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General information

The *'P, 3C, 'H NMR spectra were taken in CDCls solution on a Bruker AV-300 or
DRX-500 spectrometer operating at 121.5, 75.5 and 300 or 202.4, 125.7 and 500 MHz,
respectively. Chemical shifts are reported downfield relative to 85% H3PO, or TMS. The *3C
NMR chemical shifts were assigned on the basis of analogies by comparable model
compounds [S1]. The coupling constants J are given in Hz. NMR spectra were evaluated
using the computer programs WINNMR and TOPSPIN from Bruker. Non-equivalence effects
were observed in *H and *C{*H} NMR spectra. Corresponding pairs of resonances were
marked with (1) and (1), respectively. Mass spectrometric measurements were performed
using a Q-TOF Premier mass spectrometer in positive electrospray mode and a Shimadzu
LCMS-ITTOF mass spectrometer. The reactions were carried out in a 300 W CEM Discover
focused microwave reactor equipped with a pressure controller applying 15-100 W under

isothermal conditions.

General procedure for the synthesis of (aminomethylene)bisphosphine oxides

A mixture of 0.50 mmol primary amine (n-butylamine: 0.05 ml, cyclohexylamine: 0.06
ml, benzylamine: 0.055 ml, aniline: 0.05 ml) or 0.50 mmol secondary amine (diethylamine:
0.05ml, dibutylamine: 0.08 ml, N-butyl-N-methylamine: 0.06 ml, N-cyclohexyl-N-
methylamine: 0.065 ml, N-benzyl-N-methylamine: 0.065 ml, N-methylaniline: 0.05 ml,
morpholine: 0.04 ml), 0.50 mmol (0.08 ml) of triethyl orthoformate, and 1.0 mmol (0.20 g) of
diphenylphosphine oxide was heated at 125 or 150 °C under N; in a closed vial in a CEM
Discover Microwave reactor equipped with a pressure controller applying 50-100 W for 1 h.
The crude product so obtained was purified on silica gel using dichloromethane/methanol
(99:1) as the eluent. After evaporation of the solvent, the products (1a—d, 2a—g) were obtained

as crystals. The following products were thus prepared:

(Butylaminomethylene)bis(diphenylphosphine oxide) (1a)

Yield: 82% (0.20 g) of compound 1a as white crystals; Mp: 154-155 °C; *'P NMR (CDCls)
§ 26.82; 'H NMR (CDCl3) & 0.675 (t, *Jun = 7.1, 3 H, CH3), 0.94-1.22 (m, 4 H, C-CH,CH,-
C), 2.146 (s, 1 H, NH), 2.22-2.34 (m, 2 H, CH;,N), 4.145 (t, 2Jpy = -15.3 Hz, 1 H, CHPy),
7.24-7.50 (M, 12 H, Hpara and Hortho, P-CsHs), 7.74-7.85 (M, 4 H, Hinera, (1), P-CoHs), 7.87-7.98
(M, 4 H, Hieta, (11), P-CgHs); *H NMR (C¢Dg) & 0.628 (t, 3Jun = 7.2, 3 H, CH3), 0.91-1.16 (m,
4H, C-CH,CH,-C), 2.296 (t, %Jun = 6.7, 2 H, CH,N), 2.575 (5, br, 1H, NH), 4.264 (t, 2Jpy =
-15.4 Hz, 1 H, CHP,), 6.92-7.08 (m, 12 H, Hyara and Hortho, P-CsHs), 8.01-8.15 (M, 4 H, Hueta,
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(1), P-C¢Hs), 8.17-8.30 (M, 4 H, Hmew, (11), P-CeHs); *C NMR (CDCls) & 13.76 (s, 1C,
CH3CHCHy), 19.91 (s, 1C, CH3CH,CHy), 32.10 (s, 1C, CH3CH,CH,), 51.85 (t, 3Jpc = 3.7,
1C, CH2N), 61.75 (t, "Jpc = -65.9, 1C, CHP,), 128.01 (t, *Jpc = 6.0, 4C, Cortho, (1), P-C¢Hs),
128.24 (t, “Jpc = 6.4, 4C, Contno, (1), P-CgHs), 131.63 (m, br, 4C, Cpara, P-CsHs), 131.63 (t, 4C,
3Jpc = 4.5, Crneta, (1), P-CgHs), 131.84 (m, N = 101.1, 2C, Cipso, (1), P-C¢Hs), 131.87 (t, 4C,
3Jpc = 4.7, Cinetar (1), P-CgHs), 131.90 (m, N = 99.9, 2C, Cipso, (I1), P-CoHs); [M+H]*touna =
488.1890, Cy9H3,NO,P, requires 488.1903.

