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I. General Considerations  
Melting points were measured on a Büchi B-540 apparatus and are uncorrected. All new compounds were 
characterized by 1H NMR, 13C NMR and 31P NMR using a Bruker DRX 400 MHz NMR spectrometer or a 
Bruker Avance 250 MHz NMR spectrometer. All NMR experiments performed on phosphorus are indicated 
uncoupling of hydrogen and all studies led during processing were done with a DMSO-D6 probe. High 
resolution mass spectra were measured on JEOL JMS–SX 102A spectrometer. Analytical HPLC (Column: 
Waters SunFireTM C18 5μ 4.6X250mm, Eluent: Acetonitrile/water (63:34), Flow: 1 mL.min-1) 
 
Materials: Before use, commercial reagents were purified by distillation or sublimation. 2,3,5-tri-O-benzyl-
D-arabinofuranose was purchased from Carbosynth and dried under vacuum before use. All manipulations 
were carried out using standard Schlenck Techniques. Solvents were dried according to current methods, 
distilled and stored under nitrogen atmosphere. All reactions involving air or moisture sensitive reagents or 
intermediates were carried out under dry nitrogen in flame-dried glassware. 
 
II. General procedure for the synthesis of 3 and 4 

 
 3       4 
 
4,5-bis-benzyloxy-6-benzyloxymethyl-2-phenyl-2-oxo-2λ5-[1,2]oxaphosphinan-3-ol (3) and (4). Ethyl 
phenylphosphinate (1) was prepared by a known literature method (esterification of commercial 
phenylphosphinic acid).1 2,3,5-tri-O-benzyl-D-arabinofuranose 2 (21.00 g, 49 mmol) was added under 
nitrogen to a solution of ethyl phenylphosphinate (1, 8.50 g, 50 mmol) in THF (70 mL). Freshly sublimated 
potassium tert-butoxide (1.12 g 12 mmol) was added to the solution. Reaction mixture was stirred at room 
temperature for 15 h. After solvent evaporation under vacuum, chloroform (160 mL) was added to the crude 
oil. The organic solution was washed with a saturated solution of ammonium chloride (3 × 50 mL). The 
organic layer was dried over sodium sulfate, filtered off and solvent was evaporated under vacuum. The 
yellow oil residue containing a mixture of four diastereomers (25.7 g, 26/28/19/27) was dissolved in diethyl 
ether and a white precipitate was formed and filtered to give a mixture of 3/4 (6.35g, 48/52) as a white 
powder. After purification on Water Prep LC (Column: Waters SunFireTM C18, 8μm, 50×250 mm; Eluent: 
Acetonitrile/water (60:40); Flow: 17 mL.min-1), compounds 3 and 4 were recovered pure, respectively. 
 
The two diastereomers (3 and 4), after separation were fully characterized allowing the attribution of the 
complete stereochemistry of all the stereogenic centers. Compounds 3 and 4 are respectively epimer at the 
carbon center. 
 

                                                 
1 K. Afarinkia, H.-W. Yu, Hewitt reaction revisited, Tetrahedron Letters, 2003, 44 (4), 781-783. 
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31P NMR spectrum of a mixture of 3 and 4. 
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*** Current Data Parameters ***

NAME : 1

EXPNO : 301

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 06:03:06

DATE_d : Mar 15 2010

DE :           10.0 usec

DS :              4

NS :             16

NUC1 : 31P

O1 :       -5062.76 Hz

O2 :        1000.52 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG : 11585.2001953

SFO1 :    101.2494172 MHz

SW :       401.4878 ppm

SW_h :      40650.407 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    101.2544800 MHz

*** 1D NMR Plot Parameters ***

Start :          50.01 ppm

Stop :           0.01 ppm

SR :           0.00 Hz

ppm_cm :           2.37

Hz_cm :         239.94

SL003 1
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Preparative HPLC analysis of a mixture of compounds 3 and 

4.
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(2S,3R,4S,5S,6R)-4,5-bis-benzyloxy-6-benzyloxymethyl-2-phenyl-2-oxo-2λ5-[1,2]oxaphosphinan-3-ol 3: 

  
ORTEP structure of compound 3. 

White powder 
31P NMR (161.97 MHz, CDCl3): δ (ppm) = 36.55 (s); 1H NMR (400.13 MHz, CDCl3): δ (ppm) = 2.67 (s, 
1H, OH), 3.80 (dd, 2JHH = -11.3 Hz, 3JHH = 2.0 Hz, 1H, OCH2), 4.00 (ddd, 2JHH = 11.3 Hz, 4JPH = 3.3 Hz, 
3JHH = 3.2 Hz, 1H, CH2), 4.30 (dd, 3JHH = 10.0 Hz, 3JHH = 9.6 Hz, 1H, PCCCH), 4.36 (dd, 3JHH = 9.6 Hz, 
3JHH = 2.8 Hz, 1H, PCCH), 4.43 (dd, 2JHP = -3.5 Hz, 3JHH = 2.8 Hz, 1H, PCH), 4.56 (dddd, 3JHH = 10.0 Hz, 
3JHH = 3.3 Hz, 3JHP = 3.2 Hz, 3JHH = 2.0 Hz, 1H, POCH), 7.24-7.38 (m, 15H, CHAr), 7.48-7.54 (m, 2H, 
CHAr), 7.62-7.68 (m, 1H, CHAr), 7.96-8.03 (m, 2H, CHAr); 

