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1. Synthesis of proline catalyst

(28,4R)-trans-N-Cbz-4-hydroxyproline'

HO A solution of (2S5,4R)-4-hydroxypyrrolidine-2-carboxylic acid (1.64 g, 12.6 mmol) and
) o sodium carbonate (3.33 g, 31.5 mmol) in HO/acetone (14 mL, 6 mL/1 mL v/v) was stirred
Q\gH at 0 °C for 10 min. To the mixture was slowly added benzyloxycarbonyl chloride (2.13 mL,

Cbz 15.12 mmol). The resulting mixture was warmed to room temperature and stirred for 21 h.

The mixture was diluted with water (30 mL) and added 1N HCI until pH = 1-2. The reaction mixture was

extracted with ethyl acetate. The organic layer was washed with brine, dried over Na;SOy, filtered, and

concentrated. The crude was purified by silica gel chromatography (ethyl acetate : methanol =5 : 1) to give

desired product (3.27 g, 98%).

White solid; m.p. 102.2-102.9 °C; '"H NMR (270 MHz, CDCls) § = 7.36-7.31 (m, 5H), 5.17 (d, J = 11.3 Hz,

2H), 4.61-4.51 (m, 2H), 3.67-3.61 (m, 2H), 2.41-2.18 (m, 2H).

(2S,4R)-4-(Allyloxy)-1-((benzyloxy)carbonyl)pyrrolidine-2-carboxylic acid 2'
=:\—-—O Under N, atmosphere, to a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline (2.1 g,
Z—>\(O 7.9 mmol) in dry-THF (20 mL) was added sodium hydride (60% dispersion in oil,
N

\ 792 mg, 19.8 mmol) at 0 °C. After warming the reaction mixture to room temperature,
allyl bromide (1.8 mL, 20.6 mmol) was added dropwise, and then the mixture was
stirred for 41 h. The reaction mixture was quenched with water (17 mL) and added 1N HCI until pH = 1-2.
After the addition of ethyl acetate, the organic phase was separated and the aqueous phase was extracted with
ethyl acetate. The combined organic phase was washed with brine, dried over Na,SOs, filtered, and
concentrated (crude 2.5 g).

Next, a mixture of crude (2.5 g, 7.1 mmol), NaOH (511 mg, 12.9 mmol), H,O (3 mL), and methanol (3 mL)
was stirred at room temperature for 24 h. The reaction mixture was washed with ethyl acetate. The pH of
aqueous layer was adjusted to pH = 1-2 by addition of 1N HCL The solution was extracted with ethyl acetate.
The organic layer was washed with brine, dried over Na,SOs, filtered, and concentrated to give 2 (1.66 g, 69%)).
Colorless oil; "H NMR (270 MHz, CDCls) § = 9.15 (brs, 1H), 7.35-7.29 (m, 5H), 5.95-5.79 (m, 1H), 5.29-5.07
(m, 4H), 4.55-4.45 (m, 1H), 4.16-4.13 (m, 1H), 3.96 (d, J = 5.13 Hz, 2H), 3.75-3.53 (m, 2H), 2.44-2.04 (m,
2H).



(25,4R)-1-((Benzyloxy)carbonyl)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoro-2-
iodoundecyl)oxy)pyrrolidine-2-carboxylic acid'

After the third freeze-pump-thaw cycle of 2 (3.85 g, 12.6 mmol), a mixture of 2

CgF17
\/«*O and CgFi71 (3.43 mL, 13.0 mmol) was heated at 80 °C. AIBN (210 mg, 1.3
0 mmol) was added to this solution and the mixture was stirred for 48 h. After the
l}l OH addition of 1N HCI and ethyl acetate, The organic layer was washed with brine,
Cbz

dried over Na,SOyg, filtered, and concentrated. The crude was purified by FSPE?
(methanol : H,O = 68 : 32) to give desired product (4.85 g, 43%).

Yellow oil; "H NMR (270 MHz, CDCls) & = 8.74 (brs, 1H), 7.36-7.30 (m, 5H), 5.24-5.13 (m, 2H), 4.57-4.47
(m, 1H), 4.36-4.28 (m, 1H), 4.18-4.17 (m, 1H), 3.86-3.59 (m, 4H), 3.05-2.57 (m, 2H), 2.50-2.12 (m, 2H).

(28,4R)-1-((Benzyloxy)carbonyl)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-
heptadecafluoroundecyl)oxy)pyrrolidine-2-carboxylic acid 3a’
CeF17 A solution of (2S,4R)-1-((benzyloxy)carbonyl)-4-
0 ((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoro-2-
) o lodoundecyl)oxy)pyrrolidine-2-carboxylic acid (652.5 mg, 0.766 mmol), AIBN
) OH (12.6 mg, 0.0766 mmol), Hypophosphorous Acid (1.44 mL, 7.66 mmol), and
Cbz sodium hydrogen carbonate (772.8 mg, 9.19 mmol) in EtOH (10 mL) was stirred
at reflux for 4 h. 1N HCI was added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl
acetate. The organic layer was washed with brine, dried over Na,SOy, filtered, and concentrated. The crude
was purified by silica gel chromatography (dichloromethane : methanol = 95 : 5) to give 3 (348.7 mg, 63%).
Yellow oil; "H NMR (270 MHz, CDCl3) § = 7.36-7.30 (m, 5H), 5.18-5.13 (m, 2H), 4.53-4.43 (m, 1H), 4.12-
4.06 (m, 1H), 3.75-3.45 (m, 4H), 2.35-2.04 (m, 4H), 1.90-1.82 (m, 2H).

3,5-Bis(trifluoromethyl)benzenesulfonamide’

CF3 To a solution of 3,5-bis(trifluoromethyl)benzenesulfonyl chloride (2.0 g, 6.4 mmol)

in H>O (10 mL) was added 25% ammonia solution (2.59 mL, 67.5 mmol) at 100 °C

HoN-~g7 CFs and stirred for 2 h. Excess water was separated as the toluene azeotrope. After the

C')' "0 addition of 1N HCI, the crude was purified by filtration to give desired product (1.6 g,
85%).

White solid; mp. 182-183 °C; 'H NMR (270 MHz, CDCL;) & = 8.39 (s, 2H), 8.09 (s, 1H), 5.07 (s, 2H).



Benzyl(2S,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-
((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)oxy)pyrrolidine-1-carboxylate'

CgFi7 Under N, atmosphere, EDCI (127 mL, 0.72 mmol) was added
O,‘ CF3 dropwise to a solution of 3a (348.8 mg, 0.48 mmol), 3,5-

[3\(0 Q bis(trifluoromethyl) benzenesulfonamide (209.8 mg, 0.72 mmol),
Cl}l:bZHN‘§:O CFs DMAP (19.6 mg, 0.12 mmol), and HOBt (110 mg, 0.72 mmol)

@) in dry- dichloromethane/dry-DMF (15 mL, 2 mL/1 mL v/v) at

0 °C and the mixture was stirred for 10 min. Then the reaction temperature rose to room temperature and the
mixture was stirred for further 32 h. 1N HCI was added to reaction mixture until pH = 1-2. The mixture was
extracted with ethyl acetate. The organic layer was washed with brine, dried over Na;SOy, filtered, and
concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 4) to give
desired product (400.8 mg, 83%)).

Yellow oil; "H NMR (270 MHz, CDCls) & = 8.53 (s, 2H), 8.12 (s, 1H), 7.37 (s, 5H), 5.26-5.15 (m, 2H), 4.43-
4.37 (m, 1H), 4.05-3.99 (m, 1H), 3.63-3.37 (m, 4H), 2.56-2.48 (m, 1H), 2.19-1.99 (m, 3H), 1.86-1.76 (m, 2H).

(28,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-
heptadecafluoroundecyl)oxy)pyrrolidine-2-carboxamide 1a'
CgFy7 Benzyl(2S,4R)-2-(((3,5-
O,‘ CFs3 bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-
(—)\(O Q\ ((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-
N CFs heptadecafluoroundecyl)oxy)pyrrolidine-1-carboxylate  (379.0
@] mg, 0.38 mmol) and Pd/C (161.76 mg, 0.076 mmol) in methanol
(6 mL) was stirred at room temperature for 17 h under H, balloon. The Pd/C was removed by filtration through
a pad of celite with methanol. The filtrate was concentrated. The crude was purified by silica gel
chromatography (dichloromethane : methanol = 19 : 1) to give 1a (286.3 mg, 88%).
white solid; m.p. 103.8-104.9 °C; 'H NMR (270 MHz, CDCls) § = 8.35 (s, 2H), 7.99 (s, 1H), 4.55-4.48 (m,
1H), 4.20 (s, 1H), 3.62-3.46 (m, 4H), 2.59-2.51 (m, 1H), 2.18-2.02 (m, 3H), 1.85-1.75 (m, 2H).

(25,4R)-1-((Benzyloxy)carbonyl)-4-(undecyloxy)pyrrolidine-2-carboxylic acid 3b’

CaH1r Under N, atmosphere, a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline
\——\—-O (999.6 mg, 3.8 mmol) in dry-DMF (10 mL) was stirred at 0 °C, then sodium
/ o hydride (565.5 mg, 9.4 mmol) was added in two equal portions over a period of
N 15 min. The reaction mixture was warmed to room temperature and then
Cbz OH

stirred for further 15 min. 1-lodododecane (2.2 mL, 9.8 mmol) was added
dropwise to the reaction mixture. After being stirred at room temperature for 7 h, the reaction mixture was
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quenched with H,O and added IN HCI until pH = 1-2. The mixture was extracted with diethyl ether. The
organic layer was washed with brine, dried over Na,SQs, filtered, and concentrated. The crude was purified by
silica gel chromatography (ethyl acetate : methanol = 20 : 1) to give desired product (1238.3 mg, 78%).
Yellow oil; '"H NMR (270MHz, CDCls) & = 7.35-7.29 (m, 5H), 5.17-5.12 (m, 2H), 4.52-4.43 (m, 1H), 4.09-
4.04 (m, 1H), 3.72-3.60 (m, 2H), 3.41-3.35 (m, 2H), 2.45-2.09 (m, 2H), 1.55-1.50 (m, 2H), 1.26 (s, 16H), 0.88
(t, J=6.6 Hz, 3H).

3,5-Dimethylbenzenesulfonamide'

H3C To a solution of 3,5- Dimethylbenzenesulfonyl chloride (501 mg, 2.45 mmol) in
H,O (5 mL) was added ammonium hydroxide (3.76 mL, 24.4 mmol) at 100 °C and
HoN-~g7 CHa stirred for 2 h. Excess water was separated as the toluene azeotrope. After the
o O addition of 1 N HCI, the residue was purified by filtration to give desired product

(453 mg, quant.).
White solid; m.p. 129-132 °C; 1H NMR (270 MHz, CDCly); 6 = 7.55 (s, 2H), 7.21 (s, 1H), 4.69 (s, 2H), 2.39
(s, 6H).

(25,4R)-N-((3,5-Dimethylphenyl)sulfonyl)-4-(undecyloxy)pyrrolidine-2-carboxamide'

CgH47 Under N, atmosphere, EDCI (107 pL, 0.61 mmol) was added
O,‘ H3C dropwise to a solution of 3b (102 mg, 0.24 mmol), 3,5-

U\(O Dimethylbenzenesulfonamide (43 mg, 0.23 mmol), and DMAP

('}:lbz HN~§:O CH, (89 mg, 0.73 mmol) in #-butyl alcohol/1,2-dichloroethane (1 mL,

@) 0.5 mL/0.5 mL v/v) at 0 °C and the mixture was stirred for 10

min. Then the reaction temperature was warmed to room temperature and the mixture was stirred for further 4
h. IN HCI was added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl acetate. The
organic layer was washed with brine, dried over Na,SQs, filtered, and concentrated. The crude was purified
by silica gel chromatography (ethyl acetate) to give desired product (66 mg, 49%).

Yellow oil; "H NMR (270MHz, CDCl3) § = 7.61 (s, 2H), 7.30 (s, SH), 7.13 (s, 1H), 5.14 (q, J = 12.4 Hz, 2H),
4.43-4.38 (m, 1H), 4.00-3.97 (m, 1H), 3.50 (brs, 2H), 3.31-3.26 (m, 2H), 2.30-1.96 (m, 8H), 1.45 (brs, 2H),
1.24 (s, 18H), 0.88 (t, J = 6.5 Hz, 3H).

(25,4R)-N-((3,5-Dimethylphenyl)sulfonyl)-4-(undecyloxy)pyrrolidine-2-carboxamide 1b'

CgH47 (2S5,4R)-N-((3,5-Dimethylphenyl)sulfonyl)-4-
O,. H3C (undecyloxy)pyrrolidine-2-carboxamide (44.6 mg, 0.076 mmol)

mo and Pd/C (16.7 mg, 0.016 mmol) in methanol (1.2 mL) was

Il:l| HN- s CHs stirred at room temperature for 16 h under H» balloon. The Pd/C

(')' 0 was removed by filtration through a pad of celite with methanol.
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The filtrate was concentrated to give 1b (32.9 mg, 96%).

Yellow oil; '"H NMR (270MHz, CDCls) & = 7.51 (s, 2H), 7.09 (s, 1H), 4.43-4.37 (m, 1H), 4.05 (brs, 1H) 3.69-
3.63 (m, 1H), 3.44-3.31 (m, 3H), 2.58-2.46 (m, 1H), 2.34 (s, 6H), 1.99-1.88 (m, 1H), 1.52-1.44 (m, 2H), 1.21
(s, 16H), 0.88 (t, /= 6.8 Hz, 3H).

(25,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoroundecyl)oxy)pyrrolidine-2-carboxylic
acid 1¢?
CgF17 3a (1844 mg, 2.54 mmol) and Pd/C (332.9 mg, 0.508 mmol) in methanol (3.80
O,‘ mL) was stirred at room temperature for 22 h under H; balloon. The Pd/C was
(3\(0 removed by filtration through a pad of celite with methanol. The filtrate was
H OH concentrated. The crude was purified by silica gel chromatography (ethyl
acetate : methanol = 8 : 2) to give 1c¢ (489.1 mg, 32%).
Yellow solid; m.p. 128.8-131.3 °C; '"H NMR (270 MHz, CD;OD) § = 4.16-4.14 (m, 1H), 3.80-3.65 (m, 1H),
3.56-3.26 (m, 2H), 2.93-2.88 (m, 2H), 2.53-2.38 (m, 1H), 2.30-2.05 (m, 3H), 1.92-1.82 (m, 2H).

1-Benzyl 2-methyl (25,4R)-4-hydroxypyrrolidine-1,2-dicarboxylate’

HO Under N, atmosphere, (2S5,4R)-trans-N-Cbz-4-hydroxyproline (499.9 mg, 1.89 mmol),

‘%

o) methyl iodide (587 pL, 9.42 mmol) and potassium carbonate (528.0 mg, 3.77 mmol) in

N dry-DMF (3.8 mL) was stirred at room temperature for 16 h. The reaction mixture was

(IDbz OMe

diluted with water and was extracted with ethyl acetate. the organic phase was separated
and the aqueous phase was extracted with ethyl acetate. The combined organic phase was washed with
saturated aqueous NaHCOj solution and brine, dried over Na,SOs, filtered, and evaporated. The crude was
purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 1) to give desired product (464.4 mg,
88%).
Pink oil; "H NMR (400 MHz, CDCl3) & = 7.33-7.26 (m, 5H), 5.18-4.94 (m, 2H), 4.49-4.39 (m, 2H), 3.71-3.52
(m, 5H), 2.31-2.22(m, 1H), 2.05-1.97 (m, 1H).

1-Benzyl 2-methyl (2S,4R)-4-(tert-butoxy)pyrrolidine-1,2-dicarboxylate’

In a 20 mL round bottom flask equipped with a magnetic stirring bar and a condenser
coil, Mg(ClOs), (1854 mg, 0.83 mmol) and 1-benzyl 2-methyl (2S,4R)-4-
N OMle hydroxypyrrolidine-1,2-dicarboxylate (464.0 mg, 1.66 mmol) were dissolved in
Cbz dichloromethane. (3.0 mL). This solution was treated with di-tert-butyl decarbonate
(1087.8 mg, 4.98 mmol) in dichloromethane (2.5 mL) and was refluxed while the reaction progress was
monitored by TLC. After the mixture was stirred for 46 h, and then the reaction mixture was diluted with water
and extracted with dichloromethane. The organic phase was separated and the aqueous phase was extracted

with dichloromethane. The combined organic phase was washed with brine, dried over Na,SOs, filtered, and
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the solvent was removed by rotary evaporation. The crude was purified by silica gel chromatography (ethyl
acetate : n-hexane = 1 : 2) to give desired product (322.6 mg, 58%).

Colorless oil; "HNMR (400 MHz, CDCls) § = 7.37-7.27 (m, 5H), 5.21-5.01 (m, 2H), 4.47-4.40 (m, 1H), 4.33-
4.25 (m, 1H), 3.80-3.26 (m, SH), 2.18-2.04 (m, 2H), 1.17(s, 9H).

(25,4R)-1-((Benzyloxy)carbonyl)-4-(fert-butoxy)pyrrolidine-2-carboxylic acid 3f°
1-Benzyl 2-methyl (25,4R)-4-(tert-butoxy)pyrrolidine-1,2-dicarboxylate (161.6 mg, 0.48
D\(O mmol) and LiOH-H,O (28.3 mg, 0.68 mmol) in H,O/THF (1.9 mL, 1.4 mL/0.5 mL v/v)
I}l OH was stirred at room temperature for 6 h. The reaction mixture was quenched with 1N HCL.
Cbz The aqueous layer was extracted with ethyl acetate. The organic layer was dried over
Na,SOq, filtered, and concentrated to give 3f (158 mg, quant.).
Colorless oil; "H NMR (400 MHz, CDCls) = 7.36-7.29 (m, 5H), 5.21-5.08 (m, 2H), 4.50-4.44 (m, 1H), 4.34-

4.29 (m, 1H), 3.78-3.68 (m, 1H), 3.40-3.28 (m, 1H), 2.32-2.12 (m, 2H), 1.18 (s, 9H).

Benzyl (25,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-(zer-butoxy)pyrrolidine-1-

carboxylate
tBuO,‘ CF3 3£ (82 mg, 0.26 mmol), DMAP (92.2 mg, 0.77 mmol) and EDCI (112.5 pL,
O 0.64 mmol) in #-butyl alcohol/1,2-dichloroethane (1.2 mL, 0.6 mL/0.6 mL
gbz HN\,‘,Q«‘O CFs v/vV)  was  stimed at 0 °C  for 10 min.  3,5-

Bis(trifluoromethyl)benzenesulfonamide (71.1 mg, 0.24 mmol) in #-butyl

alcohol/1,2-dichloroethane (1.2 mL, 0.6 mL/0.6 mL v/v) was added dropwise to the reaction mixture, and then
the mixture was stirred at room temperature for 24 h. 1IN HCI was added to reaction mixture until pH = 1-2.
The mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried over Na,SOs,
filtered, and concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane =1 :
3) to give desired product (85.1 mg, 56%).
Colorless Oil; "H NMR (400 MHz, CD;OD) & = 8.53, (s, 2H), 8.12, (s, 1H), 7.37 (s, 5H), 5.28-5.14 (m, 2H),
4.38-4.35 (m, 1H), 4.23-4.18 (m, 1H), 3.53-3.49 (m, 1H), 3.28-3.24 (m, 1H), 2.51-2.46 (m, 1H), 1.89-1.84 (m,
1H), 1.15 (s, 9H); “C NMR (101 MHz, CDCl3) 5 = 168.88, 157.81, 141.35, 135.53, 128.92, 128.70, 128.56,
128.10, 127.40, 123.76, 121.04, 74.34, 68.85, 68.54, 59.47, 53.22, 34.11, 28.18; '°F NMR (376 MHz, CDCl;)
8 =-62.80; HRMS-DART (m/z):[M+H]" calcd for CosHasFsN2O6S 597.1494, found: 597.1492.