(Cyclohexylaminomethylene)bis(diphenylphosphine oxide) (1b)

Yield: 79% (0.20 g) of compound 1b as white crystals; Mp: 171-172 °C; 3P NMR (CDCls)
$ 26.86; *H NMR (CDCl3) & 0.59-1.00 (m, 5 H, c-CgH11), 1.30-1.49 (m, 5 H, ¢-CgH11), 1.82-
1.93 (M, 1 H, c-CgHu1), 2.256 (s, 1 H, NH), 4.262 (t, 2Jpny = -15.2 Hz, 1 H, CHP,), 7.22-7.49
(M, 12 H, Hyara and Horno, P-CsHs), 7.73-7.83 (M, 4 H, Huneta, (1), P-CeHs), 7.88-7.99 (m, 4 H,
Hiet (1), P-CgHs); *C NMR (CDCls) 6 24.73 (s, 2C, c¢Hx), 25.76 (s, 1C, cHx), 32.82 (s, 2C,
cHXx), 57.63 (t, 3Jpc = 3.7, 1C, Cy, cHXx), 59.38 (t, “Jpc = -65.4, 1C, CHP,), 127.91 (t, “Jpc =
5.9, 4C, Cortno, (1), P-CeHs), 128.24 (t, 2Jpc = 5.8, 4C, Cortno, (I1), P-CsHs), 131.60 (m, 4C,
Cparar P-CeHs), 131.60 (t, *Jpc = 4.7, 4C, Crnetar (1), P-CeHs), 132.04 (t, *Jpc = 4.7, 4C, Crneta,
(I1), P-CgHs); [M+H] foung = 514.2049, C3;H3sNO,P; requires 514.2059.

(Benzylaminomethylene)bis(diphenylphosphine oxide) (1c)

Yield: 72% (0.19 g) of compound 1c as white crystals; Mp: 167-168 °C; *'P NMR (CDCl5)
§ 27.46; 'H NMR (CDCl3) & 2.617 (dt, br, Iy = 7.5, *Jun = 5.2, 1 H, NH), 3.457 (d, 3Jpy =
5.2, 2 H, CH2N), 4.290 (dt, *Juy = 7.2, 2Jpy = -14.9, 1 H, CHP,), 6.89-6.79 (m, 2 H, Hortno,
C-CgHs), 7.08-7.20 (M, 3 H, Hmeta and Hpara, C-CeHs), 7.26-7.49 (M, 12 H, Horno and Hyara,
P-CgHs), 7.73-7.83 (M, 4 H, Hmeta, (1), P-CeHs), 7.83-7.94 (m, 4 H, Hieta (11), P-CeHs); *C
NMR (CDCls) & 55.37 (t, *Jpc = 4.4, 1C, CH;,N), 60.65 (t, “Jpc = -65.1, 1C, CHP,), 127.29 (s,
1C, Cpara, C-CeHs), 128.15 (t, 2Jpc = 6.5, 4C, Conno, (1), P-CsHs), 128.25 (s, 2C, Crneta,
C-CeHs), 128.34 (t, “Jpc = 6.5, 4C, Cortno, (I1), P-CeHs), 128.70 (S, 2C, Cortno, C-CeHs), 131.64
(t, *Jpc = 4.7, 4C, Creta, (1), P-CgHs), 131.70 (S, 4C, Cpara, P-CsHs), 131.92 (t, *Jpc = 4.7, 4C,
Cetar (1), P-CgHs), 138.46 (s, 1C, Cipso, C-CeHs); [M+H] founa = 522.1763, CaHzoNO2P,
requires 522.1746.
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(Phenylaminomethylene)bis(diphenylphosphine oxide) (1d)