13C NMR (400,13 MHz, CDCl3): δ (ppm) = 
66.81 (d, 1JCP = 105.1 Hz, PCH), 68.91 (d, 3JCP = 8.8 Hz, OCCH2), 72.48 (s, PhCH2), 73.43 (s, PhCH2), 
73.74 (d, JCP = 2.2 Hz, CH), 75.46 (d, JCP = 5.6 Hz, CH), 75.64 (s, PhCH2), 81.38 (d, 2JCP = 2.9 Hz, PCCH), 
126.53 (d, 1JCP = 138.8 Hz, PCPh), 127.68, 127.80, 127.84, 127.98, 128.19 (s, CHBn), 128.31 (d, 3JCP = 13.4 
Hz, CHPh), 128.42, 128.66 (s, CHBn), 132.99 (d, 2JCP = 9.9 Hz, CHPh), 133.34 (d, 4JCP = 2.8 Hz, CHPh), 
137.32, 138.07, 138.09 (s, CBn); HRMS m/z (MH+) 545.2092 (calcd for C32H34O6P: 545.2093); Analytical 
HPLC (Column: Waters SunFireTM C18, 5 µm 4.6×250 mm; Eluent: acetonitrile/water (63:37), Flow: 1 

mL.min-1): Retention time = 15.97.  = +13.48 (c 0.0445, CHCl3). HRMS m/z (MH+) 545.2091 (calcd 
for C32H34O6P: 545.2093); Analytical HPLC (Column: Waters SunFireTM C18, 5 µm 4.6×250 mm; Eluent: 
acetonitrile/water (63:37); Flow: 1 mL.min-1): Retention time = 15.97. 
 
Suitable crystals for X-ray analysis were obtained in Et2O/CH2Cl2 for compound 3 (CCDC 848920).  
According to the ORTEP structure, we were able to assign the absolute configuration of the newly created 
asymmetric centers of the diastereomer 3. Compound 3 shows a chair structure with P2(S) and C3(R) 
configuration [Crystal data for compound 3: Formula=C32H33O6P, T = 175 K, Mr = 544.55 gmol-1, crystal 
size = 0.100x0.500x0.500 mm3, monoclinic, space group P21, a = 15.6590(3), b = 5.6930(1), c = 15.8108(3) 
Å, α = 90°, β = 91.3777(16)°, γ = 90°, V = 1409.07(5) Å3, Z = 2, ρcald= 1.283 gcm-3, μ= 1.221 mm-1, θmax= 
66.187°, 13913 reflections measured, 4543 unique, 4074 with I>2σ(I), Rint = 0.031, <σ(I)/I> = 0.0384, 
refined parameters = 353, R1 (I>2σ(I)) = 0.0388, wR2 (I>2σ(I)) = 0.1001 R1 (all data) = 0.0436, wR2 (all data) 
= 0.1049, GOF = 0.9297, Δρ(min/max)= -0.26/0.25 eÅ-3. Cu radiation was used in order to have a more 
reliable estimate of the Flack and Hooft parameters. Charge flipping as implemented in Superflip (Palatinus, 
L.; Chapuis, G. J. Appl. Cryst. 2007, 40, 786-790) was used to solve the structure and least-squares from 
CRYSTALS  (Betteridge, P. W.; Carruthers, J. R.; Cooper, R. I.; Prout, K.; Watkin, D. J. J. Appl. 
Crystallogr., 2003, 36, 1487) to refine the structure. The Flack parameter was refined to 0.07(2) and the 
Hooft parameter determined to be 0.08(1). The chance that the correct hand was assigned in the two-
hypotheses model of an enantiopure material is 100%. (R. W. W. Hooft, L. H. Straver, A. L. Spek, J. Appl. 
Cryst. 41 2008, 96-103)]. 
 
The oxidation of the two diastereomers 3 and 4, with Dess-Martin reagent afforded the same stereoisomer of 
α-ketophosphinate 7, demonstrating that compounds 3 and 4 are epimers at the carbon atom, α to the 
phosphorus atom. Furthermore, the vicinal coupling constant 1H NMR data showed: a trans di-axial vicinal 
coupling constants between protons H2/H3 (JH2-H3 = 9.6 Hz) and protons H3/H4 (JH3-H4 = 10.0 Hz) and a cis 
axial-equatorial vicinal coupling constant between protons H1/H2 (JH1-H2 = 2.8 Hz) confirming that in 
solution the major conformer is similar to those observed by X-ray. 
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31P NMR – CDCl3 
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*** Current Data Parameters ***

NAME : 2010-0~1
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PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 06:30:03

DATE_d : May 10 2010
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NS :             32

NUC1 : 31P

O1 :       -8078.82 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG : 20642.5000000

SFO1 :    161.9674942 MHz

SW :       400.9142 ppm

SW_h :      64935.065 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    161.9755730 MHz
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Start :         150.57 ppm

Stop :        -250.32 ppm

SR :           0.01 Hz

ppm_cm :          19.00

Hz_cm :        3077.49

  DF080P31CPD CDCl3 opt/topspin am2n1 55

36
.5

46
4

(ppm)

32343638404244

 
 

1H NMR – CDCl3 
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*** Current Data Parameters ***

NAME : DF080

EXPNO : 312

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 08:16:13

DATE_d : Sep 18 2008

DE :            6.0 usec

DS :              2

NS :             32

NUC1 : 1H

O1 :        2470.97 Hz

O2 :        2470.97 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG :    161.3000031

SFO1 :    400.1324710 MHz

SW :        11.9692 ppm

SW_h :       4789.272 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           0.10 Hz