(285,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-(zert-butoxy)pyrrolidine-2-carboxamide 1e
'BuO, CF3 Benzyl (28,4R)-2-(((3,5-
D\(o Q\ bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-(fert-
N CFy butoxy)pyrrolidine-1-carboxylate (67.8 mg, 0.11 mmol) and Pd/C (48.2 mg,
0.55 mmol) in methanol (2.3 mL) was stirred at room temperature for 2 h
under H; balloon. The catalyst was removed by filtration through a pad of celite with methanol. The filtrate
was concentrated. The crude was purified by silica gel chromatography (dichloromethane : methanol = 10 :
1) to give 1e (36.1 mg, 69%).
White Solid; m.p. 42.2-43.2 °C; 'H NMR (400 MHz, CDCl3) § = 8.38 (s, 2H), 7.98 (s, 1H), 4.51 (m,
1H), 4.35 (brs, 1H), 3.69 (dd, J = 12 Hz, 4.8 Hz, 1H), 3.33 (d, J = 12 Hz, 1H), 2.35-2.29 (m, 1H),
2.11-2.04 (m, 1H), 1.14 (s, 9H); *C NMR (101 MHz, CDCl;) § = 174.15, 145.60, 132.32, 131.99, 127.04,
125.19, 121.47, 75.01, 69.76, 62.27, 53.78, 38.36, 28.01; ’F NMR (376 MHz, CDCl;) § = -62.75; HRMS-
DART (m/z):[M+H]" caled for C17H20FsN2O4S 463.1126, found: 463.1122.

(25,4R)-1-((Benzyloxy)carbonyl)-4-methoxypyrrolidine-2-carboxylic acid 3d°
Under N» atmosphere, a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline (1000 mg, 3.77
o mmol) in dry-THF (10 mL) was stirred at 0 °C, then sodium hydride (301.6 mg, 7.539

MeO,

‘%

N mmol) was added. The reaction mixture was warmed to room temperature and then stirred

: OH
Cbz for 10 min. lodomethane (470 pL, 7.539 mmol) was added dropwise to the reaction

mixture. After stirred at room temperature for 18 h, the reaction mixture was quenched with H>O and added
IN HCI until pH = 1-2. The mixture was extracted with dichloromethane. The organic layer was dried over
Na,S0s, filtered, and concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-
hexane =1 : 1) to give 3d (903.8 mg, 86%).

Colorless oil; 'H NMR (400 MHz, CDCls) 8 = 11.27 (s, 1H), 7.34-7.26 (m, 5H), 5.19-5.07 (m, 2H), 4.50-4.44
(m, 1H), 4.01-3.98 (m, 1H), 3.77-3.57 (m, 2H), 3.30 (s, 3H), 2.45-2.33 (m, 1H), 2.21-2.10 (m, 1H).

Benzyl (25,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-4-methoxypyrrolidine-1-
carboxylate

MeO,ﬂ CF3 3d (80.3 mg, 0.286 mmol), DMAP (105.4 mg, 0.863 mmol) and EDCI (101

) uL, 0.575 mmol) in #-butyl alcohol/1,2-dichloroethane (2 mL, 1 mL/1 mL

[gl)bz HN\,§~‘O CFs v/v) was stimed at 0 °C for 10 min. 3,5-

6] Bis(trifluoromethyl)benzenesulfonamide (90.0 mg, 0.273 mmol) in ¢-butyl

alcohol/1,2-dichloroethane (2 mL, 1 mL/1 mL v/v) was added dropwise to the reaction mixture, and then the
mixture was stirred at room temperature for 12 h. 1N HCI was added to reaction mixture until pH = 1-2. The

mixture was extracted with ethyl acetate. The organic layer was washed with 1N HCI, saturated aqueous



NaHCOs solution and brine, dried over Na,SOs, filtered, and concentrated. The crude was purified by silica
gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give desired product (111.6 mg, 74%)).

Colorless oil; "H NMR (400 MHz, CDCl3) & = 8.46, (s, 2H), 7.94, (s, 1H), 7.26 (s, 5H), 5.15 (brs, 2H), 4.43
(s, 1H), 3.91 (s, 1H), 3.59-3.20 (m, 5H), 2.29-2.14 (m, 2H); *C NMR (101 MHz, CDCl;) § = 174.16, 157.23,
145.20, 135.45, 132.22, 128.52, 127.87, 126.62, 123.90, 121.18, 118.46, 78.41, 77.24, 68.43, 56.59, 51.80,
29.72; F NMR (376 MHz, CDCls) & = -62.88; HRMS-DART (m/z):[M+H]" caled for C2HaFsN2OsS
555.1025, found: 555.1019.

(285,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-methoxypyrrolidine-2-carboxamide 1f
MeO, CF3 Benzyl (2S,4R)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)-
(3\(0 Q 4-methoxypyrrolidine-1-carboxylate (56.0 mg, 0.101 mmol) and Pd/C (43.0
N CF4

H HN- S mg, 0.020 mmol) in methanol (2 mL) was stirred at room temperature for 2
(')l © h under H; balloon. The Pd/C was removed by filtration through a pad of

celite with methanol. The filtrate was concentrated. The crude was purified by silica gel chromatography
(chloroform : methanol = 10 : 1) to give 1f (41.1 mg, 97%).

White solid; m.p. 46.6-46.9 °C; 'H NMR (400 MHz, CDCl3) § = 8.38 (s, 2H), 8.00 (s, 1H), 4.53-4.49 (m,
1H), 4.09 (s, 1H), 3.64 (s, 2H), 3.30 (s, 3H), 2.59-2.54 (m, 1H), 2.02-1.95 (m, 1H); *C NMR (101 MHz,
CDCl3) § = 173.94, 145.45, 127.12, 125.29, 124.17, 121.38, 79.24, 62.14, 56.68, 51.67, 35.35; '’F NMR
(376 MHz, CDCl3) 8 = -62.78; HRMS-DART (m/z):[M+H]" caled for C,,H,,F¢N,0,S 421.0657, found:
421.0653.

(25,4R)-4-(Benzyloxy)-1-((benzyloxy)carbonyl)pyrrolidine-2-carboxylic acid 3e®
BnO Under N, atmosphere, a solution of (2S,4R)-trans-N-Cbz-4-hydroxyproline (1000 mg,

D\(O 3.770 mmol) in dry-THF (10 mL) was stirred at 0 °C, then sodium hydride (60% dispersion
N

\ in oil, 301.6 mg, 7.539 mmol) was added. The reaction mixture was warmed to room

Cbz temperature and then stirred for 10 min. Benzyl bromide (897 pL, 7.539 mmol) was added

dropwise to the reaction mixture. After stirred at room temperature for 18 h, the reaction mixture was quenched
with H,O and added 1N HCI until pH = 1-2. The mixture was extracted with dichloromethane. The organic
layer was dried over Na,SQs, filtered, and concentrated. The crude was purified by silica gel chromatography
(ethyl acetate : n-hexane =1 : 1) to give 3e (1107.3 mg, 83%).

Colorless Oil; '"H NMR (400 MHz, CDCl3) § = 10.70 (s, 1H), 7.30-7.25 (m, 10H), 5.15-5.05 (m, 2H), 4.55-
4.38 (m, 3H), 4.14-4.10 (m, 1H), 3.82-3.57 (m, 2H), 2.42-2.34 (m, 1H), 2.16-2.06 (m, 1H).



Benzyl (25,4R)-4-(benzyloxy)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-

carboxylate
BnO, CF3 3e (150 mg, 0.42 mmol), DMAP (153.7 mg, 1.27 mmol) and WSCD-HCI
/ O (161.7 mg, 0.84 mmol) in #-butyl alcohol/1,2-dichloroethane (2.0 mL, 1.0
lgl)bz HN*,,Ss\O CFs mL/1.0 mL v/v) was stirred at 0 °C for 10 min. 3,5-
O Bis(trifluoromethyl)benzenesulfonamide (112.2 mg, 0.38 mmol) in z-butyl

alcohol/1,2-dichloroethane (2.2 mL, 1.1 mL/1.1 mL v/v) was added dropwise to the reaction mixture, and then
the mixture was stirred at room temperature for 15 h. 1IN HCI was added to reaction mixture until pH = 1-2.
The mixture was extracted with ethyl acetate. The organic layer was washed with 1N HCI, saturated aqueous
NaHCOs solution and brine, dried over Na,SOs, filtered, and concentrated. The crude was purified by silica
gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give desired product (238.6 mg, 99%)).

Colorless oil; '"H NMR (400 MHz, CDCls) 8.42 (s, 2H), 7.92 (s, 1H), 7.27-7.18 (m, 10H), 5.10-4.94 (m, 2H),
4.41-4.32 (m, 3H), 4.10 (s, 1H), 3.62-3.46 (m, 2H), 2.23 (brs, 2H); *C NMR (101 MHz, CDCl3) § = 174.17,
156.75, 144.63, 137.72, 135.81, 132.16, 131.97, 128.52, 128.21, 127.85, 127.78, 127.63, 125.67, 124.06,
121.18, 118.76, 71.33, 67.88, 62.08, 52.15, 35.26; ’F NMR (376 MHz, CDCl;) § = -62.78; HRMS-DART
(m/z):[M+H]" calcd for C2sH24FsN>O6S 631.1338, found: 631.1338.

(25,4R)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)-4-hydroxypyrrolidine-2-carboxamide 1g

HO, CF3 Benzyl (2S,4R)-4-(benzyloxy)-2-(((3,5-
o Q\ bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate

H  HN-g7 CFs (56.7 mg, 0.090 mmol) and Pd(OH), (12.6 mg, 0.018 mmol) in methanol (2

é' 0 mL) was stirred at 35 °C for 24 h under H, balloon. The Pd(OH), was

removed by filtration through a pad of celite with methanol. The filtrate was concentrated. The crude was
purified by silica gel chromatography (chloroform : methanol =5 : 1) to give 1g (36.5 mg, 54%).

White solid; m.p. 36.5-37.3 °C; 'H NMR (400 MHz, CD;OD) § = 8.36 (s, 2H), 8.03 (s, 1H), 4.39 (t, /= 3.6
Hz, 1H), 4.15-4.10 (m, 1H), 3.24-3.20 (m, 1H), 3.10-3.07 (m, 1H), 2.31-2.26 (m, 1H), 1.91-1.84 (m, 1H);
C NMR (101 MHz, CD;0OD) & = 173.53, 146.47, 131.25, 127.79, 124.56, 121.71, 69.77, 61.09, 53.32,
38.43; "”F NMR (376 MHz, CD;0D) & = -64.10; HRMS-DART (m/z):[M+H]" calcd for C13H;2FsN204S
407.0500, found: 407.0495.

Benzyl (5)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate

CF3 ((Benzyloxy)carbonyl)-L-proline (100.3 mg, 0.40 mmol), DMAP (146.9 mg,

[3\(0 1.20 mmol) and WSCD-HCI (154.5 mg, 0.80 mmol) in r-butyl alcohol/1,2-
C’}l)bz HN\,§~‘O CFs dichloroethane (2.0 mL, 1.0 mL/1.0 mL v/v) was stirred at 0 °C for 10 min. 3,5-
) Bis(trifluoromethyl)benzenesulfonamide (111.7 mg, 0.38 mmol) in #-butyl

alcohol/1,2-dichloroethane (2.0 mL, 1.0 mL/1.0 mL v/v) was added dropwise to the reaction mixture, and then
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the mixture was stirred at room temperature for 72 h. 1IN HCI was added to reaction mixture until pH = 1-2.
The mixture was extracted with ethyl acetate. The organic layer was washed with 1N HCI, saturated aqueous
NaHCOs solution and brine, dried over Na,SOs, filtered, and concentrated. The crude was purified by silica
gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give desired product (187.5 mg, 94%).

Colorless oil; "H NMR (400 MHz, CDCl3) § = 8.46 (s, 2H), 8.00 (s, 1H), 7.29 (s, SH), 5.17-5.03 (m, 2H), 4.29
(s, 1H), 3.41 (d, J = 8.0 Hz, 2H), 2.28-1.83 (m, 4H); *C NMR (101 MHz, CDCl3) § = 174.50, 156.93, 143.24,
135.81, 128.56, 128.30, 128.13, 127.90, 123.92, 121.46, 118.49, 68.01, 61.97, 47.16, 28.20, 24.32; "°F NMR
(376 MHz, CDCls) & = -62.83; HRMS-DART (m/z):[M+H]" calcd for C>1HisF¢N>OsS 525.0919, found:
525.0915.

(S5)-N-((3,5-Bis(trifluoromethyl)phenyl)sulfonyl)pyrrolidine-2-carboxamide 1h’

CF3 Benzyl (S)-2-(((3,5-bis(trifluoromethyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-

O\(O 1-carboxylate (256 mg, 0.49 mmol) and Pd/C (208 mg, 0.098 mmol) in methanol
H HN~g7 CFs (2.44 mL) was stirred at room temperature for 7 h under H; balloon. The Pd/C
(.I)l 0 was removed by filtration through a pad of celite with methanol. The filtrate was

concentrated to give 1h (175 mg, 92%).
White solid; m.p. 186.4-186.8 °C; '"H NMR (500 MHz, CD;0D) & = 8.36 (s, 2H), 8.03 (s, 1H), 3.93-3.90 (m,
1H), 3.25-3.09 (m, 2H), 2.25-2.18 (m, 1H), 1.96-1.76 (m, 3H).

(Perfluorohexyl)benzene 5b®
CgF13 To a suspension of iodobenzene (546 uL, 4.90 mmol) and Cu powder (4.99 g, 78.43 mmol) in dry-

DMSO (7.0 ml) was added perfluorohexyl iodide (3.18 mL, 14.71 mmol) under N, atmosphere at
120 °C and stirred for 19 h. After the addition of saturated aqueous Na,S,0s solution, Cu powder

was removed by filtration through a pad of Celite and washed with diethyl ether. The filtrate was extracted

with diethyl ether. The organic phase was separated and the aqueous phase was extracted with diethyl ether.

The combined organic phase was washed with brine, dried over Na,SOs, filtered, and concentrated. The residue

was purified by column chromatography on silica gel (n-hexane) to give 5b (1494.2 mg, 77%).

Colorless oil; '"H NMR (400 MHz, CDCl3) § = 7.60-7.55 (m, 3H), 7.51-7.48 (m, 2H).

3-(Perfluorohexyl)benzenesulfonyl chloride
CoF13 5b (200.6 mg, 0.51 mmol) was added to chlorosulfonamide (503 pL, 7.57 mmol) at room
temperature. The mixture was stirred at 120 °C for 3 h, and then cooled to room temperature

Ci< S was pippeted cautiously onto ice. The aqueous layer was extracted with diethyl ether. The
0”0 organic layer was dried over Na,SOs, filtered, concentrated. The residue was purified by

column chromatography on silica gel (n-hexane) to give desired product (112.2 mg, 45%)).
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Colorless oil; 'H NMR (400 MHz, CDCl3) § = 8.30-8.28 (m, 2H), 7.98 (d, J= 8.0 Hz, 1H), 7.84 (t, /= 8.0 Hz,
1H).
3-(Pg6erfluorohexyl)benzenesulfonamide 6b
CeFia In a 50 mL round bottom flask equipped with a magnetic stirring bar and a condenser coil,
3-(Perfluorohexyl)benzenesulfonyl chloride (200.8 mg, 0.51 mmol) was dissolved in THF

HQN:S - (2.7 mL). This solution was treated with 25% ammonia solution (756 pL, 5.05 mmol) and
070 was refluxed for 19 h. Excess water was separated as the toluene azeotrope. After the
addition of 1N HCI, the suspension was purified by filtration to give 6b (190.7 g, 80%).

Yellow solid; m.p. 123.2-123.6 °C; '"H NMR (400 MHz, DMSO-d6) § = 8.17 (d, J = 8.0 Hz, 1H), 8.09 (s, 1H),
7.97 (d, J= 8.4 Hz, 1H), 7.88 (t, J = 8.0 Hz, 1H), 7.63 (s, 2H); *C NMR (101 MHz, DMSO-d6) § = 145.21,
130.55,129.91, 129.79, 127.82, 123.69; '°F NMR (376 MHz, DMSO-d6) § =-80.11,-109.62, -121.14, -122.44,

-125.64; HRMS-DART (m/z):[M+H]" calcd for Ci2HsF13NO,S 475.9990, found: 475.9983.

Benzyl (285,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)oxy)-2-(((3-

(perfluorohexyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate

CgF17 3a (127 mg, 0.18 mmol), DMAP (42.1 mg, 0.35 mmol) and
0 EDCI (92.6 pL, 0.53 mmol) in #butyl alcohol/1,2-

O\(o Q dichloroethane (0.2 mL, 0.1 mL/0.1 mL v/v) was stirred at 0 °C
N Ce

Fis for 10 min. 6b (61.2 mg, 0.13 mmol) in #butyl alcohol/1,2-
dichloroethane (0.4 mL, 0.2 mL/0.2 mL v/v) was added
dropwise to the reaction mixture, and then the mixture was stirred at room temperature for 24 h. 1N HCI was
added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl acetate. The organic layer was
washed with 1IN HCI, saturated aqueous NaHCOs solution and brine, dried over Na,SQOs, filtered, and
concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give
desired product (96.4 mg, 63%).
White solid; 112-113 °C; 'H NMR (400 MHz, CD;0D) § = 8.21-8.12 (m, 2H), 7.88-7.80 (m, 1H), 7.75-7.62
(m, 1H), 7.22-7.02 (m, 5H), 4.92-4.62 (m, 2H), 4.22-4.15 (m, 1H), 3.96 (brs, 1H), 3.56-3.36 (m, 4H), 2.30-
2.04 (m, 3H), 1.83-1.67 (m, 3H); °*C NMR (101 MHz, CD;0D) § = 173.23, 155.06, 140.99, 136.51, 131.54,
129.77, 128.13, 127.76, 127.51, 127.46, 126.90, 126.35, 121.37, 118.81, 118.64, 117.97, 115.39, 114.01,
113.61, 112.58, 112.44, 112.33, 111.50, 111.17, 111.08, 110.04, 76.59, 66.98, 59.51, 59.40, 52.01, 36.32,
27.46, 20.49; F NMR (376 MHz, CD;OD) § = -82.27, -111.73, -115.29, -122.25, -122.45, -122.49, -122.63,
-122.80, -123.66, -124.34, -127.17; HRMS-DART (m/z):[M+H]" calcd for C36H24F30N>O6S 1183.0954, found:
1183.0941.
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(25,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoroundecyl)oxy)-/N-((3-
(perfluorohexyl)phenyl)sulfonyl)pyrrolidine-2-carboxamide 1j

CgF17 Benzyl (25,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-
O," heptadecafluoroundecyl)oxy)-2-(((3-

o Q\ (perfluorohexyl)phenyl)sulfonyl)carbamoyl) pyrrolidine-1-

H HN~g7 6713 carboxylate (23.6 mg, 0.02 mmol) and Pd/C (4.3 mg, 0.004

(')' 0 mmol) in methanol (0.3 mL) was stirred at room temperature for

24 h under H balloon. The Pd/C was removed by filtration through a pad of celite with methanol. The filtrate
was concentrated. The crude was purified by recyclization (methanol) to give 1j (15.0 mg, 71%).

White solid; m.p. 89-90 °C; '"H NMR (500 MHz, CD;0D) & = 8.13-8.11 (m, 2H), 7.69 (d, J = 8.0 Hz, 1H),
7.61 (t, J= 8.0 Hz, 1H), 4.11 (brs, 1H), 4.03-3.99 (m, 1H), 3.50-3.40 (m, 2H), 3.25-3.21 (m, 2H), 2.48-2.43
(m, 1H), 2.23-2.12 (m, 2H), 1.91-1.75 (m, 3H); *C NMR (125 MHz, CD;0D) & = 172.84, 144.76, 130.99,
129.64, 128.78, 128.61, 125.63, 121.53, 119.58, 118.86, 118.42, 117.65, 117.09, 115.76, 114.72, 113.38,
113.13 110.55, 108.23, 107.34, 106.59, 78.02, 67.12, 61.03, 50.82, 35.02, 27.47, 20.55; "’F NMR (466 MHz,
CD;0D) 6 =-82.32, -111.50, -115.26, -122.30, -122.49, -122.61, -122.80, -123.68, -124.33, -127.18; HRMS-
DART (m/z):[M+H]" calcd for CosHisF30N204S 1049.0586, found: 1049.0568.