Yield: 80% (0.20 g) of compound 1d as pale yellow crystals; Mp: 257-258 °C; *'P NMR
(CDCls) & 28.01; *H NMR (CDCls) 6 4.656 (dt, br, *Jun = 9.6 Hz, Jpn = 4.5 Hz, 1 H, NH),
5.151 (dt, *Juy = 9.9 Hz, 2Jpy = -12.9 Hz, 1 H, CHP,), 6.284 (d, %Jun = 7.9, 2 H, Hortno,
N-CgHs), 6.560 (t, *Jun = 7.3, 1 H, Hpara, N-CeHs), 6.872 (t, *Jun = 7.8, 2 H, Hineta, N-CoHs),
7.21-7.48 (M, 12 H, Hpara and Hortho, P-CsHs), 7.73-7.91 (M, 8 H, Hieta, P-CeHs); °C NMR
(CDCl3) 6 57.19 (t, YJpc = -65.1, 1C, CHP,), 114.12 (s, 2C, Corho, C-CsHs), 119.08 (s, 1C,
Cparar C-CeHs), 128.27 (t, 2Jpc = 6.0, 4C, Cortno, (1), P-CeHs), 128.29 (t, *Jpc = 6.0, 4C, Cortno,
(1), P-CgHs), 128.88 (S, 2C, Creta, C-CsHs), 131.62 (t, *Jpc = 4.9, 4C, Creta, (1), P-CeHs),
131.86 (t, *Jpc = 4.8, 4C, Creta, (I1), P-CgHs), 131.95 (t, “Joc = 1.7, 2C, Cpara, (1), P-CeHs),
131.97 (t, “Jpc = 1.6, 2C, Cpara, (I1), P-C¢Hs), (difficult to locate: Cipso, P-CeHs), 146.07 (t,
3Jpc = 2.8, 1C, Cipso, C-CgHs); [M+H]"ound = 508.1579, C1H2sNO,P; requires 508.1590.

(Diethylaminomethylene)bis(diphenylphosphine oxide) (2a)

Yield: 82% (0.20 g) of compound 2a as white crystals; Mp: 214-215 °C; *'P NMR (CDCls)
§ 28.85; 'H NMR (CDCls) & 0.688 (t, *Jun = 7.0 Hz, 6 H, CH3CH,N), 2.861 (q, *Jun = 7.1 Hz,
4 H, CH3CH,N), 4.900 (t, *Jpyy = -16.8 Hz, 1 H, CHP,), 7.22-7.46 (M, 12 H, Hpara and Horho,
P-CeHs), 7.72-7.84 (M, 4 H, Hpet, (1), P-CeHs), 7.92-8.03 (M, 4H, Hew, (11), P-CsHs); °C
NMR (CDCls) & 14.28 (s, 2C, CH3CH,), 48.09 (t, *Jpc = 3.2, 2C, CH3CH,), 68.09 (t, *Jpc =
-61.1, 1C, CHP,), 127.99 (t, 2Jpc = 6.1, 4C, Corho, (I), P-CgHs), 128.16 (t, “Jpc = 6.1, 4C,
Corthor (1), P-CgHs), 131.39 (br, 4C, Cpara, P-CeHs), 131.74 (t, *Jpc = 4.8, 4C, Crera, (1),
P-C¢Hs), 131.87 (t, Jpc = 4.9, 4C, Crneta, (I1), P-C¢Hs), 132.85 (m, N = 93.0, 2C, Cipso, (1),
P-C¢Hs), 133.39 (m, N = 96.8, 2C, Cipso, (1), P-CsHs); [M+H]"ouna = 488.1886, C9HzNO2P;
requires 488.1903.

(Dibutylaminomethylene)bis(diphenylphosphine oxide) (2b)

Yield: 73% (0.20 g) of compound 2b as white crystals; Mp: 133-134 °C; *'P NMR (CDCls)
§28.95; 'H NMR (CDCls) 6 0.709 (t, 3J4y = 6.8 Hz, 6 H, CHs), 0.87-1.10 (m, 8 H,
C-CH,CH,-C), 2.780 (t, %Jun = 7.2 Hz, 4 H, CH.N), 4.866 (t, 2Jpn = -16.4 Hz, 1 H, CHP,),
7.22-7.45 (M, 12 H, Hpara and Horno, P-CeHs), 7.73-7.83 (M, 4 H, Hueta, (1), P-CoHs), 7.90-8.00
(M, 4 H, Heta, (11), P-CeHs); *C NMR (CDCls) § 13.93 (s, 2C, CH3CH,CHy), 20.21 (s, 2C,
CH3CH,CH,), 31.43 (s, 2C, CH3CH,CH,), 54.94 (br, 2C, CH,N), 68.82 (t, Jpc = -61.1, 1C,
CHP,), 127.99 (t, 2Jpc = 5.5, 4C, Cortho, (), P-CgHs), 128.13 (t, 2Jpc = 5.6, 4C, Cortho, (1,
P-Ce¢Hs), 131. 39 (br, 4C, Cpara, P-CeHs), 131.74 (t, 3Jpc = 4.9, 4C, Crneta, (), P-CgHs), 131.88
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(t, *Jpc = 5.0, 4C, Crmetns (I1), P-CgHs), 132.97 (m, N = 92.4, 2C, Cipso, (1), P-CgHs), 133.53 (m,
N = 968, 2C, Cipso, (“), P-C6H5); [M+H]+f0und = 5442523, C33H40N02P2 I'EC]UiFES 544.2529.

