
2.2.1 5,5-Dimethyl-2-(N-2,2,2-trifluoroacetamido)-2-oxo-1,3,2-diazaphosphorinane (1), 

Scheme 1 

1
H NMR (500.13 MHz, DMSO-d6, 25 °C, TMS): δ = 0.77 (s, 3H, CH3), 1.07 (s, 3H, CH3), 

2.58 (ddd, 
3
J(P,H) = 26.2 Hz, 

2
J(H,H) = 11.9 Hz, 

3
J(H,H) = 5.6 Hz, 2H, CH), 2.97 (d, 

2
J(H,H) = 12.0 Hz, 2H, CH), 4.99 (s, 2H, NH), 10.28 (s, 1H, NHC(O)NHP(O)). 

13
C NMR (125.75 

MHz, DMSO-d6, 25 °C, TMS): δ = 22.81 (s, 1C, CH3), 24.60 (s, 1C, CH3), 29.93 (d, 
3
J(P,C) 

= 5.3 Hz, 1C, CMe2), 52.81 (d, 
2
J(P,C) = 2.3 Hz, 2C, CH2), 115.39 (dq, 

1
J(F,C) = 281.0 Hz, 

3
J(P,C) = 3.6 Hz, 1C, CF3), 158.00 (q, 

2
J(F,C) = 37.7 Hz, 1C, C═O). 

19
F NMR (470.59 MHz, 

DMSO-d6, 25 °C, CFCl3): δ = -74.67. 
31

P{
1
H} NMR (202.45 MHz, DMSO-d6, 25 °C, 85% 

H3PO4): δ = -0.32 (s). IR (KBr, cm
-1

): 3344 (NH), 3052 (NH), 2947, 2914, 2781, 2653, 1704 

(C═O), 1515, 1430, 1350, 1296, 1218, 1174, 1087, 1023, 955, 890, 843, 785, 663. 

 

2.2.2. 5,5-Dimetyl-2-(N-2-chloro-2,2-difluoroacetamido)-2-oxo-1,3,2 diazaphosphorinane 

(2), Scheme 1 

1
H NMR (500.13 MHz, DMSO-d6, 25 °C, TMS): δ = 0.76 (s, 3H, CH3), 1.07 (s, 3H, CH3), 

2.59 (ddd, 
3
J(P,H) = 26.4 Hz, 

2
J(H,H) = 11.9 Hz, 

3
J(H,H) = 5.6 Hz, 2H, CH), 2.95 (d, 

2
J(H,H) = 12.0 Hz, 2H, CH), 4.95 (s, 2H, NH), 10.09 (s, 1H, NHC(O)NHP(O)). 

13
C NMR (125.75 

MHz, DMSO-d6, 25 °C, TMS): δ = 22.80 (s, 1C, CH3), 24.63 (s, 1C, CH3), 29.95 (d, 
3
J(P,C) 

= 4.9 Hz, 1C, CMe2), 52.90 (d, 
2
J(P,C) = 2.3 Hz, 2C, CH2), 118.39 (dt, 

1
J(F,C) = 303.6 Hz, 

3
J(P,C) = 12.0 Hz, 1C, CClF2), 160.14 (t, 

2
J(F,C) = 30.9 Hz, 1C, C═O). 

19
F NMR (470.59 

MHz, DMSO-d6, 25 °C, CFCl3): δ = -63.18. 
31

P{
1
H} NMR (202.45 MHz, DMSO-d6, 25 °C, 

85% H3PO4): δ = 0.06 (s). IR (KBr, cm
-1

): 3347 (NH), 3052 (NH), 2942, 2891, 2755, 1698 

(C═O), 1498, 1426, 1349, 1300, 1224, 1150, 1096, 989, 955, 877, 829, 785, 698, 663. 

 

2.2.3. N,N'-Di-tert-butyl-N"-(2,6-dichlorobenzoyl) phosphoric triamide (3), Scheme 2 



1
H NMR (500.13 MHz, CDCl3, 25 °C, TMS): δ = 1.28 (s, 18H, 6CH3), 3.06 (d, 

2
J(P,H) = 6.9 

Hz, 2H, NHt-Bu-amido), 7.20-7.28 (m, 3H, Ar-H), 9.46 (s, 1H, NHC(O)NHP(O)). 
13

C NMR (125.75 

MHz, CDCl3, 25 °C, TMS): δ = 31.00 (d, 
3
J(P,C) = 4.5 Hz, 6C, CH3), 51.15 (s), 127.27 (s), 

129.72 (s), 129.80 (s), 131.21 (s), 166.17 (s, 1C, C═O). 
31

P{
1
H} NMR (202.45 MHz, CDCl3, 

25 °C, 85% H3PO4): δ = 1.73 (s). IR (KBr, cm
-1

): 3362 (NH), 3076 (NH), 2966, 2894, 1673 

(C═O), 1587, 1482, 1424, 1381, 1291, 1243, 1196, 1152, 1014, 895, 804, 766, 732. 

