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I. General Considerations  

 

1
H NMR, 

13
C NMR, 

31
P NMR and 

19
F NMR spectra were recorded on a BRUKER DRX (400 MHz); 

BRUKER (400 MHz) AVANCE III HD NMR, Varian GEMINI 300 (300 MHz) and Varian 400 (400 MHz) 

spectrometers, unless otherwise noted. The chemical shifts are expressed in parts per million (ppm). 

For NMR spectroscopy as an internal standards the tetramethylsilane (TMS) (
1
H NMR and 

13
C NMR), 

and trichloromonofluoromethane (CFCl3) (
19

F NMR) were used. For (
31

P NMR) spectroscopy, 85% 

H3PO4 as external standard was used. Coupling constants are expressed in Hertz (Hz). The following 

abbreviations were used to express the multiplicities: s (singlet), d (doublet), dd (doublet of doublets), 

ddd (doublet of doublet of doublets), t (triplet), td (triplet of doublets), q (quartet), tq (triplet of quartets), 

m (multiplet), br d (broad doublet), br s (broad singlet), br t (broad triplet). Reactions monitored by 
19

F, 
31

P NMR during process were done with a DMSO-d6 probe. 
31

P NMR spectra and chosen of 
19

F NMR 

were recorded with protons decoupled. 
13

C NMR spectra were recorded as attached proton test 

experiment (APT). Gas Chromatography - Mass spectra (GC-MS) GC-MS spectra were performed 

on Varian GC-MS 4000 spectrometer (conditions: flow rate of 1 mL/min, injector temperature = 220 

°C, column oven temperature 40 °C (3 min) → 15 °C/min → 280 °C (10 min), using chloroform as the 

solvent). Mass spectra (MS) High resolution spectra were performed by electrospray ionization (ESI): 

Laboratoire Mesures Physiques of University Montpellier II. Thin Layer Chromatography (TLC) was 

performed on commercially available Merck Kieselgel 60-F254 with ethyl acetate/hexane; ethyl 

acetate/heptane as developing systems. Visualization was performed with UV light then 

permanganate solution followed by heating. Permanganate solution (KMnO4) was prepared in water 

(300 mL) with KMnO4 (3 g), K2CO3 (20 g) and 5% NaOH water solution (5 mL). Column 

chromatography was performed in a glass column with silica gel (Merck Kieselgel 60 (230-400 mesh) 

using ethyl acetate (EtOAc) and n-hexane. Flash Column Chromatography was performed on 

Interchim puriFlash
®
430 compatible with 15 µm silica column using ethyl acetate (EtOAc) and n-

heptane. Purification of solvents and reagents Solvents were purified by classical methodology: 

Toluene was distilled over calcium hydride (CaH2) than stocked over 4Å MS. Acetonitrile, 

dichloromethane, ethanol were distilled over calcium hydride (CaH2) prior to use. Tetrahydrofuran 

(THF) was distilled over sodium-benzophenone. Other reagents were supplied by Sigma-Aldrich and 

used without purification unless otherwise noted. 



 
 

 

II. Spectra of compounds 

(Z/E)-diethyl (2-(heptylamino)-2-phenylvinyl)phosphonate 12a 

(E/Z)-diethyl (2-(heptylimino)-2-phenylethyl)phosphonate 13a 

 

Note: Ratio of enamines 12a and imines 13a after column chromatography equaled 92:8, respectively. 

Ratio of enamines (Z/E) 12a equaled 85:15, respectively. Ratio of imines 13a (E/Z) equaled 85:15, 

respectively.  
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(Z/E)-diethyl (2-(octylamino)-2-phenylvinyl)phosphonate 12b 

(E/Z)-diethyl (2-(octylimino)-2-phenylethyl)phosphonate 13b 

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 93:7, 

respectively. Ratio of enamines (Z/E) 12b equaled 87:13, respectively. Ratio of imines 13b 

(E/Z) equaled 80:20, respectively. 
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(Z/E)-diethyl (2-((4-methoxybenzyl)amino)-2-phenylvinyl)phosphonate 

