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General and Materials 

General: All reactions were carried out under an atmosphere of N2 using standard Schlenk techniques 

unless otherwise noted. 1H NMR, 13C NMR and 19F NMR spectra were obtained on a 400 MHz NMR 

spectrometer. The chemical shifts for 1H NMR were recorded in ppm downfield from tetramethylsilane 

(TMS) with the solvent resonance as the internal standard. The chemical shifts for 13C NMR were 

recorded in ppm downfield using the central peak of CDCl3 (77.00 ppm) as the internal standard. 

Coupling constants (J) are reported in Hz and refer to apparent peak multiplications. Flash column 

chromatography was performed on silica gel (300-400 mesh). 

Materials: Commercially available reagents were used throughout without further purification other than 

those detailed below. The solvents used in catalyst preparation and hydrogenation reactions were 

pretreated by the following procedures: THF and 1,4-dioxane were distilled over sodium benzopheneone 

ketyl under nitrogen. CH2Cl2 and DMF was distilled over calcium hydride. EtOH was distilled over 

magnesium under nitrogen. Acetone, MeCN and ethyl acetate was distilled over P2O5 under nitrogen.  

1. Preparation of 1a-k 

(1a) 1-(Benzyloxy)pentane-2,4-dione[1]  

 

To a stirred solution of LDA (prepared from 6.0 g of iPr2NH and 32 mL of 2.4 M n-BuLi in hexane, 2.2 

eq.) was added acetone (4.0 g, 68.9 mmol) dropwise at -78 °C. The mixture was maintained at -50 °C for 

1 h before 2-(benzyloxy)-N-methoxy-N-methylacetamide (11.5 g, 55.1 mmol) was added dropwise. Then 

the mixture was warmed to room temperature and acidified with 10% HCl (aq.) to pH = 4-5. Then the 

solvent was removed under reduced pressure and the aqueous phase was extracted with ethyl acetate (20 

mL × 3). The combined organic phase was washed with saturated brine and dried over Na2SO4. Column 

chromatography (PE/EA = 20:1) gave the product as light yellow liquid (6.5 g, 57%). 1H NMR (400 

MHz, CDCl3): mixture of keto:enol = 26:74，δ 7.42–7.27 (m, 5H), 5.86 (s, -CH=CO), 4.59 and 4.57 (s, 

PhCH2O-, 2H), 4.09 and 4.06 (BnOCH2-, s, 2H), 3.64 (s, -COCH2-), 2.23 and 2.10 (s, -CH3, 3H). 13C 

NMR (100 MHz, CDCl3): δ 202.8, 201.6, 191.8, 190.7, 137.1, 128.3, 127.9, 127.8, 127.7, 127.6, 97.2, 

74.9, 73.4, 73.1, 70.9, 54.1, 30.7, 24.5. 
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(1b) 4-Methoxy-1-phenylbutane-1,3-dione[2] 

Prepared by the similar procedure to 1a from N,2-dimethoxy-N-

methylacetamide.[3]  1H NMR (400 MHz, CDCl3): mixture of keto:enol = 10:90，

δ 7.95–7.89 (m, 2H), 7.58–7.50 (m, 1H), 7.50–7.41 (m, 2H), 6.49 (s, -CH=CO), 

4.10 (s, OCH2, 2H), 3.48 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 194.3, 182.7, 134.1, 132.3, 128.5, 

128.4, 128.2, 126.9, 93.0, 74.0, 59.0, 49.5. 

 

(1c) 1-Phenoxypentane-2,4-dione[4] 

 

To a suspension of  NaH (60% in mineral oil, 1.44 g, 36.1 mmol) in toluene (100 mL) was added methyl 

2-phenoxyacetate[5] (5.0 g, 30.1 mmol) in one portion at 80 °C, then acetone (2.6 g, 45.1 mmol) was 

added dropwise and reacted at this temperature for 5 h. The reaction was quenched with 50 mL of 10% 

HCl (aq.) and the aqueous phase was extracted with ethyl acetate for three times and the combined 

organic phase was washed with saturated brine and dried over Na2SO4. Column chromatography (PE/EA 

= 15:1) gave the product as light yellow liquid (4.1 g, 71%).  1H NMR (400 MHz, CDCl3): mixture of 

keto:enol = 19:81，δ 7.35–7.28 (m, 2H), 7.01 (d, J = 7.4 Hz, 1H), 6.94–6.88 (m, 2H), 5.90 (s, -CH=CO), 

4.60 and 4.57 (OCH2, 2H), 3.76 (s, COCH2), 2.28 and 2.09 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 

201.2, 191.2, 190.1, 157.6, 129.4, 129.3, 121.3, 114.3, 114.2, 97.0, 72.3, 68.5, 53.7, 30.5, 24.0. 

 

1(d-k) were prepared from various aryl methyl ketones with ethyl 2-benzoxyacetate [6] as 1c. 

 

(1d) 4-(Benzyloxy)-1-phenylbutane-1,3-dione  

Light yellow liquid. 1H NMR (400 MHz, CDCl3): mixture of keto:enol = 11:89，

δ 7.98–7.84 (m, 2H), 7.53 (dd, J = 5.0, 3.8 Hz, 1H), 7.52–7.41 (m, 2H), 7.42–7.26 

(m, 4H), 7.23–7.11 (m, 1H), 6.55 (s, -CH=CO), 4.66 (s, 2H), 4.56 (s, 1H), 4.18 (s, 

2H). 13C NMR (100 MHz, CDCl3): δ 194.5, 183.0, 137.2, 134.4, 132.5, 128.6, 128.5, 128.2, 128.0, 127.8, 

127.1, 93.4, 73.4, 71.7. HRMS Calculated for C17H16O3Na (M+Na)+: 291.0997, found: 291.0994. 
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(1e) 4-(Benzyloxy)-1-(4-methoxyphenyl)butane-1,3-dione 

Light yellow liquid. 1H NMR (400 MHz, CDCl3): mixture of keto:enol = 15:85, 

δ 7.89 (d, J = 9.0 Hz, 2H), 7.42–7.24 (m, 5H), 6.95 (d, J = 9.0 Hz, 2H), 6.48 (s, -

CH=CO), 4.65 and 4.56 (s, PhCH2O, 2H), 4.17 and 4.12 (s, OCH2CO, 2H), 3.87 

(s, OMe, 3H). 13C NMR (100 MHz, CDCl3): δ 192.1, 183.6, 163.1, 137.2, 130.7, 129.1, 128.4, 128.3, 

127.8, 127.7, 126.8, 113.8, 92.4, 74.9, 73.3, 73.2, 71.3, 55.3, 49.6. HRMS Calculated for C18H19O4 

(M+H)+: 299.1283, found: 299.1280. 

