (d, J = 8.1 Hz, 2H),
7.44 (d, J = 8.1 Hz, 2H), 4.84 (d, J = 8.6 Hz, 1H), 4.05 (s, 1H), 2.57-2.64 (m, 1H),
2.46-2.51 (m, 1H), 2.35-2.39 (m, 1H), 2.07-2.14 (m, 1H), 1.79-1.83 (m, 1H), 1.48-1.73
(m, 3H), 1.25-1.39 (m, 1H). HPLC analysis Chiralcel AD-H (Hexane/ i-PrOH = 90/10,
0.5 mL/min, A =220 nm, 20°C) tz (major)= 22.6 min and tg (minor)= 28.3 min.

2-(Hydroxy-(4-fluorophenyl)methyl)cyclohexan-1-one 5j %
Reaction time: 90 h; The crude product was purified by flash column
4 chromatography (hexane/ ethyl acetate= 15:1) to give pure aldol
adduct. yield: 58%; 94%ee; Anti/Syn= 1.7:1, "HNMR (300 MHz,
5 F CDCls) d(ppm) 7.26-7.32 (m, 2H), 7.00-7.07 (m, 2H), 4.77 (d, J = 8.8
Hz, 1H), 3.99 (br, 1H), 2.45-2.56 (m, 2H), 2.34-2.48 (m, 1H),
2.06-2.11 (m, 1H), 1.77-1.82 (m, 1H), 1.51-1.68 (m, 3H), 1.25-1.30 (m, 1H). HPLC

analysis Chiralcel AD-H (Hexane/ i-PrOH = 95/5, 1.0 mL/min, 4 = 220 nm, 20°C) tg
(major)=27.9 min and tz (minor)= 30.6 min.

2-(Hydroxy(phenyl)methyl)cyclohexan-1-one 5k 2
Reaction time: 100 h; The crude product was purified by flash column
7 oM chromatography (hexane/ ethyl acetate= 10:1) to give pure aldol adduct.
m yield: 31%; 86%ee; Anti/Syn=1.0:1, 'HNMR (300 MHz, CDCl;) §(ppm)
7.22-7.37 (m, 5H), 4.79 (d, J = 8.8 Hz, 1H), 3.97 (br, 1H), 2.57-2.64 (m,
1H), 2.05-2.12 (m, 1H), 1.51-1.70 (m, 4H), 1.25-1.32 (m, 1H), HPLC
analysis Chiralcel OD-H (Hexane/ i-PrOH = 90/10, 0.5 mL/min, 4 = 220 nm, 20°C) tg
(minor)= 16.8 min and tz (major)= 23.9 min.

5k

2-(Hydroxy-(furan-2-yl)propyl)cyclohexan-1-one 51 2

Reaction time: 47 h; The crude product was purified by flash column
O OH

chromatography (hexane/ ethyl acetate= 5:1) to give pure aldol adduct.

m yield: 39%; 94%ee; Anti/Syn=1:2.5, 'HNMR (300 MHz, CDCls) d(ppm)

5| 7.34 (s, 1H), 6.34 (s, 1H), 6.23 (s, 1H), 5.28 (s, 1H), 3.03 (s, 1H),

2.80-2.84 (m, 1H), 2.31-2.48 (m, 2H), 2.08-2.09 (m, 1H), 1.67-1.98 (m,

S5H). HPLC analysis Chiralcel AD-H (Hexane/ i-PrOH = 95/5, 0.5 mL/min, A =220 nm,
20°C) tz (major)= 33.1 min and tz (minor)= 36.3 min.

2-(Hydroxy(naphthalen-1-yl)methyl)cyclohexan-1-one 5m
o oH Reaction time: 166 h; The crude product was purified by flash column
‘ chromatography (hexane/ ethyl acetate= 15:1) to give pure aldol
‘ O adduct. yield: 55%; 93%ee; Anti/Syn= 4.9:1, '"HNMR (300 MHz,
om CDCl3) o(ppm) 8.24-8.27 (m, 1H), 7.84-7.89 (m, 1H), 7.81 (d, J = 8.1
Hz, 1H), 7.57 (d, J = 6.3 Hz, 1H), 7.45-7.53 (m, 3H), 5.58 (dd, J = 8.7, 2.9 Hz, 1H),
4.15 (d, J = 2.9 Hz, 1H), 2.95-3.04 (m, 1H), 2.49-2.54 (m, 1H), 2.35-2.45 (m, 1H),
2.05-2.12 (m, 1H), 1.61-1.74 (m, 2H), 1.33-1.51 (m, 3H), HPLC analysis Chiralcel
AD-H (Hexane/ i-PrOH = 95/5, 1.0 mL/min, 4 = 254 nm, 20°C) tg(major)= 25.6 min