PC :           1.00

SF :    400.1300000 MHz

*** 1D NMR Plot Parameters ***

Start :          12.16 ppm

Stop :           0.19 ppm

SR :           0.00 Hz

ppm_cm :           0.57

Hz_cm :         226.98

  DF080-cPROTON CDCl3 opt/topspin cristau 9
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Zoom in proton NMR with Gaussian Fourrier transformation (LB = -1 and GB = 10%) 
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RG : 16384.0000000

SFO1 :    100.6228298 MHz

SW :       238.3238 ppm

SW_h :      23980.815 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    100.6127690 MHz

*** 1D NMR Plot Parameters ***

Start :         219.17 ppm

Stop :         -19.18 ppm

SR :           0.00 Hz

ppm_cm :          11.30

Hz_cm :        1136.53
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Analytical HPLC 
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2S,3S,4S,5S,6R)-4,5-bis-benzyloxy-6-benzyloxymethyl-2-phenyl-2-oxo-2λ5-[1,2]oxaphosphinan-3-ol 4: 

 
 
White powder 
31P NMR (161.97 MHz, CDCl3): δ (ppm) = 36.08 (s); 1H NMR (400.13 MHz, CDCl3): 3.69 (dd, 2JHH = -
11.1 Hz, 3JHH = 2.3 Hz, 1H, CH2); 3.88 (ddd, 2JHH = 11.1 Hz, 3JHH = 2.74 Hz, 4JPH = 2.6 Hz, 1H, CH2); 3.90 
(dd, 3JHH = 9.5 Hz, 3JHH = 9.3 Hz, 1H, PCCCH); 3.93 (dd, 3JHH = 9.8 Hz, 2JPH = -1.9 Hz, 1H, PCH); 4.10 
(ddd, 3JHH = 9.8 Hz, 3JHH = 9.5 Hz, 3JPH = 2.6 Hz, 1H, PCCH); 4.46 (dddd, 3JHH = 9.3 Hz, 3JPH = 3.1 Hz, JHH 
= 2.7 Hz, 3JHH = 2.3 Hz, 1H, POCH); 4.46 (d, 2JHH = -12.1 Hz, 1H, PhCH2); 4.54 (d, 2JHH = -12.1 Hz, 1H, 
PhCH2); 4.59 (d, 2JHH = -10.8 Hz, 1H, PhCH2); 4.83 (d, 2JHH = -11.1 Hz, 1H, PhCH2); 4.84 (d, 2JHH = -10.8 
Hz, 1H, PhCH2); 4.88 (d, 2JHH = -11.1 Hz, 1H, PhCH2); 7.38-7.43 (m, 15H, CHAr); 7.50-7.55 (m, 3H, CHAr); 
7.75-7.80 (m, 2H, CHAr); 

13C NMR (400,13 MHz, CDCl3): δ (ppm) = 68.64 (d, 3JCP = 9.2 Hz, OCCH2), 
72.19 (d, 1JCP = 97.3 Hz, PCH), 73.45 (s, PhCH2), 75.24 (d, 2JCP = 5.2 Hz, POCH), 75.50 (s, PhCH2), 76.25 
(s, PhCH2), 77.65 (s, PCCCH), 84.34 (d, 2JCP = 6.9 Hz, PCCH), 127.65, 127.76, 127.82, 127.84, 
128.15,128.45 (s, CHBn), 127.49 (d, 1JCP = 135.8 Hz, PCPh), 128.71 (d, 3JCP = 13.4 Hz, CHPh), 131.91 (d, 
2JCP = 10.4 Hz, CHPh), 133.30 (d, 4JCP = 2.8 Hz, CHPh), 137.92 (s, CBn), 137.98 (s, CBn), 138.37 (s, CBn); 
HRMS m/z (MH+) 545.2091 (calcd for C32H34O6P: 545.2093); Analytical HPLC (Column: Waters 
SunFireTM C18, 5 µm, 4.6×250 mm; Eluent: acetonitrile / water (63:37), Flow: 1 mL.min-1): Retention time 
= 18.53.  = +26.18 (c 0.055, CHCl3). HRMS m/z (MH+) 545.2091 (calcd for C32H34O6P: 545.2093); 
Analytical HPLC (Column: Waters SunFireTM, C18, 5 µm, 4.6×250 mm; Eluent: acetonitrile/water (63:37); 
Flow: 1 mL.min-1): Retention time = 18.53. 
The 1H NMR data of compound 4, epimer of compound 3, showed trans di-axial vicinal coupling constants 
between protons H2/H3 (JH2-H3 = 9.5 Hz), protons H3/H4 (JH3-H4 = 9.3 Hz) and protons H1/H2 (JH1-H2 = 9.8 
Hz) who confirmed a chair structure with P2(S) and C3(S) configuration for compound 4. 
 