 

(1f) 4-(Benzyloxy)-1-(4-(trifluoromethyl)phenyl)butane-1,3-dione 

Light yellow solid，m.p.: 74.7–78.3 °C. 1H NMR (400 MHz, CDCl3): mixture 

of keto:enol = 15:85, δ 8.00 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.2 Hz, 2H), 7.47–

7.27 (m, 5H), 6.57 (s, CH=CO), 4.66 (s, 2H), 4.19 (s, 2H). 13C NMR (100 MHz, 

CDCl3): δ 196.0, 180.4, 137.6, 137.0, 133.8, 133.5, 129.3, 128.8, 128.6, 128.1, 127.8, 127.3, 127.2, 125.6, 

125.5, 125.0, 94.1, 73.5, 71.8. HRMS Calculated for C18H15F3O3Na (M+Na)+: 359.0871, found: 

359.0871. 

 

(1g) 4-(Benzyloxy)-1-(2-chlorophenyl)butane-1,3-dione 

Light yellow liquid. 1H NMR (400 MHz, CDCl3) : mixture of keto:enol = 9:91, δ 

7.95–7.27 (m, 9H), 6.55 (s, -CH=CO), 6.44 (s, 1H), 4.64 (s, 2H), 4.19 (s, 2H). 13C 

NMR (100 MHz, CDCl3): δ 193.5, 183.8, 137.0, 134.9, 132.4, 131.8, 131.7, 130.6, 

130.0, 128.5, 128.4, 127.9, 127.8, 127.7, 127.0, 126.8, 98.8, 93.4, 73.3, 71.3, 53.6. HRMS Calculated 

for C17H15ClO3Na (M+Na)+: 325.0607, found: 325.0600. 

 

(1h) 4-(Benzyloxy)-1-(o-tolyl)butane-1,3-dione 

Light yellow liquid. 1H NMR (400 MHz, CDCl3): mixture of keto:enol = 17:83, 

δ 7.69–7.15 (m, 9H), 6.23 (s, CH=CO), 4.64 (s, 2H), 4.17 (s, 2H), 2.59 and 2.51 

(s 3H). 13C NMR (100 MHz, CDCl3): δ 193.6, 187.6, 137.2, 135.3, 131.0, 131.4, 

130.8, 129.3, 128.5, 127.9, 127.7, 125.7, 125.6, 97.6, 73.3, 71.5, 20.8. HRMS Calculated for C18H18O3Na 

(M+Na)+: 305.1154, found: 305.1155. 
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(1i) 4-(Benzyloxy)-1-(naphthalen-1-yl)butane-1,3-dione 

Yellow oil. 1H NMR (400 MHz, CDCl3): mixture of keto:enol = 20:80, δ 8.47 

(s, 1H), 7.97–7.85 (m, 4H), 7.66–7.49 (m, 3H), 7.44–7.33 (m, 4H), 6.69 (s, 

CH=CO), 4.69 and 4.57 (s, 2H), 4.30 (s, 1H), 4.22 (s, 2H). 13C NMR (100 MHz, 

CDCl3): δ 194.5, 182.8, 137.2, 135.3, 132.6, 131.6, 129.6, 129.3, 128.8, 128.6, 128.4, 128.1, 128.0, 127.9, 

127.7, 127.4, 126.7, 126.4, 126.2, 126.0, 123.1, 93.8, 73.5, 71.8, 50.0. HRMS Calculated for C21H18O3Na 

(M+Na)+: 341.1154, found: 341.1147. 

 

(1j) 4-(Benzyloxy)-1-(naphthalen-2-yl)butane-1,3-dione 

Light yellow solid，m.p.: 41.2–42.4 °C. 1H NMR (400 MHz, CDCl3): mixture 

of keto:enol = 25:75, δ 8.56 (d, J = 8.4 Hz, 1H), 7.96–7.87 (m, 2H), 7.80 (dd, 

J = 7.2, 1.2 Hz, 1H), 7.65–7.47 (m, 3H), 7.51–7.22 (m, 5H), 6.47 (s, -CH=CO), 

4.68 and 4.59 (s, 2H), 4.30 and 4.26 (s, 2H). 13C NMR (100 MHz, CDCl3): δ 192.8, 187.8, 137.1, 133.7, 

133.6, 131.8, 130.0, 128.4, 128.3, 127.9, 127.8, 127.7, 127.3, 127.2, 126.3, 125.4, 124.6, 98.5, 73.3, 71.3, 

53.0. HRMS Calculated for C21H19O3 (M+H)+: 319.1334, found: 319.1328. 

 

(1k) 4-(Benzyloxy)-1-(furan-2-yl)butane-1,3-dione 

Yellow liquid. 1H NMR (400 MHz, CDCl3) : mixture of keto:enol = 25:75, δ 7.59 

(dd, J = 1.6, 0.8 Hz, 1H), 7.41–7.25 (m, 5H), 7.21–7.15 (m, 1H), 6.59–6.48 (m, 1H), 

6.41 (s, CH=CO), 4.64 and 4.56 (s, 2H), 4.18 (s, COCH2), 4.15 and 4.03 (s, OCH2, 

2H). 13C NMR (100 MHz, CDCl3): δ 189.8, 175.5, 149.8, 146.8, 146.2, 137.0, 129.3, 128.3, 128.1, 127.8, 

127.7, 118.2, 116.0, 112.4, 93.1, 70.5, 49.6. HRMS Calculated for C15H14O4Na (M+Na)+: 281.0790, 

found: 281.0791. 

2. Characterization data of compounds 2a-k 

Typical procedure for asymmetric hydrogenation reactions: To a 20 mL Schlenk tube were added 

[Ru(benzene)Cl2]2 (5.0 mg, 10.0 μmol) and (S)-SunPhos (15.1 mg, 22.6 μmol). The tube was vacuumed 

and purged with nitrogen three times before addition of freshly distilled and freeze-and-thaw degassed 

EtOH/CH2Cl2 (1 mL/1 mL). The resulting mixture was heated at 50 °C for 1 h and then the solvent was 

removed under vacuum to give the catalyst as a brownish yellow solid. The catalyst was dissolved in 

degassed THF (10 mL) and then the solution was equally divided into 5 vials. Then the vials were taken 

into an autoclave. The autoclave was purged three times with H2 and the required pressure of H2 was set. 

Then the autoclave was stirred under specified reaction conditions. After being cooled to ambient 
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temperature and careful release of the hydrogen, the autoclave was opened, and the solvent was 

evaporated. The enantiomeric excess was determined by HPLC after passing the samples through a short 

pad of silica gel eluted with petroleum ether and ethyl acetate. 

 

Table S1. Screening of the Other Solvents 

 

entry solvent 
conversion 

(%) 

2a 2aa 

isolated yield (%) ee (%) isolated yield (%) 

1 MeCN <2 -- -- 
-- 

2 DMF <2 -- -- 
-- 

3 dioxane 80 76 94.0 
-- 

4 EtOAc 19 17 92.8 
-- 

5 EtOH 99 -- -- 
95 

6 DCM 95 -- -- 90 

7 Acetone 95 -- -- 
89 

Conditions: 1a (103 mg, 0.5 mmol, solvent (2 mL), S/C = 200.  