(Perfluorobutyl)benzene 5¢°
C4Fg To a suspension of iodobenzene (546 pL, 4.90 mmol) and Cu powder (4.99 g, 78.43 mmol) in dry-

DMSO (7.0 ml) was added perfluorobutyl iodide (2.53 mL, 14.71 mmol) under N> atmosphere at
120 °C and stirred for 14 h. After the addition of saturated aqueous Na>S,0s solution, Cu powder

was removed by filtration through a pad of Celite and washed with diethyl ether. The filtrate was extracted

with diethyl ether. The organic phase was separated and the aqueous phase was extracted with diethyl ether.

The combined organic phase was washed with brine, dried over Na,SOs, filtered, concentrated. The residue

was purified by column chromatography on silica gel (n-hexane) to give 5¢ (406.1 mg, 28%).

Colorless oil; '"H NMR (400 MHz, CDCl3) § = 7.60-7.56 (m, 3H), 7.52-7.49 (m, 2H).

3-(Perfluorobutyl)benzenesulfonyl chloride'
CuFo 5¢ (299.5 mg, 1.01 mmol) was added to chlorosulfonamide (1.0 mL, 15.20 mmol) at room
temperature. The mixture was stirred at 120 °C for 2.5 h, and then cooled to room temperature

Cl< S was pippeted cautiously onto ice. The aqueous layer was extracted with diethyl ether. The
0”0 organic layer was dried over Na,SQs, filtered, concentrated. The residue was purified by

column chromatography on silica gel (n-hexane) to give desired product (229 mg, 57%).
Colorless oil; 'H NMR (500 MHz, CDCl3) § = 8.29-8.28 (m, 2H), 7.98 (d, J= 8.0 Hz, 1H), 7.84 (t,J= 7.5 Hz,
1H).
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3-(Perfluorobutyl)benzenesulfonamide 6¢
CuFo In a 50 mL round bottom flask equipped with a magnetic stirring bar and a condenser coil,
3-(perfluorobutyl)benzenesulfonyl chloride (200.0 mg, 0.68 mmol) was dissolved in THF.

HoN .
0*>%

This solution was treated with 25% ammonia solution (1.01 mL, 6.76 mmol) and was
refluxed for 19 h. Excess water was separated as the toluene azeotrope. After the addition
of 1IN HCI, the suspension was purified by filtration to give 6¢ (217.7 mg, 86%)).

Yellow solid; m.p. 106.9-107.7 °C; 'H NMR (270 MHz, CDCL3) § = 8.17-8.15 (m, 2H), 7.83 (d, J = 7.8 Hz,
1H), 7.71 (t, J= 8.1 Hz, 1H), 4.88 (brs, 2H); *C NMR (101 MHz, CDCl3) § = 143.13, 131.05, 130.34, 130.03,
129.88, 125.22 115.94, 115.10, 114.02, 110.44; "’F NMR (376 MHz, CDCl;) § = -80.86, -110.95, -122.28, -
125.40; HRMS-DART (m/z):[M+H]" caled for C3sH24F30N206S 1183.0954, found: 1183.0941..

Benzyl (25,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)oxy)-2-(((3-

(perfluorobutyl)phenyl)sulfonyl)carbamoyl)pyrrolidine-1-carboxylate

CgF17 3a (102.5 mg, 0.14 mmol), DMAP (51.8 mg, 0.42 mmol) and
0, WSCD-HCl (54.2 mg, 0.28 mmol) in #-butyl alcohol/1,2-

o

D\(O Q dichloroethane (0.7 mL, 0.35 mL/0.35 mL v/v) was stirred at
N C4Fq

Cl)bz HN~g 0 °C for 10 min. 6¢ (50.4 mg, 0.28 mmol) in #-butyl alcohol/1,2-
é' © dichloroethane (0.7 mL, 0.35 mL/0.35 mL v/v) was added

dropwise to the reaction mixture, and then the mixture was stirred at room temperature for 5 h. IN HCI was
added to reaction mixture until pH = 1-2. The mixture was extracted with ethyl acetate. The organic layer was
washed with 1N HCI, saturated aqueous NaHCOs solution and brine, dried over Na,SQOs, filtered, and
concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give
desired product (124.2 mg, 81%).

Yellow oil; "H NMR (400 MHz, CDCls) & = 10.58 (s, 1H), 8.28-8.26 (m, 2H), 7.84 (d, J= 7.6 Hz, 1H), 7.68
(t, J=28.0 Hz, 1H), 7.37 (s, 5H), 5.24-5.16 (m, 2H), 4.41-4.38 (m, 1H), 4.02-3.98 (m, 1H), 3.59-3.38 (m, 4H),
2.54-2.49 (m, 1H), 2.17-1.96 (m, 3H), 1.84-1.77 (m, 2H); *C NMR (101 MHz, CDCl;) § = 168.53, 157.72,
139.87, 135.54, 132.03, 130.31, 130.06, 129.81, 129.59, 128.73, 128.63, 128.20, 127.11, 118.84,
118.61,118.46, 118.27, 118.15, 115.96, 115.74, 115.62, 115.41, 115.06, 114.75, 68.59, 68.41, 67.79, 59.47,
51.58,32.19,27.81,20.92; ""F NMR (376 MHz, CDCl3)  =-80.64, -80.88, -110.95, -114.17, -121.60, -121.77,
-122.29, -122.58, -123.29, -125.40, -125.97, HRMS-DART (m/z):[M+H]" caled for CssH2sF26N206S
1083.1018, found: 1083.1029.
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(25,4R)-4-((4,4.5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoroundecyl)oxy)-/N-((3-
(perfluorobutyl)phenyl)sulfonyl)pyrrolidine-2-carboxamide 1k
CgF47 Benzyl (25,4R)-4-((4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-
o} heptadecafluoroundecyl)oxy)-2-(((3-
o Q\ (perfluorobutyl)phenyl)sulfonyl)carbamoyl) pyrrolidine-1-
49 carboxylate (112.0 mg, 0.10 mmol) and Pd/C (22.0 mg, 0.02
O mmol) in methanol (2.1 mL) was stirred at room temperature for
23 h under H; balloon. The Pd/C was removed by filtration through a pad of celite with methanol. The filtrate
was concentrated. The crude was purified by recyclization (methanol) to give 1k (64.2 mg, 65%).
White solid; m.p. 28.8-29.6 °C; 'H NMR (500 MHz, CD;OD) & = 8.20-8.18 (m, 2H), 7.76 (d, J = 10.5 Hz,
1H), 7.68 (t, J = 10.0 Hz, 1H), 4.20 (d, J = 2.5 Hz, 1H), 4.13-4.09 (m, 1H), 3.58-3.47 (m, 2H), 3.34-3.28 (m,
2H), 2.54 (dd, J = 17.5 Hz, J = 9.5 Hz, 1H), 2.31-2.18 (m, 2H), 1.96-1.78 (m, 3H); *C NMR (125 MHz,
CD;OD) 6 = 172.86, 144.73, 130.96, 129.35, 128.98, 128.42, 125.59, 121.35, 118.85, 118.58, 116.05, 115.72,
113.18, 111.19, 110.94, 110.53, 108.28, 107.29, 105.60, 77.91, 67.12, 61.10, 50.88, 35.12, 27.48, 20.54; "°F
NMR (466 MHz, CD;0D) & = -82.29, -82.56, -111.73, -115.29, -122.61, -122.79, -123.50, -123.63, -124.31,
-126.62, -127.17, HRMS-DART (m/z):[M+H]" caled for Co6HisF26N204S 949.0650, found: 949.0659.

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13-Henicosafluoro-2-iodotridecan-1-ol''
HO/\/\C10F21 A stirred solution of allyl alcohol (3.82 uL, 6.811 mmol) and perfluorodecyl iodide (1.1
| g, 1.703 mmol) was heated at 90 <C under N, atmosphere. To this solution was added
AIBN (28.0 mg, 0.170 mmol), and the mixture was heated at 90 C for 18h. The reaction mixture was
concentrated. The crude was purified by silica gel chromatography (ethyl acetate : n-hexane = 1 : 3) to give
desired product (984.7 mg, 82%)).
White solid; m.p. 130-132 °C; 'H NMR (400 MHz, CDCl3) & = 4.46-4.40 (m, 1H), 3.84-3.76 (m, 2H), 3.08-
2.69 (m, 2H), 2.02 (t, J = 6.4 Hz, 1H).

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13-Henicosafluorotridecan-1-ol 7"

HO/\/\C10F21 To a stirred solution of 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13-
henicosafluoro-2-iodotridecan-1-ol (984.7 g, 1.399 mmol) in dry toluene (6 mL) at

90 °C under N» atmosphere, BuzSnH (451 uL, 1.678 mmol) and AIBN (23 mg, 0.140 mmol) were added. After

the mixture was subsequently heated at 90 °C for 19 h, the solvent was evaporated. The residue was subjected

to column chromatography on silica gel (ethyl acetate : n-hexane = 1 : 5) to give desired product (514.4 mg,

64%).

White solid; m.p. 82-83 °C; 'H NMR (400 MHz, CDCl;) & = 3.74 (t, J= 5.6 Hz, 2H), 2.28-2.14 (m, 2H), 1.90-

1.83 (m, 2H).
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1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10-Henicosafluoro-13-iodotridecane 8

7 (847.7 mg, 1.47 mmol) was added to a solution of triphenylphosphine (694.8 mg, 2.65

F
10 mmol) and imidazole (200.2 mg, 2.94 mmol) in diethyl ether/acetonitrile (7.3 mL, 4.4

1N

mL/2.9 mL v/v), and the solution was cooled down to 0 °C. Solid iodine (745.7 mg, 2.94 mmol) wad added in
one portion, and the mixture was stirred at this temperature for an additional 10 min, then the reaction mixture
was warmed to room temperature and stirred for 5 h. The reaction mixture was diluted with saturated aqueous
Na,S,0s solution, and was extracted with ethyl acetate. The organic phase was separated and the aqueous
phase was extracted with ethyl acetate. The combined organic phase was washed with saturated aqueous
Na,S,0s3 solution and brine, dried over Na,SOs, filtered, concentrated. The crude was purified by silica gel
chromatography (n-hexane) to give 6 (948.0 mg, 98%).

White solid; m.p. 72-73 °C; 'H NMR (400 MHz, CDCls) § = 3.24 (t, J = 6.8 Hz, 2H), 2.28 -2.09 (m, 4H).
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2. Asymmetric aldol reaction

Table 1, entry 1

(5)-2-((R)-Hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one 4a°
OH O To a solution of 1a (5.63 mg, 0.0065 mmol) in dry-THF (660 pL) was added
; cyclohexanone (680 pL, 6.57 mmol) and 4-nitrobenzaldehyde (100.3 mg, 0.66

mmol). After being stirred at room temperature for 96 h, the mixture was
=N concentrated. The resulting residue was purified by silica gel chromatography
(ethyl acetate : n-hexane = 1 : 3) to give 2-(hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one 4a (143.9 mg,
87%). Diastereoselectivity (anti : syn) was determined by '"H NMR of the crude product. Ee of the anti aldol
product was determined via HPLC of the crude product after confirming the retention time of each racemic
compound.
White solid; m.p. 97.7-98.8 °C; 'H NMR (270 MHz, CDCl;) & = 8.22 (d, J = 8.9 Hz, 2H), 7.51 (d, J = 8.6 Hz,
2H), 4.90 (dd, J= 8.6 Hz, 3.0 Hz, 1H), 4.07 (d, /= 3.0 Hz, 1H), 2.64-2.31 (m, 3H), 2.17-2.09 (m, 1H), 1.86-

1.35 (m, SH).

"H NMR, 270 MHz, CDCl;
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HPLC analysis
Jo3M47 © HPLC 720

250 3

= 200 3

c

# 150 3

" 3

o 3

[E 100 3

50 EE‘ ~ =< oxn @ ] 5 9w W @
0 _: #H—+ Al T o . e
ol | LA | I | HLIA L L R R | I |
0 10 20 30 40 50 60 70 80
R min)
nTM{7 - HPLC 7020
-ES @S

EEITEARE @ES
NO R [ BE BC
1 3.4 6761 0 040 BV
2 405 6385 0.038 w
3 443 6397 0 041 VB
4 6 67 1333 0 079 BB
5 9 37 238 0. 00" BB
6 10. 47 437 0 003 BB
7 4.4 1350 0. 008 BB
8 16.30 760 0 004 BB
9 759 2117 0.012 BB
10 2663 3621 0 021 BB
11 0 & 3830 0023 BB
12 36 67 122085 0 720 BB
13 39 80 22389 0 132 BB
14 4081 6417 0.038 BB
15 49 56 36638 0216 BV

o 44 14 16704763 93 465 VB )
1 51 5 25522 0150 5
L8 62 83 1626 0010 )
16964620 100. 000

Yield : 87%, anti : syn = 100 : 0, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tr = 44.14 min (major), tr = 62.83

min (minor)]
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haehs47" 0 HPLC Feudb o 1

HPLC analysis of racemic compound (anti form + syn form)

HPLC analysis of racemic compound (anti form)

% - :
| | |
g ‘ l [ \
o | |1
[ | ‘ \
3 | \
10 \ ‘ \ ‘I‘ \
-2 AVAVE N .
......... N —
0 10 ol 30 40 50 60 0
S5 (min)
T -IMEESFI aldo)
#34% - Column Y ERE -
¥ AU L-2130
Fy7 A BRERA IPrOH Fy7 A HEAB Hox
U7 A BREEC A uT A BRED
ST FPAM IR
JEI347 - HPLC FeAh 1
rHER EE
ESiHESR AmRs
NO RT =iE EE BC
394 9785 020 B
( 41 65 2510898 17 876 )|
[ 45 57 2634853 18 758 W)
[ 4 49 64 4530337 32 7253 %
[ 6373 4360248 1
14046121 100. 000
HeeE347 0 HPLC Feumih - 1
10 - ' B
8- 1
i |
6 U [
E |
|
e 4= ‘
| |
2+ a N | |\ ‘w
S hd \ N
o __/-“——AM
T T T T T T T T T
0 10 20 30 40 50 60 0 80 %
GHEFE (min)
7 -3MBESHH 7740 |ProOH Hex=4 96 1ml/min 120min
7344 - Column PV ERRE:
AU AG4y) L-2130
AU A BREBA IPrOH A7 A BREAB Hex
A7k BRERC AT A BRERD
S IRANI
hee8347"  HPLC Feuh - 1
R MWW
ERHFEAZ =B
NO RT miE =E! BC
43 7093 0.417 BB
Z 6 09 5637 0.332 B8
46. 22 4017 0.236 83
4 56. 89 850386 50 024 %
5 77 45 632825 43 951 B8
1699958 100.000
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HPLC analysis of racemic compound (syn form)

SERE mV)

HETRI4T . HPLC Feudh - 1

Lol

100 |

a = RUR

50
H

g
NN R

LA 000 0 At At 0 R A

T
0 5 10 15 20 25 K 35 40 45 50
SR EFETE (min)

T -3MERSTIL | Pro0H Hex=4:96 1ml/min 120min
744 - Column Y ERE -
# U2 A(MY) - L-2130

27 A BREEA 4 A U7 A EERB 96
# 7 h BEARC #u7TA FRAD
SPaF774h kb
MR4T - HPLC Frodh 1
CER EWR
ESHESR @l
NO RT miE EE1 8¢
1 0.01 134 0. 000 33
2 15 03 60805 0 215 BV
3 18 471 149830 0.530 3V
4 1§ 19 131369 0 464 V3
5 23 41 144566 0.511 38
i} 3 17 38405 0 138
[ 42 05 13660428 48 323 b
L4 46 72 13867227 49 128 W
9 5271 195972 0.693 788
28287836 100. 000
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Table 1, entry 2

To a solution of 1a (5.63 mg, 0.0065 mmol) in H>O (660 uL) was added cyclohexanone (680 pL, 6.57 mmol)
and 4-nitrobenzaldehyde (100.3 mg, 0.66 mmol). After being stirred at room temperature for 168 h, the mixture
was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane =
1 :3) to give 4a (132.7 mg, 81%). Diastereoselectivity (anti : syn) was determined by '"H NMR of the crude

product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

Hovba47 - HPLC Fv220 - 1

250 3 w %
- 200 =
3 =
= 3
= 150 3
= 3
o =
s 100
0—_: " ,'-‘fy: - T - —
rrrrrrrrprrrrrrrerprrrrrrerrprrrrp ey ey ey e erprreerere T
0 10 20 30 40 50 60 70 80
SEEBE @min)

Hovh47 - HPLC Fv20 - 1
IEES EiE
EETEFAE @TFES

NO RT =i =E BC
1 4 18 105405 0508 BV
2 4 .89 38434 0 186 W
3 5 10 77497 0 374 W
4 5 73 2771007 13.379 W
5 6 48 5345 0 026 1BB
6 7.12 7419 0.036 1EB
7 7.68 1032 0 005 BB
g 8 34 2183 0011 BB
9 S 09 3474 0017 BB

10 S 45 1579 0.008 EB

11 10 05 2475 0012 EB

12 10.77 990 0.005 BB

13 11.63 39669 0 192 BB

14 13.79 21 0.010 BB

15 16. 57 653 0003 EB

16 17.61 2151 0.010 EB

17 25 86 677 0.003 EB

18 32.91 506 0 002 EB

19 37.20 143515 0.693 EB

20 40 22 26678 0 128 BV

21 40 98 49642 0 240 VB

22 42 37 22293 0 108 5]

(23 44 25 17324851 83 646 BB )
24 20 S0 /87 U 580 ce
(25 78 58 1760 0.008 BB )

20712103 100. 000

Yield : 81%, anti : syn = 100 : 0, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 44.25 min (major), tr = 78.58

min (minor)]
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Table 1, entry 3

To a solution of 1a (5.63 mg, 0.0065 mmol) in dry-toluene (660 uL) was added cyclohexanone (680 pL, 6.57
mmol) and 4-nitrobenzaldehyde (100.1 mg, 0.66 mmol). After being stirred at room temperature for 120 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (152.0 mg, 92%). Diastereoselectivity (anti : syn) was determined by "H NMR of

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis
Ho3p{7 - HPLC 7440

400 3
350 —z
300 ;
z 250 3
?é 200 3
- 150 3
100 :
50 i: Smo W w 8 % -]
3 #s e BT N2 g ¢ ¥
03 F-w LN _E
0 10 20 30 40 50 60 70 80
K& (min)
havM4T - HPLC 7420
CEE mE
EEEARE @EY
NO RT eIk EE BC
1 376 4879 0.012 BY
2 388 9874 0023 \B
3 4 50 1410 0.003 TBB
4 4 99 877 0.002 B8
5 7.00 1406 0.003 B8
6 9 78 457 0.001 B8
7 15 62 1921 0.005 B8
8 16.89 893 0.002 B8
9 8 13 1978 0.005 B8
10 30 75 5179 0012 B8
11 37 66 2994 0.007 B8
12 933 203386 0. 482 B8
13 46 33 870007 2 063
12 49 19 4092379 97 027
15 63 39 148833 0 353
421778% 100. 000

Yield : 92%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tr = 49.19 min (major), tr = 68.39

min (minor)]
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Table 1, entry 4

To a solution of 1a (5.2 mg, 0.0060 mmol) in dry-MeCN (3.9 mL) was added cyclohexanone (596.2 uL, 5.8
mmol) and 4-nitrobenzaldehyde (87.5 mg, 0.58 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

z
=2
=3
€] Substrate
1=
=2
=
=2
=
==
Q ‘
|
Syn aldol Anti aldol ‘
=5 product product ‘
e f
: Il | I ]
2 J " . U]
100 90 80 70 60 50 . ‘ 2‘.0‘ ‘ 1o 0
| NN N A | N MNS |
g g28388 %2 § g S8 g LR PP BRERE g
=l o6 96 o6 o6 o6 o6 e wi <+ < Ao = <
X : parts per Million : 1H