(N-Butyl-N-methylaminomethylene)bis(diphenylphosphine oxide) (2c)

Yield: 69% (0.17 g) of compound 2c as white crystals; Mp: 194-195 °C: 3P NMR (CDCls)
§28.52; 'H NMR (CDCls) & 0.705 (t, *Jun = 7.1 Hz, 3 H, CH3), 0.85-1.13 (m, 4 H,
C-CH,CH,-C), 2.428 (s, br, 3 H, NCH3), 2.801 (t, *Jun = 7.4 Hz, 2 H, CH,N), 4.725 (t, *Jpys =
-17.2 Hz, 1 H, CHPy), 7.22-7.52 (m, 12 H, Hyara and Hortho, P-CeHs), 7.73-7.85 (M, 4 H, Heta,
(1), P-C¢Hs), 7.94-8.50 (M, 4 H, Hyeta, (1), P-CsHs); *C NMR (CDCls) & 13.97 (s, 1C, CHa),
20.02 (s, 1C, CH3CH,), 30.73 (s, 1C, CH3CH,CH,), 41.21 (m, br, 1C, NCHj3), 57.80 (m, br,
1C, CH,N), 70.72 (t, “Jpc = -61.7, 1C, CHP,), 128.10 (t, 2Jpc = 6.0, 4C, Cortho, (1), P-CsHs),
128.26 (t, 2Jpc = 6.0, 4C, Cortho, (I1), P-CgHs), 131.53 (m, br, 4C, Cyara, P-CsHs), 131.88 (t, *Jpc
= 4.9, 4C, Creta, (1), P-CgHs), 131.94 (t, 3Jpc = 4.9, 4C, Creta, (11), P-CgHs), 133.29 (m, N =
94.3, 2C, Cipso, (1), P-CgHs), 133.36 (m, N = 97.4, 2C, Cipso, (I1), P-CgHs); [M+H]"founa =
502.2048, C39H34NO,P, requires 502.2059.

(N-Cyclohexyl-N-methylaminomethylene)bis(diphenylphosphine oxide) (2d)

Yield: 66% (0.17 g) of compound 2d as white crystals; Mp: 194-195 °C; 3P NMR (CDCls)
§29.78; 'H NMR (CDCls) 5 0.80-1.16 (m, 5 H, ¢-CgH11), 1.42-1.53 (m, 1 H, ¢-CgHy3), 1.53-
1.72 (M, 4 H, c-CgH11), 2.383 (s, 3 H, NCH3), 2.648 (t, *Jun = 10.6 Hz, 1 H, NCH), 4.942 (t,
2Jpn = -17.5 Hz, 1 H, CHP,), 7.23-7.45 (M, 12 H, Hpara and Hortho, P-CsHs), 7.74-7.86 (m, 4 H,
Hmeta, (1), P-CgHs), 7.94-8.05 (M, 4 H, Hinera, (1), P-CsHs); *C NMR (CDCls) § 25.75 (s, 2C,
cHXx), 25.82 (s, 1C, cHx), 31.12 (s, 2C, cHx), 36.56 (t, br, *Jpc = 2.8, 1C, NCH3), 64.37 (t,
3Jpc = 2.8, 1C, Cy, cHXx), 68.48 (t, “Jpc = -62.7, 1C, CHP,), 128.04 (t, 2Jpc = 5.9, 4C, Cortho, (1),
P-CgHs), 128.17 (t, *Jpc = 5.9, 4C, Cortno, (1), P-CsHs), 131.42 (br, 4C, Cpara, P-CsHs), 131.85
(t, *Jpc = 5.0, 4C, Crneta, (1), P-CeHs ) 131.92 (t, *Jpc = 5.0, 4C, Creta, (I1), P-CgHs), 133.03 (m,
N = 93.0, 2C, Cipso, (1), P-CsHs), 133.31 (m, N = 97.4, 2C, Cipso, (1), P-CsHs); [M-H] touna =
526.2080, C3,H34NO,P, requires 526.2070.