 

 

(2a) (R)-5-(Benzyloxy)-4-hydroxypentan-2-one[7] 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow liquid (97 

mg, 93%). 1H NMR (400 MHz, CDCl3): δ 7.39–7.27 (m, 5H), 4.55 (d, J = 1.3 Hz, 

2H), 4.26 (dd, J = 7.0, 4.6 Hz, 1H), 3.47 (qd, J = 9.6, 5.4 Hz, 2H), 2.97 (d, J = 4.0 Hz, 1H), 2.72–2.59 

(m, 2H), 2.18 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 207.9, 137.5, 127.9, 127.2, 73.0, 72.7, 66.1, 46.4, 

30.2. HPLC (Chiralcel OJ-H column, hexane/iPrOH = 94/6, 0.9 mL min-1, 220 nm): t1 = 25.9 min, t2 = 

27.6 min. [α]
25 

D  = +16.4 (c 0.59, CH2Cl2); Reference value:[7] [α]
rt  

D  = -13.8 (c 0.58, CH2Cl2) for (S)-5a 

with 98% ee. 
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(2aa) anti-1-(Benzyloxy)pentane-2,4-diol[8] 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow liquid 

(42 mg, 40%). The anti-configuration was determined by comparing the 13C NMR 

data with the literature value.[8] 1H NMR (400 MHz, CDCl3): δ 7.45–7.17 (m, 

5H), 4.56 (s, 2H), 4.15–4.09 (m, 2H), 3.72–3.87 (m, 0.4H), 3.51–3.40 (m, 2H), 1.64–1.51 (m, 2H), 1.22 

(d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 137.7, 128.2, 127.6, 74.4, 73.1, 67.5, 64.5, 40.8, 

23.4. 

(2b) 3-Hydroxy-4-methoxy-1-phenylbutan-1-one 

Purified by flash column chromatography (PE/EA = 4:1) as light yellow liquid 

(185 mg, 95%). 1H NMR (400 MHz, CDCl3): δ 8.01–7.93 (m, 2H), 7.62–7.55 (m, 

1H), 7.50–7.42 (m, 2H), 4.49–4.35 (m, 1H), 3.50 (t, J = 5.2 Hz, 2H), 3.41 (s, 3H), 

3.21 (d, J = 1.0 Hz, 1H), 3.20 (d, J = 5.6 Hz, 2H). 13C NMR (100 MHz, CDCl3): δ 199.7, 136.6, 133.4, 

128.5, 128.0, 75.7, 66.7, 59.1, 41.7. HPLC (ChiralPak AS-H column, hexane/iPrOH = 88/12, 0.8 mL 

min-1, 220 nm): t1 = 13.9 min, t2 = 23.6 min. HRMS Calculated for C11H14O3Na (M+Na)+: 217.0841, 

found: 217.0835. 

 

(2c) (R)-4-Hydroxy-5-phenoxypentan-2-one[9] 

Purified by flash column chromatography (PE/EA = 5:1) as white solid (178 mg, 

92%)，m.p.: 53.3–55.3 °C. 1H NMR (400 MHz, CDCl3): δ 7.34–7.20 (m, 2H), 7.01–

6.93 (m, 1H), 6.93–6.86 (m, 2H), 4.50–4.35 (m, 1H), 3.97 (d, J = 5.4 Hz, 2H), 3.14 (dd, J = 4.2, 2.8 Hz, 

1H), 2.80 (d, J = 6.0 Hz, 2H), 2.23 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 208.3, 158.2, 129.3, 120.8, 

114.3, 70.6, 65.9, 46.4, 30.5. HPLC (Chiralcel OJ-H column, hexane/iPrOH = 94/6, 0.9 mL min-1, 220 

nm): t1 = 28.4 min, t2 = 31.5 min. HRMS Calculated for C11H14O3Na (M+Na)+: 271.0841, found: 

271.0842. 

 

(2d) (R)-4-(Benzyloxy)-3-hydroxy-1-phenylbutan-1-one[7] 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow oil 

(254 mg, 94%). 1H NMR (400 MHz, CDCl3): δ 8.00–7.91 (m, 2H), 7.57 (d, J 

= 7.4 Hz, 1H), 7.47 (dd, J = 10.8, 4.5 Hz, 2H), 7.40–7.27 (m, 5H), 4.59 (d, J = 

2.0 Hz, 2H), 4.50–4.40 (m, 1H), 3.59 (qd, J = 9.6, 5.2 Hz, 2H), 3.22 (d, J = 0.8 Hz, 1H), 3.20 (s, 2H). 

13C NMR (100 MHz, CDCl3): δ 199.5, 137.8, 136.6, 133.2, 128.4, 128.2, 128.0, 127.6, 73.2, 66.9, 41.7. 

HPLC (Chiralcel AD-H column, hexane/iPrOH = 88/12, 0.8 mL min-1, 220 nm): t1 = 17.5 min, t2 = 19.2 
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min. [α]
25 

D  = +24.6 (c 0.47, CH2Cl2); Reference value:[7]  [α]
rt 

D = -21.4 (c 0.46, CH2Cl2) for (S)-2d with 98% 

ee. 

 

(2e) 4-(Benzyloxy)-3-hydroxy-1-(4-methoxyphenyl)butan-1-one 

Purified by flash column chromatography (PE/EA = 4:1) as light yellow liquid 

(274 mg, 91%). 1H NMR (400 MHz, CDCl3): δ 8.02–7.85 (m, 2H), 7.38–7.26 

(m, 5H), 7.01–6.89 (m, 2H), 4.58 (d, J = 1.6 Hz, 2H), 3.87 (s, 3H), 3.63–3.53 

(m, 2H), 3.16 (s, 1H), 3.15 (d, J = 1.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 197.9, 163.4, 137.7, 

130.2, 129.6, 128.0, 127.4, 127.3, 113.4, 73.2, 73.0, 66.8, 55.1, 41.2, 29.4. HPLC (ChiralPak IB-3 

column, hexane/iPrOH = 85/15, 0.8 mL min-1, 220 nm): t1 = 13.4 min, t2 = 14.5 min. HRMS Calculated 

for C18H21O4 (M+H)+: 301.1440, found: 301.1444. 

 

(2f) 4-(Benzyloxy)-3-hydroxy-1-(4-(trifluoromethyl)phenyl)butan-1-one 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow 

liquid (305 mg, 90%). 1H NMR (400 MHz, CDCl3): δ 8.05 (d, J = 8.0 Hz, 

2H), 7.73 (d, J = 8.2 Hz, 2H), 7.39–7.27 (m, 5H), 4.58 (d, J = 2.8 Hz, 2H), 

4.51–4.40 (m, 1H), 3.59 (qd, J = 9.6, 5.3 Hz, 2H), 3.29–3.16 (m, 2H), 3.03 

(d, J = 4.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 198.6, 139.4, 137.7, 134.4, 128.4, 128.4, 127.8, 

127.8, 126.0, 125.7, 125.6, 125.2, 124.8, 73.4, 73.1, 66.9, 42.2. HPLC (Chiralcel AD-H column, 

hexane/iPrOH = 88/12, 0.8 mL min-1, 220 nm): t1 = 14.9 min, t2 = 17.7 min. HRMS Calculated for 

C18H17F3O2Na (M+Na)+: 361.1027, found: 361.1030. 