31P NMR – CDCl3 
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*** Current Data Parameters ***

NAME : sl008_~1

EXPNO : 551

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 08:07:25

DATE_d : Nov 22 2010

DE :            8.0 usec

DS :              4

NS :             64

NUC1 : 31P

O1 :        8098.78 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG : 20642.5000000

SFO1 :    161.9836718 MHz

SW :       200.4371 ppm

SW_h :      32467.532 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    161.9755730 MHz

*** 1D NMR Plot Parameters ***

Start :         150.22 ppm

Stop :         -50.22 ppm

SR :           0.01 Hz

ppm_cm :           9.50

Hz_cm :        1538.75

  SL008+003-LC430-CDCl3-P31CPDP31CPD CDCl3 opt/topspin am2n1 32
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1H NMR – CDCl3 
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*** Current Data Parameters ***

NAME : sl008_~1

EXPNO : 552

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 08:10:41

DATE_d : Nov 22 2010

DE :            8.0 usec

DS :              2

NS :             16

NUC1 : 1H

O1 :        2470.97 Hz

O2 :        2470.97 Hz

PROBHD :5 mm PAQNP Switch-1H Z-G

RG :    181.0000000

SFO1 :    400.1324710 MHz

SW :        16.0203 ppm

SW_h :       6410.256 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           0.10 Hz

PC :           1.00

SF :    400.1300430 MHz

*** 1D NMR Plot Parameters ***

Start :           8.63 ppm

Stop :           2.07 ppm

SR :          42.97 Hz

ppm_cm :           0.31

Hz_cm :         124.30

  SL008+003-LC430-CDCl3-H1PROTON CDCl3 opt/topspin am2n1 32
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*** Current Data Parameters ***

NAME : sl008_~1

EXPNO : 552

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 08:10:41

DATE_d : Nov 22 2010

DE :            8.0 usec

DS :              2

NS :             16

NUC1 : 1H

O1 :        2470.97 Hz

O2 :        2470.97 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG :    181.0000000

SFO1 :    400.1324710 MHz

SW :        16.0203 ppm

SW_h :       6410.256 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.1600000

LB :          -1.00 Hz

PC :           1.00

SF :    400.1300430 MHz

*** 1D NMR Plot Parameters ***

Start :           5.22 ppm

Stop :           3.42 ppm

SR :          42.97 Hz

ppm_cm :           0.09

Hz_cm :          34.21

  SL008+003-LC430-CDCl3-H1PROTON CDCl3 opt/topspin am2n1 32
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13C NMR – CDCl3 

13
8.

37
18

13
7.

97
90

13
7.

92
08

13
3.

30
93

13
3.

28
74

13
1.

97
09

13
1.

86
18

12
8.

78
50

12
8.

64
68

12
8.

45
04

12
8.

15
21

12
7.

83
94

12
7.

82
48

12
7.

75
93

12
7.

63
57

12
6.

82
10

84
.3

78
4

84
.3

05
7

77
.6

57
5

77
.3

88
3

77
.0

68
3

76
.7

48
2

76
.2

46
3

75
.4

97
1

75
.2

71
7

75
.2

20
7

72
.6

74
9

71
.7

14
8

68
.6

81
6

68
.5

87
0

(ppm)

102030405060708090100110120130140150160170

*** Current Data Parameters ***

NAME : 13C

EXPNO : 604

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 04:20:57

DATE_d : Apr 18 2010

DE :            8.0 usec

DS :              4

NS :           1024

NUC1 : 13C

O1 :       10060.80 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG : 23170.5000000

SFO1 :    100.6228298 MHz

SW :       238.3238 ppm

SW_h :      23980.815 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    100.6127690 MHz

*** 1D NMR Plot Parameters ***

Start :         172.54 ppm

Stop :           1.38 ppm

SR :           0.00 Hz

ppm_cm :           8.11

Hz_cm :         816.19

  SL008+03, CDCl3, 13CC13APT CDCl3 opt/topspin cristau 15
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HRMS 
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Analytical HPLC 
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Preparation of (RP)-4,5-bis-benzyloxy-6-benzyloxymethyl-2-phenyl-2-oxo-2λ5-[1,2]oxaphosphinan-3-
one 7: 
 

 
 
 
Dess-Martin periodinane (0.956 g, 2.25 mmol) and tert-butanol (0.167 g, 0.215 mL, 2.250 mmol) were 
added to a solution of a mixture of 3/4 (40/60, 0.408 g, 0.750 mmol) in dichloromethane (20 mL). The 
reaction mixture was stirred at room temperature for 6 h, and then dichloromethane (10 mL) was added. The 
reaction mixture was filtrated through celite, organic layer was washed with an aqueous solution of sodium 
sulfite (20 mL, 20%), followed by an aqueous solution of carbonate sodium (20 mL, 20%). The organic 
layer was dried over magnesium sulfate and filtered. The solvent was evaporated to give an oil (0.4 g, 89%, 
which was used directly without further purification. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 23.64 (s); 1H NMR (400.13 MHz, CDCl3): 4.18 (t, 3JHH = 9.6 Hz, 
1H, PCCCH); HRMS m/z (MH+) 543.1934 (calcd for C32H32O6P: 543.1937). 
 
The 1H NMR data of compound 7, showed trans di-axial vicinal coupling constants between protons H3/H2 
(JH3-H2 = 9.6 Hz) and protons H3/H4 (JH3-H4 = 9.6 Hz) which confirmed a chair structure for compound 7. 
 