(N-Benzyl-N-methylaminomethylene)bis(diphenylphosphine oxide) (2e)

Yield: 64% (0.17 g) of compound 2e as white crystals; Mp: 208-209 °C: 3P NMR (CDCls)
§30.04; 'H NMR (CDCl3) & 2.393 (s, 3 H, NCHs3), 4.156 (s, 2 H, CH,), 4.864 (t, 2Jpy =
-16.9 Hz, 1 H, CHP,), 6.81-6.89 (M, 2 H, Hortho, C-CeHs), 7.09-7.21 (M, 3 H, Hmeta, and Hpara,
C-CeHs), 7.24-7.46 (M, 12 H, Hortho and Hyara, P-CeHs), 7.68-7.80 (M, 4 H, Hpeta, (1), P-CeHs),
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7.87-7.98 (M, 4 H, Hneta, (11), P-CsHs); °C NMR (CDCl3) § 41.28 (s, 1C, NCHj), 62.20 (m,
br, 1C, CH;N), 68.67 (t, *Jpc = -60.3, 1C, CHP5), 126.99 (s, 1C, Cpara, C-CsHs), 128.04 (s, 2C,
Cortho, C-CeHs), 128.22 (t, “Jpc = 4.3, 4C, Cortno, (1), P-CeHs), 128.33 (t, “Jpc = 4.3, 4C, Cortno,
(1), P-CeHs), 129.04 (s, 2C, Crneta, C-CeHs), 131.56 (br, 4C, Cpara, P-CeHs), 131.74 (t, *Jpc =
4.9, 4C, Creta, (1), P-CgHs), 131.80 (t, *Jpc = 4.9, 4C, Crneta, (11), P-CeHs), 132.80 (m, N = 93.1,
2C, Cipso, (1), P-CgHs), 133.35 (m, N = 98.0, 2C, Cipso, (I1), P-CsHs), 138.6 (s, 1C, Cipso,
C-CgHs); [M+H] found = 536.1908, C33H3,NO,P; requires 536.1903.

(N-Methylanilinomethylene)bis(diphenylphosphine oxide) (2f)

Yield: 60% (0.16 g) of compound 2f as white crystals; Mp: 196-197 °C; 3P NMR (CDCls)
8 28.69; 'H NMR (CDCl3) & 2.752 (s, 3 H, NCHs), 5.763 (t, 2Jpy = -14.9 Hz, 1 H, CHP,),
6.555 (d, *Jun = 8.3, 2 H, Horno, N-CeHs), 6.706 (t, *Jun = 7.2, 1 H, Hpara, N-CsHs), 7.114 (t,
3Jhn = 8.0, 2 H, Hineta, N-CgHs), 7.15-7.44 (m, 12 H, Hpara and Hortno, P-CeHs), 7.68-7.80 (m,
4 H, Huetar (1), P-CsHs), 7.81-7.92 (M, 4 H, Hyneta, (1), P-CHs); *C NMR (CDCl3) & 36.94 (s,
1C, NCHg), 64.94 (t, “Jpc = -63.0, 1C, CHP,), 112.78 (s, 2C, Corho, C-CsHs), 118.01 (s, 1C,
Cparar C-CeHs), 128.17 (t, *Jpc = 5.9, 4C, Corno, (1), P-CeHs), 128.40 (t, *Jpc = 5.9, 4C, Cortno,
(1), P-CgHs), 129.10 (S, 2C, Cmeta, C-CgHs), 131.54 (t, *Jpc = 5.0, 4C, Creta, (1), P-CeHs),
131.60 (t, *Jpc = 4.8, 4C, Cieta, (1), P-CeHs), 131.73 (t, “Joc = 1.4, 2C, Cpara, (1), P-CeHs),
131.88 (t, “Jpc = 1.2, 2C, Cpara, (1), P-CeHs), 131.79 (m, N = 94.9, 2C, Cipso, (1), P-CeHs),
131.99 (m, N = 100.2, 2C, Cipsor (I1), P-CsHs), 149.3 (t, 3Jpc = 1.2, 1C, Cipso, C-CeHs);
[M+H]"toung = 522.1749, C3,H30NO,P; requires 522.1746.