 

2.2.4. N-(2,6-Dichlorobenzoyl)-N',N"-dicyclohexyl-N',N"-dimethyl phosphoric triamide 

(4), Scheme 3 

1
H NMR (500.13 MHz, DMSO-d6, 25 °C, TMS): δ = 1.02 (m, 2H), 1.22 (m, 4H), 1.59 (m, 

14H), 2.52 (m, 6H), 3.40 (m, 2H), 7.37-7.47 (m, 3H, Ar-H), 9.39 (s, 1H, NHC(O)NHP(O)). 
13

C 

NMR (125.75 MHz, DMSO-d6, 25 °C, TMS): δ = 23.89 (s), 25.08 (s), 25.60 (s), 25.63 (s), 

27.11 (d, 
3
J(P,C) = 4.6 Hz, 2C), 30.31 (s), 54.00 (d, 

2
J(P,C) = 4.4 Hz, 2C), 127.99 (s), 130.38 

(s), 130.84 (s), 137.16 (s), 165.29 (s, 1C, C═O). 
31

P{
1
H} NMR (202.45 MHz, DMSO-d6, 25 

°C, 85% H3PO4): δ = 12.12 (s). IR (KBr, cm
-1

): 3072 (NH), 2927, 2855, 2754, 1697 (C═O), 

1567, 1490, 1432, 1274, 1221, 1188, 1149, 1010, 966, 889, 846, 784, 740, 688. 

 

2.2.5. N-(2,6-Dichlorobenzoyl)-N',N"-dibenzyl-N',N"-dimethyl phosphoric triamide (5), , 

Scheme 4 

1
H NMR (500.13 MHz, DMSO-d6, 25 °C, TMS): δ = 2.57 (d, 

3
J(P,H) = 10.1 Hz, 6H, CH3), 

4.18 (dd, 
2
J(H,H) = 14.7 Hz, 

3
J(P,H) = 8.8 Hz, 2H, methylene), 4.29 (dd, 

2
J(H,H) = 14.7 Hz, 

3
J(P,H) = 8.8 Hz, 2H, methylene), 7.26 (t, 

3
J(H,H) = 6.9 Hz, 2H), 7.33 (t, 

3
J(H,H) = 7.1 Hz, 

4H), 7.43 (d, 
3
J(H,H) = 7.2 Hz, 4H, Ar-H), 7.45 (1H, 2,6-Cl2-C6H3), 7.49 (d, 

3
J(H,H) = 7.7 



Hz, 2H, 2,6-Cl2-C6H3), 10.08 (s, 1H, NHC(O)NHP(O)). 
13

C NMR (125.75 MHz, DMSO-d6, 25 

°C, TMS): δ = 33.11 (d, 
2
J(P,C) = 4.2 Hz, 2C, CH3), 51.99 (d, 

2
J(P,C) = 4.8 Hz, 2C, CH2), 

126.98 (s), 127.96 (s), 128.04 (s), 128.21 (s), 130.38 (s), 131.08 (s), 136.47 (d, 
3
J(P,C) = 9.9 

Hz, 2C, Cipso), 138.08 (d, 
3
J(P,C) = 3.9 Hz, 1C, 2,6-Cl2-C6H3), 165.55 (s, 1C, C═O). 

31
P{

1
H} 

NMR (202.45 MHz, DMSO-d6, 25 °C, 85% H3PO4): δ = 13.04 (s). IR (KBr, cm
-1

): 3024 

(NH), 2925, 2858, 1685 (C═O), 1576, 1457, 1338, 1277, 1229, 1186, 1134, 1016, 954, 878, 

830, 792, 726. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S1 

13
C NMR spectra of compounds 1 (top) and 2 (bottom); quartet of doublets and quartet signals in “figure top” 

and triplet of doublets and triplet signals in “bottom” are related to CF3 and C(O) carbon atoms in (1) and CClF2 

and C(O) carbon atoms in (2). 

 

 