31P NMR spectrum of 7. 
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*** Current Data Parameters ***

NAME : 057

EXPNO : 555

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 00:17:56

DATE_d : Nov 17 2011

DE :            8.0 usec

DS :              4

NS :             16

NUC1 : 31P

O1 :       -8078.82 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GRD Z

RG : 20642.5000000

SFO1 :    161.9674942 MHz

SW :       400.9142 ppm

SW_h :      64935.065 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    161.9755730 MHz

*** 1D NMR Plot Parameters ***

Start :          50.55 ppm

Stop :           9.70 ppm

SR :           0.01 Hz

ppm_cm :           1.94

Hz_cm :         313.59

  SELO-057-CDCl3-P31CPDP31CPD CDCl3 opt/topspin am2n1 30
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1H NMR spectrum of 7. 
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*** Current Data Parameters ***

NAME : 057a

EXPNO : 551

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 02:40:33

DATE_d : Nov 17 2011

DE :            8.0 usec

DS :              2

NS :             16

NUC1 : 1H

O1 :        2501.84 Hz

O2 :         491.83 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GRD Z

RG :     90.5000000

SFO1 :    400.1325018 MHz

SW :        20.8264 ppm

SW_h :       8333.333 Hz

TD :          32768

*** Processing Parameters ***

GB :      0.0000000

LB :           0.10 Hz

PC :           1.40

SF :    400.1300383 MHz

*** 1D NMR Plot Parameters ***

Start :          10.61 ppm

Stop :          -0.55 ppm

SR :          38.32 Hz

ppm_cm :           0.53

Hz_cm :         211.68

  SELO-057-protondecP31-CDCl3PROP31DEC CDCl3 opt/topspin am2n1 5
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*** Current Data Parameters ***

NAME : 057

EXPNO : 551

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 09:14:55

DATE_d : Nov 16 2011

DE :           10.0 usec

DS :              2

NS :             16

NUC1 : 1H

O1 :        1544.66 Hz

O2 :        1544.66 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG :    512.0000000

SFO1 :    250.1315447 MHz

SW :        20.6930 ppm

SW_h :       5175.983 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           0.10 Hz

PC :           1.00

SF :    250.1300187 MHz

*** 1D NMR Plot Parameters ***

Start :           5.03 ppm

Stop :           3.62 ppm

SR :          18.74 Hz

ppm_cm :           0.07

Hz_cm :          16.65
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1H NMR spectrum of 7 (Proton with Phosphorus decoupling). 
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*** Current Data Parameters ***

NAME : 057a

EXPNO : 551

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 02:40:33

DATE_d : Nov 17 2011

DE :            8.0 usec

DS :              2

NS :             16

NUC1 : 1H

O1 :        2501.84 Hz

O2 :         491.83 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GRD Z

RG :     90.5000000

SFO1 :    400.1325018 MHz

SW :        20.8264 ppm

SW_h :       8333.333 Hz

TD :          32768

*** Processing Parameters ***

GB :      0.0000000

LB :           0.10 Hz

PC :           1.40

SF :    400.1300383 MHz

*** 1D NMR Plot Parameters ***

Start :           5.00 ppm

Stop :           3.61 ppm

SR :          38.32 Hz

ppm_cm :           0.07

Hz_cm :          26.29

  SELO-057-protondecP31-CDCl3PROP31DEC CDCl3 opt/topspin am2n1 5
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13C NMR spectrum of 7. 
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*** Current Data Parameters ***

NAME : rmn

EXPNO : 323

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 18:01:49

DATE_d : Jun 02 2010

DE :            8.0 usec

DS :              4

NS :           1024

NUC1 : 13C

O1 :       10060.80 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG : 16384.0000000

SFO1 :    100.6228298 MHz

SW :       349.9332 ppm

SW_h :      35211.268 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    100.6127690 MHz

*** 1D NMR Plot Parameters ***

Start :         230.61 ppm

Stop :          -6.53 ppm

SR :           0.00 Hz

ppm_cm :          11.24

Hz_cm :        1130.79

  DF270C13APT CDCl3 opt/topspin am2n1 11
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IV. Diastereoselective reduction of the α−ketophosphinate 7 
 

 
 
Entry 1. NaBH4 
Sodium borohydride (16.8 mg, 0.442 mmol) was added to a solution of 7 (0.200 g, 0.368 mmol) in THF (8 
mL). The reaction mixture was stirred for 5 h, and then solvent was evaporated. The residue remaining was 
diluted with ethyl acetate (15 mL) and organic solution was washed with a saturated aqueous solution of 
sodium carbonate (10 mL). The organic layer was dried over magnesium sulfate, filtered and concentrated 
under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 37.00 (s), 36.24 (s). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 1. NaBH4 
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*** Current Data Parameters ***

NAME : traite~1

EXPNO : 301

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 02:28:04

DATE_d : Aug 31 2009

DE :           10.0 usec

DS :              4

NS :             16

NUC1 : 31P

O1 :       -5062.76 Hz

O2 :        1000.52 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG : 11585.2001953

SFO1 :    101.2494172 MHz

SW :       401.4878 ppm

SW_h :      40650.407 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    101.2544800 MHz

*** 1D NMR Plot Parameters ***

Start :          50.01 ppm

Stop :           0.01 ppm

SR :           0.00 Hz

ppm_cm :           2.37

Hz_cm :         239.94

DF154 traitement
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Entry 2. NaBH4/(S,S)-tartric acid 
Sodium borohydride (56.2 mg, 1.48 mmol,) was added to a solution of (S,S)-tartaric acid (0.222 g, 1.48 
mmol) in THF (8 mL). The reaction mixture was stirred to reflux for 4 h. At -30 °C, a solution of α-
ketophosphinate (0.200 g, 0.37 mmol) in THF (2 mL) was added and the mixture was stirred for 24h at - 30 
°C. The solvent was evaporated and the residue remaining was diluted with ethyl acetate (15 mL). The 
organic solution was washed with an aqueous solution of hydrochloride (10 mL, 1M). The organic layer was 
dried over magnesium sulfate, filtered and concentrated under vacuum to give yellow oil.  
 