25



HPLC analysis )
haer47 - HPLC 72l

20 -
15 3
z ;
i 10 3
Ty ]
. ; 5
5 3 = )
0 3
B I
0 10 20 30 40 50 60 70 80
KEERE (min)
JaM4T © HPLC Foal
YRR mE
EEHERE @ES
NO RT ek BET BC
1 2 46 1391 0.088 BB
2 34 7241 0 459 BV
3 3 61 7476 0 473 W
4 4 14 9975 0.632 w
5 459 6722 0 426 B
6 50 3699 0234 BV
7 57 68167 4 317 w
8 6.25 108343 6 861 w
9 6 60 61946 3923 B
10 8 80 2144 0136 BB
11 9 54 8762 0.555 BB
12 10.93 363 0023 BB
13 8 43 3090 0196 BB
14 39 47 18288 1.158 BB
15 2.8 118537 7.570 BV
16 45 25 23592 1494 W
(17 46 49 1041206 65 937 \B |
18 61 11 68257 4323 J
19 67 21 18881 ] 1196 BB
1579080 100.000

Conv. : 3%, anti : syn = 82 : 18, 88% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : 'PrOH = 96 : 4, flow rate 1.0 mL/min, tr = 46.49 min (major), tr = 61.11

min (minor)]
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Table 1, entry 5

To a solution of 1a (5.0 mg, 0.0058 mmol) in dry-DMF (3.9 mL) was added cyclohexanone (596.2 pL, 5.8
mmol) and 4-nitrobenzaldehyde (87.2 mg, 0.58 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

Hovb47 - HPLC #0220

120
100
i 80 3
g 60
o E
= 40 3
20 i 2. @D - mg —r— o hd & 2 S §
ER L ok el S e 858 -
ol operEE, B E R Aand N N
0 5 10 15 20 25 30 35 40 45 50 55 60
R (min)
hoTM{T - HLC 742l
F-EE EE
ESHEARZE @ES
NO R =i EET BC
1 251 1099 0012 BB
2 370 7903 0 088 BV
3 403 3703 0 041 w
4 449 2855 0032 VB
5 4.8 413 0 046 BB
6 555 14878 0 165 BB
7 6 09 49762 0 553 BV
3 6 43 25505 0 283 W
9 6 79 11749 0 131 W
10 7. 14 11210 0125 VB
11 3 & 2204 0 025 BV
12 9 23 16797 0 187 W
13 98 2625 0 029 VB
14 10. 66 747 0 008 BB
15 12,91 587 0 007 BB
16 14.51 27% 0 031 BB
17 14.97 2543 0 028 BB
18 15.56 268 0 003 BB
19 16.56 67049 0 745 BB
20 19 81 29864 0332 BV
21 2077 13708 0152 VB
22 2 63 7866 0 087 BB
23 27 13 47341 0 531 BB
24 35 67 181216 2013 BV
25 37 66 121885 1.354 w
26 39 07 262543 2916 VB
(27 4 37 7496649 83 275 BB
(28 56 25 612203 6 301 BB
9002221 100 000

Conv. : 31%, anti : syn = 97 : 3, 85% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 42.37 min (major), tr = 56.25

min (minor)]
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Table 1, entry 6

To a solution of 1a (5.0 mg, 0.0058 mmol) in dry-DMSO (3.9 mL) was added cyclohexanone (596.2 uL, 5.8
mmol) and 4-nitrobenzaldehyde (87.1 mg, 0.58 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

haTha47 - HPLC F04)

100 -
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bt
o 40 @
= o
2 lf\ .
0 5 10 15 20 25 30 35 40 45 50 55 60 65
&R min)
HavM47T - HPLC 742l
P-ESE EiE
EEIEARZE @EY
NO RT =iE EE BC
1 2.52 1032 0012 BB
2 342 17107 0 192 BV
3 399 2935 0 033 W
4 4 11 5319 0. 060 w
5 4 4 2042 0 023 w
6 458 7375 0 083 W
7 498 4254 0 048 w
8 5.2% 2008 0 023 VB
9 573 23289 1718 BV
10 623 263650 3011 w
11 6. 93 52700 711 VB
12 7.37 358 0.010 BB
3 7.96 1533 0017 BB
4 3 4 878 0010 BB
15 373 4912 0055 BB
6 9 42 33896 0 380 BB
17 10.75 1236 0014 BB
18 1373 648 0 007 BB
9 709 2739 0 143 BB
20 18 14 9293 0 104 BB
21 25 66 7292 0 082 BB
22 2831 7604 0.852 BB
23 3839 2711991 2 376 BV
24 41.63 590835 6 621 wW
(25 4 3 6573760 13 666 VB J
26 51.39 1424 0.016 BB
(27 58 05 779616 8 736 BB )
8923663 00. 000

Conv. : 9%, anti : syn = 86 : 14, 79% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 44.83 min (major), tr = 59.05

min (minor)]
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Table 1, entry 7

To a solution of 1a (4.9 mg, 0.0057 mmol) in dry-MeOH (3.8 mL) was added cyclohexanone (584.3 pL, 5.7
mmol) and 4-nitrobenzaldehyde (85.5 mg, 0.57 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

fozba{7 - HPLC 72l

100
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o
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] mdEe®s zte g 3z 3 g e ® @
& e 8 wfe 8 8 & “
0 - AP I B A AN
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BEEE min)
Jah47 - HPLC 74l
FYES2 3f8E
EEFHEAZE @FES
NO RT =i BE BC
1 339 6551 0.080 BY
2 3.71 15263 0.186 w
3 406 6341 0.077 w
: 43 3956 0.048 w
5 443 8019 0.098 w
6 5.5 72059 0.880 w
7 6.09 81540 0.996 w
8 6.4 849 0.010 TBB
9 6.78 11969 0.146 w
10 706 16294 0.199 w
11 1.2 47763 0.583 w
12 8.07 1234 0.015 T8B
13 8 4 0014 TBB
14 8.79 1312 0016 T8B
15 9.15 10103 0.123 w
16 10.35 12808 0.156 w
17 10.59 20223 0247 B
18 12 41 775 0.009 B8
19 15.49 1035 0.013 B8
20 16.52 54358 0 664 B8
21 17.85 1205 0.015 B8
22 19.99 3102 0.038 B8
23 260 4348 0.053 B8
24 21.09 30185 0.369 B8
25 3. 63 227835 2.783 BY
26 3.8 186684 2.280 w
21 3% 505466 6175 \B
(28 4 50 6206499 75.804 B
29 49 3% 71580 0874 BB
(30 525 576771 7.046 B8
8186238 100.000

Conv. : 10%, anti : syn = 87 : 13, 83% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 42.50 min (major), tr = 56.25

min (minor)]
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Table 1, entry 8

To a solution of 1a (56.3 mg, 0.065 mmol) in dry-toluene (660 uL) was added cyclohexanone (680 pL, 6.57
mmol) and 4-nitrobenzaldehyde (100.7 mg, 0.66 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (155.4 mg, 94%). Diastereoselectivity (anti : syn) was determined by "H NMR of

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

havM47 - HPLC 7420
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0 10 20 30 40 50 60 70 80
HEEE (nin)
ovM4T - HPLC #0220
FoEE EE
ESHEAZE @EY
NO RT =i EE BC
1 339 8755 0 009 BV
2 3.60 5673 0. 006 w
3 374 5708 0. 006 w
4 389 135388 0013 W
5 450 3471 0 003 BB
6 497 626 0. 001 BB
7 6 97 2816 0 003 BB
3 873 1147 0 001 BB
9 9 58 945 0. 001 BB
10 1321 1016 0. 001 BB
11 15.27 464 0 000 BB
12 17.63 1144 0. 001 BB
13 18.57 8726 0 009 BB
4 21 47 1328 0. 001 BB
15 24 57 8541 0008 BB
6 29 60 11993 0012 BB
7 40 73 581566 0574 BV
18 42 89 949064 0 936 w
19 44 11 2536198 2 551 W
20 45 25 06964546 95 638 W
21 64 18 229817 0 227 BB
1 013E+08 100. 000

Yield : 94%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 46.25 min (major), tr = 64.18

min (minor)]
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Table 1, entry 9

To a solution of 1a (43.4 mg, 0.050 mmol) in dry-toluene (240 uL) was added cyclohexanone (176 pL, 1.70
mmol) and 4-nitrobenzaldehyde (25 mg, 0.17 mmol). After being stirred at room temperature for 23 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (42.6 mg, quant.). Diastereoselectivity (anti : syn) was determined by 'H NMR of

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

HoTra47 - HPLC 7420

250 =

_ 200 3

g 3

) 150 3

= 3

o 3

i 100 —_E

50 3

03

0 10 20 30 40 50 60 70 80
REFERE (min)
Ho3M47 - HPLC 7ozl

YRR mE

ESFHERE @EY
NO RT =i BE BC
1 3.39 14344 0 049 BV
2 397 7430 0 026 W
3 4 51 6976 0 024 VB
< 503 1956 0007 BB
5 6.37 546 0002 BB
6 7.03 2778 0010 BB
7 10 00 475 0 002 BB
8 38 1502 0 005 BB
9 18 46 12012 0 041 BB
10 19.55 626 0002 BB
11 26 84 452 0002 BB
12 31 23 34957 0118 BB
13 43 41 379105 1304 BV
4 47 55 1535860 5 234 W

3 5110 76670612 91 762 VE )
Cs 70 66 394887 T35 B8
17 74 58 584 0.002 BB
29064407 100. 000

Yield : quant., anti : syn = 94 : 6, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 51.10 min (major), tr = 70.66

min (minor)]
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Table 1, entry 10

To a solution of 1b (6.2 mg, 0.014 mmol) in dry-toluene (200 pL) was added cyclohexanone (150 pL, 1.45
mmol) and 4-nitrobenzaldehyde (25.2 mg, 0.17 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (23.1 mg, 56%). Diastereoselectivity (anti : syn) was determined by "H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

Anti aldol product
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HPLC analysis

Havh47 - HPLC 7420

200
z 150 =
2 3
@« 3
g 100
i 3
50 3
0 =
AR RARLE RARAE LARES RARAE RARRS RALEE RARES RAREE LRARS LALLE LRARS RN LARAS RARRE RARRS
0 10 20 30 40 50 60 70 80
FEEEE (min)
haTM47 - HPLC Foal - 1
FEE EE
EEHERZ @ES
NO RT =i EE BC
1 3.60 38043 0.165 BV
2 403 20062 0.087 W
3 4 40 19054 0.083 w
4 479 16422 0.071 W
5 5 27 30354 0.132 w
6 6. 31 7387 0.032 w
7 6. 59 20442 0.089 W
8 737 4520 0.020 w
9 7.73 7482 0.032 B
10 8 69 1866 0.008 BB
11 9 69 17107 0074 BV
12 10.38 18793 0.082 B
13 11.58 76971 0 334 BV
4 12.38 79484 0 345 B
15 13.67 18433 0.080 BB
16 14 41 28735 0.125 BV
7 15.09 154543 0.670 w
18 16. 15 5309 0.023 BB
9 1905 8568 0.037 53]
20 22 18 25712 0112 BB
21 2599 2071 0.009 BB
22 28 47 7835 0. 034 BB
23 30.20 4300 0019 BB
24 33.00 39464 0.171 BB
25 35.63 1070406 4 644 BB
26 39 63 1971022 8 550 B
L2z 43 3 14676083 63 406 BV )
28 4779 230936° 10.018 V
29 52.17 115 0.001 BB
30 54 27 33355 0145 BV
L3 55 97 1308362 5 676 VB )
32 63.99 1661 0.007 BB
33 65 72 34740 0.151 BB
34 7107 511737 2.220 BV
35 75.53 541731 2.350 B
23051585 100.000

Yield : 56%, anti : syn = 82 : 18, 84% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 43.31 min (major), tr = 55.97

min (minor)]
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Table 1, entry 11
To a solution of 1¢ (25.4 mg, 0.043 mmol) in dry-toluene (430 puL) was added cyclohexanone (450 uL, 4.35

mmol) and 4-nitrobenzaldehyde (64.9 mg, 0.43 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

5avba47 - HPLC 720

12 3
10 =
z 8 -
= E
= 6
o 3
& 4 _
2 - g 5 ©
3 4 [ P
0 -
-WTWWWWW
0 10 20 30 40 50 60 70 80
_ BEEE @min)
M4 7 - HPLC 7ok - 1
r-)EE EE
EEIEAZE @EY
NO RT =is =E BC
1 00 125 0022 BB
2 33 17964 3 090 BV
3 3N 227167 39 075 W
4 402 450 0 766 BB
5 443 5029 0 865 TBB
6 40 8761 1.507 TBB
7 5 37 960 0 165 TBB
8 5N 1041 0179 BB
] 6 01 1479 0.255 B8
10 6.3 1738 0 299 TBY
1 6 61 3747 0 645 VB
12 700 2900 0 499 TBB
13 7 61 4325 0 744 TBY
4 79 723 0 296 TVB
15 8 52 2099 036 TBB
6 8% 24822 4270 w
17 9 8 5200 0 894 w
18 10 09 5413 093 W
9 10.39 4860 0 836 VB
20 14 390 0239 BB
21 22 H12 3784 BB
22 15 40 7918 1.362 B8
23 2 69 81659 31 247 BB
24 29 84 11 0122 BB
25 H AN 14908 2 564 BB
26 R0 1789 0 308 BB
27 42 21502 3 699 BB J
% X 657 W 2
1
Lﬂ) 64 15 0. 1.003 BF‘
581345 00.000

Conv. : 3%, anti : syn = 53 : 47, 85% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tr = 42.66 min (major), tr = 55.47

min (minor)]
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Table 2, entry 1

To a solution of 1a (56.3 mg, 0.065 mmol) in dry-toluene (660 uL) was added cyclohexanone (680 pL, 6.57
mmol) and 4-nitrobenzaldehyde (100.7 mg, 0.66 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (155.4 mg, 94%). Diastereoselectivity (anti : syn) was determined by "H NMR of

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

havM47 - HPLC 7420

800—2
600
o ]
& 400 —
o ]
e =
200
1mim Eis § S
02— oo a % o : .
LIRS L LR I'"'|""I""|'"'I""|""I""|'"'l""|'"'I""|""I""|""I
0 10 20 30 40 50 60 70 80
HEEE (nin)
ovM4T - HPLC #0220
FoEE EE
ESHEAZE @EY
NO RT =i EE BC
1 339 8755 0 009 BV
2 3.60 5673 0. 006 w
3 374 5708 0. 006 w
4 389 135388 0013 W
5 450 3471 0 003 BB
6 497 626 0. 001 BB
7 6 97 2816 0 003 BB
3 873 1147 0 001 BB
9 9 58 945 0. 001 BB
10 1321 1016 0. 001 BB
11 15.27 464 0 000 BB
12 17.63 1144 0. 001 BB
13 18.57 8726 0 009 BB
4 21 47 1328 0. 001 BB
15 24 57 8541 0008 BB
6 29 60 11993 0012 BB
7 40 73 581566 0574 BV
18 42 89 949064 0 936 w
19 44 11 2536198 2 551 W
20 45 25 06964546 95 638 W
21 64 18 229817 0 227 BB
1 013E+08 100. 000

Yield : 94%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 46.25 min (major), tr = 64.18

min (minor)]
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Table 2, entry 2

To a solution of 1d (15.9 mg, 0.028 mmol) in dry-toluene (0.28 mL) was added cyclohexanone (0.3 mL, 2.8
mmol) and 4-nitrobenzaldehyde (43 mg, 0.28 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by '"H NMR of

the crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

hoTha47 - HPLC 7420

300 3
250 3
200 —E
150 —E
100 —:g = ﬁ § @ g
N g & 3 2 98 g & g
i i MY I T XY W
o Sl T OBLLE A LA ‘
'WWWWWTHW
0 10 20 30 40 50 60 70 80
BB min)
HOTMAT - HPLC FeAb
FoEE EE
EEHESZE @EY
NO RT miE EET BC
1 3.37 4933 0.196 BV
2 3 67 1139 0.005 BB
3 3 36 13463 0.054 W
4 4 46 19754 0.079 W
5 4 91 3344 0.013 W
6 513 2451 0.010 VB
7 553 33057 0.132 BV
8 6 05 45099 0.179 VB
9 6 72 5576 0.022 3]
10 7 06 202 0.005 &8
11 7 91 5559 0022 &8
12 8 44 749 0.007 &8
13 9 23 67 0.003 )
14 10.33 454 0.002 )
15 10. 84 1828 0.007 3]
16 16 51 23554 0.094 3]
17 17.27 2181 0.009 B8
18 252 876 0.003 3]
19 24 47 874 0.003 &8
20 27 04 57570 0627 &8
91 31.79 6764 0.027 BB
92 36 49 69074 0275 3]
23 20 52 445560 773 BB
(22 33 24007229 95 513 BB |
25 57 29 55749 0222 B
26 62 7 394 0 006 BB
97 7599 178225 0.709 &8
25133719 00000

Conv. : 99%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 42.33 min (major), tr = 57.29

min (minor)]

44



Table 2, entry 3

To a solution of 1e (17.7 mg, 0.038 mmol) in dry-toluene (0.38 mL) was added cyclohexanone (0.4 mL, 3.8
mmol) and 4-nitrobenzaldehyde (57.9 mg, 0.38 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

Hovha47 - HPLC Fo2l

150
100 3 :
3 8
Jae - oz o8 we e w
%03 g ¥ gsb & g B % g
] sugsed & 22 44 5 5 8 g
] GEERe & Zgf 4 i & 2 4
0 - : S
0 10 20 30 40 50 60 70 80
S50 (min)
HaTM4T - HPLC 740
EyES EE
EEHESE @EY
NO RT miE EET BC
1 250 92217 0018 )
2 337 39957 0 263 B
3 3 67 8576 0 069 W
4 384 15854 0 127 W
5 4 44 30692 0 245 W
6 4 81 968 0 003 BB
7 5 09 943 0003 BB
8 5 47 39231 0.313 W
9 597 60153 0.430 W
10 6. 63 7635 0.06 W
11 695 4238 0034 VB
12 7 69 5798 0046 3]
13 8 31 1681 0013 3]
14 9 11 574 0005 &8
15 10.59 1788 0014 &8
16 16.10 11411 0091 &8
17 16 85 214 0017 &8
18 2190 6103 0 049 &8
19 279 1131 0009 &8
20 % 13 1572 1256 )
71 %35 8015 0430 ®
22 36 29 17642 01 BV
23 27 44 208941 1 ARG \B
(24 40 34 1160943 89 150 B |
2% ECE 19313 0158 8B |
26 60 47 25556 0204 BB
27 63 29 634195 5 066 3]
28 7477 645 0.005 &8
19519265 100.000

Conv. : 94%, anti : syn = 99 : 1, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 40.34 min (major), tr = 53.91

min (minor)]
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Table 2, entry 4

To a solution of 1f (17.7 mg, 0.042 mmol) in dry-toluene (0.42 mL) was added cyclohexanone (0.44 mL, 4.2
mmol) and 4-nitrobenzaldehyde (62.6 mg, 0.41 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

§azha47 - HPLC 7ozl

200
150 3
- 100
g 3
= 3 2
0 _ %df&h: — aﬁ?':.(j %m':.z—)\'. ey L
0 10 20 30 40 50 60 70 80
REEFE (min)
HavM47 - HPLC 7440
P9ESE EE )
EEIEARE @EY
NO RT =i BE BC
1 0.52 5706 0039 BB
2 2 49 1228 0008 BB
3 339 37125 0253 BV
4 394 1673 00 TBB
5 4 49 0547 0072 VB
6 517 3059 002 BB
7 558 9263 0063 BB
8 6.08 40343 0275 BB
9 6 77 4332 0033 BB
10 713 62 0.01 BB
11 798 5932 0040 BB
12 9 47 219 0.008 BB
13 10. 51 874 0006 BB
4 11.00 940 0006 BB
15 16.83 8754 0060 BB
6 18.72 0015 0068 BB
17 2 69 2394 0016 BB
18 2372 18%4 0013 BB
19 27 60 59576 0 405 BB
20 31 .86 661 0 005 BB
21 37 44 94033 0 640 BV
22 40 5° 608013 4 138 VB
(23 43 68 3741900 93 519 BB
24 96 21 312 0021 BB
(25 28 97 15096 0102 BB)
26 63 24 12787 0 087 BB
27 7316 11638 0079 BB
14694209 100000