 

(2gg) 4-(Benzyloxy)-1-(2-chlorophenyl)butane-1,3-diol 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow oil (282 

mg, 92%). 1H NMR (400 MHz, CDCl3): δ 8.00–7.11 (m, 9H), 5.34 (d, J = 9.8 

Hz, 1H), 4.57 (d, J = 10.4 Hz, 2H), 4.24 (s, 1H), 3.98 (s, 1H), 3.59–3.37 (m, 2H), 

3.24–3.16 (m, 1H), 1.92 (d, J = 14.6 Hz, 1H), 1.68 (dt, J = 14.4, 10.0 Hz, 2H). 13C NMR (100 MHz, 

CDCl3): δ 141.6, 137.6, 131.1, 129.0, 128.5, 128.3, 128.2, 128.0, 127.7, 127.0, 74.2, 73.2, 73.2, 71.1, 

70.6, 68.0, 66.9, 41.7, 39.9. HRMS Calculated for C17H19ClO3Na (M+Na)+: 329.0920, found: 329.0925. 
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(2h) 4-(Benzyloxy)-3-hydroxy-1-(o-tolyl)butan-1-one 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow oil (271 

mg, 95%). 1H NMR (400 MHz, CDCl3): δ 7.67 (d, J = 7.8 Hz, 1H), 7.47–7.17 

(m, 8H), 4.58 (d, J = 2.0 Hz, 2H), 4.42 (s, 1H), 3.56 (dd, J = 5.4, 4.2 Hz, 2H), 

3.18 (d, J = 3.6 Hz, 1H), 3.16–3.09 (m, 2H), 2.50 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 203.5, 138.3, 137.8, 137.3, 131.9, 131.6, 128.8, 128.3, 127.6, 125.6, 73.3, 73.2, 67.2, 44.5, 

21.3. HPLC (Chiralcel AS-H column, hexane/iPrOH = 88/12, 0.8 mL min-1, 220 nm): t1 = 12.5 min, t2 

= 16.5 min. HRMS Calculated for C18H20O3Na (M+Na)+: 307.1310, found: 307.1311. 

 

(2i) 4-(Benzyloxy)-3-hydroxy-1-(naphthalen-1-yl)butan-1-one 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow oil (296 

mg, 92%). 1H NMR (400 MHz, CDCl3): δ 8.47 (s, 1H), 8.06–7.84 (m, 4H), 7.66–

7.52 (m, 2H), 7.40–7.27 (m, 5H), 4.61 (d, J = 1.8 Hz, 2H), 4.52 (dd, J = 10.0, 5.0 

Hz, 1H), 3.68–3.57 (m, 2H), 3.38–3.33 (m, 2H), 3.25 (d, J = 4.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): 

δ 199.4, 137.8, 135.4, 133.9, 132.2, 129.9, 129.4, 128.4, 128.2, 127.6, 127.5, 126.6, 123.4, 73.2, 67.0, 

41.8. HPLC (Chiralcel AD-H column, hexane/iPrOH = 88/12, 0.8 mL min-1, 220 nm): t1 = 26.1 min, t2 

= 28.0 min. HRMS Calculated for C21H20O3Na (M+Na)+: 343.1310, found: 343.1301. 

 

(2j) 4-(Benzyloxy)-3-hydroxy-1-(naphthalen-2-yl)butan-1-one 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow oil 

(304 mg, 95%). 1H NMR (400 MHz, CDCl3): δ 8.64 (d, J = 8.6 Hz, 1H), 8.02–

7.87 (m, 3H), 7.65–7.46 (m, 3H), 7.41–7.25 (m, 5H), 4.59 (d, J = 2.0 Hz, 2H), 

4.57–4.48 (m, 1H), 3.66–3.56 (m, 2H), 3.38–3.24 (m, 2H), 3.22 (d, J = 4.2 Hz, 1H). 13C NMR (100 MHz, 

CDCl3): δ 203.4, 137.7, 135.2, 133.6, 132.8, 129.8, 128.2, 128.0, 127.8, 127.5, 126.2, 125.5, 124.1, 73.2, 

73.1, 67.2, 45.0. HPLC (ChiralPak AS-H column, hexane/iPrOH = 88/12, 0.8 mL min-1, 220 nm): t1 = 

20.6 min, t2 = 22.2 min. HRMS Calculated for C21H20O3Na (M+Na)+: 343.1310, found: 343.1299. 

 

(2k) 4-(Benzyloxy)-1-(furan-2-yl)-3-hydroxybutan-1-one 

Purified by flash column chromatography (PE/EA = 5:1) as light yellow liquid 

(245 mg, 94%). Light yellow oil. 1H NMR (400 MHz, CDCl3): δ 7.60 (d, J = 1.6 

Hz, 1H), 7.40–7.26 (m, 5H), 7.22 (d, J = 3.6 Hz, 1H), 6.54 (dd, J = 3.6, 1.8 Hz, 

1H), 4.58 (d, J = 1.6 Hz, 2H), 4.42 (s, 1H), 3.56 (qd, J = 9.6, 5.2 Hz, 2H), 3.13–3.00 (m, 2H), 3.06 (s, 

1H). 13C NMR (100 MHz, CDCl3): δ 188.1, 152.4, 146.7, 137.8, 128.3, 127.6, 117.8, 112.3, 73.3, 73.2, 
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66.9, 41.6. HPLC (Chiralcel AS-H column, hexane/iPrOH (1‰ Et2NH) = 86/14, 1.0 mL min-1, 220 nm): 

t1 = 18.6 min, t2 = 27.4 min. HRMS Calculated for C15H16O4Na (M+Na)+: 283.0946, found: 283.0953. 

3. Preparation of 3a-j 

(3a) 4,4-Diethoxy-1-phenylbutane-1,3-dione[10] 

 

To a suspension of 60% NaH (2.9 g, 73.2 mmol) in of THF (60 mL) was added a solution of acetophenone 

(4.0 g, 33.3 mmol) and ethyl 2,2-diethoxyacetate (5.9 g, 33.3 mmol) in THF (40 mL) at 50 °C and stirred 

overnight. Then poured the mixture into 50 mL cold 10% HCl (aq.) and the solvent was removed under 

reduced pressure. The aqueous phase was extracted with ethyl acetate for three times. The combined 

organic phase was washed with brine and dried over Na2SO4. Column chromatography (PE/EA = 10:1) 

gave 3a as light yellow liquid (6.9 g, 84%). 1H NMR (400 MHz, CDCl3): mixture of keto:enol = 5:95, δ 

7.96–7.89 (m, 2H), 7.58–7.50 (m, 1H), 7.48–7.44 (m, 2H), 6.61–6.57 (m, 1H), 4.92–4.87 (m, 1H), 3.78–

3.60 (m, 4H), 1.28 (t, J = 7.2 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 190.4, 184.4, 134.4, 132.6, 128.6, 

127.2, 100.0, 93.7, 62.5, 15.1. 