31P NMR (161.97 MHz, CDCl3): δ (ppm): 38.17 (s), 37.94 (s). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 2. NaBH4/(S,S)-tartric acid. 
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*** Current Data Parameters ***

NAME : df177

EXPNO : 303

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 05:26:23

DATE_d : Oct 29 2009

DE :           10.0 usec

DS :              4

NS :             32

NUC1 : 31P

O1 :       -5062.76 Hz

O2 :        1000.52 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG : 13004.0000000

SFO1 :    101.2494172 MHz

SW :       401.4878 ppm

SW_h :      40650.407 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    101.2544800 MHz

*** 1D NMR Plot Parameters ***

Start :          38.52 ppm

Stop :          37.55 ppm

SR :           0.00 Hz

ppm_cm :           0.05

Hz_cm :           4.64

DF177 48h NaBH4/D-AT
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Entry 3. NaBH4/(R,R)-tartric acid 
Sodium borohydride (56.2 mg, 1.48 mmol,) was added to a solution of (R,R)-tartaric acid (0.222 g, 1.48 
mmol,) in THF (8 mL). The reaction mixture was stirred to reflux for 4 h. At - 30 °C, a solution of α-
ketophosphinate (0.200 g, 0.37 mmol,) in THF (2 mL) was added and the mixture was stirred for 24h at - 30 
°C. The solvent was evaporated and the residue remaining was diluted with ethyl acetate (15 mL). The 
organic solution was washed with an aqueous solution of hydrochloride (10 mL, 1M). The organic layer was 
dried over magnesium sulfate, filtered and concentrated under vacuum to give yellow oil. 
 

31P NMR (161.97 MHz, CDCl3): δ (ppm): 37.38 (s), 36.46 (s). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 3. NaBH4/(R,R)-tartric acid. 
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*** Current Data Parameters ***

NAME : df185

EXPNO : 302

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 02:54:03

DATE_d : Nov 06 2009

DE :            8.0 usec

DS :              4

NS :             32

NUC1 : 31P

O1 :       -8078.82 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG : 20642.5000000

SFO1 :    161.9674942 MHz

SW :       400.9142 ppm

SW_h :      64935.065 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    161.9755730 MHz

*** 1D NMR Plot Parameters ***

Start :          50.00 ppm

Stop :           0.00 ppm

SR :           0.01 Hz

ppm_cm :           2.37

Hz_cm :         383.84

  DF185P31CPD CDCl3 opt/topspin cristau 8
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Entry 4. NaBH4/CeCl3.7 H2O 
Sodium borohydride (8.2 mg, 0.22 mmol) was added to a solution of ketophosphinosugar (0.100 g, 0.18 
mmol) and cerium (III) chloride heptahydrate (60.6 mg, 0.162 mmol) in THF (5 mL). The reaction mixture 
was stirred for 48h at room temperature, and then the solvent was evaporated. The residue remaining was 
diluted with dichloromethane (10 mL) and the organic solution was washed with an aqueous saturated 
solution of ammonium chloride (5 mL). The organic layer was dried over magnesium sulfate, filtrated and 
concentrated under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 36.42 (s). Analytical HPLC (Column: Waters SunFireTM C18, 
5µm, 4.6×250 mm; Eluent: acetonitrile/water (63:37); Flow: 1 mL.min-1): Retention time = 16.35 (95%), 
19.02 (5%). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 4. NaBH4/CeCl3.7H2O. 
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*** Current Data Parameters ***

NAME : brut48h

EXPNO : 551

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 06:32:39

DATE_d : Jan 12 2011

DE :           10.0 usec

DS :              0

NS :             64

NUC1 : 31P

O1 :        3037.63 Hz

O2 :        1000.52 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG : 10321.2998047

SFO1 :    101.2575176 MHz

SW :        99.7557 ppm

SW_h :      10101.010 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    101.2544800 MHz

*** 1D NMR Plot Parameters ***

Start :          39.50 ppm

Stop :          23.97 ppm

SR :          -0.00 Hz

ppm_cm :           0.74

Hz_cm :          74.55

SELO044-brut48h
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HPLC chromatogram of 3 and 4: Table 1, entry 4. NaBH4 / CeCl3,7 H2O 
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Entry 5. NaBH4/L-proline 
Sodium borohydride (21.1 mg, 0.55 mmol) was added to a solution of L-proline (63.9 mg, 0.55 mmol,) in 
THF (4 mL). The reaction mixture was stirred at room temperature for 60 h, and then a solution of α-
ketophosphinate (0.200 g, 0.37 mmol) in THF (1.2 mL) was added. The mixture was stirred for 48 h at room 
temperature and solvent was evaporated. The residue remaining was diluted with dichloromethane (20 mL) 
and organic solution was washed with a saturated aqueous solution of ammonium chloride (10 mL). The 
organic layer was dried over magnesium sulfate, filtered and concentrated under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 36.42 (s) 
 
31P NMR spectrum of 3 and 4: Table 1, entry 5. NaBH4/L-proline. 
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*** Current Data Parameters ***

NAME : df184

EXPNO : 310

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 05:46:49

DATE_d : Dec 10 2009

DE :           10.0 usec

DS :              4

NS :             32

NUC1 : 31P

O1 :       -5062.76 Hz

O2 :        1000.52 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG : 13004.0000000

SFO1 :    101.2494172 MHz

SW :       401.4878 ppm

SW_h :      40650.407 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    101.2544800 MHz