12c 

 (E/Z)-diethyl (2-((4-methoxybenzyl)imino)-2-phenylethyl)phosphonate 

13c 

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 91:9, 

respectively. Ratio of enamines (Z/E) 12c equaled 83:17, respectively. Ratio of imines 13c 

(E/Z) equaled 81:19, respectively.  
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(Z/E)-diethyl (2-((2-methylbenzyl)amino)-2-phenylvinyl)phosphonate 12d 

(E/Z)-diethyl (2-((2-methylbenzyl)imino)-2-phenylethyl)phosphonate 13d 

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 91:9, 

respectively. Ratio of enamines (Z/E) 12d equaled 84:16, respectively. Ratio of imines 13d 

(E/Z) equaled 77:23, respectively.  
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(Z/E)-diethyl (2-(benzylamino)-2-phenylvinyl)phosphonate 12e  

(E/Z)-diethyl (2-(benzylimino)-2-phenylethyl)phosphonate 13e  

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 91:9, 

respectively. Ratio of enamines (Z/E) 12e equaled 84:16, respectively. Ratio of imines 13e 

(E/Z) equaled 95:5, respectively.  
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(Z/E)-diethyl (2-((4-fluorobenzyl)amino)-2-phenylvinyl)phosphonate 12f 

(E/Z)-diethyl (2-((4-fluorobenzyl)imino)-2-phenylethyl)phosphonate 13f 

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 90:10, 

respectively. Ratio of enamines (Z/E) 12f equaled 86:14, respectively. Ratio of imines 13f 

(E/Z) equaled 95:5, respectively.  
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1H NMR 

 



 
 

13C NMR 

 



 
 

HRMS 

 

 



 
 

(Z/E)-(S)-diethyl (2-phenyl-2-((1-phenylethyl)amino)vinyl)phosphonate 

12g 

(E/Z)-(S)-diethyl (2-phenyl-2-((1-phenylethyl)imino)ethyl) phosphonate 

13g 

 

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 92:8, 

respectively. Ratio of enamines (Z/E) 12g equaled 90:10, respectively. Ratio of imines 13g 

(E/Z) equaled 70:30, respectively.  
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13C NMR 

 



 
 

COSY 1H-1H 

 

2 3 

 

  

1 

6,8 
5,7 4 

12g 



 
 

HRMS 

 

 



 
 

(Z)-diethyl (2-phenyl-2-(phenylamino)vinyl)phosphonate 12h 

(E/Z)-diethyl (2-phenyl-2-(phenylimino)ethyl)phosphonate 13h 

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 67:33 

respectively. Only (Z)-enamine was formed. Ratio of imines 13h (E/Z) equaled 91:9, 

respectively.  
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(Z/E)-diethyl (2-((4-fluorophenyl)amino)-2-phenylvinyl)phosphonate 12i 

(Z/E)-diethyl (2-((4-fluorophenyl)imino)-2-phenylethyl)phosphonate 13i 

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 63:37, 

respectively. Ratio of enamines (Z/E) 12i equaled 99:1, respectively. Ratio of imines 13i 

(E/Z) equaled 92:8, respectively.  
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(Z)-diethyl (2-((2-fluorophenyl)amino)-2-phenylvinyl)phosphonate 12j 

(E/Z)-diethyl (2-((2-fluorophenyl)imino)-2-phenylethyl)phosphonate 13j  

Note: Ratio of enamines 12 and imines 13 after column chromatography equaled 61:39, 

respectively. Only (Z)-enamine was formed. Ratio of imines 13j (E/Z) equaled 80:20, 

respectively.  
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Additional data for compounds 13 a-j 

Table 1  
1
H NMR data for minor (E/Z)-forms of β-iminophosphonates 13a-j 

� 

R1: a= CH3(CH2)6, b= CH3(CH2)7 , c= 4-OCH3Bn, d= 2-CH3Bn, e= Bn, f= 4-FBn, g= (S)-(CH3)CHPh, h= Ph, 

i= 4-FPh, j= 2-FPh 

 
δ [ppm] 13a 13b 13c 13d 13e 

H (E)  (d) 
2
JHP [Hz] 