 

(3b) 4,4-Diethoxy-1-(thiophen-2-yl)butane-1,3-dione 

Prepared from acetylthiophene (2.0 g, 15.8 mmol) and ethyl 2,2-diethoxyacetate 

(2.8 g, 15.8 mmol) with the same procedure as 3a. Purified by flash column 

chromatography (PE/EA = 8:1) gave the product as light brown liquid (3.2 g, 

79%). 1H NMR (400 MHz, CDCl3): mixture of keto:enol = 17:83, δ 7.81–7.69 (m, 1H), 7.68–7.63 (m, 

1H), 7.15–7.12 (m, 1H), 6.43 (s, 1H), 4.94 and 4.16 (s, 1H), 3.79–3.53 (m, 4H), 1.30–1.20 (m, 6H). 13C 

NMR (100 MHz, CDCl3): δ 183.2, 182.6, 141.2, 134.5, 133.1, 130.91, 128.2, 128.1, 102.1, 99.0, 94.2, 

63.5, 62.2, 48.5, 29.5, 15.0, 14.9. HRMS Calculated for C12H16O4SNa (M+Na)+: 279.0667, found: 

279.0662. 

 

(3c) 2-(2,4-Dioxopentyl)isoindoline-1,3-dione [11] 

 

Ethyl 2-acetyl-4-(1,3-dioxoisoindolin-2-yl)-3-oxobutanoate: To a suspension of 60% NaH (2.1 g, 

50.7 mmol) in THF (50 mL) was added ethyl acetoacetate (6.0 g, 46.1 mmol) at room temperature. Then 
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2-(1,3-dioxoisoindolin-2-yl)acetyl chloride (10.9 g, 48.0 mmol)[12] in 100 mL of THF was added 

dropwise at 40 °C. After addtion, the mixture was reacted at 70 °C overnight. The mixture was poured 

into 100 mL cold 10% HCl (aq.) and the solvent was removed under reduced pressure. The aqueous 

phase was extracted with ethyl acetate for three times. The combined organic phase was washed with 

saturated brine and dried over Na2SO4. The crude product was recrystallized from EtOH to give light 

yellow solid (11.3 g, 77%). 1H NMR (400 MHz, CDCl3): δ 7.89 (dd, J = 5.6, 3.0 Hz, 2H), 7.75 (dd, J = 

5.4, 3.2 Hz, 2H), 4.99 (s, 2H), 4.34 (d, J = 7.2 Hz, 2H), 2.48 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H). 13C NMR 

(100 MHz, CDCl3): δ 195.4, 194.7, 168.0, 165. 9, 134.1, 132.1, 123.5, 106.3, 60.9, 44.7, 25.0, 14.3.  

Ethyl 2-acetyl-4-(1,3-dioxoisoindolin-2-yl)-3-oxobutanoate (6.8 g, 22.1 mmol) was dissolved in 

acetic acid (60 mL) containing several drops of concentrated sulfuric acid. The mixture was stirred under 

reflux for 2 h and the acetic acid was removed under reduced pressure to afford a brown crude mixture. 

Column chromatography (PE/EA = 3:1) gave the products as white solid (4.8 g, 88%). 1H NMR (400 

MHz, CDCl3): mixture of keto:enol = 40:60, δ 7.90 (dd, J = 5.4, 3.0 Hz, 2H), 7.75 (dd, J = 5.4, 3.0 Hz, 

2H), 5.57 (s, CH=CO), 4.60 and 4.50 (s, 2H), 3.71 (s, COCH2-), 2.29 and 2.04 (s, 3H). 13C NMR (100 

MHz, CDCl3): δ 191.3, 185.6, 167.6, 134.2, 134.1, 131.9, 123.5, 97.3, 55.4, 47.0, 43.4, 26.9, 23.0. 

 

(3d) 1-(Phenylsulfonyl)pentane-2,4-dione [13] 

 

To a solution of (methylsulfonyl)benzene (5.0 g, 32.0 mmol) in THF (70 mL) was added n-BuLi (30 mL, 

2.4 M in hexane) under nitrogen at 0 °C. After 1 h, the mixture was cooled to -10 °C and ethyl 

acetoacetate (4.2 g, 32.0 mmol) was added dropwise and warmed to room temperature. After stirring 

overnight, the reaction was neutralized with cold 10% HCl aq. Then THF was removed under reduced 

pressure. The aqueous phase was extracted with ethyl acetate (30 mL × 3). Combined organic phase was 

washed with saturated brine, dried over Na2SO4. The crude product was purified by column 

chromatography (PE/EA = 3:1) to give white solid (5.7 g, 74%). m.p.: 105.3–106.1 °C. 1H NMR (400 

MHz, CDCl3): mixture of keto:enol = 13:87, δ 7.92–7.86 (m, 2H), 7.67 (d, J = 7.6 Hz, 1H), 7.60–7.54 

(m, 2H), 5.73 (s, CH=CO), 4.01 (s, PhSO2CH2-, 2H), 2.26 and 2.10 (s, -COCH3, 3H). 13C NMR (100 

MHz, CDCl3): δ 192.4, 179.5, 138.4, 134.1, 129.1, 128.1, 102.5, 64.1, 57.5, 24.7. 

 

(3e) 1-Phenyl-4-(phenylsulfonyl)butane-1,3-dione 

3e was prepared similarly as 3d. White solid, m.p.: 120.6–122.5 °C. 1H NMR 

(400 MHz, CDCl3): mixture of keto:enol = 4:96, δ 7.94–7.84 (m, 4H), 7.74–

7.61 (m, 1H), 7.57 (t, J = 7.6 Hz, 3H), 7.47 (t, J = 7.6 Hz, 2H), 6.40 (s, 1H), 
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4.16 (s, 2H). 13C NMR (100 MHz, CDCl3): δ 184.3, 181.8, 138.4, 134.2, 133.6, 133.1, 129.2, 128.7, 

128.3, 127.3, 98.6, 65.0. HRMS Calculated for C16H15O4S (M+H)+: 303.0691, found: 303.0690. 

 

(3f) 4,4,4-Trifluoro-1-phenylbutane-1,3-dione[14] 

 

To a suspension of t-BuOK (1.4 g, 12.0 mmol) and acetophenone (1.2 g , 10.0 mmol)  in benzene (10 

mL) was added ethyl trifluoacetate (1.7 g, 12.0 mmol) dropwise at 10 °C. The reaction mixture was 

stirred at room temperature for 15 h and acidified by 10% aq. H2SO4 to pH = 7 before extracted with 

ethyl ether (20 mL × 3). The combined organic phase was washed with  brine and dried over Na2SO4. 