*** 1D NMR Plot Parameters ***

Start :          50.01 ppm

Stop :           0.01 ppm

SR :           0.00 Hz

ppm_cm :           2.37

Hz_cm :         239.94

DF184
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Entry 6. NaBH4/D-proline 
Sodium borohydride (0.55 mmol, 21.1 mg) was added to a solution of D-proline (63.9 mg, 0.55 mmol) in 
THF (4 mL). The reaction mixture was stirred at room temperature for 60 h, and then a solution of α-
ketophosphinate (0.37 mmol, 0.200 g) in THF (1.2 mL) was added. The reaction mixture was stirred for 48 
h at room temperature and solvent was evaporated. The residue remaining was diluted with dichloromethane 
(20 mL) and organic solution was washed with a saturated aqueous solution of ammonium chloride solution 
(10 mL). The organic layer was dried over magnesium sulfate, filtered and concentrated under vacuum to 
give yellow oil. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 36.83 (s), 36.54 (s). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 6. NaBH4/D-proline. 
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*** Current Data Parameters ***

NAME : ajoutp~1

EXPNO : 321

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 09:23:01

DATE_d : Dec 17 2009

DE :            8.0 usec

DS :              4

NS :             32

NUC1 : 31P

O1 :       -8078.82 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG : 20642.5000000

SFO1 :    161.9674942 MHz

SW :       400.9142 ppm

SW_h :      64935.065 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    161.9755730 MHz

*** 1D NMR Plot Parameters ***

Start :          41.28 ppm

Stop :          20.01 ppm

SR :           0.01 Hz

ppm_cm :           1.01

Hz_cm :         163.32

  DF201P31CPD CDCl3 opt/topspin cristau 5
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Entry 7. NaBH4/L-proline/MgBr2 
Sodium borohydride (20.0 mg, 0.525 mmol) was added to a solution of L-proline (60.4 mg, 0.525 mmol) in 
THF (4 mL). The reaction mixture was stirred at room temperature for 60 h, and then a solution of α-
ketophosphinate (0.375 mmol, 0.203 g) and magnesium bromide ethyl etherate (0.375 mmol, 97.0 mg) in 
THF (1.2 mL) was added. The reaction mixture was stirred for 48 h at room temperature and solvent was 
evaporated. The residue remaining was diluted with dichloromethane (20 mL) and organic solution was 
washed with a saturated aqueous solution of ammonium chloride (10 mL). The organic layer was dried over 
magnesium sulfate, filtered and concentrated under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 37.46 (s), 37.26 (s); Analytical HPLC (Column: Waters 
SunFireTM, C18, 5 µm, 4.6×250 mm; Eluent: acetonitrile/water (63:37); Flow: 1 mL.min-1): Retention time 
= 16.68 (13%), 19.46 (87%). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 7. NaBH4/L-proline/MgBr2 
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*** Current Data Parameters ***

NAME : 48h

EXPNO : 20

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 06:08:38

DATE_d : Jun 23 2010

DE :            8.0 usec

DS :              4

NS :             16

NUC1 : 31P

O1 :       -8078.82 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRD Z840

RG : 20642.5000000

SFO1 :    161.9674942 MHz

SW :       400.9142 ppm

SW_h :      64935.065 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    161.9755730 MHz

*** 1D NMR Plot Parameters ***

Start :          50.00 ppm

Stop :           0.00 ppm

SR :           0.01 Hz

ppm_cm :           2.37

Hz_cm :         383.84

  DF278 48hP31CPD
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HPLC chromatogram of 3 and 4: Table 1, entry 7. NaBH4/L-proline MgBr2 
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Entry 8. NaBH4/L-proline/LiClO4 
Sodium borohydride (20.0 mg, 0.525 mmol) was added to a solution of L-proline (60.4 mg, 0.525 mmol) in 
THF (4 mL). The reaction mixture was stirred at room temperature for 60 h, and then a solution of α-
ketophosphinate (0.203 g, 0.375 mmol) and lithium perchlorate (0.375 mmol, 40 mg) in THF (1.2 mL) was 
added. The reaction mixture was stirred for 48 h at room temperature and solvent was evaporated. The 
residue remaining was diluted with dichloromethane (20 mL) and organic solution was washed with a 
saturated aqueous solution of ammonium chloride (10 mL). The organic layer was dried over magnesium 
sulfate, filtered and concentrated under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 36.86 (s), 36.26 (s); Analytical HPLC (Column: Waters 
SunFireTM C18, 5 µm, 4.6×250 mm; Eluent: acetonitrile/water (63:37); Flow: 1 mL.min-1): Retention time = 
15.92 (12%), 18.48 (88%). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 8. NaBH4/L-proline/LiClO4 
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*** Current Data Parameters ***

NAME : 50h

EXPNO : 303

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 05:02:07

DATE_d : Mar 04 2010

DE :           10.0 usec

DS :              4

NS :             32

NUC1 : 31P

O1 :       -5062.76 Hz

O2 :        1000.52 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG :  7298.2001953

SFO1 :    101.2494172 MHz

SW :       401.4878 ppm

SW_h :      40650.407 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    101.2544800 MHz