3.38 

23.4 

3.41 

23.4 

3.40 

23.4 

3.53 

23.4 

3.53 

23.4 

H (Z)  (d) 
2
JHP [Hz] 

3.15 

21.5 

3.23 

21.9 

3.21 

22.0 

3.37 

22.1 

3.35 

22.1 

 
δ [ppm] 13f 13g 13h 13i 13j 

H (E) 
 (d) 

2
JHP [Hz] 

3.50 

23.4 

3.34 

3.33 

23.3
a
 

3.32 

23.3 

3.30 

23.3 

3.33 

23.4 

H (Z) 
 (d) 

2
JHP [Hz] 

3.32 

22.1 

3.20 

22.1 

3.39 

22.5 

3.37 

22.5 

3.26 

22.9 
a
 signal derived from non chemically equivalent protons (diastereotopic) observed as two pair of 

doublets with the same coupling constant 



 
 

(Z)-diethyl (1,1-difluoro-2-(heptylimino)-2-phenylethyl)phosphonate 14a 

 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 
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(Z)-diethyl (1,1-difluoro-2-(octylimino)-2-phenylethyl) phosphonate 14b 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 



 
 

(Z)-diethyl (1,1-difluoro-2-((4-methoxybenzyl)imino)-2-phenylethyl) 

phosphonate 14c 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 
 



 
 

(Z)-diethyl (1,1-difluoro-2-((2-methylbenzyl)imino)-2-phenylethyl) 

phosphonate 14d 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

13C NMR 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

HRMS 

 



 
 

(Z)-diethyl (2-(benzylimino)-1,1-difluoro-2-phenylethyl)phosphonate 14e 

 
 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 



 
 

(Z)-diethyl (1,1-difluoro-2-((4-fluorobenzyl)imino)-2-phenylethyl) 

phosphonate 14f 

 
 

31P NMR 

 



 
 

19F NMR 

{H}

 

1H NMR 
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(S,Z)-diethyl (1,1-difluoro-2-phenyl-2-((1-phenylethyl)imino)ethyl) 

phosphonate 14g 

 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

HRMS 

 

 

 



 
 

(Z)-diethyl (1,1-difluoro-2-phenyl-2-(phenylimino)ethyl)phosphonate 14h 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 



 
 

 

(Z)-diethyl (1,1-difluoro-2-((4-fluorophenyl)imino)-2-phenylethyl) 

phosphonate 14i 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

31C NMR 

  

HRMS 

 



 
 

 

 



 
 

(Z)-diethyl (1,1-difluoro-2-((2-fluorophenyl)imino)-2-phenylethyl) 

phosphonate 14i 

 

31P NMR 

 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 

III. By-products of electrophilic fluorination - diagnostic data 

 

 

Diagnostic signals for 2,2-difluoro-1-phenylethanone 19  

1H NMR (CDCl3): δH ~ 6.3 (t, 2JHF = 53.5 Hz, 1H), 19F NMR (CDCl3): δF ~ -122.6 (d, 2JFH = 53.5 

Hz, 2F) 

Diagnostic signals for 20 

1H NMR (CDCl3): δ= 6.2 (t, 2JHF = 55.4 Hz, 1H), 19F NMR (CDCl3): δ= ~ -118.1 (d, 2JFH = 55.4 

Hz, 2F) 

 



 
 

Diagnostic signals for 21 

19F NMR (CDCl3): δ= -81.1 (d, 2JFP 966 Hz, 1F), 31P NMR (CDCl3): δ= -9.2 (d, 2JPF 966 Hz, 

1P), GC-MS: m/z = 156.1 [M+]; retention time: 6 min  

Diagnostic signals for 22  

19F NMR (CDCl3): δF ~ -71.6 (s) 

diethyl (1,1-difluoro-2-(heptylamino)-2-phenylethyl)phosphonate 15a 

 
31P NMR 

 



 
 

1H NMR 

 

19F NMR {H} 
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diethyl (1,1-difluoro-2-(octylamino)-2-phenylethyl)phosphonate 15b 

 
31P NMR 

  