Conv. : 98%, anti : syn = 97 : 3, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tr = 43.68 min (major), tr = 58.97

min (minor)]
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Table 2, entry 5

To a solution of 1g (17.7 mg, 0.044 mmol) in dry-toluene (0.44 mL) was added cyclohexanone (0.45 mL, 4.4
mmol) and 4-nitrobenzaldehyde (66.0 mg, 0.44 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

#57 kot
Haba{7 - HPLC 7440
400 -
350
. o
z 250 -
& :
Eod 200 =
oo = w
= 0 _ 2 § . §;;3§ z e £ »
100 22 R BT E 3y E B 3 g
50 - PR ) 23
N 5 s o oot Y 8 B E @ o ® =
0 - IR I L LY LAVEL I N
R e AL
0 10 20 30 40 50 60 70 80
R (nin)
HaTM47 - HPLC 7420
EEE EE
ESHEAE @EY
NO RT =i BE BC
1 2.57 527 0.002 BB
2 3.3 23841 0.07 BV
3 3.67 9292 0 028 W
4 404 5504 0016 W
5 4 46 17751 0 053 W
6 43 4530 0014 W
7 511 3720 0.011 W
8 549 121437 0362 W
9 603 241156 0719 W
10 6 31 74191 0.221 W
11 6 98 23700 0071 W
12 173 9092 0.027 W
13 33 4778 0.014 W
14 3 60 28008 0 083 W
15 9 01 47915 0 143 W
16 10.13 4640 0014 W
17 10.57 4039 0012 VB
18 15.30 2555 0.008 BB
19 16.19 43483 0 144 BV
20 16. 94 8271 0.025 VB
21 966 374 0003 BB
22 210 4052 0012 BB
23 2% 5938 0018 BB
24 2 23 559226 1.666 BB
25 2970 1558 0.005 BB
26 %27 492405 1.467 BV
27 % 05 233318 0. 695 W
28 37.22 1430155 4 411 W
(29 39 %0 292299 37105 VB )
(30 53 % 207918 0.620 BB
31 5995 15576 0.046 BB
32 63. 14 592756 1.766 BB
33 74. 41 49935 0. 149 BB
33557141 00. 000

Conv. : 98%, anti : syn = 96 : 4, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 39.90 min (major), tr = 53.95

min (minor)]
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Table 2, entry 6

To a solution of 1h (15.0 mg, 0.038 mmol) in dry-toluene (0.38 mL) was added cyclohexanone (0.4 mL, 3.8
mmol) and 4-nitrobenzaldehyde (57.5 mg, 0.38 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. Conversion and diastereoselectivity (anti : syn) were determined by 'H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis
haeba{7 o HPLC Fo4h - 1

500 -
. w0
C L
# 300 -3 ¥
E 20 P DS g 2
EE 2 RN L T B & g &
i o ML g 4 & ¢
0 ; Y P — Y A t ¥ L AL r— d
0 10 20 30 40 50 60 70 80
2pkP] fmin)
T -80032 B4 A7 7740 iPrOH Hex=4:96 ‘ml /min
H3L% - Column Fub ERRE
& v AGLY - L-2130
w U7 A GEBEEA IPriH Y7 A BB EB Hex
A U7 A EREC VT A BBEED
AT TN
hoTM4{7 - HPLC 740
EFEE EE
EEHEARE @EY
NO RT [k EET BC
\ 2. 47 2609 0.005 B8
2 339 36181 0 069 BV
3 393 12952 0.025 w
4 4 49 16827 0.032 VB
5 522 5008 0.010 BV
6 5 63 42088 0.080 W
7 6 13 124365 0238 w
8 6. 55 4876 0 009 TBV
9 6 79 3837 0.007 VB
10 715 20950 0.040 W
1 774 25307 0. 048 W
12 8 88 17467 0.033 W
13 9 40 23104 0.044 B
14 11.02 1891 0.004 BB
15 12 37 758 0.001 BB
6 12.94 1595 0.003 BB
7 4 59 24272 0.046 B8
18 16.85 149315 0.285 B8
9 20 41 3176 0.006 BB
20 23.85 1689 0.032 B8
21 25 44 3098 0.015 BB
22 27 45 1142493 2178 BB
23 3493 30078 0.057 BV
24 3679 721733 1.376 W
25 39 85 3036093 5.787 Wi
(26 42 71 45811415 87 322 VB
[ 27 58.07 756706 1.442 BB
28 65 29 23701 0.045 BB
29 72.23 420 0.001 BB
30 7771 398262 0 759 B8
52462912 100.000

Conv. : 97%, anti : syn =95 : 5, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tr = 42.71 min (major), tr = 58.07

min (minor)]
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Table 2, entry 7

(R)-4-hydroxy-4-(4-nitrophenyl)butan-2-one 4b'*
OH O To a solution of 1a (20.0 mg, 0.023 mmol) in dry-toluene (0.23 mL) was added
: acetone (459 pL, 6.2 mmol) and 4-nitrobenzaldehyde (34.9 mg, 0.23 mmol). After

o being stirred at room temperature for 24 h, the mixture was concentrated.
N
2
Conversion was determined by '"H NMR of the crude product. Ee of the aldol

product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;
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HPLC analysis

030547 HPLC #vu4n - |

400 | A
: |
: Fl
N 300 1 [
: 3 i |
a ! | |
& 200 [}
i { [ |
] i [ |
100 \
i | \
| [\
0 i‘ = e —— 4_*_‘ \\—“‘\ — —
—— S, AT T o e o
0 5 10 15 20 25 30
BI505 R (min)
A HOTMT : HPLC F4udh : |
v-oER: mnik
ERMHEAE @
N RT M RE BC
(1 19. 06 34077253 95 820
2 71.57 1486649 4. 180 [
35563902 100. 000

VR =M =)D HIEN L 0

Conv. : 95%, 92% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex :
PrOH = 80 : 20, flow rate 0.8 mL/min, tg = 19.06 min (major), tg = 21.57 min (minor)]
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HPLC analysis of racemic compound

hovb47 - HPLC #0220

30 3
25 3
i~ 2 3
c
~ 15 3
e 3
i 10 3
_-'l'l'l'I'I'l'l'l'l']'l'l'l'l']'l'l T T T LI | T
0 5 10 15 20 25
REFE (min)
M7 - IPLC F
YRR mE
EEFHEAZE @EY
NO RT =i EE
1 6 71 19430 0 400
2 791 5315 0110
3 12 76736 1 581
4 14 % 5047 0104
5 1671 62973 1297
6 2171 2308733 47 459
7 24 04 2380966 49 050
4354200 100. 000
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Table 2, entry 8

To a solution of 1d (14.6 mg, 0.026 mmol) in dry-toluene (0.26 mL) was added acetone (517 pL, 7.0 mmol)

and 4-nitrobenzaldehyde (39.2 mg, 0.26 mmol). After being stirred at room temperature for 24 h, the mixture
was concentrated. Conversion was determined by '"H NMR of the crude product. Ee of the aldol product was

determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

T
92.72

27
(]

Substrate ‘ aldol product ' I
8% & N‘ J , N |
ool | L T
E J “‘J W \”\_JWUK J PN U LNL ‘ |
100 90 8.0 70 6.0 /‘\ 50 40 30 20 1o 0

=
X : parts per Million : 1H
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HPLC analysis

hovba{7 - HPLC #F042)

80 —
z 60 -
&
m 3
g 40
= 3
20 — N 2
0 3 | ‘ :' o @ I
T [t rrrrrrrrryrrrrrrrrr[rrrrrrrrr
0 10 15 20 25 30
KB min)
oM 7 - HPLC 74220
P9EE =i _
ESHEAZE @EY
NO RT [k EE BC
1 677 332059 4 501 BB
2 11.54 3521 0.048 B
3 13.26 2933 0.040 BB
4 16. 61 55098 0.747 BB
(5 2148 6308729 92 370 BV |
L 6 23 69 173699 2.355 TBB)
7377039 100. 000

Conv. : 93%, 95% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex :
PrOH = 80 : 20, flow rate 0.8 mL/min, tx = 21.43 min (major), tr = 23.69 min (minor)]

57



Table 2, entry 9

To a solution of 1e (18.1 mg, 0.039 mmol) in dry-toluene (0.39 mL) was added acetone (778 pL, 11 mmol)
and 4-nitrobenzaldehyde (59.0 mg, 0.39 mmol). After being stirred at room temperature for 24 h, the mixture
was concentrated. Conversion was determined by '"H NMR of the crude product. Ee of the aldol product was

determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

& ‘ | aldol product

=3 Substrate .‘h ‘ /
J? J‘ ‘ M . } \ '\
:; L “‘L/ \\)UL/‘ ‘\JL_.)‘J‘ k\ J«/L,.__,/\JM\,MJ UU UU\_/\_JJ) (O )/‘ .|
) 100 90 80 70 60 50 40 30 20 10 0

169 —
5
7
7
0

S
X : parts per Million : 1H
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HPLC analysis

hazha47 - HPLC Feial

80
70 3
60 3
= 50
g 40 3
g 3
20 3
10 = 8 2 b
0 - e -
I III| I'I'I'I'|III'I|'IIII'|'IIII|IIII|
0 5 10 15 20 25 30
BEEE min)

NO RT [k EET BC
1 6.93 237944 3603 BB
2 13.19 2474 0 037 BB
3 16 67 42703 0 647 BB

(4 2139 5622171 85 133 BV

(5 23 74 698666 10 580 VB |

6603958 100 000

Conv. : 95%, 78% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex :
PrOH = 80 : 20, flow rate 0.8 mL/min, tx = 21.39 min (major), tr = 23.74 min (minor)]
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Table 2, entry 10

To a solution of 1f (19.2 mg, 0.046 mmol) in dry-toluene (0.46 mL) was added acetone (907 pL, 12 mmol)
and 4-nitrobenzaldehyde (69.0 mg, 0.46 mmol). After being stirred at room temperature for 24 h, the mixture
was concentrated. Conversion was determined by 'H NMR of the crude product. Ee of the aldol product was

determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

| |
—
98.68

10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0110.0120.0130.0140.0150.0160.0170.0180.0

E aldol product
: Substrate “
L B W L
E LV V1 | NS B Y |
100 90 80 70 6.0 50 40 30 20 10 0
P A

S
X : parts per Million : 1H
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HPLC analysis

HaThaq7 - HPLC 74l
140
120

i

100

80

i 5 B (V)
2

-
(=]

FY THTPY [T FRYTY PYVY IRTY] FYYTY FYOTY IO YT I

N
(=]

13.08
16.49

(=]
1 ? 7.56

BREFEEE (min)

haTM47 - HPLC 7420
PIEE EfF
ESHEARE @EY

NO RT =i mET BC
1 7.5 355263 2 611 BB
2 13.08 7622 0 056 BB
3 16.49 45436 0363 BB

(4 21.12 9256092 68 018 BV |

(5 2.3 3939969 28 953 VB

13608382 100 000

Conv. : 99%, 40% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex :
PrOH = 80 : 20, flow rate 0.8 mL/min, tx = 21.12 min (major), tr = 23.32 min (minor)]
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Table 2, entry 11

To a solution of 1g (16.0 mg, 0.039 mmol) in dry-toluene (0.40 mL) was added acetone (781 pL, 11 mmol)
and 4-nitrobenzaldehyde (59.5 mg, 0.39 mmol). After being stirred at room temperature for 24 h, the mixture
was concentrated. Conversion was determined by '"H NMR of the crude product. Ee of the aldol product was

determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

80‘ 0
—
93.85

4q.0 5(‘).0 6q.() 7(‘).0

3q.()

2q.()

aldol product
o] Substrate H
g |
:% § 4 LLJ L;LJ ‘L,Jf\w ‘ U/ \“uwt
10,0 90 8.0 70 60 50 40 30 20 I 0
L A

S
X : parts per Million : 1H
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HPLC analysis

hovh47 - HPLC #4220
120
100 — g
& E
b 60
o E
= 40
20 _g o o0 -
0 3 i 7 M :
LS I I I R I | LA L L LA L B BN L B | [T T 1 1 ] |
0 10 15 20 25 30
FEEE (nin)
hovM47T - HPLC 744
P9ZES2 EfFE _
ESHERE @EY
NO RT =i EET BC
1 35 1557 0 017 BB
2 7.86 19577 0. 208 BB
3 8 33 8541 0 091 BB
4 13.53 2725 0 029 BB
5 15.18 3877 0. 041 BB
6 1681 46791 0 496 BB
(7 21.84 7961164 84 473 BV
(8 2420 1380277 14 646 VB |
9424508 100. 000

Conv. : 94%, 70% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex :
PrOH = 80 : 20, flow rate 0.8 mL/min, tx = 21.84 min (major), tr = 24.20 min (minor)]
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Table 2, entry 12

To a solution of 1h (13.5 mg, 0.035 mmol) in dry-toluene (0.35 mL) was added acetone (690 uL, 9.3 mmol)
and 4-nitrobenzaldehyde (52.4 mg, 0.35 mmol). After being stirred at room temperature for 24 h, the mixture
was concentrated. Conversion was determined by '"H NMR of the crude product. Ee of the aldol product was

determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

1090
—
97.81

6q,0 7(‘).0 89,() gq,O

SQ.()

4(}.0

30\'0

aldol product

20‘.0

lq.()

Substrate | J W
- JJ“ gl LL/l J \“A_J\LJ‘UU“MA »‘

T T T T T T T
10.0 9.0 8.0 5.0 4.0 3.0 20 1.0 0

N

abundance

>

167
5.294
5276
5.269
5.250

=
X : parts per Million : 1H

64



HPLC analysis

hovb47 - HPLC #0220

350 3
300 =
- 250 =
i
2 200
E)
e 150 3
5
100 3
50 3 " Fog @
03 - - : :
L L B L L L L L L L L B L L B L L L L B L L B WL B B |
0 10 15 20 25 30
REE min)
oTM4T - HPLC 7420
vy S miE
EEEARE @FEY
NO RT =iE EE BC
1 718 557769 650 BB
2 13 51 4194 0012 BB
3 152 4190 0.012 BB
4 16 89 83836 0 248 BB
(5 21 6 25646607 75 836 BV
6 94 4 7499540 22 191 VB |
33796136 100. 000

Conv. : 98%, 55% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex :
PrOH = 80 : 20, flow rate 0.8 mL/min, tx = 21.95 min (major), tr = 24.42 min (minor)]
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Table 3, entry 1

(5)-2-((R)-hydroxy(phenyl)methyl)cyclohexan-1-one 4c"
OH O To a solution of 1a (9.6 mg, 0.0111 mmol) in dry-toluene (110 pL) was added
' cyclohexanone (115.0 pL, 1.11 mmol) and benzaldehyde (11.28 pL, 0.111 mmol). After
being stirred at room temperature for 24 h, the mixture was concentrated. The resulting
residue was purified by silica gel chromatography (ethyl acetate : hexane = 1 : 3) to give 4¢ (9.1 mg, 40%).
Diastereoselectivity (anti : syn) and ee of the anti aldol product were determined via HPLC of the crude product
after confirming the retention time of each racemic compound.
Yellow oil; "H NMR (270 MHz, CDCl3) § 7.38-7.29 (m, 5H), 4.79 (dd, J = 8.9 Hz, 2.4, 1H,), 3.96 (d, J = 2.4
Hz, 1H), 2.67-2.30 (m, 3H), 2.13-2.04 (m, 1H), 1.82-1.22 (m, 5H).

'H NMR, 270 MHz,

—T
| //\ It | \
E | “% M
| | " /‘/
TN - I
it - I
~ I | h |
= : LA I L \
g | U\‘W . w/‘ w““\‘m A o A “\.w"\y,\ . y‘h“‘\j Wﬁ‘\ﬁ
| - 1‘7 3‘(, 3‘; 2“ 1“ 21 20 \“1 y‘x |“ \‘1, y‘( |‘.| “; ]‘2
| [T T /\\\\\\H\\\\\L /\H H\HH
J\ U\ %( |
SN ) I
7‘.0 6‘.0 510 4‘0
N A A
X : parts per Million : 1H o
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HPLC analysis
hoebi(7 - HPLC Feas 1

30 3 |
53
§ =]
. 15 3 5
w 3 b =
= 10 3 P
53 .
E e iy ot ®
0= 3 o' 4 #
3 T T T T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80
GEEE (nin)
ymB(T LG Fvan
F-)E® miE
E8iEAE mEs
NO RT miE BE BC
1 2.4 1883 0100 B
2 3% 51767 2 741 BY
3 3% 25745 1.363 W
4 30 27610 1462 w
5 3% 10967 0.581 w
[} 409 28717 1520 w
7 445 608806 3 696 w
8 467 854 0 045 TBB
9 4 9% 6170 0 856 w
10 512 1.085 w
1 54 47153 2 496 W
12 6.05 15748 0834 w
13 6 61 56943 3015 w
14 6 % 434880 23 024 w
15 7 66 23235 7 848 w
16 8. 66 1707 0.090 BB
17 9 04 372207 19 706 w
2 i s 1% y
@ 11.06 15339 0839 W
7 74 52537 7787 W
29 3N 13891 0735 W I
3 13 135 Q W
; e o g ¥
5 16 01 609 0 032
28 ‘,-_8 8] 231274 122
I 18 15 A2n [i]
(22 277 1933 0102 [ |

Yield : 40%, anti : syn = 89 : 11, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 11.96 min (syn : minor), tr =

13.90 min (syn : major), tg = 16.87 min (anti : major), tg = 20.77 min (anti : minor)]
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HPLC analysis of racemic compound (anti form + syn form)

9EN34" HPLC Feadk - 1

12 5
|
10 i
g 8 .
§ 6 2 | l ll z
(1] = |
1 - 1"\‘ l ( “ |r\|
s A L 2
3 = L—Q | \ =
] AV I\ 3
™7 ™ T L2 B3 & B 2 B B B T T T T
0 s 10 15 2 2% 30 20
255050 (min)
F-IMBEASF 7740 |Pro0H Hex=4 96 iml/min 120min
#5442  Column I ERE
# Y2 AG4Y) - L-2130
F U7 A BRERA 4 U7 A BMEB 96
# 7 A BRERC A7 A EREED
S 734N
HM47T HPLC Fevdh 1
FIEER &
EEHESZ @EY
NO RT i BE1 BC
1 436 15753 0.936 88
2 11 06 440864 25 715 BET
(3 15 38 270186 22 538 V8
[ 4 729 21 €8 83 |
[5 151 2133] 12 68 %
L6 6. 64 2369 14 08
7 1.74 229 1.36 83
1682458 100. 000
HPLC analysis of racemic compound (anti form)
9ATN4TT HPLC Fedk 1
70
“ ﬂ
E ‘ 2
50 ‘ =
g | )
40 — \
Fow ||
%0 - l ‘
(] & 8 “ \
3 = R .:: 2 ‘ﬂ \
1 saq =iz |\ ]
S ‘
0 ol - U G . W
™ LA RE A | T 23 E S RERS T T (5
0 s 10 15 20 2% 30 20
51 (nin)
T -pMERSH 7740 | Pro0H Hox=4 96 iml/min 120min
f3.%  Column SV AERE
#27°A04Y) | L-2130
Y7 A BRBEA 4 A7 A BREEB 06
A7 A BRAC U7 A eREED
SaF TrAhakUL
TN HPLC Feah 1
CHES ®R
EEHERZ ARls
NO RT mE =x! B
1 607 1721 0.288 88
2 127 24592 0 395 B8
3 811 200824 3.226 BV
4 10. 61 249605 2010 L)
5 14,62 132116 2122 V8
6 16 39 34007 0 546 B3
(7 16 44 2800389 [Ty g%]
) VALK 12 416
6224867 100 000
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HPLC analysis of racemic compound (syn form)

40783477 1 HPLC Feudsh © 1

20 |
§ i
15— %
5 N
g 102 \ j\
W 0.5 = \ ,
3 2 \ \ < "
A = &
0.0 N - SR -
7:‘"'V'T"" "T'l"‘[""'Y'Y‘r'T""'1'1'"" L RS S I A A B B4 B2 BA B RS B A0 BB A
0 5 10 15 2 2% 30 35 0
RIS (min)
7 -SMBRASH I [ ProdH Hex=4-96 1ml/min 120min
#3542 - Column Fr ERE
#27°AG4Y) - L-2130
AUTABREBA 4 U7 ABRERB 96
¥y BRERC AUTA BRRD
ST IFANIEG
W4T - HPLC Feaah 1
)RR EE
ERHFEALZ =ES
NO RT ik =E 8¢
1 480 9450 5 156 B8
2 05 47901 26 132
(] 15 22 50540 3
4 17 11 61641 33 628
5 26 36 2872 1.567 88
€ 30 72 1890 1,031 88
183303 100. 000
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Table 3, entry 2
(5)-2-((R)-hydroxy(4-(trifluoromethyl)phenyl)methyl)cyclohexan-1-one 4d"
OH O To a solution of 1a (11.6 mg, 0.0134 mmol) in dry-toluene (140 uL) was added
: cyclohexanone (140 pL, 1.34 mmol) and p-trifluorobenzaldehyde (23.6 mg, 0.134
CF, /©/\© mmol). After being stirred at room temperature for 24 h, the mixture was
concentrated. The resulting residue was purified by silica gel chromatography
(ethyl acetate : hexane = 1 : 3) to give 4d (13.7 mg, 38%). Diastercoselectivity (anti : syn) and ee of the anti
aldol product were determined via HPLC of the crude product after confirming the retention time of each
racemic compound.
White solid; m.p. 91.9-92.7 °C; 'H NMR (270 MHz, CDCl3) 7.61 (d, J = 7.8, 2H), 7.45 (d, J = 7.8 Hz, 2H),

4.85 (dd, J= 8.6 Hz, 2.4 Hz, 1H), 4.06 (d, J= 2.7 Hz, 1H), 2.65-2.31 (m, 4H), 2.18-2.05 (m, 1H), 1.84-1.26
(m, 4H).