The crude product was purified by column chromatography (PE/EA = 10:1) to give 3f as light yellow oil 

(1.5 g, 69%). 1H NMR (400 MHz, CDCl3): mixture of keto:enol = 4:96, δ 7.94–7.82 (m, 2H), 7.56 (ddd, 

J = 6.8, 4.0, 1.2 Hz, 1H), 7.45–7.39 (m, 2H), 6.51 (s, 1H). 13C NMR (100 MHz, CDCl3): δ 186.2, 177.2 

(q, JF-C = 36.6 Hz), 134.0, 132.7, 128.9, 128.4, 127.5, 118.6, 115.7, 92.2, 38.0. 

 

(3g) 1-(2-Chlorophenyl)-3-phenylpropane-1,3-dione[15] 

 

3g was synthesized from acetophenone (1.8 g, 15.0 mmol) and methyl o-chlorobenzoate (2.6 g, 15.0 

mmol) by using NaH (60% dispersed in mineral oil, 1.5 g, 37.5 mmol) according to the reported 

procedure. [15] The crude product was purified by column chromatography (PE/EA = 15:1) to give yellow 

solid 3g (3.3 g, 84%). 1H NMR (400 MHz, CDCl3): δ 8.09–7.78 (m, 2H), 7.71–7.67 (m, 1H), 7.59–7.27 

(m, 6H), 6.76–6.66 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 186.8, 184.4, 136.1, 134.8, 132.6, 131.6, 

130.6, 130.0, 128.6, 127.2, 126.9, 98.3. 

(3h) Ethyl 2,4-dioxo-4-phenylbutanoate[16] 

 

To a solution of acetophenone (2.4 g, 20.0 mmol) in toluene (40 mL) was added  NaH (60% in mineral 

oil, 1.0 g, 42.0 mmol) in portions and the mixture was warmed to 45–50 °C under stirring. At this 

temperature a solution of diethyloxalate (3.5 g, 24.0 mmol) in toluene (20 mL) was added dropwise. The 

reaction mixture was refluxed for another 1.5 h. Then cooled to room temperature and acidified by 10% 
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aq. H2SO4 to pH = 6 before extracted with ethyl acetate (20 mL × 3). The combined organic phase was 

washed with  brine and dried over Na2SO4. The crude product was purified by column chromatography 

(PE/EA = 4:1) to give 3h as light yellow liquid (4.1 g, 93%). 1H NMR (400 MHz, CDCl3): δ 8.08–7.90 

(m, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.08 (s, 1H), 4.40 (q, J = 7.0 Hz, 2H), 1.41 (t, 

J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 190.6, 169.6, 162.0, 134.7, 133.76, 128.8, 127.7, 97.8, 

62.5, 14.0. 

 

(3i) Ethyl 2,4-dioxo-5-phenylpentanoate[17]  

 

To a stirred solution of NaOEt (prepared from of 1.2 g of sodium in 25 mL of absolute EtOH) was added 

a mixture of 1-phenylpropan-2-one (5.4 g, 40.3 mmol) and diethyl oxalate (5.9 g, 40.3 mmol) at 0 °C. 

After 5 h at room temperature, the mixture was acidified by 10% aq. H2SO4 to pH = 6. Ethanol was 

removed under reduced pressure and the residue was extracted with ethyl acetate (20 mL × 3). The 

combined organic phase was washed with saturated brine and dried over Na2SO4. The crude product was 

purified by column chromatography (PE/EA = 3:1) to give 3i as yellow oil (7.6 g, 81%). 1H NMR (400 

MHz, CDCl3): mixture of keto:enol = 13:87, δ 7.39–7.19 (m, 5H), 6.36 (s, -CH=CO, 1H), 4.33–4.29 (m, 

2H), 3.77 (s, 2H), 1.38–1.30 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 200.5, 166.4, 161.6, 133.4, 129.2, 

128.7, 127.2, 101.4, 62.3, 47.4, 13.8. 

 

(3j) 5,5-Dimethyl-1-morpholinohexane-1,2,4-trione[18] 

 

A suspension of t-BuOK (2.3 g, 20.5 mmol) in THF (20 mL) was added via cannula to a solution of 

pinacolone (1.0 g, 10.0 mmol) and ethyl 2-morpholino-2-oxoacetate (1.9 g, 10.0 mmol) in THF (40 mL) 

over 40 min at 25 °C. After 3 h, AcOH (2.1 mL, 36.0 mmol) was added over 5 min and the resulting 

heterogeneous mixture was filtered and the solids were washed with CH2Cl2. The filtrate was washed 

with NaHCO3 and brine, dried, filtered, and concentrated. Purification of the residue by flash 

chromatography (PE/EA = 1:1) provided the title compound as a yellow solid (1.8 g, 75%). 1H NMR 

(400 MHz, CDCl3): mixture of keto:enol = 31:69, δ 6.03 (s, 1H), 4.05 (s, 1H), 3.78–3.57 (m, 8H), 1.19 

(s, 9H). 13C NMR (100 MHz, CDCl3): δ 201.0, 184.6, 163.7, 95.4, 66.8, 66.6, 66.4, 66.3, 47.9, 46.5, 46.2, 

42.1, 38.9, 27.0, 26.6, 25.8. 
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4. Characterization data of compounds 4a-j 

(4a) 4,4-Diethoxy-3-hydroxy-1-phenylbutan-1-one 

Purified by flash column chromatography (PE/EA = 6:1) as light yellow oil (225 

mg, 89%). 1H NMR (400 MHz, CDCl3): δ 8.01–7.94 (m, 2H), 7.60–7.52 (m, 1H), 

7.48–7.44 (m, 2H), 4.52 (d, J = 4.8 Hz, 1H), 4.29 (s, 1H), 3.80–3.75 (m, 2H), 3.64–

3.58 (m, 2H), 1.24–1.20 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 197.4, 173.7, 136.3, 133.4, 128.5, 

128.0, 67.0, 61.6, 42.1, 14.0. HPLC (Chiralcel AD-H column, hexane/iPrOH = 90/10, 0.8 mL min-1, 220 

nm): t1 = 12.4 min, t2 = 13.6 min. HRMS Calculated for C14H20O4Na (M+Na)+: 275.1259, found: 

275.1247. 

 

(4b) 4,4-Diethoxy-3-hydroxy-1-(thiophen-2-yl)butan-1-one 

Purified by flash column chromatography (PE/EA = 3:1) as yellow oil (186 mg, 

93%). 1H NMR (400 MHz, CDCl3): δ 7.76 (dd, J = 3.8, 1.1 Hz, 1H), 7.65 (dd, J 

= 4.9, 1.1 Hz, 1H), 7.13 (dd, J = 4.9, 3.8 Hz, 1H), 4.51 (d, J = 4.8 Hz, 1H), 4.27 

(d, J = 4.2 Hz, 1H), 3.80–3.75(m, 2H), 3.64–3.58 (m, 2H), 3.26–3.11 (m, 2H), 2.94 (d, J = 4.4 Hz, 1H), 

1.25–1.20 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 192.6, 144.3, 134.0, 132.6, 128.1, 103.8, 69.1, 64.0, 

63.6, 40.5, 15.3, 15.3. HPLC (ChiralPak AS-H column, hexane/iPrOH = 92/8, 0.7 mL min-1, 254 nm): 

t1 = 15.7 min, t2 = 16.9 min. HRMS Calculated for C12H18O4SNa (M+Na)+: 281.0832, found: 281.0829. 