*** 1D NMR Plot Parameters ***

Start :          50.01 ppm

Stop :           0.01 ppm

SR :           0.00 Hz

ppm_cm :           2.37

Hz_cm :         239.94

DF237 50h
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HPLC chromatogram of 3 and 4: Table 1, entry 8. NaBH4/L-proline/LiClO4 
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Entry 9. NaBH4/L-proline/ZnCl2 
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Sodium borohydride (20.0 mg, 0.525 mmol) was added to a solution of L-proline (60.4 mg, 0.525 mmol) in 
THF (4 mL). The reaction mixture was stirred at room temperature for 60 h, and then a solution of α-
ketophosphinate (0.375 mmol, 0.203 g) and zinc chloride (0.375 mmol, 51 mg) in THF (1.2 mL) was added. 
The reaction mixture was stirred for 48 h at room temperature and solvent was evaporated. The residue 
remaining was diluted with dichloromethane (20 mL) and organic solution was washed with a saturated 
aqueous solution of ammonium chloride (10 mL). The organic layer was dried over magnesium sulfate, 
filtered and concentrated under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, CDCl3): δ (ppm): 36.80 (s), 36.19 (s); Analytical HPLC (Column: Waters 
SunFireTM C18, 5 µm, 4.6×250 mm; Eluent: acetonitrile/water (63:37); Flow: 1 mL.min-1): Retention time = 
15.91 (12%), 18.47 (88%). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 9. NaBH4/L-proline/ZnCl2 
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*** Current Data Parameters ***

NAME : df241

EXPNO : 310

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 07:06:17

DATE_d : Mar 19 2010

DE :           10.0 usec

DS :              4

NS :             32

NUC1 : 31P

O1 :       -5062.76 Hz

O2 :        1000.52 Hz

PROBHD :5 mm QNP 1H/13C/31P/19F Z-GRD Z

RG :  9195.2001953

SFO1 :    101.2494172 MHz

SW :       401.4878 ppm

SW_h :      40650.407 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    101.2544800 MHz

*** 1D NMR Plot Parameters ***

Start :          50.01 ppm

Stop :           0.01 ppm

SR :           0.00 Hz

ppm_cm :           2.37

Hz_cm :         239.94

DF241 traitement
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HPLC chromatogram of 3 and 4: Table 1, entry 9. NaBH4/L-
proline/ZnCl2
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Entry 10. NaBH4/L-proline/CeCl3.7 H2O 
Sodium borohydride (20.0 mg, 0.525 mmol) was added to a solution of L-proline (60.4 mg, 0.525 mmol) in 
THF (4 mL). The reaction mixture was stirred at room temperature for 60 h, and then a solution of α-
ketophosphinate (0.375 mmol, 0.203 g) and cerium (III) chloride heptahydrate (0.375 mmol, 140 mg) in 
THF (1.2 mL) was added. The mixture was stirred for 48 h at room temperature and solvent was evaporated. 
The residue remaining was diluted with dichloromethane (20 mL) and organic solution was washed with a 
saturated aqueous solution of ammonium chloride (10 mL). The organic layer was dried over magnesium 
sulfate, filtrated and concentrated under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, DMSO-d6): δ (ppm): 38.79 (s), 35.85 (s); Analytical HPLC (Column: Waters 
SunFireTM C18, 5 µm 4.6×250 mm, Eluent: acetonitrile/water (63:37); Flow: 1 mL.min-1): Retention time = 
16.26 (7%), 18.96 (93%). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 10. NaBH4/L-proline/CeCl3.7 H2O 
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HPLC chromatogram of 3 and 4: Table 1, entry 10. NaBH4/L-proline/CeCl3.7 H2O 
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Entry 11. NaBH4/D-proline/CeCl3.7 H2O 
Sodium borohydride (20.0 mg, 0.525 mmol) was added to a solution of D-proline (60.4 mg, 0.525 mmol) in 
THF (4 mL). The reaction mixture was stirred at room temperature for 60 h, and then a solution of α-
ketophosphinate (0.375 mmol, 0.203 g) and cerium (III) chloride heptahydrate (0.375 mmol, 140 mg) in 
THF (1.2 mL) was added. The mixture was stirred for 48 h at room temperature and solvent was evaporated. 
The residue remaining was diluted with dichloromethane (20 mL) and organic solution was washed with a 
saturated aqueous solution of ammonium chloride (10 mL). The organic layer was dried over magnesium 
sulfate, filtrated and concentrated under vacuum to give yellow oil. 
 
31P NMR (161.97 MHz, DMSO-d6): δ (ppm): 38.77 (s), 35.84 (s); Analytical HPLC (Column: Waters 
SunFireTM C18, 5 µm 4.6×250 mm, Eluent: acetonitrile/water (63:37); Flow: 1 mL.min-1): Retention time = 
16.26 (7%), 18.96 (93%). 
 
31P NMR spectrum of 3 and 4: Table 1, entry 11. NaBH4/D-proline/CeCl3.7 H2O 
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*** Current Data Parameters ***

NAME : 059-2

EXPNO : 553

PROCNO : 0

*** Acquisition  Parameters ***

DATE_t : 05:00:31

DATE_d : Nov 18 2011

DE :            8.0 usec

DS :              4

NS :             16

NUC1 : 31P

O1 :        8098.78 Hz

O2 :        1600.52 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GRD Z

RG : 20642.5000000

SFO1 :    161.9836718 MHz

SW :       400.8741 ppm

SW_h :      64935.065 Hz

TD :          65536

*** Processing Parameters ***

GB :      0.0000000

LB :           1.00 Hz

PC :           1.40

SF :    161.9755730 MHz

*** 1D NMR Plot Parameters ***

Start :          45.94 ppm

Stop :          19.27 ppm

SR :          -0.00 Hz

ppm_cm :           1.26

Hz_cm :         204.74

  SELO-059-2-DMSO-P31CPDP31CPD DMSO opt/topspin am2n1 4
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