'H NMR, 270 MHz, CDCls

- \
g / //fé “J//\v ‘
B ’ ‘/ f i . |
| /\ I .
511 il /M‘ L i
; M ‘ H‘H § \ |
I\ AN 1o
= J H “ ‘ﬂ 3 ,/V ‘\ “‘N\ E
J ‘ W \‘\‘ M‘ Wl =
- éww ‘mw' ) . ;wﬂ / /
{g‘\’g Vil HH\ |
|
]
‘; O,Mz} U \uJ‘L ST 1
’ 7o P % W 3 20 o ;
Al N sy

X : parts per Million : 1H
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HPLC analysis
hovh347 - HPLC Foai

8
= =
E 6
: =
B 4 o
=
e s
Bl REEnY FAAER ALRAH EALRRELLTY
50 60 70 80
AE BC
1 1.08 519 0133 BB
2 33 5654 1 451 8V
3 358 6423 649 w
4 304 171 5 W
5 44 9863 2 532 VB
6 54 5454 © 400 Bv
7 508 10400 2 669 w
8 6 10 13760 3532 w
9 6.3 25366 6 511 w
10 6 8 5123 1.315 VB
1 74 16627 4 263 BY
12 g4 39007 10 012 w
13 8 o4 3049 4 863 VB
14 10.3% 7% 0 204 8B
i3 1 72 0 188
16 1N 0z
~ 7 § ﬁ : %
1 i
19 17 B 2603 0 668 8V
@ S K Y (R 161 s
23 25 %0 2246 03577 BB
22 344 2203 0 589 BB
23 44 2% 8037 2 063 88
24 56 45 821 0 211 88
2 68 67 2356 0 605 B8

Yield : 38%, anti : syn = 95 : 5, 93% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 11.76 min (sun : major), tr =

12.62 min (sun : minor), tr = 15.49 min (anti : major), tr = 18.35 min (anti : minor)]
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HPLC analysis of racemic compound (anti form + syn form)

SRTP4T - HPLC Feas 1
16
1 ﬁ
j 10 - l {
8- } ‘
¥ y I
0 3 \ ‘ ‘ l
4 . B ‘ : ‘ ‘ ‘
3 - g% =% | . .
2- Ass A K \ s =
il paaemial Lo Jd Yy 0 %X
T T T TI 77 ™T T T ! T R Bl ) T T il M ]
0 5 10 15 20 25 30 k)
RSS! (min)
T -IMEBEASFI24V: [ ProQH:Hox=4-66 Iml/min 120min
#34%  Column SV ERE
¥ AG4Y) - L-2130
Ty A BRERA 4 A U7 ABRERB 96
F A BRERERC U7 A BREED
S 74k Ib
MERE34T C HPLC Fevah 1
CHER EE
EEiHESE @S
NO RT =iE mE BC
1 475 106923 5.365 BB
2 123 49381 2 478 B3
3 8.90 3624 0.182 83
4 g a8 12269 0 616 B8
5 11.65 21873 1.097 B8
6 12 95 1777 0 023 i)
[ 87 45371 164
(8 4 89 46860 511 V3
[ 45 800
10 01 41035 589 B8
1 29. 99 538 300 B3
2 81 175 088 B3
13 36. 01 4790 0.240 88
14 £0.17 7294 0.366 88
15 47 42 2410 0.121 B8
16 74.63 6331 0.318 B8
17 98. 72 41204 2 067 B8
1993113 100 000
HPLC analysis of racemic compound (anti form)
HETRI4T . HPLC Feudh - 1
'3 |
1 3 |
6 I ;
§ ¢ |
§ 4 ‘ ‘
2 |
s $ N \
2 =4 = \ \ ’
1 - J\ P = | =
P\ J f \ \ ]
T T ™7 [ Gl Sl IR [N Tt 8N NG B T [ T | BE R § T T T T
0 5 10 15 20 25 30 3%
SRS (min)
T -IRERS TV |Pro0H:Hex=4:96 1ml/min 120min
A3L%  Column Y ERE
F U AGMY) - L-2130
Fy7 A BREREA 4 A U7 A EERB 96
# 7 A BRERC AT A SR ED
S 77 dhaksb:
M4 - HPLC Frudr 1
C-ER EER
EEHESE @3RS
NO RT mE =5 B8C
1 47 14348 312 B8
2 5 24 902 0 145 B8
3 731 44633 7.192 88
4 47 2561 041 88
5 1 11404 1.83 88
( 1 265885 42 84
l 2 275111 44 33
30 3042 0 49
9 375 2694 0 434 88
620580 100.000



HPLC analysis of racemic compound (syn form)

HoThg42"  HPLC Feudh o 1

n |
6 £l
, i
50 — (| fi
S |
o 30 -
18
ol |
10 :- \ \
o - ——
TV T T L R | -(l' 1T T
0 5 10 15 20 2 30
£ (min)
F-9MBESH 740 |Pro0H Hex=4 96 1mi/min 120min
#3548 . Column Sy fERRE
F YAy L2130
AUV EEEA 4 A y7 A BREAEB 96
F U7 A BERC 77 A HERD
P TT4hIFE
hoeiedr” - HPLC Feodh 1
CIEE EW
EEHERE @TES
NO RT =i =E! BC
1 132 17182 0 280
(2 13.95 2181055 49 355
[3 15.07 2220803 50 256 V8
4419140 100 000
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Table 3, entry 3
4-((R)-hydroxy((S)-2-oxocyclohexyl)methyl)benzonitrile 4¢"
OH O  To a solution of 1a (13.8 mg, 0.0159 mmol) in dry-toluene (160 pL) was added
' cyclohexanone (165 pL, 1.59 mmol) and p-cyanobenzaldehyde (20.6 mg, 0.159
NC mmol). After being stirred at room temperature for 24 h, the mixture was
concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane =1 : 3)
to give 4e (36.4 mg, 100%). Diastereoselectivity (anti : syn) was determined by '"H NMR of the crude product.
Ee of the anti aldol product was determined via HPLC of the crude product after confirming the retention time
of each racemic compound.
Yellow oil; 'H NMR (270 MHz, CDCls) § 7.65 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.1 Hz, 2H), 4.84 (d, J = 8.4
Hz, 1H), 4.05 (s, 1H), 2.62-2.30 (m, 3H), 2.16-2.05 (m, 1H), 1.86-1.47 (m, 5H).

"H NMR, 270 MHz, CDCl;

Anti aldol product

abundance
C
=
[
—
r

10.0 9.0 8.0 7.0 6.0 5.0 4.0 0 Rk 0

X : parts per Million : 1H
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HPLC analysis
IR HPLC Foah

25 3
& 203
- 3
= E
L 15 3
& 3 e
o 3 @ 8
= 10 = 4
5 3 2e B 2 &
3 8 oA 3 8
03 . §
B I s i ki i naddd N ol G REKES B i) DA Rl R TERKS
0 10 20 30 40 50 60 70 80
G FETE min)
90RH47  HPLC Fesak
COER mE
EBHEAZ @ES
NO RT =iE BE BC
1 3.5 771 0 281 B/
2 36 8524 0238 w
3 400 4987 0182 W
4 43 5667 0207 W
5 47 345° 0126 B
8 52 3022 0 202 B
7 5.5 3635 0 143 B
8 58 6755 0 246 BB
g 628 9874 0.360 BV
10 6 % 9295 0329 w
1 6 9% 11818 0 431 w
12 74 1110 0 040 TBE
13 8 12 5931 0216 B8
14 8 61 637 0023 BB
15 906 6253 0228 B
18 1031 8840 0322 BB
17 10 97 9475 0 345 BV
18 1.4 15525 0 566 B
19 22 1375 0 050 BB
20 12.8 477 0017 BB
21 4] 2765 063 BY
22 6.5 200008 7 280 B
23 2 4 6634 0 244 88
24 5% 224938 8 199 23]
gg 0 4 897§ g .:!27 8B
2 i3 , i )
— X0 . oy
( = YIS 3%‘7)
] 1 3 4
% 4 181 i

Yield : 100%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 36.36 min (syn), tr = 44.83 min

(anti : major), tr = 61.77 min (anti : minor)]
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HPLC analysis of racemic compound (anti form + syn form)

4oehe47" | HPLC Feudn - 1

70 2
: %
o it
50 | |
S ’ I
40 “ [
o N
e 2 =
| | \
10 % u \ \ l\
1 % o \, \
(i TV A S r'l L, IR (N, J .
T T ™ T T T T T
0 0 20 30 0 0 & 0 80 9%
RS (min)
F-sMEESHT 7740 | ProdH Hex=4 96 1ml/min 120min
#34% - Column PV ERE
37 AG4Y) - L-2130
F U7 A ERERA 4 #97'A BREEB: 96
# 7 A BEHC 57 A BRERD
S 774hFUL
hoRMT HPLC Fedh 1
FIEE @
EEHEAE @E
NO RT TR 2E1 80
9 405 15512 0 088 BV
2 491 4751 0 027 BV
1 q 34 10554 0 080 BBT
(2 42 29 5149049 34 320 Y
(5 51 65 1705581 20 987 W |
6 54 71 5115933 28 974 V8 |
O 73 89 2656382 15 045 V3 )
17856776 100. 000
HPLC analysis of racemic compound (anti form : syn form =10 : 1)*
* determined by '"H NMR
DRINAT HFLC Fedk 1
5 i
g 0 v
¥ ; |’ A
2 ER 3 - ‘
54 7 - N 3 ‘ { \
s | o+ A [\ 3 |
oj,,,,*AKJML—/—"“ Moo N
T T T T T T T T T T T T I
0 0 2 30 0 5 & 0 8 %
R0 (nin)
T -IMBESE 7740 | Pro0H Hex=4 96 iml/min 120min
#1562  Column N ERE
#3727 AGMY) - L-2130
A7 A BRERA 4 #97°A BB 96
A7 A BREAC 57 A BRERED
S bR}
. H4T HRLC Fevdh 1
YRR B
EEHESE AN
NO RT L BE1 BC
1 3.41 12408 0.414 8V
2 59 5812 0.193 W
3 375 3284 0275 w
4 401 14492 0.480 W
5 448 15607 0.517 W
6 491 19221 0 637 w
7 523 13865 0.658 W
8 605 57466 1.905 w
g 679 25043 0.830 w
10 § 07 13347 0 83
11 11.17 7990 0.265 w
12 19 14 83471 2 766 va
13 20 11 2880 1 753 By
(12 47 ag 146484 4 855
(5 53 44 1334703 44235 W
18 64 03 25913 D 861 BV
(17 72 41 1174130 38 914 v J
3017268 100000
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HPLC analysis of racemic compound (syn form)

Saehi47" 0 HPLC Feuds @ 1

@ }
5 3
“ |
§ - |
® 2 \ ‘
3 & I
10 < = | ‘ \ °
3 W=N “ \ \ -
o - w \ e
0 10 20 30 0 50 60 70 80 %
B85 (min)
T -3BESH 740 | ProOH Hex=4 86 1ml/min 120min
#3445 - Column SR ERE:
Y27 AG4Y) © L-2130
FU7A BRERA 4 Ay A BREFEB: 96
A7 A BERC U7 A BRERD
P TTANFSE
HoTNEET - HPLC Fds 1
FIER @AW
EEHERE @AES
NO RT o aE1 BC
1 171 19014 0 244 BV
2 401 6500 0 089 V8
3 445 4303 0 055 B3
4 613 4226 0.054 B8
5 8 22 4441 0 058 B8
6 15.26 25070 0.322 B8
7 18.57 247038 3 169 BV
8 19.72 235047 3015 VB
[g 3¢ 82 3603462 48 229 B8
(10 50.21 3623808 46492 88
1 71.36 21299 0.273 B8
7794748 100000
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Table 3, entry 4
(5)-2-((R)-hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one 4f"

OH O  To a solution of 1a (15.1 mg, 0.017 mmol) in dry-toluene (170 pL) was added

. cyclohexanone (176 pL, 1.7 mmol) and p-methoxybenzaldehyde (20.7 puL, 0.17
MeO mmol). After being stirred at room temperature for 24 h, the mixture was
concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane =1 : 3)
to give 4f (6.1 mg, 15%). Diastereoselectivity (anti : syn) was determined by 'H NMR of the crude product.
Ee of the anti aldol product was determined via HPLC of the purified product (anti form) after confirming
the retention time of each racemic compound.
Yellow oil; '"H NMR (270 MHz, CDCl;) & 7.24 (d, J = 8.9 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 4.74 (dd, J = 8.9,
1.9 Hz, 1H), 3.93 (d, J=2.4 Hz, 1H), 3.80 (s, 3H), 2.64-2.30 (m, 3H), 2.13-2.05 (m, 1H), 1.81-1.23 (m, SH).

"H NMR, 270 MHz, CDCl;

Anti aldol product

189.0

169.0
87.00

14{).0

12{).0

10{).0 )

80.0

6()‘.0

Syn aldol product

40.0

2(‘).0

abundance

|
] i ] @M_A_MMJLU‘LJ;&_LL

“““ o T L A e e L B e e B o e NN B B e
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0

X : parts per Million : 1H
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HPLC analysis

Hazhs47" - HPLC Feudh @ 1

54 \

- #

4 A

|

g 3 l
% E I
! 2 2 1
e o \
] r '

e A '
E® 21 3 \

0 J+— /""\—;\L‘_J\l W ; ———

T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50
SRS (min)

nzbg47° : HPLC F4vd 1

RS EFE
EEHERZ TES
NO RT miE EE BC
1 577 3587 1.079 B8
2 1.76 3648 1.097 B8
3 11.22 4214 1.267 B3
4 12.60 37928 11.406 B3
5 16.07 2077 0.625 BB
Lo 33 63 281060 g2 576 B
332522 100. 000

Yield : 15%, anti : syn = 87 : 13, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 33.63 min (anti : major)]
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HPLC analysis of racemic compound (anti form + syn form)

HETE347 0 HPLC Feadh - 1

® 8
T KRR RN
. =~

15

E5RE @)

-]
L
— 36.3|

SREETE (min)
F-MEBESF7V (Pro0H Hex=4-96 1m!/min 120min
7344 - Column PV ERE:
U AGMY) - L-2130
Y7 A BREAA 4 A7 A BREBR 06
A7 A BEHEC # 7 A BE&D
S # 774h kb
DTG4 HPLC Feah 1
CEE mE
EEHESZ BR:
NO RT mE =K1 BC
1 482 104241 3.8717 Y
2 569 123223 2 459 V3
3 77 22190 0 443 83
4 10.67 10036 0 200 B3
5 12.22 138577 2 766 88
6 15.50 116176 2 319 BB
3 27 16 1101155 21 677 33 )
i 2113 103696 2 010 %j
Lo 29 47 1623622 32 405
10 37 41 5860 0 117 83
(11 3631 1541561 30 767 88 )
12 87 30060 0 600 85
5010417 100 000
HPLC analysis of racemic compound (anti form)
haehs47" 0 HPLC Faudh @ 1
- |
3% 2
30 £
E |
i 2% - |
g - \ \
w E ‘
0 15 E \
10 - { \
s1 ¥= % : \ \
0 A &._J LN .,
T T T [ ™7 T [ LM ARARAS M AN Y']'?‘l']'!""" T [‘f - 1'] T
0 5 15 20 25 30 35 45 50
BRI min)
J-9MBESHF I (ProOH Hex=4-396 1ml/min 120min
#1544 - Column IV ERE -
#27°AG4Y) - L-2130
#97 A BREBA: 4 7 A EEAB 96
A7 A BREBC U7 A BRRD
S T4 IkID
MMI4T C HPLC Tk 1
CER EE
ERHESR @mEAs
NO RT =i =E B
1 4.86 60535 1.193 BV
2 57 66324 1307 V8
3 77N 48365 0.953 88
4 11.77 27514 0 544 3V
5 12.16 40437 0.797 w
€ 19 a0 954110 6 630 Ena]
(2 29 33 2935011 42 (57
[ 35 09 2240589 42 167 88 )
5072945 100 000
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HPLC analysis of racemic compound (syn form)*

4oehg47" | HPLC Feadn o 1

15 {‘

i

5w |

& E l

& i

i 6 <

3 By . o \

1 maEh \

ol AMAZ

AT =
__J\ pfa s

TrIT T

T T

LALLS RARA L1 A AR T

0 5 1% 20 30 35 40 50
R EES (min)
F-5MEES 740 [ProOH Hex=4 96 1ml/min 120min
#5344 - Column PV ERE
# Y7 AGM4Y) - L-2130
FU0ABRERA 4 A Y7 A BREABR: 96
F77 A BERC U7 A EERD
P 774hFSE
hoviier - HPLC Fedh 1
EIEE TR
EEHEAE @EL
NO RT ik =E1 BC
1 4 82 18669 ' 999 B8
2 5 64 1568 0 168 88
3 759 5227 0 560 B8
4 019 3003 0.322 B8
5 12 07 73461 7 864 88
6 511 78525 8 407 %]
1 21 81 (79808 12 787
8 27 41 41122 4402 BB
9 29 13 10794 1.156 88
10 1. N 10331 1.106 B8
1 47 63 11488 1.230 88
934057 100 000
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Table 5, entry 1

To a solution of 1i (10.1 mg, 0.0087 mmol) in dry-toluene (0.087 mL) was added cyclohexanone (90 pL, 0.87
mmol) and 4-nitrobenzaldehyde (13.2 mg, 0.087 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (3.2 mg, 15%). Diastereoselectivity (anti : syn) was determined by '"H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

o
91.01

&3 Anti aldol
product

§, Syn aldol
product

L

,MWWMMV“‘

4.0 3.0 2.0 1.0 0

abundance

N

=
1
1 o=
£

X : parts per Million : 1H
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HPLC analysis
Hoba{7 - HPLC Fial

16 3
14 -
12 3
z 10 - i
# 8- ”
or E o
6_ _W
uls = o gg 2 by ~
4_%3“]% 2 5;‘:’ 8'_: 'g_ § i
£ “ S @ o -
24 Amrgw o g i 7 5 g o
3 k=T » -
o_'
ALY IR RAAE) RAbid AL REALT LALE) LAAR) LLAL) WAL RLAL] LI LELL) WAARI LELE)
0 10 20 30 40 50 60 70 80
R EEEE min)