 

(4c) 2-(2-Hydroxy-4-oxopentyl)isoindoline-1,3-dione 

Purified by flash column chromatography (PE/EA = 2:1) as white solid (223 mg, 

90%)，m.p.:112.1–113.3 °C. 1H NMR (400 MHz, CDCl3): δ 7.86 (dd, J = 5.5, 3.0 

Hz, 2H), 7.73 (dd, J = 5.4, 3.0 Hz, 2H), 4.39–4.35 (m, 1H), 3.88–3.72 (m, 2H), 

3.23 (d, J = 4.4 Hz, 1H), 2.67 (dd, J = 10.0, 6.0 Hz, 2H), 2.19 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 

208.2, 168.5, 134.0, 131.7, 123.3, 66.0, 47.3, 42.7, 30.6. HPLC (Chiralcel AD-H column, hexane/iPrOH 

= 82/18, 0.75 mL min-1, 220 nm): t1 = 25.2 min, t2 = 29.8 min. HRMS Calculated for C13H13NO4Na 

(M+Na)+: 270.0742, found: 270.0730. 

 

(4d) 4-Hydroxy-5-(phenylsulfonyl)pentan-2-one 

Purified by flash column chromatography (PE/EA = 3:1) as yellow oil (221 mg, 

91%). 1H NMR (400 MHz, CDCl3): δ 7.93–7.86 (m, 2H), 7.68–7.61 (m, 1H), 

7.58–7.52 (m, 2H), 4.54–4.41 (m, 1H), 3.61 (s, 1H), 3.37–3.22 (m, 2H), 2.75 (d, 
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J = 5.6 Hz, 2H), 2.13 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 207.4, 139.2, 133.9, 129.3, 127.8, 62.7, 

60.9, 48.5, 30.6. HPLC (ChiralPak IA-3 column, hexane/iPrOH = 82/18, 0.8 mL min-1, 220 nm): t1 = 

28.6 min, t2 = 30.8 min. HRMS Calculated for C13H17O4S (M+H)+: 243.0691, found: 243.0690. 

 

(4e) 3-Hydroxy-1-phenyl-4-(phenylsulfonyl)butan-1-one 

Purified by flash column chromatography (PE/EA = 3:1) as white solid (280 mg, 

92%)，m.p.: 100.4–101.5 oC. 1H NMR (400 MHz, CDCl3): δ 8.00–7.89 (m, 4H), 

7.67 (d, J = 7.6 Hz, 1H), 7.60 (t, J = 7.8 Hz, 3H), 7.47 (t, J = 7.8 Hz, 2H), 4.71–4.67 

(m, 1H), 3.74 (d, J = 3.6 Hz, 1H), 3.46 (dd, J = 6.0, 1.8 Hz, 2H), 3.34 (d, J = 5.8 Hz, 2H). 13C NMR (100 

MHz, CDCl3): δ 198.6, 139.3, 136.2, 134.0, 133. 8, 129. 3, 128.7, 128.1, 128.0, 63.2, 61.2, 43.9. HPLC 

(ChiralPak IA-3 column, hexane/iPrOH = 81/19, 0.9 mL min-1, 254 nm): t1 = 26.4 min, t2 = 28.5 min. 

HRMS Calculated for C16H16O4SNa (M+Na)+: 327.0667, found: 327.0657. 

 

(4f) (R)-4,4,4-Trifluoro-3-hydroxy-1-phenylbutan-1-one[19] 

Purified by flash column chromatography (PE/EA = 8:1) as colorless liquid (208 

mg, 95%). 1H NMR (400 MHz, CDCl3): δ 7.97 (dd, J = 8.2, 1.0 Hz, 2H), 7.62 (d, 

J = 7.8 Hz, 1H), 7.51 (t, J = 7.8 Hz, 2H), 4.69 (s, 1H), 3.51 (d, J = 4.6 Hz, 1H), 

3.43–3.27 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 197.5, 136.9, 134.1, 128.8, 128.2, 124.69 (q, J = 

280.0 Hz), 67.03 (q, J = 32.0 Hz), 38.3. HPLC (Chiralcel OD-H column, hexane/iPrOH = 95/5, 1.0 mL 

min-1, 237 nm): t1 = 9.5 min, t2 = 10.7 min.  

(4g) (R)-3-(2-Chlorophenyl)-3-hydroxy-1-phenylpropan-1-one[20] 

Purified by flash column chromatography (PE/EA = 5:1) as yellowoil (242 mg, 

93%). 1H NMR (400 MHz, CDCl3): δ 8.00–7.93 (m, 2H), 7.72 (d, J = 7.8 Hz, 1H), 

7.59 (dd, J = 10.7, 4.2 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.35 (t, J = 8.0 Hz, 2H), 

7.29–7.20 (m, 2H), 5.69 (d, J = 9.6 Hz, 1H), 3.84 (d, J = 3.2 Hz, 1H), 3.60–3.55 (m, 1H), 3.18–3.12 (m, 

1H). 13C NMR (100 MHz, CDCl3): δ 200.1, 140.3, 136.3, 133.6, 131.0, 129.2, 128.6, 128.5, 128.1, 127.2, 

66.7, 45.3. HPLC (ChiralPak AS-H column, hexane/iPrOH = 90/10, 1.0 mL min-1, 220 nm): t1 = 10.9 

min, t2 = 14.4 min. 
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(4h) (R)-Ethyl 2-hydroxy-4-oxo-4-phenylbutanoate[21] 

Purified by flash column chromatography (PE/EA = 6:1) as yellowoil (207 mg, 

93%). 1H NMR (400 MHz, CDCl3): δ 8.00–7.90 (m, 2H), 7.63–7.53 (m, 1H), 

7.52–7.42 (m, 2H), 4.66 (d, J = 3.8 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 3.57–3.43 

(m, 2H), 3.35 (d, J = 5.8 Hz, 1H), 1.28 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 197.4, 173.7, 

136.3, 133.4, 128.5, 128.0, 67.0, 61.6, 42.1, 14.0. HPLC (ChiralPak AS-H column, hexane/iPrOH = 

85/15, 1.0 mL min-1, 254 nm): t1 = 13.5 min, t2 = 16.7 min. 

 

(4i) Ethyl 2-hydroxy-4-oxo-5-phenylpentanoate 

Purified by flash column chromatography (PE/EA = 5:1) as yellow oil (219 mg, 

86%). 1H NMR (400 MHz, CDCl3) δ 7.39–7.13 (m, 5H), 4.44 (s, 1H), 4.20 (q, J 

= 7.2 Hz, 2H), 3.73 (s, 2H), 3.18 (d, J = 5.4 Hz, 1H), 2.95 (dd, J = 9.0, 5.0 Hz, 

2H), 1.24 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 205.6, 173.4, 133.2, 129.3, 128.5, 126.9, 

66.7, 61.6, 50.2, 45.0, 13.8. HPLC (ChiralCel AD-H column, hexane/iPrOH = 85/15, 1.0 mL min-1, 220 

nm): t1 = 11.3 min, t2 = 12.4 min. HRMS Calculated for C13H16O4Na (M+Na)+: 259.0946, found: 

259.0955. 