 
 

19F NMR 

  



 
 

1H NMR 

 

13C NMR 

 



 
 

HRMS 

 

 

 

 



 
 

diethyl (1,1-difluoro-2-((4-methoxybenzyl)amino)-2-phenylethyl) 

phosphonate 15c 

 

31P NMR 

 

 

 

 



 
 

 19F NMR {H} 

 

19F NMR 

 



 
 

1H NMR 

 

13C NMR 

 

 



 
 

HRMS 

 

 



 
 

diethyl (1,1-difluoro-2-((2-methylbenzyl)amino)-2-phenylethyl) 

phosphonate 15d 

 
 

31P NMR 

 



 
 

19F NMR 
{H}

19F NMR 

 



 
 

1H NMR 

 

13C NMR 

 



 
 

HRMS 

 

 



 
 

diethyl (2-(benzylamino)-1,1-difluoro-2-phenylethyl)phosphonate 15e 

. 
 

31P NMR 

 



 
 

19F NMR{H}  

 

19F NMR 

 



 
 

1H NMR 

 

13C NMR 

 



 
 

HRMS 

 

 
 

 



 
 

diethyl (1,1-difluoro-2-((4-fluorobenzyl)amino)-2-phenylethyl) 

phosphonate 15f 

 
31P NMR 

 



 
 

19F NMR 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 

 



 
 

 (R/S)-diethyl (1,1-difluoro-2-phenyl-2-(((S)-1-phenylethyl)amino) ethyl) 

phosphonate 15g 

 
 

31P NMR 



 
 

19F NMR {H} 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 

 



 
 

 

19
F{

1
H} NMR of 15g in acetonitrile (CD3CN) 

 

 

 

 

 

 

 

 

 

 

 

 
19

F{
1
H} NMR of 15g in chloroform (CDCl3)  

Fa 

Fa 

Fb 

Fb 

Major 

Minor 

Fa 
Fb 

Major 



 
 

diethyl (1,1-difluoro-2-phenyl-2-(phenylamino)ethyl)phosphonate 15h 

 
 

31P NMR 

 



 
 

19F NMR 

 

19F NMR 

 



 
 

1H NMR 

 

13C NMR 

 



 
 

HRMS 

 

 

 



 
 

diethyl (1,1-difluoro-2-((4-fluorophenyl)amino)-2-phenylethyl) 

phosphonate 15i 

 
 

31P NMR 

 



 
 

19F NMR 

 

1H NMR 

 



 
 

13C NMR 

 

HRMS 

 



 
 

 

 



 
 

diethyl (1,1-difluoro-2-((2-fluorophenyl)amino)-2-phenylethyl) 

phosphonate 15j 

 

31P NMR 

 

 



 
 

9F NMR 

{H}

 



 
 

19F NMR 

 

1H NMR 

 



 
 

13C NMR 

 



 
 

HRMS 

 

 

 



 
 

IV. Additional information 

 Note: Due to the fact that some cases of 14 were contaminated by 17 the crude 

reaction mixture contained traces of diethyl (1,1-difluoro-2-hydroxy-2-

phenylethyl)phosphonate 18 (scheme 1). Diagnostic signals for 18: δF: -125.46 (ddd, 
2JFF = 304.9 Hz, 2JFP = 105.5 Hz, 3JFH = 20.3 Hz, 1F), -115.18 (ddd, 2JFF = 304.9 Hz, 
2JFP = 100.1 Hz, 3JFH = 6.3 Hz, 1F); δP: 6.82 (dd, 2JPF = 105.5 Hz, 2JPF = 100.1 Hz, 

1P); Rf = 0.1. The separation of α,α-difluoromethylene-β-aminophosphonates 15 from 

18 has been relatively easy to handle due to 0.35 difference in Rf (hexane:ethyl 

acetate 7:3). 

difluoro-2-hydroxy-2-phenylethyl)phosphonate 18 

 
Scheme 1 Reduction of β-ketophosphonate 17 with the use of NaBH3CN reagent 



 
 

V. Tables 

Table 1 31P, 13C, 1H NMR δ for major (Z/E)-form of  

β-enaminophosphonates 12a-j. 