(N-Morpholinomethylene)bis(diphenylphosphine oxide) (29g)

Yield: 85% (0.21 g) of compound 2g as white crystals; Mp: 258-259 °C; Mp [S2]: 172-
174 °C; *P NMR (CDCls) & 28.13; 8[S2] (CDCls) 28.3; *H NMR (CDCls) § 2.86-2.96 (m, br,
4 H, NCHy,), 3.16-3.24 (m, 4 H, OCHy), 4.610 (t, 2Jpy = -16.8 Hz, 1 H, CHP,), 7.26-7.49 (m,
12 H, Hpara and Hortho, P-CeHs), 7.74-7.84 (M, 4 H, Hmeta, (1), P-CeHs), 7.96-8.06 (m, 4 H,
Himetas (11), P-CgHs); *C NMR (CDCl3) & 52.91 (t, br, *Jpc = 3.9, 2C, OCH,CH;N), 67.32 (s,
2C, OCH,CH,N), 69.62 (t, *Jpc = -61.7, 1C, CHP,), 128.23 (t, 2Jpc = 6.0, 4C, Corno, (1),
P-CgHs), 128.41 (t, 2Jpc = 5.9, 4C, Cortno, (1), P-CgHs), 131.55-131.80 (m, 12C, Cera and
Cparas P-CgHs), 132.79 (m, N = 95.2, 2C, Ciyso, (1), P-CsHs), 133.14 (m, N = 98.3, 2C, Cipso,
(I1), P-CgHs); for the not fully correct NMR data reported see [S2]; [M+H] tound = 502.1694,
Co9H3oNO3P, requires 502.1695.
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General procedure for the synthesis of (aminomethylene)bisphosphonates

A mixture of 0.50 mmol amine (n-butylamine: 0.05 ml, cyclohexylamine: 0.06 ml,
aniline: 0.05 ml), 0.50 mmol trialkyl orthoformate (trimethyl orthoformate: 0.05 ml, triethyl
orthoformate: 0.08 ml), and dialkyl phosphite [1.00 mmol (dimethyl phosphite: 0.09 mi,
diethyl phosphite: 0.13 ml, dibutyl phosphite 0.20 ml) or 1.50 mmol (diethyl phosphite: 0.19
ml) or 1.75 mmol (dimethyl phosphite: 0.16 ml, diethyl phosphite: 0.23 ml) or 3.00 mmol
(dimethyl phosphite: 0.28 ml, dibutyl phosphite 0.59 ml) or 5.00 mmol (dimethyl phosphite:
0.46 ml, dibutyl phosphite 0.98 ml) or 7.50 mmol (dimethyl phosphite: 0.69 ml, dibutyl
phosphite 1.46 ml) or 10.00 mmol (dimethyl phosphite: 0.92 ml)] was heated at 110-150 °C
in a closed vial in a CEM Discover Microwave reactor equipped with a pressure controller
applying 15-40 W for the appropriate time. The reaction mixture so obtained was analyzed by
GC and HPLC. The crude products 3a-c and 7a were purified on silica gel with

dichloromethane/methanol (99:1) as the eluent. The following products were thus prepared:

Tetraethyl (butylaminomethylene)bisphosphonate (3a)

Yield: 61% (0.11 g) of compound 3a as colorless oil; **P NMR (CDCls) & 19.87; *H NMR
(CDCl3) 6 0.905 (t, 33w =72, 3 H, CH3CH,CHy), 1.350 (t, 3Jun = 7.1, 12 H, OCH,CHj3),
1.31-1.49 (m, 4 H, CH,CHy), 1.892 (s, br, 1 H, NH), 2.827 (t, %Jun = 7.1, 2 H, CH,N), 3.252
(t, 2Jpy = - 21.7, 1 H, CHP,), 4.15-4.27 (m, 8 H, OCH,CHs); **C NMR (CDCls) 5 13.92 (s,
1C, CH3CH,CH,), 16.46 (t, 3Jpc = 3.0, 2C, (1), OCH,CHjz), 16.51 (t, 3Jpc = 3.0, 2C, (1),
OCH,CHs), 20.17 (s, 1C, CH3CH,CH,), 32.18 (s, 1C, CH3CH,CHj), 50.32 (t, 3Jpc = 5.9, 1C,
CH3N), 54.43 (t, 1Jpc = -145.5, 1C, CHPy), 62.89 (t, “Jpc = 3.4, 2C, (1), OCH,CHs), 63.29 (t,
2Jpc = 3.5, 2C, (I1), OCH,CHs); [M+H]"foung = 360.1699, C13H3,NOgP; requires 360.1699.