7 -8032 B4 AT 7740 iPrOH Hex=4:96 1ml /min

7344 - Column AN EmRE
& V7 ALY - L-2130
V7 AEEEEA iPriH YT A EBE AR Hex
FUTABEEC VT A EEED
ST TR AN3A b
HaTM47 - HPLC 7420
P-9ZEE EfFE
EEHEAE @ES
NO RT =i EET BC
1 2.51 2661 0 197 BB
2 3.4 6429 0. 461 BV
3 364 14528 1. 041 W
4 402 8360 0 599 W
5 463 2852 0 92° W
) 537 6979 0.500 W
7 5.87 7431 0.533 VB
8 6.36 4532 0 325 BB
] 719 3667 0 263 BB
10 8 2 1985 0 142 BB
11 8 73 1552 0 111 BB
12 11.57 1217 0 087 BB
13 12.75 4333 0 311 BB
14 18.74 8288 0. 594 BB
15 3148 6087 0.436 BB
6 44 17 39261 2 814 BB
17 48 17 76759 5 501 BB
(18 52 64 63459 83 382 BB/
9 60 78 0553 0 756 BB
(20 69 58 6667 0 477 BB
21 17.07 1717 0 553 BB
1395316 00. 000

Yield : 15%, anti : syn = 91 : 9, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 52.64 min (major), tr = 69.58

min (minor)]
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Table 5, entry 2

To a solution of 1i (5.6 mg, 0.0049 mmol) in dry-toluene (0.049 mL) was added cyclohexanone (152 pL, 1.5
mmol) and 4-nitrobenzaldehyde (7.4 mg, 0.049 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (1.3 mg, 11%). Diastereoselectivity (anti : syn) was determined by '"H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

93.33

50‘.0

3 Anti aldol
product
=1 Syn aldol
= product ‘
E
Il F) NN |
E N / U‘ U U&J" LJ e M 'L.J“'""A V/}\/ \‘\M—)L_J
100 90 80 70 60 50 40 30 20 1o 0
)

X : parts per Million : 1H
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HPLC analysis

Hah47 - HPLC 7440

700 -
600 -
2 500 -
z ;
i 400 =
@ I
o 300 =
g ;
200 =
100 G oz i 01| 8 K g 2 3 9y :
q commsEse Sotfrd & & @ oo 5 8 =
0 -—mwwa-n.t—,-wh-w—vﬁz& s . PR
""I""|""I""|""I""]""I""]" T | I""|
0 20 40 60 80 100 120
BEE min)
hoTM47 - HPLC 7040
F-EE EmE
EEHESZE @TEY
NO RT miE EE BC
1 2 29 653 0. 001 BB
2 38 20936 0028 BV
3 37 8143 0.011 W
4 408 19355 0 026 W
5 454 29494 0.030 W
6 4% 9832 0013 W
7 52 12269 0 016 W
8 6 02 13762 0.018 W
9 6 38 5123 0.007 W
10 6 % 11517 0015 W
11 7 4 1352 0 025 W
12 7.9 4544 0. 006 W
13 827 18835 0 025 W
14 9% 35239 0. 047 W
15 10.08 10655 0014 W
16 10 8 13753 0018 W
17 1191 4609 0. 006 W
18 12,01 11853 0016 VB
19 13.07 10339 0.014 BV
20 13.48 5774 0.008 VB
21 15 46 6767 0 009 BV
22 16 65 2834 0004 VB
23 18 59 516 0. 001 BB
24 21 57 6737 0 009 BB
25 2376 1247 0002 BB
2 24 9 2717 0004 BB
27 97 14 37637 0 050 BV
28 98 63 6466 0 009 VB
29 37.31 1554704 2 068 BV
30 39 53 606482 0.807 W
31 40 54 2041201 2 715 W
(2 43 01 65021354 86 494 VB |
33 52 3 236246 0314 BV
[ 34 5175 665613 0885 VB |
35 7169 023304 361 BB
36 8108 3161942 4906 BB
37 91 683 428041 0 569 BB
38 98 52 99394 0 133 BB
39 113.40 12703 0017 BB
75175168 100. 000

Yield : 11%, anti : syn = 93 : 7, 89% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 43.01 min (major), tr = 57.75

min (minor)]
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Table 5, entry 3

To a solution of 1j (6.5 mg, 0.0062 mmol) in dry-toluene (0.062 mL) was added cyclohexanone (64.2 uL, 0.62
mmol) and 4-nitrobenzaldehyde (9.7 mg, 0.062 mmol). After being stirred at room temperature for 24 h, the
mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate :
hexane = 1 : 3) to give 4a (12.9 mg, 83%). Diastereoselectivity (anti : syn) was determined by "H NMR of the

crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 400 MHz, CDCl;

€
=1 Anti aldol
product
<] |
- \
Syn aldol
=] product
; J WL I
| il 4
E. ! o] UMb Il
”‘io‘.d‘”””‘e‘.o‘””””sfo””””‘7fo‘””””e,‘.o“”xmsfo/‘\”””‘4‘.0‘””””310””””‘zﬁo‘””””1‘0‘””””6‘
X : parts per Million : Proton o o
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HPLC analysis
HERMUT - HPLC Fev4l

50
40
3 =
& E
) 30
& E
o E
I 20
0 10 20 30 40 50 60 70 80 90
BEERE (min)
hoTM47 - HPLC #0220 © 1
CoES @R
EEFESE mES
NO RT =i mE BC
1 155 1288 0.040 BB
2 2 52 2677 0.083 B
3 35 18338 0 567 ]
1 20 5984 0.182 W
5 43 6965 0215 W
6 480 3075 0923 W
7 509 1292 0.139 VB
8 58 20 0.242 BY
9 6 & 10448 0323 B
10 7.37 2205 0.068 B
1 9 08 3695 0114 B8
12 10.25 3279 0.102 ]
13 11.70 1179 0.036 BY
12 12 11 5040 0,156 W
15 12.55 2078 0.126 VB
16 13.78 7803 0.241 BV
17 26 8750 0.270 B
18 14 64 3406 0.105 B
19 15 14 00 0019 &8
20 1610 641 0.020 )
27 76 31 5862 0701 )
22 17.24 751 0.023 BV
23 72 6137 0190 W
22 1820 2964 0.092 VB
25 19 61 2047 0.063 BV
26 20 12 1402 0.046 B
27 2057 4214 0.130 BB
28 2 % 1541 0 048 &8
20 2 5 6275 0.104 B8
30 2363 14320 0.443 BV
31 9% 17 1665 0.052 B
32 %5 43 1781 0.055 B8
33 2779 2855 0.038 B8
3 2866 870 0 025 E
35 29 60 393 0012 B
36 08 865¢ 0 268 BY
37 3 4% 1847 0.057 B
38 3231 21458 0.664 BB
et ) 82768 1049 &Y
0 % 22 1169 0.036 8B
41 3759 2771 0.036 BY
22 B 52 10431 0,601 VB
42 4% 2770317 85699 VB
75 %608 266 0074 BB
46 7.6 505 0.016 BB
47 9 2 567 0017 &6
48 %0 05 69 0.002 B
49 52 29 2825 0.037 B
&N 52 00 Q4+ 0020 FR
(51 5443 82805 2.562 B )
52 % 5 3028 0.094 5]
53 57 41 13206 0474 B8
54 5999 06 0.019 BB
55 60 40 4972 0 152 &%
56 6164 2794 0117 BB
57 63 19 12872 0.398 B
58 66. 36 1802 0.050 B8
59 66. 87 9718 0.201 BB
60 63. 99 3227 0.100 BB
61 10 1664 0.051 BB
62 7311 1088 0.034 B
63 T 48 1529 0 047 &8
64 76.28 822 0.026 £
65 70 1613 0.050 B
66 g1 10 1803 0.050 )
67 ) 17591 0.544 8B
68 1349 0 042 &8
60 87 7 5508 0.170 S
3232584 100.000

Yield : 83%, anti : syn = 95 : 5, 94% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 41.98 min (major), tr = 54.48
min (minor)]
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Table 5, entry 4

To a solution of 1k (10.0 mg, 0.0105 mmol) in dry-toluene (0.105 mL) was added cyclohexanone (109 pL,
1.054 mmol) and 4-nitrobenzaldehyde (15.9 mg, 0.105 mmol). After being stirred at room temperature for 24
h, the mixture was concentrated. The resulting residue was purified by silica gel chromatography (ethyl
acetate : hexane = 1 : 3) to give 4a (22.1 mg, 84%). Diastereoselectivity (anti : syn) was determined by 'H

NMR of the crude product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 270 MHz, CDCl;

;
o
S ldo | | ﬂ
| j | JM | /‘w‘”ﬂ |
Ol e W

X : parts per Million : 1H
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HPLC analysis

Havb47 - HPLC F42)

300
250 é

g 200 é

~ 150 =

oo 3

= 100 3 5

3 5 ®
50 E u
03 |
WWWWWW
0 10 20 30 40 50 60 70 80
GEEEE (nin)
havM47 - HPLC 7020
CEE miE
EEIERE @EY
NO RT =i E EET BC
1 55 9 2792007 7013 MC
(2 61 63 32626009 81 956 NC
(3 74 87 4391163 11.031 BB
39809784 100. 000

Yield : 84%, anti : syn = 89 : 11, 76% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : 'PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 61.63 min (major), tr = 74.87

min (minor)]
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Table 5, entry 5

To a solution of 1i (6.0 mg, 0.0052 mmol) in dry-toluene (0.052 mL) was added acetone (104 pL, 1.4 mmol)
and 4-nitrobenzaldehyde (7.9 mg, 0.052 mmol). After being stirred at room temperature for 24 h, the mixture
was concentrated. The resulting residue was purified by silica gel chromatography (ethyl acetate : hexane =
1 : 3) to give 4b (5.3 mg, 49%). Ee of the aldol product was determined via HPLC of the crude product.
White solid; m.p. 58-59 °C; "H NMR (270 MHz, CDCl;) § = 8.21 (d, J = 8.4 Hz, 2H), 8.54 (d, J= 8.9 Hz, 2H),
5.29-5.25 (m, 1H), 5.60 (s, 1H), 2.92-2.78 (m, 2H), 2.23 (s, 3H).

'H NMR, 270 MHz, CDCls

21
Ex _
B E
QE
&
cgg
&
Q;
&
; e E
= |
4
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|
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= |
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& | |
E |
E= H | j|
g ] ' \ J,h H\
] J
E R L L }L__,JMLNL‘,A_A N
< 1
9‘.0 8‘.0 7‘0 6‘0 510 410 3‘.0 2‘0 1‘0 6
A A AN N
Sk a8 g ZRES g ggE¥E § g 5 g
o6 o6 U i B PXESESPSRN| N = = =]
X : parts per Million : 1H
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HPLC analysis

Hoeba47 - HPLC 7420

100
so—é
z
2 60
20 . . ° .
0 4 I,Pm S - A M e
L L L L L L B B L B B B B B B B B B B B B B B B B B B B
0 5 10 15 20 25 30
580 (min)
haTM47 - HPLC F040
FoOES R
EESHERE T@FES
NO RT =i mE BC
1 0.01 128 0.00 B8
2 39 24579 0.263 BY
3 433 306311 3.283 W
4 537 283 0.138 88
5 6 42 3296 0.035 BB
6 98 3183 0.034 B8
7 12.56 4594 0.048 B8
8 1417 58475 0.627 BB
9 1619 108 0.00 BB
[ 10 19 11 7398969 78 549 BV |
[ 2147 506919 6 152 VB |
12 2 03 782 0.008 BB
13 29 36 80128 0.859 B8
9329533 100.000

Yield : 49%, 66% ee; The ee of aldol product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex :
PrOH = 80 : 20, flow rate 0.8 mL/min, tx = 19.11 min (major), tx = 21.47 min (minor)]
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Table 6, entry 1

To a solution of 11 (20.0 mg, 0.0207 mmol) in dry-toluene (0.2 mL) was added cyclohexanone (214 uL, 2.07
mmol) and 4-nitrobenzaldehyde (31.2 mg, 0.207 mmol). After being stirred at room temperature for 24 h.
Ethyl acetate was added to reaction mixture and organic layer was washed with brine. Aqueous layer was
extracted with ethyl acetate, dried over Na>SOs, filtered, and concentrated. Conversion and diastereoselectivity
(anti : syn) was determined by "H NMR of the crude product. Ee of the anti aldol product was determined via

HPLC of the crude product.

"H NMR, 400 MHz, CDCl;

Anti aldol
product
: Substrate Syn aldol
1 product ‘ A j”
i I
Eo; ( J)UJLM‘ I . MLJL\J_%FU‘ J‘ ‘L J\NJ\AL
T T S T
X : parts per I\—/Iillion : Proton ‘
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HPLC analysis

D¥ichiharakazuk #20200917 cbavashi Mo164 crude n2 asigned.led

500 ) Det & Chi
4 5]
] S
400
300
200
1004
] z 8 o =
] ~ B i -
] LY ol 5
0 ] * 1 T i T
— 17— . 4 —
0 10 20 30 40 a0 a0
min

1 Detd Chl/250nm

1EHEEA Chl 250nm
¥

=28 LS [ EhE Pt [HRES h=ra
1 25414 158231 4535 0a10 0.882
2 0532 1003788 11617 2864 2241
| 2 2210 240942900 427343 292815 94334 |
{ 4 41912 295025 a982 1136 1.164
b 52170 408652 4514 1574 0878
Ey.ch 25059316 513891 100000 100000

Conv. : 94%, anti : syn = 98 : 2, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 32.810 min (major), tr =41.912

min (minor)]
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Table 6, entry 2

To a solution of 11 (20.2 mg, 0.0209 mmol) in dry-toluene (0.2 mL) was added acetone (415 pL, 5.64 mmol)
and 4-nitrobenzaldehyde (31.6 mg, 0.209 mmol). After being stirred at room temperature for 24 h. Ethyl
acetate was added to reaction mixture and organic layer was washed with brine. Aqueous layer was extracted
with ethyl acetate, dried over Na,SQs, filtered, and concentrated. Conversion and diastereoselectivity (anti :
syn) was determined by "H NMR of the crude product. Ee of the anti aldol product was determined via HPLC

of the crude product.

"H NMR, 400 MHz, CDCl;

L L L L L L L L L L
-
80.21

Substrate

aldol product

I
19.79

01 02 03 04 05 06 O‘.7 08 09 1.0 1.1 12 13 14 15 16 17 18 19

JL LU! ‘ I

0.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

abundance

10.165 ——
8

X : parts per Million : Proton
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HPLC analysis

D:#¥izhiharakazuk ¥20200918 obayashi No165 3 honnbann acetone crude  lcd

m
- Det.A Chl
A00 4
2504
0 - N . - J ¥ i 1..""""'--.._ L
05|1b1152h 215 'SEI
min
1 Detd Chl/260nm
(s e Y
tEHESA Chl 250nm
=] [FEEE | A == ATER el -
( 1 iFARE 30679509 ng4a7¢7 88.831 0,644
( 2 18.969 1526155 2340 4,448 4281 |
3 25011 2321165 agar? 6771 074
=i 34536823 705344 100,000 100.000

Conv. : 80%, 90% ee; The ee of product was determined by HPLC. [Daicel chiralcel OJ-3 column, hex : 'PrOH

= 80 : 20, flow rate 0.8 mL/min, tg = 17.177 min (major), tr = 18.969 min (minor)]
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Table 7, entry 1

To a solution of 11 (10.7 mg, 0.0111 mmol) in dry-toluene (332 uL) was added cyclohexanone (115 uL, 1.107
mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h.
Teflon™ (321 mg) and water (775 pL) were then added, and the mixture was stirred for 15 minutes.

The reaction mixture was then filtered. The filtrate was extracted with ethyl acetate, dried over Na,SOy, filtered,
and concentrated. Conversion and diastereoselectivity (anti : syn) was determined by 'H NMR of the crude

product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 400 MHz, CD;0D
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- gl product \ \H‘ W '
] B \‘ ‘\ | ‘} ‘u‘ ‘\ g g
N JUTL 5 catalyst
Substrate :
=
Substrate
8 = g
g J l ‘U s /&
=
. | 3 Jl 1] Y N I S NN’ NV ¥ UV
g
10.0 90 80 70 60 50 40 30 20 10 0
: T
= N NS S ]
= b g
X : parts per Million : Proton

96



"H NMR spectrum of 4-nitrobenzaldehyde in CD;OD

'H NMR, 400 MHz, CD;0D
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HPLC analysis

Cr¥zhiharakazuki¥2020l 006 263 crudelod (R

my’
2 Dt A Chi
150 W
1004
50
2
= -
2 g
Mﬂ 4
D__-u_ln_n_ﬁ- — ¥ T 3
0 10 20 30 40 50 60
min
1 Det.ACh!f250nm
BT
falEe A Chi 280nm
F—og] {BEEH [ Ene it E=ch |
1 21.194 262148 20757 e 11.506
2 2284 2Me07 BT 21236 2o
[ 2 26,766 Q4604 161662 22522 24,722 ]
[ 4 45.2849 Q0637 1663 0ga7 0873 ]
=it | P0s207 179000 {00000 100,000

Conv. : 24%, anti : syn = 98 : 2, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 35.755 min (major), tr = 45.889

min (minor)]
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Table 7, entry 2

To a solution of 11 (10.7 mg, 0.0111 mmol) in dry-THF (332 uL) was added cyclohexanone (115 pL, 1.107
mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h.
Teflon™ (321 mg) and water (775 pL) were then added, and the mixture was stirred for 15 minutes.

The reaction mixture was then filtered. The filtrate was extracted with ethyl acetate, dried over Na,SOy, filtered,
and concentrated. Conversion and diastereoselectivity (anti : syn) was determined by 'H NMR of the crude

product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 400 MHz, CD;0D

I
[
1

=N
f* Antialdol [ |* [t
=] product d
pal |
. i
~7 “W
<] i ‘\
— ( | \
ut A
o /|
o 47
=Syn aldol [ .
=7 product ‘ A W
(=)
-1 _E \‘\ B
24 DS v catalyst
= El -
S 53 :
. [
©
=
b
<
(=)
2
~
(=)
=
(=]

abundance

Substrate
Substrate
“ £ It~ JJ' “L m
| Aad 1 AW
4.0 3.0 20

T
10.0 9.0 8.0 7.0 6.0 5.0

]

0.112
4207 —

e

X : parts per Million : Proton

99



HPLC analysis

D¥ishiharakazuk ¥268¥20201006 268 crudeled led

1 25_ 3 Det A Chi

50 \
25 \
o ~
£ .0 s -
0 - S A A =
T e A
{ 1m0 20 a0 40 a0 (aii}

, mir
1 Detd Chl/250nm

t#EEEEA Chl 280nm

F—7F] {Fia0am] fiztkicd ] RS et
1 I2R56 25041 644 0334 0519
Z AR008 21857 1200 1.088 1530
( 3 36960 766458 121331 EERIE 07 /80
| 4 47500 o195 326 0270 0262 |
Sat 7403750 124202 100,000 100.000

Conv. : 97%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 36.969 min (major), tr = 47.899

min (minor)]

100



Table 7, entry 3

To a solution of 11 (10.7 mg, 0.0111 mmol) in dry-MeOH (332 pL) was added cyclohexanone (115 uL, 1.107
mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h.
Teflon™ (321 mg) and water (332 pL) were then added, and the mixture was stirred for 15 minutes.

The reaction mixture was then filtered. The filtrate was extracted with ethyl acetate, dried over Na,SOy, filtered,
and concentrated. Conversion and diastereoselectivity (anti : syn) was determined by 'H NMR of the crude

product. Ee of the anti aldol product was determined via HPLC of the crude product.