 

 δ [ppm] 12a 12b 12c 12d 12e 12f 12g 12h 12i 12j 

P (s) J [Hz] 25.87 25.89 25.09 25.26 24.96 24.87 24.98 23.58 23.64 22.87 

Cα(Z) (δ) 

1
JCP [Hz] 

75.2 

189.8  

75.1 

189.7  

77.8 

188.5  

77.4  

189.1  

77.8 

188.5 

78.5 

188.5 

79.1 

188.1 

84.4 

187.3 

84.0 

187.5 

84.0 

187.5 

Cα(E) (δ) 

1
JCP [Hz] 

75.4 

218.3 

75.5 

218.4 

76.7 

217.4 

76.8 

217.6 

77.1 

217.4 

77.5 

217.3 

78.7 

217.7 

- - - 

Cβ(Z) (δ) 

2
JCP [Hz] 

167.0 

7.0 

167.0 

7.1  

166.6 

6.8 

166.7 

6.8  

166.7 

6.8 

166.5 

6.7 

166.4 

6.8  

160.7 

5.5 

159.3 

5.0  

161.0 

5.8 

Cβ(E) (δ) 

2
JCP [Hz] 

160.7 

17.7 

160.7 

17.6 

160.3 

17.5 

- - 

137.4 

20.0 

138.1 

20.1  

137.3 

19.4 

136.0 

19.1  

137.1 

19.6 

Cipso(Z) (δ) 

3
JCP [Hz] 

138.1 

20.1 

138.0 

20.1  

137.6 

20.0  

137.7 

19.9 

137.6 

20.1 

160.2 

17.5 

- - - - 

H(Z) (δ) 

2
JHP [Hz] 

3.67 

13.3 

3.75 

13.3  

3.80 

13.1 

3.91 

13.0  

3.83 

13.0  

3.93 

 13.0 

3.81 

13.1 

4.30 

12.3 

4.41 

12.1 

4.28 

12.2 

H(E) (δ) 

2
JHP [Hz] 

4.10 

9.4 

4.18 

9.4 

4.16 

9.1 

4.33 

9.2 

4.30 

9.0 

4.26 

9.4 

- - 

4.66 

8.9 

- 

R
1
: a = CH3(CH2)6, b = CH3(CH2)7 , c = 4-MeOC6H4CH2, d = 2-MeC6H4CH2,e = Bn, f = 4-FC6H4CH2, g = (S)-Ph(CH3)CH, h = Ph, i = 4-FC6H4, j = 2-

FC6H4 

 



 
 

Table 2 31P NMR of compounds 12-(Z:E) and 13-(E:Z) 

 

Entry Compound R
1
 

12 enamine (Z:E) /  
13 imine (E:Z)

a 

31
P NMR for 

major 
12 (Z)-enamine /  

13 (E)-imine 

31
P NMR for 

minor 
12 (E)-

enamine /  
13 (Z)-imine

 

1 12-13a CH3(CH2)6 92(85:15) / 8(85:15) 25.87 / 22.40 24.74 / 24.24 

2 12-13b CH3(CH2)7 93(87:13) / 7(80:20) 25.89 / 22.41 24.82 / 24.26 

3 12-13c 4-MeOC6H4CH2 91(83:17) / 9(81:19) 25.09 / 22.16 24.30 / 24.07 

4 12-13d 2-MeC6H4CH2 91(84:16) / 9(77:23) 25.26/22.27 24.25 / 24.14 

5 12-13e Bn 91(84:16) / 9(95:5) 25.10 / 22.14 24.05 / 23.72 

6 12-13f 4-FC6H4CH2 90(86:14) / 10(95:5) 24.87 / 22.00 23.88 / 24.27 

7 12-13g (S)-Ph(CH3)CH 92(90:10) / 8(70:30) 24.98 / 22.14 23.88 / 23.97 

8 12-13h Ph 67 / 33(91:9) 23.58 / 21.43 - / 23.37 

9 12-13i 4-FC6H4 63(99:1) / 37(92:8) 23.64 / 21.32 24.87 / 23.23 

10 12-13j 2-FC6H4 61 / 39(80:20) 23.03 / 20.92 - / 23.74 

a
 

31
P NMR in CDCl3 after column chromatography. 

Table 3 1H NMR data for minor (E/Z)–forms of β–iminophosphonates  

13a-j 

 