S6



and tz (minor) = 31.2 min. :

2-(Hydroxy-(4-chlorophenyl)methyl)cyclohexan-1-one 5n @
O OH Reaction time: 69 h; The crude product was purified by flash column
chromatography (hexane/ ethyl acetate= 10:1) to give pure aldol
o adduct. yield: 70%; 91%ee; Anti/Syn= 4.1:1, 'THNMR (300 MHz,
o CDCl3) o(ppm) 7.31-7.33 (m, 2H), 7.24-7.27 (m, 2H), 4.76 (dd, J =
8.7, 2.8 Hz, 1H), 3.98 (d, J = 2.8 Hz, 1H), 2.45-2.58 (m, 2H), 2.30-2.40 (m, 1H),
2.06-2.13 (m, 1H), 1.77-1.83 (m, 1H), 1.51-1.69 (m, 3H), 1.26-1.36 (m, 1H). HPLC
analysis Chiralcel AD-H (Hexane/ i-PrOH = 90/10, 0.5 mL/min, A = 220 nm, 20°C) tz

(major)= 25.9 min and tz (minor)= 30.0 min.

2-(Hydroxy-(4-methoxyphenyl)methyl)cyclohexan-1-one 50 2
o OH Reaction time: 100 h; The crude product was purified by flash
éi@\ column chromatography (hexane/ ethyl acetate= 10:1) to give pure
aldol adduct. yield: 19%; 89%ee; Anti/Syn= 3.7:1, 'HNMR (300
MHz, CDCls) é(ppm) 7.21-7.26 (m, 2H), 6.85-6.91 (m, 2H), 4.74
(dd, J = 8.7, 2.0 Hz, 1H), 3.91 (d, J = 2.0 Hz, 1H), 3.80 (s, 3H), 2.57-2.60 (m, 1H),
2.44-2.50 (m, 1H), 2.34-2.41 (m, 1H), 2.05-2.11 (m, 1H), 1.76-1.81 (m, 1H), 1.52-1.69

(m, 3H), 1.23-1.33 (m, 1H). HPLC analysis Chiralcel AD-H (Hexane/ i-PrOH = 95/5,
0.5 mL/min, A =220 nm, 20°C) tz (major)= 78.1 min and tz (minor)= 81.8 min.

50 3

2-(Hydroxy-(4-nitrophenyl)methyl)butan-2-one 5p
OH O Reaction time: 52 h; The crude product was purified by flash
column chromatography (hexane/ ethyl acetate= 3:1) to give pure
O,N 5o aldol adduct. yield: 25%; 56%ee; 'HNMR (300 MHz, CDCl5) o(ppm)
8.21 (d, /= 8.7 Hz, 2H), 7.54 (d, J = 8.7 Hz, 2H), 5.26 (dd, J = 7.3,
4.9 Hz, 1H), 3.61 (br, 1H), 2.84-2.86 (m, 2H), 2.22 (s, 3H). HPLC analysis Chiralcel
AS-H (Hexane/ i-PrOH = 70/30, 1.0 mL/min, 2 = 254 nm, 20°C) tz (minor)= 22.2 min
and tz (major)=27.4 min.

2 Wu, Y.-Y; Zhang, Y.-Z; Yu, M.-L; Zhao, G.; Wang, S.-W. Org. Lett. 2006, 8, 4417-4420.

* Chen, I.-R.; Li, X.-Y.; Xing, X.-N.; Xiao, W.-I. J. Org. Chem. 2006, 71, 8198-8202

4 Tang, Z.; Yang, Z.-H.; Chen, X.-H.; Cun, L.-F.; Mi, A.-Q.; Jiang, Y.-Z.; Gong, L.-Z.J. Am. Chem. Soc., 2005; 127,
9285-9289

5 Chen, J.-R.; Lu, H.-H.; Li, X.-Y.; Cheng, L.; Wan, J.; Xiao, W.-J. Org. Lett. 2005, 7, 4543-4545.
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NMR spectra for all the Aldol products

'H NMR spectra of 5a
OH
NO»
'H NMR spectra of 5b
O OH
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'H NMR spectra of 5¢

'H NMR spectra of 5d
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'H NMR spectra of 5e

'"H NMR spectra of 5f

O OH NO,
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'H NMR spectra of 5¢

O OH NO,
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"H NMR spectra of 5h

O OH NO,
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"H NMR spectra of 5i
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"H NMR spectra of 5k
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"H NMR spectra of 5m
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"H NMR spectra of 50
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HPLC spectra for compounds 5a-p
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