"H NMR, 400 MHz, CD;0D
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HPLC analysis

D¥ishiharak azuk ¥269¥20201005 No269 crudeffif. lod
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5 D=t A ORI
5
gid ]:;
SD—. ,
25
i a s
D__h.-.ut,ﬁw _._-——/—\*—A*%— l /
o 10 @ 40 B0 60
min
1 Detd Chl/250nm
R E=hr-
tEHEEA Chl 280nm
"I {%1a0 : =it i1 A i
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2 =24 611 240800 FERE 4054 £.134
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=il B037711 ah503 100.000 100,000

Conv. : 10%, anti : syn = 89 : 11, 91% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 37.376 min (major), tr = 48.470

min (minor)]
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3. Reuse of multi-fluorous proline catalyst on FluoroFlash® in the aldol reaction

Cyclohexanone (1.03 mL, 10 mmol) and 4-nitrobenzaldehyde (151.1 mg, 1 mmol) were added to a slurry of
supported catalyst 1a on fluorous silica gel (86.6 mg, 0.1 mmol; 2.6 g: fluorous silica gel 30-fold by mass in
comparison to the amount of catalyst) in toluene (3 mL). After stirring for 24 h at room temperature, water (3
mL) was added to the mixture. The resulting mixture was filtered through a glass filter 3G4 (diameter : 5-10
p) and washed with toluene/H>O (1 : 1 v/v). The filtrate was extracted with ethyl acetate. The organic layer
was dried over Na,SQys, filtered, and concentrated. The recovered catalyst 1a was dried and used directly in

the next cycle.

Table 4, cycle 1

"H NMR, 270 MHz, CDCl;

504.03

196.84
197.12

Anti aldol product

97.00
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X : parts per Million : 1H
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HPLC analysis

haMs47 - HPLC Fv2h - 1

800
§
et E
- 400 -
w ;
=
] rw SNTEE B R 2y 2
] BO® i d W °F 4
0 4—+=—-—- —— —- - t
‘Wﬂﬂwwwrﬂmﬂm
0 10 20 30 40 50 60 70 80
HOTM4T  HPLC Fruah
)RR Wm0
ERItH A Z @EY
NO RT ik BE BC
1 339 8755 0 009 BY
2 3 60 5673 0 006 W
3 374 5708 0 006 W
4 389 13588 0013 W
5 4 50 3471 0 003 788
6 4 97 626 0 00° BB
7 6 97 2816 0 003 BB
8 873 1147 0 00° BB
9 9 58 945 0 001 BB
10 13.21 1016 0 001 BB
11 15 27 464 0 000 BB
12 17 63 1144 0 001 BB
13 18 57 8726 0 009 BB
14 21 47 1208 0 001 BB
15 24 57 8541 0 008 BB
16 29 60 11993 0 012 BB
17 40 73 581566 0574 BV
18 4 89 949064 0 936 W
19 44 11 2586198 2 551 W
(20 46 25 96964546 95 638 W)
(@ & 18 229017 0 22/ 768 )

Conv. : 100%, Yield : 94%, anti : syn =97 : 3,>99% ee; The ee of anti aldol product was determined by HPLC.
[Daicel chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 46.25 min (major), tr =

64.18 min (minor)]
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Table 4, cycle 2
"H NMR, 270 MHz, CDCl;

= Anti aldol product
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‘ yn aldol product MW’
( ihi/ I
t AU LI I WA .
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X : parts per l\;lg;l]ion o 1H - o
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HPLC analysis

Ho%b447 - HPLC Fooah - 1

1200 -
1000 -
T e
g o0
g E
200 . . . =
1 apmRa%biasse 8 5 8 Rg o 5 28 2 8
0 10 20 30 40 S50 60 70 80
BEEE min)
4aTM47 - HPLC Feah
EER EE
EEHESE @ES
NO RT [Ek BET BC
1 40 24614 0 025 B
2 4.40 7646 0.008 W
3 474 2182 0 022 W
4 545 7702 0.080 w
5 6.01 123703 0 127 W
6 6 84 34080 0 035 W
7 774 21286 0.022 W
8 8.13 4305 0.004 W
9 8 59 12666 0013 W
10 9 09 23949 0.025 W
11 9 81 12196 0013 W
12 1010 15002 0015 W
13 10.79 39890 0.041 W
14 11.05 74649 0 077 VB
15 12 53 3750 0.004 88
16 14 36 149782 0.154 BV
17 14 91 98175 0 101 W
18 15. 66 204208 0.210 w
19 16.32 13985 0014 BB
20 18 33 7920 0 003 8B
21 19 83 1791 0.002 BB
22 21 75 31806 0 033 B8
23 2 30 111734 0115 BB
24 A 27 475564 0 489 BV
25 36 69 1186708 220 W
26 37 89 2070437 2128 W
27 29 12 417082 0 429 \Bj
(28 4 51 86291752 83704 B8
29 45 79 24194 0 128 bV
30 49 38 424307 0.436 B
3 M4 13 406326 0 418 BB
(32 58 31 24665 0.025 B8 )
33 63 18 20124 0 021 BV
34 65 83 1026542 1 055 W
35 69 91 3692276 3.795 VB
36 78 26 2042 0 002 BB

Conv. : 79%, anti : syn = 98 : 2, >99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 40.51 min (major), tr = 58.31

min (minor)]
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Table 4, cycle 3
"H NMR, 270 MHz, CDCl;

Z Anti aldol product
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- 2
= “W
3: Syn aldol product ‘ Jm r
M‘ ) i JU i
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| A
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HPLC analysis

hovba47 - HPLC 7ol - 1

300 3
250 -f
3 200 3
2 3
= 150 3
» 3
& 100
50 Es < g & 25 ® & n z
3 /g g 8 £ 5 g 5 -
0 10 20 30 40 50 60 70 80
REERE min)
haeM47 © HPLC 740
v-EE mE
EEHEAE mES
NO RT =EiE =E1 BC
1 339 33491 0.111 BY
2 399 13128 0 043 W
3 4 40 6284 0 021 \B
4 515 12731 0 042 BV
5 545 29949 0 099 W
6 6 00 4102 0 136 W
7 6 54 5479 0018 W
8 6 90 229% 0.076 VB
9 7.76 5617 0.019 )
10 8 61 14773 0.049 B8
11 9 14 6367 0021 &8
12 9 82 3475 0011 BV
13 10.17 3112 0.010 VB
14 11.09 2917 0.076 3]
15 12 29 765 0.003 B8
16 1501 15313 0.051 BV
17 15.80 47591 0 157 \B
18 18 50 1947 0 006 B8
19 2 03 6963 0023 BB
20 % 60 35508 0117 &8
21 % 49 463100 1.531 BY
22 3% 40 145370 0 481 W
23 2R 29 1381439 4 567 W
(24 4146 23021066 76.108 W)
20 4/. 29 201012 [V X 1BV
26 & 97 600255 1084 VB
(27 5483 225221 0 745 785 )
73 %5 47 %5 0003 53
29 & 81 135550 0 443 BV
30 66. 25 80073 0 265 \B
31 69 64 3583737 11848 &8

Conv. : 61%, anti :

min (minor)]
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syn =96 : 4, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 41.46 min (major), tr = 54.83



Table 4, cycle 4

"H NMR, 270 MHz, CDCl;

abundance

Anti aldol product
= g
Substrate
=] Syn aldol ’
product ‘ )ﬂ\
) L L A )\ LT
10,0 90 80 70 60 50 40 30 20 )
g 5%

X : parts per Million : 1H
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HPLC analysis

hovbi47 - HPLC 7o

70 =
so_
3
2 40 -
u -
o 30 =
!E -
04 . 2
£ & sacmel I a0 w A 2
7 REmiic xJL\ TR
o.é Wy - - L ]« ‘A:A‘ . - S @
0 10 20 30 40 50 60 70
505 (nin)

haeM47 - HPLC 7o) - 1

EEHEAZE @fEY
NO RT =i =E1 BC
1 39 556172 9 132 BV
2 507 2422 0 040 TBB
3 5 12 5255 0 250 BB
4 6 40 6127 0 101 TBV
5 6. 81 9099 0 149 VB
6 82 1606 0 026 BB
7 943 833 0014 BB
8 11.65 2282 0 037 BB
9 1446 9271 0 152 BB
10 16.83 697 0.011 BB
11 20 97 2742 0.045 B8
12 2871 19730 0 324 B8
13 2623 1554 0 026 B8
14 213 2617 0 043 BB
15 30 54 73950 1.215 BB
6 319 20437 0 336 BB
17 KW 187143 3073 R
(18 37 4 3675340 60 348 88 |
i) 4T 45 3553 0 058 56
20 4 9% 87680 1.440 B8
21 49 €0 5375 0 088 R
(22 43 80 53863 0.884 B8 )
73 T 101277 7662 53]
24 59 19 1215426 19 957 B8
25 63 94 9114 0 150 B8
26 67 54 26643 0 437 B8

Conv. : 41%, anti : syn = 95 : 5, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 37.49 min (major), tr = 49.80

min (minor)]
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Table 4, cycle 5
"H NMR, 270 MHz, CDCl;

abundance

Substrate

190.96

Anti aldol product

Syn aldol product

94.00

X : parts per Million : 1H
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HPLC analysis

havpa47 © HPLC 7424

400 -
i 300 -
: E
2y 200
G E
100 - @ L @
] SuBer 9wns 3 B Wy O X a8 gg8 g 8
q SdEmel G 0 g A $ 3 il o Y <
i ;mwh.'_w st § ki VL0 el ERE I £
0 10 20 30 40 50 60 70 80
BEERE (min)
a7 - HPLC 7o) 1
EEE EE
EEEARZE @EY
NO RT =ik -1 =1 BC
1 2.29 11222 0 027
2 303 1.171 w
3 3 .81 3875 0009 BB
4 425 11374 0 027 TBB
5 4 51 2099 0 005 168
6 527 162566 0 380 w
7 587 212803 0.510 w
8 6.13 3839 0.009 BB
9 663 71234 0 185 W
10 7.29 26336 0 063 w
1 1,15 26780 0 064 w
12 817 26652 0 064 w
13 8. 74 52384 0126 w
14 97 104228 0.250 VB
15 12. 45 580 0.001 BB
16 13.89 512 0.001 B8
17 14 67 1724 0 004 B8
18 15.37 43770 0 105 B8
19 16.43 901 0 002 B8
20 18. 06 5219 0013 BB
21 18 97 439 0 001 553
22 21.90 18312 0 044 B8
23 25 33 243224 0. 58 BV
24 28 43 100370 0 241 W
25 29 44 44410 0.107 W
26 29 95 3132% 0 075 W
27 3199 31472 0 075 W
28 32 60 10991 0 026 VB
29 34 00 775051 1.859 BV
30 3791 2088273 5 008 \B
31 41 07 30463946 73. 064 BV )
32 % 85 32750 0.079 65
33 49 72 433559 1.160 B8
34 52 66 3001 0 007 53]
35 3 27 1921 0 005 RY
(T 24 99 522738 1 254 B )
37 59 50 7281 0017 B8
38 62 45 1651 0 004 B8
39 65 03 470801 1.129 BV
40 69 16 5099882 12231 B
41 78 20 1023 0 002 B8

Conv. : 34%, anti : syn = 94 : 6, 97% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 41.07 min (major), tr = 54.92

min (minor)]
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Table 4, cycle 6
"H NMR, 270 MHz, CDCl;
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HPLC analysis
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Conv. : 68%, anti : syn = 89 : 11, 93% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 42.11 min (major), tr = 56.18

min (minor)]
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4. Reuse of multi-fluorous proline catalyst on Teflon® in the aldol reaction

To a solution of 11 (10.7 mg, 0.0111 mmol) in dry-THF (332 pL) was added cyclohexanone (115 pL, 1.107
mmol) and 4-nitrobenzaldehyde (16.7 mg, 0.111 mmol). After being stirred at room temperature for 24 h. The
reaction solvent was then removed, and the residue was dissolved in MeOH (332 pL). Teflon® (321 mg, 30
times the weight of the catalyst) was added, followed by of water (332 pL, the same volume as that of MeOH).
The reaction mixture was stirred for 15 min and then filtered. The resulting mixture was filtered through a
glass filter 3G4 (diameter : 5-10 p) and washed with MeOH/H,O (1 : 1 v/v). The filtrate was extracted with
ethyl acetate. The organic layer was dried over Na,SOys, filtered, and concentrated. The recovered catalyst 11

was dried and used directly in the next cycle.

Table 8, cycle 1
"H NMR, 400 MHz, CD;OH

4 Antialdol [*
- product

o M\ AN /\‘x,fu’k‘“’f
< | Syn aldol
1 product H

P |

e
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x cr Millon : P
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o =3 2 s |[R
T R el |
g L VLA
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<
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X : parts per Million : Proton
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HPLC analysis

Cr¥fzhiharakazuki¥ T 2271 crude hex iPYOH 96 4 1mi 250nmdod

mh’
Z Det A Ch1
3004 ‘5,
200+
100+
&
; L5,
1 T 1 1 1 1
0 10 20 a0 40 50 60 0 a0 an
) min
1 Det ACH S250nm
E-27-70
a3 A Ch 250nm
[ iE == iEE T =35
1 256046 4463 1.184 1.3068
2 171404 2176 a0 0930
3 4E2TRT 8362 2112 2443
4 o0M3ETRY 224159 95 336 a7
5 45 G110 119657 1454 [1F5S 11430
&5t 21438082 241660 O] DO U]
Conv. : 98%, anti : syn = 98 : 2, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel

chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 36.041 min (major), tr = 46.910

min (minor)]
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Table 8, cycle 2
"H NMR, 400 MHz, CD;OH

o519
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HPLC analysis

Cr¥shiharakazuki¥e 71 3271 (2nd) coude hex iPYOH 96 4 1 ml 250nmdod

m’
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" T ) ~—
b 1
T T T T T T
0 10 20 50 G0 70 a0 a0
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1 Det ACHh1/250nm
b2
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=8 | {SIEREn it =523 it 2] S

1 3282 59743 1532 oars 0966
2 24es 676 J}‘ 11849 o6z Q7e6
3 35004 "2"‘"‘_41 2a0a 2,088 2.387
4 37126 9346554 156380 95,630 95483 [)
5 48211 45453 o £1.465 0434 )

=it aF7a0As 1627649 {00 {0000

Conv. : 98%, anti : syn = 98 : 2, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 37.126 min (major), tr = 48.211

min (minor)]
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Table 8, cycle 3
"H NMR, 400 MHz, CD;OH

abundance
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HPLC analysis

Cr¥shiharakazukid2 71 #2271 (3rd) crude hex iPYOH 96 4 1 mi 250nmded

m
i Det A Chi
A0+
250+
|
R il 51 P
0 A f
T T T T T T T T
o 10 20 30 40 50 i} 0 a0 an
min
1 Det A Ch1 S250nm
[ )
e 33 A Chl 250nm
F—0n | {SEEmE JiaEs3 et N N
1 31.79 563593 28 1.156 1.408
2 22261 4PB707 il 0276 1114
3 34112 105120 22325 2247 3.267
( o+ 35547 46385300 G2A528 Q5172 93600
( g 47 (G2 267231 fii 0560 CACA |
21 4873061 4 RE3254 100000 100000

Conv. : 98%, anti : syn = 97 : 3, 99% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 35.547 min (major), tr = 47.032

min (minor)]
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Table 8, cycle 4
"H NMR, 400 MHz, CD;OH
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HPLC analysis

mh’

500+

Cr¥bshiharakazuki¥2 713271 (4th) crude hex iPYOH 96 4 1mi 250nmdod

fuj R

Dt A CH

2RO
o
T T T
] 10 20 60 ag
min
1 Det A Chl /250nm
E%-7-70
e EEACH 250nm
F=28] f X =3 HiEs o
1 276G 392830 6934 0921 1.140
£ ared 233511 4115 0Rds 0676
30072 B56964 17745 2 008 2 925
4 31,4329 40796711 f74439 QF 660 a4.418
[ 43,307 J6THCC 5119 0862 041
it 42647714 BG40 100,000 {00
Conv. : 98%, anti : syn = 97 : 3, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel

chiralpac IB+OD-3 column, hex : PrOH = 96 : 4, flow rate 1.0 mL/min, tx = 31.439 min (major), tr = 43.307

min (minor)]
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Table 8, cycle 5

'H NMR, 400 MHz, CD;0H
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HPLC analysis

Cr¥zhiharakazuki¥e 71 3271 (5th) crude hex iPYOH 96 4 1 mil 250nmdod

mi’
3 Dt A Chi
=
i
5004
250
i ] o
—— - LS L — |
0 T T
T T T T T T T T
0 10 20 30 40 50 60 70 an ai
min
1 Det ACH!/2500m
E=27-T
$a4 35 AChT 250nm
ok I S 2T iaEs: 3 iEN =N
1 32683 342191 730 0622 1.0¢0
2 33,422 5a21an 7265 162 1.4
3 34,951 QERE2 19206 1.754 2 A8
4 36 201 E2R741 74 A7570K a8 fi 9437
5 42720 427307 6938 RS 0468
=it BRCE] 744 716427 100000 L0000

Conv. : 95%, anti : syn = 98 : 2, 98% ee; The ee of anti aldol product was determined by HPLC. [Daicel
chiralpac IB+OD-3 column, hex : ‘PrOH = 96 : 4, flow rate 1.0 mL/min, tg = 36.391 min (major), tr = 48.720

min (minor)]
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CD;0D
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'H NMR, 500 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CD;0D
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCl;
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CD;0D
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BCNMR, 101 MHz, CD30D

1 HQ CF3
| DYO
] N CF3
: H HN-g
n *\O

E i
S ]
o |
g
2 | l Lo ]
170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
kS 3 2 &3 X 8 X Q =
[Ye) < [ I SO o = S @ A
o Nej —_ D~ <t = o) — ) )
= = oaan © © ” -

X : parts per Million : Carbon13

165



I9F NMR, 376 MHz, CD;0D
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'H NMR, 400 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 500 MHz, CD;0D
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'"H NMR, 400
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'H NMR, 270 MHz, CD;0D
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BCNMR, 101 MHz, CD30D
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I9F NMR, 376 MHz, CDCls
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'"H NMR, 400 MHz, CD3OD+Hexafluoroisopropanol
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BC NMR, 101 MHz, CD;OD+Hexfluoroisopropanol
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9F NMR, 376 MHz, CD;OD-+Hexfluoroisopropanol
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'"H NMR, 400 MHz, DMSO-d6
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13C NMR, 101 MHz, DMSO-d6
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F NMR, 376 MHz, DMSO-d6
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'H NMR, 400 MHz, CD;0D
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BCNMR, 101 MHz, CD30D
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I9F NMR, 376 MHz, CD;0D
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'H NMR, 500 MHz, CD;0D
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BCNMR, 125 MHz, CD30D

(thousandths)

S R—-———"

C8F17

st

C6F13

e

"

180.0  170.0  160.0

72.837 ——

X : parts per Million : Carbon13

150.0

144763 ——

130.0  120.0 110.0  100.0

PN

90.0 80.0

78.016 ——

70.0

67.120 ——

60.0

61.030 ——

50.0

50.823 ——

40.0

35015 ——

140.0

30.0

27470 ——

20.0 10.0 0

20.547 ——

189



19F NMR, 466 MHz, CD;0D
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'H NMR, 400 MHz, CDCls
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'H NMR, 500 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls

CgF17

0.1 02 03 04 0.5 06 0.7 08 09 1.0 1.1 1.2 1314151617 1.8 1920212223

.‘\

N C4Fg

12.00

X : parts per Million : Fluorinel9

(S ‘
E 2 “
E | re
b -
| [ =
E s[5 i
2 ) \ J‘\ H\‘H H | “
2 o | | | )
k= ] ' 1 J‘ RV
5 o V J ks Presnonsd W bty ot b
= T T L L T I
-80.0 -90.0 -100.0 -110.0 -120.0 -130.0
) o T
a5 3 5 ARARA  E5
£z - Saadg 98

198




'H NMR, 500 MHz, CD;0D
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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'H NMR, 400 MHz, CDCls
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CDCl;
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BCNMR, 101 MHz, CDCl3
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I9F NMR, 376 MHz, CDCls
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'H NMR, 400 MHz, CD;0D
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BCNMR, 101 MHz, CD;0D + Hexafluoroisopropanol
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I9F NMR, 376 MHz, CD;0D
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCl;
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'H NMR, 270 MHz, CDCls
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'H NMR, 270 MHz, CDCls
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