� 

R1: a= CH3(CH2)6, b= CH3(CH2)7 , c= 4-OMeC6H4CH2, d= 2-Me C6H4CH2, e= Bn, f= 4-F C6H4CH2, g= (S)-Ph(CH3)CH, h= 

Ph, i= 4-F C6H4, j= 2-F C6H4 

 
δ [ppm] 2.6a 2.6b 2.6c 2.6d 2.6e 

H (E)  (d) 
2
JHP [Hz] 

3.38 

23.4 

3.41 

23.4 

3.40 

23.4 

3.53 

23.4 

3.53 

23.4 

H (Z)  (d) 
2
JHP [Hz] 

3.15 

21.5 

3.23 

21.9 

3.21 

22.0 

3.37 

22.1 

3.35 

22.1 

 
δ [ppm] 2.6f 2.6g 2.6h 2.6i 2.6j 

H (E) 
 (d) 

2
JHP [Hz] 

3.50 

23.4 

3.34 

3.33 

23.3
a
 

3.32 

23.3 

3.30 

23.3 

3.33 

23.4 

H (Z) 
 (d) 

2
JHP [Hz] 

3.32 

22.1 

3.20 

22.1 

3.39 

22.5 

3.37 

22.5 

3.26 

22.9 
a
 signal derived from non chemically equivalent protons (diastereotopic) observed as two pair of doublets with the same coupling constance 

 



 
 

Table 4 31P, 13C, 1H NMR data for α,α-difluoromethylene-β-

iminophosphonates 14 

 

 

 

 
14a  

δ [ppm] 

14b  14c  14d  14d  14e  14f  14g
[b] 

 14h  14i  14j  

P (t) 

2
JPF [Hz] 

5.82 

101.7  

5.85 

101.6  

5.75 

100.8  

5.63 

100.5  

5.60 

100.7  

5.64 

100.6  

5.73 

101.6  

5.29 

100.3  

5.31 

100.5  

4.83 

100.2  

F
[a] 

(d) 

2
JFP [Hz] 

-107.31 

101.7  

-107.31 

101.7  

-107.7 

100.7  

-107.2 

100.5  

-107.17 

100.6  

-107.40 

100.6  

-107.9 

101.6  

-107.10 

100.4  

-107.24 

100.5  

-107.44 

100.2  

C (td) 

1
JCF [Hz] 

1
JCP [Hz] 

116.4 

265.2  

212.6  

116.4 

265.4  

212.5  

116.5 

265.4  

212.4  

114.8 

265.7  

213.2  

116.5 

265.7  

212.8  

116.4 

265.8  

212.8  

116.3  

265.5  

212.4  

114.9 

267.0  

212.2  

116.5 

267.1  

212.2  

116.2 

267.2  

211.3  

Cβ (td) 

2
JCF [Hz] 

2
JCP [Hz] 

162.8 

26.0  

14.4  

162.8 

26.0  

14.5  

163.7 

26.6  

14.7  

162.2 

26.8  

14.4  

164.1 

24.8  

12.6  

164.3 

26.6  

14.5  

161.7 

26.4  

14.2  

160.7 

26.2  

14.3  

162.8 

26.1  

13.4  

165.7
[c] 

26.1  

20.9  

13.5  

R1: a = CH3(CH2)6, b = CH3(CH2)7, c = 4-MeOC6H4CH2, d = 2-MeC6H4CH2, e = Bn, f = 4-FC6H4CH2, g = (S)-Ph(CH3)CH, h = Ph, i = 4-FC6H4, j = 2-FC6H4. 

[a] 
19

F{1H} NMR. [b] Spectrum made in CD3CN. [c] Signal appeared as (ddd). 