 

(4j) 2-Hydroxy-5,5-dimethyl-1-morpholinohexane-1,4-dione[22] 

 Purified by flash column chromatography (PE/EA = 5:1) as yellow liquid (224 

mg, 92%). 1H NMR (400 MHz, CDCl3): δ 4.83 (td, J = 7.6, 3.2 Hz, 1H), 3.86 

(d, J = 7.4 Hz, 1H), 3.80–3.45 (m, 8H), 3.01–3.95 (m, 1H), 2.58–2.53(m, 1H), 

1.16 (s, 9H). 13C NMR (100 MHz, CDCl3): δ 213.8, 171.5, 66.4, 66.3, 65.0, 45.4, 44.1, 42.4, 41.0, 25.7. 

HPLC (ChiralPak AS-H column, hexane/iPrOH = 80/20, 0.8 mL min-1, 220 nm): t1 = 8.8 min, t2 = 9.5 

min. HRMS Calculated for C12H21NO4Na (M+Na)+: 266.1368, found: 266.1370. 

 

5. Study of the enol structure of 1a in THF. 

The following 1H NMR and 1H-13C HMBC spectra were recorded on a Brucker-500 MHz NMR 

spectrometer at room temperature. The enol content in d8-THF is 87% from the integrals of the H(1). The 

tautomerization equilibrium constant Keq is calculated to be 6.7. [23] An asymmetric β-diketone 1a may 

exist in two possible enol forms (B and C), which could be identified by an HMBC experiment.[24]  
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Figure S1. The Assignments of the 1H NMR (d8-THF, 500 MHz) Spectrum of 1a. 

 

From the 1H-13C-HMBC spectrum, the enol form B is the predominant in THF.  
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Figure S2. 1H-13C HMBC (d8-THF, 500 MHz) Correlations for 1a. 
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7. NMR spectra of key substrates and all hydrogenation products 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 

 

1a 

 
 

 

 

 

 
 

 

 

 

 



21 

 

 

1b 

 
 

 

 
 

 



22 

 

 

 

1c 

 

 
 

 

 

 
 

 

 

 



23 

 

 

 

1d 

 

 
 

 

 
 

 

 



24 

 

 

1e 

 
 

 

 
 

 

 

 



25 

 

 

 

1f 

 
 

 

 
 

 

 

 

 



26 

 

 

1g 

 
 

 

 

 

 

 
 

 

 



27 

 

 

 

1h 

 

 
 

 

 

 
 

 

 

 

 



28 

 

 

1i 

 
 

 

 
 

 

 

 



29 

 

 

1j 

 
 

 

 

 
 

 

 

 

 



30 

 

1k 

 
 

 
 

 

 

 

 

 



31 

 

2a 

 

 
 

 

 

 
 

 

 

 

 



32 

 

2aa 

 
 

 

 
 

 

 



33 

 

2b 

 
 

 

 

 

 
 

 

 



34 

 

2c 

 
 

 

 



35 

 

 

 

2d 

 
 

 

 

 

 
 

 

 



36 

 

2e 

 
 

 

 
 

 



37 

 

 

2f 

 
 

 

 

 
 



38 

 

 

2gg 

 
 

 

 
 

 

 



39 

 

2h 

 
 

 

 

 
 

 

 

 

 

 



40 

 

2i 

 
 

 

 
 

 



41 

 

 

2j 

 
 

 

 



42 

 

 

2k 

 
 

 

 

 
 



43 

 

 

3a 

 
 

 

 
 



44 

 

 

 

3b 

 
 

 

 
 



45 

 

 

 

3c 

 
 

 

 



46 

 

 

3d 

 
 

 

 

 
 

 



47 

 

3e 

 
 

 

 
 

 



48 

 

 

3f 

 
 

 

 
 

 



49 

 

 

3i 

 
 

 

 
 

 



50 

 

 

3j 

 
 

 

 
 



51 

 

 

 

4a 

 
 

 

 
 



52 

 

 

 

4b 

 
 

 

 

 

 



53 

 

 

4c 

 

 
 

 

 



54 

 

4d 

 
 

 

 
 



55 

 

4e 

 
 

 

 



56 

 

4f 

 
 

 

 
 



57 

 

4g 

 
 

 

  



58 

 

4h 

 
 

 

 



59 

 

4i 

 
 

 

 
 



60 

 

4j 

 
 

 

 
 



61 

 

8. HPLC diagram of chiral products 

(2a)  Table 1, racemate of 2a 

 

 

 

 
Table 1, entry 1: Ru-(S)-SunPhos, 50 °C, 10 bar H2 

 

 

 
 

Table 1, entry 2 : Ru-(S)-SunPhos, 50 °C, 20 bar H2 

 

 

 

 
 

Table 1, entry 3 : Ru-(S)-SunPhos, 70 °C, 20 bar H2 
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Table 1, entry 4: Ru-(S)-SunPhos, 90 °C, 20 bar H2 

 

 
 

Table 1, entry 5: Ru-(S)-SegPhos , 70 °C, 20 bar H2 

 

 

 
 

 

Table 1, entry 6:  Ru-(R)-Binap , 70 °C, 20 bar H2 
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Table S1, entry 3:  Ru-(S)-SunPhos, 1,4-dioxane, 70 °C, 20 bar H2 

 

 
 

 
 

Table S1, entry 4:  Ru-(S)-SunPhos, EtOAc, 70 °C, 20 bar H2 
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(2b)  Table 2, entry 1 

 

 

 

 

 
 

 

 

 

 

(2c) Table 2, entry 2 
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(2d) Table 2, entry 3 

 

 
 

 

 
 

(2e) Table 2, entry 4 
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(2f) Table 2, entry 5 

 

 

 

 

 

 
 

(2h)  Table 2, entry 7 
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(2i) Table 2, entry 8 

 

 

 

 

 

 
 

 

 

 

 

 

(2j) Table 2, entry 9 
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(2k) Table 2, entry 10 

 

 

 

 

 

 
 

(4a) Table 3, entry 1 
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50 °C   

 

 
 

 

 

 

 

 

70 °C，0.05 mmol CaCO3 was added: 

 

 

 
 

(4b) Table 3, entry 2 

 

 



70 

 

 

 

 
 

 

 

 

 

(4c) Table 3, entry 3 

 

 

 
 

(4d) Table 3, entry 4 
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(4e) Table 3, entry 5 

 

 

 

 
 

 

 
 

 

 

 

 

(4f) Table 3, entry 6 
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(4g) Table 3, entry 7 

 

 

 

 

 
 

(4h) Table 3, entry 8 
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(4i) Table 3, entry 9 
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(4j) Table 3, entry 10 

 

 
 

 

 

 


