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A: Table 1. Reaction condition optimizations 

 

Entr

y 
Ligand Additive Solvent Time (h) 

Yieldb 

(2a) 

Yieldb 

(3a) 

Yieldb,c 

(4a) 

1 (±)-Binap Zn(OTf)2 DCE 8 96 - trace 

2 PPh3 Zn(OTf)2 DCE 24 70 - - 

3 DPPF Zn(OTf)2 DCE 20 92 - - 

4 DPPP Zn(OTf)2 DCE 14 97 - - 

5 DPPE Zn(OTf)2 DCE 38 93 -    - 

6 DPPB Zn(OTf)2 DCE 15 99 - - 

7 Xantphos Zn(OTf)2 DCE 36 64 - 31 

8 o-Phenanthroline Zn(OTf)2 DCE 24 72 - - 

9 PCy3 Zn(OTf)2 DCE 24 92 - - 

10 DPPB Fe(OTf)3 DCE 7 87  10 

11 DPPB Fe(OTf)2 DCE 10 97 - - 

12 DPPB Cu(OTf)2 DCE 10 50 18 22 

13 DPPB Cu(OTf) DCE 10 76 - 20 

14 DPPB AgBF4 DCE 7 75 - 19 

15 DPPB AgOTf DCE 6 82 6 5 

16 DPPB Al(OTf)3 DCE 7 48 19 26 

17 DPPB ZnI2 DCE 48 - - - 

18 DPPB - DCE 60 20 - - 

19 DPPB Zn(OTf)2   Toluene 10 95 - Trace 

20 DPPB Zn(OTf)2 TFE 6 53 - 41 

21 DPPB Zn(OTf)2 1,4-dioxane 16 98 - Trace 

22 DPPB Zn(OTf)2 CH3CN 24 92 - - 

 23d DPPB Zn(OTf)2 DCE 15 99 - - 

 24e DPPB Zn(OTf)2 DCE 18 98 - - 

 25f DPPB Zn(OTf)2 DCE 45 98 - - 

26g) BPA Zn(OTf)2 DCE 10 - 98 - 

27g) BPA - DCE 15 - 97 - 

 28 (R,S)-PPF-PtBu2 Zn(OTf)2 DCE 12 - - 96 

 29 (R,S)-PPF-PtBu2 - DCE 24 68 - - 

 30 HOAc Zn(OTf)2 DCE 48 48 34 15 

 31 Diethyl phosphite Zn(OTf)2 DCE 48 15 - - 

http://www.so.com/link?url=http%3A%2F%2Fdict.youdao.com%2Fsearch%3Fq%3DToluene%26keyfrom%3Dhao360&q=%E7%94%B2%E8%8B%AF%E8%8B%B1%E6%96%87&ts=1513909908&t=511eb0cfe487f72bfa4babeeb505db8
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 32 Triphenyl phosphite Zn(OTf)2 DCE 48 19 trace - 

33g) H3PO4 Zn(OTf)2 DCE 18 - 92 trace 

34g) NaH2PO4 Zn(OTf)2 DCE 24 - 91 - 

35g) Na2HPO4 Zn(OTf)2 DCE 22 - 90 trace 

36g) K3PO4 Zn(OTf)2 DCE 24 20 - - 

aReaction conditions: Pd(OAc)2 (0.01 mmol), Lewis acid (0.02 mmol), and ligand (0.012 

mmol) in DCE (2 mL) was stirred at room temperature for 30 min under Argon. 1a (0.2 mmol) 

were added, and the reaction mixture in 1 bar H2 was stirred at 70 °C for indicated period of 

time. bIsolated yields. canti/syn = 1.5/1.0. dThe reaction was performed at 60 °C. eThe reaction 

was performed at 50 °C. fThe reaction was performed at 40 °C. g)Bronsted acid 

B: Table 2. The asymmetric hydrogenation of α-methylene-γ-keto carboxylic acids using 

different ligands  

 

Entry Solvent Ligand Time (h) Yield(%) Ee(%) 

1 DCE (R)-BINAP 12 98 21 

2 DCE (R)-OMe-BIPHEP 12 92 35 

3 DCE (R)-SEGPHOS 12 89 37 

4 DCE (R)-MONOPHOS 48 75 3 

5 DCE (R)-Xyl-SDP 11 98 43 

6 DCE (R,S)-Ph-Bn-SIPHOX 30 81 10 

7 DCE (S,S)-Et-FerroTANE 11 97 19 

8 DCE (R)-DIFLUORPHOS 15 94 5 

9 DCE (R)-P-PHOS 10 98 15 

10 DCE (R)-BDPP 10 98 9 

11 DCE (S)-SYNPHOS 10 81 41 

12 DCE (R)-DIOP 30 88 3 

13 DCE (R)-An-SDP 10 98 17 

14a DCE (R)-Xyl-SDP 11 98 45 

aReaction conditions: Pd(OAc)2 (0.01 mmol), Lewis acid (0.02 mmol), and ligand (0.012 

mmol) in DCE (2 mL) was stirred at room temperature for 30 min under Argon. 1a (0.2 mmol) 

were added, and the reaction mixture in 1 bar H2 was stirred at 70 °C for indicated period of 
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time. bThe reaction was performed at 60 °C. 

C: NMR spectra of substrates 
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D: NMR Spectra of Products 
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E: HPLC Spectra of Products 

 

white solid, 96% yield, 45% ee, [α]D
20= -9.0(c=0.4, CH2Cl2). The ee of 2a was determined by 

HPLC analysis using Daicel Chiralcel OJ-H column (25 cm × 0.46 cm ID), conditions: 

n-hexane/i-PrOH = 90/10, 1.0mL/min, 210 nm; tmajor =10.393 min, tminor = 12.847 min. 
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white solid, 50% yield, 22% ee, [α]D
25= -1.0(c=0.4, CH2Cl2).The ee of 4a-1 was determined 

by HPLC analysis using Daicel Chiralcel OJ-H column (25 cm × 0.46 cm ID), conditions: 

n-hexane/i-PrOH = 95/5, 0.5mL/min, 210 nm; tmajor =45.362 min, tminor = 41.397 min. 
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White solid, 46% yield, 63% ee, [α]D
25= -24.0(c=0.42, CH2Cl2).The ee of 4a-2 was 

determined by HPLC analysis using Daicel Chiralcel OJ-H column (25 cm × 0.46 cm ID), 

conditions: n-heptane/i-PrOH = 95/5,1mL/min, 210 nm; t major =24.472 min, t minor = 26.028 

min. 

 

 



 

Supporting information 

S54 
 

 

 

I: References 

1. Chen, C.; Zhang, Z.; Jin, S.; Fan, X.; Geng, M.; Zhou, Y.; Wen, S.; Wang, X.; Chung, L. W.; 

Dong, X.-Q.; Zhang, X. Angew. Chem. Int. Ed, 2017, 56, 6808. 

2. Sudhakar, G.; Satish, K.; Raghavaiah, J. J. Org. Chem., 2012, 77, 10010. 

3. Mayer; Stamm; Chemische Berichte., 1923, 56; 1431. 

4. Eisenbraun, E. J.; Hinman, C. W.; Springer, J. M.; Burnham, J. W.; Chou, T. S.; Flanagan, 

Pat W. K.; Hamming, M. C. J.Org. Chem., 1971, 36, 2480. 

5. Gupta; Muthana; J. Ind. Inst. Sc., 1953, 35, 310. 

6. Huang, L.-B.; Jiang, H.-F.; Qi, C.-R.; Liu. X.-H. J. Am. Chem. Soc., 2010, 132, 17652. 

 

 