 
 

Table 5 Spectroscopic data of α,α-difluoromethylene-β-

aminophosphonates 15 

 
δ [ppm] 15a

 
15b 15c 15d

 
15e 

P  (dd) 
2
JPF [Hz] 

7.41 
102.5  
101.1  

7.31 
104.5 
102.7 

7.04 
105.7  
102.0 

7.05 
106.6  
102.4  

7.10 
103.8  

Fa  (dd) 
2
JFP [Hz] 

-109.35 
300.0  
100.8  

-111.16 
300.9  
102.5  

-110.99 
303.2  
101.9  

-110.98 
303.4  
102.4  

-111.06 
303.3  
100.9  

Fb  (dd) 
2
JFP [Hz] 

-123.57 
300.1  

102.9 Hz 

-121.56 
300.4  
101.6 

-121.38 
302.7  
105.8  

-121.33 
303.4  
106.7  

-121.48 
302.6  
105.7  

Hβ  (m) 4.26-3.96
c
 4.26-3.98

c
 4.24-3.92

c
 4.23-3.92

c
 4.34-4.12

c
 

C (ddd) 
1
JCF [Hz] 

1
JCF [Hz] 

1
JCP [Hz] 

119.4 
269.3  
263.0 
210.0 

118.4 
268.9  
265.9  
210.2  

119.4 
268.5  
265.5  
210.3  

119.3 
268.6  
265.8  
211.1  

119.3 
268.3  
265.5  
210.7  

Cβ  (ddd) 
2
JCF [Hz] 

2
JCP  [Hz] 

64.3-63.6
* 

63.6  
24.3  
19.4  
15.4  

63.5 
23.6  
19.5  
15.4 

64.1 
23.6  
19.4  
15.3  

63.7 
23.6  
19.5  
15.4  

δ[ppm] 15f
 

15g
ab 

15h 15i 15j
 

P (dd) 
2
JPF [Hz] 

6.83 
105.3  
102.4  

7.05 
103.5  
102.0  

6.57 
105.1  
102.2  

6.65 
104.6  
101.7  

6.44 
103.5  
101.1  

Fa (dd) 
2
JFP [Hz] 

-111.21 
303.8  

101.8  

-109.60 
300.5  

101.8  

-110.30 
304.1  

102.0  

-110.48 
304.1  

101.6  

-111.19 
305.1  

103.4  
Fb (dd) 

2
JFP [Hz] 

-121.27 
304.4 
104.1  

-121.71 
300.5  
103.7  

-120.27 
304.1  
105.2  

-120.33 
304.0  
104.3  

-120.94 
305.1  
101.3  

Hβ (ddd) 
3
JHF [Hz] 

3
JHF [Hz] 

3
JHP [Hz] 

4.21-3.93
c
 

 
4.26-3.98

c
 

 
4.92  
20.5 
8.4  
5.9  

4.83  
20.7  
8.2  
5.8  

4.98  
20.5  
8.0  
5.2  

C (ddd) 
1
JCF [Hz] 

1
JCF [Hz] 

1
JCP [Hz] 

119.3 
268.1  
265.9  
210.7  

119.9 
269.6  
265.6  
210.3  

118.5 
268.2  
266.6  
209.8  

118.4 
268.4  
266.5  
209.2  

122.3-113.8
c
  

Cβ (ddd) 
2
JCF [Hz] 

2
JCF [Hz] 

2
JCP [Hz] 

63.6 
23.5  
19.6  
15.5  

62.0 
23.7  
19.3  
15.2  

60.6 
24.9  
21.1  
14.7  

61.5 
24.7  
21.1  
14.8  

60.1 
25.4  
21.0  
14.9  

R
1
: a = CH3(CH2)6, b = CH3(CH2)7 , c = 4-MeOC6H4CH2, d = 2-MeC6H4CH2, e = Bn, f = 4-FC6H4CH2, g = (S)-Ph(CH3)CH, h = Ph, i = 4-FC6H4, j = 

2-FC6H4 
a 
diastereomeric ratio of isolated product 15 g (dr = 91:1) based on NMR.

b
Signals of major compound.

c
 signal observed as multiplet 