Tetraethyl (cyclohexylaminomethylene)bisphosphonate (3b)

Yield: 68% (0.13 g) of compound 3b as colorless oil; *P NMR (CDCls) & 20.05; *H NMR
(CDCl3) § 0.99-1.26 (m, 5 H, c-CgH11), 1.347 (t, *Jup = 7.1, 12 H, OCH,CHj3), 1.56-1.63 (m,
1 H, ¢-CgHy1), 1.69-1.76 (m, 2 H, c-CgH11), 1.81-1.87 (m, 2 H, ¢-CeHy1), 1.88-2.06 (m, br,
1 H, NH), 2.76 (tt, 3Jun = 10.3, 334y = 3.7, 1 H, CHN, ¢-CgH11), 3.428 (t, 2Jpn = -22.0, 1 H,
CHP,), 4.14-4.28 (m, 8 H, OCH,CHs); 8[S3] (CDCl3) 0.88-2.00 (m, 11 H, CH,, NH), 1.32 (t,
J=7,12 H, CHj), 2.60-2.96 (M, 1 H, CH), 3.42 (t, J = 22, 1 H, CH), 4.00-4.42 (m, 8 H, CH,);
3C NMR (CDCls) § 16.45 (t, Jpc = 3.0, 2C, (1), OCH,CHs), 16.52 (t, *Jpc = 3.0, 2C, (II),
OCH,CHs), 24.70 (s, 2C, cHXx), 26.01 (s, 1C, cHXx), 33.14 (s, 2C, cHXx), 51.08 (t, Jpc = -145.8,
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1C, CHP;), 56.25 (t, *Jpc = 5.7, 1C, Cy, cHx), 62.81 (t, 2Jpc = 3.6, 2C, (1), OCH,CHs), 63.38
(t, 2Jpc = 3.2, 2C, (I1), OCH,CHs); [M+H] tound = 386.1860, C15H34NOgP, requires 386.1856.

Tetraethyl (phenylaminomethylene)bisphosphonate (3c)

Yield: 82% (0.16 g) of compound 3c as pale yellow crystals; Mp: 90-91 °C; Mp [S4]: 74 °C;
Mp [S5]: 89 °C; *'P NMR (CDCls) & 17.71; 8[S4] (CDCls) 17.3; *H NMR (CDCls) § 1.245 (t,
%34 = 6.8, 6 H, (1), C-CHs3), 1.290 (t, *Jun = 6.8, 6 H, (1), C-CH3), 4.05-4.30 (m, 10 H, NH,
NCH and OCH,), 6.697 (d, *Jun = 8.0, 2 H, Hortno, N-CeHs), 6.774 (t, *Jun = 7.4, 1 H, Hoara,
N-CgHs), 7.185 (t, *Jun = 7.8, 2 H, Hmeta, N-CgHs); *H NMR (CgDg) & 1.010 (t, Iy = 7.1,
6 H, (1), C-CHz), 1.068 (t, %3y = 7.1, 6 H, (I1), C-CHs), 4.03-4.24 (m, 8 H, OCH,), 4.347 (dt,
3Jun = 10.1, %Jpy = -21.7, 1 H, NCH), 4.55-4.64 (m, br, 1 H, NH), 6.519 (d, *Juy = 8.0, 2 H,
Hortho, N-CgHs), 6.679 (t, *Jun = 7.3, 1 H, Hyara, N-CeHs), 7.037 (t, *Jun = 7.9, 2 H, Hueta,
N-CgHs); *C NMR (CDCls) 6 16.35 (t, *Jpc = 3.1, 2C, (1), OCH,CHs), 16.43 (t, 3Jpc = 2.9,
2C, (11), OCH,CHj3), 50.50 (t, Jpc = -147.3, 1C, CHP,), 63.33 (t, 2Jpc = 3.4, 2C, (I),
OCH,CHs), 63.76 (t, 2Jpc = 3.5, 2C, (1), OCH,CHs), 113.82 (s, 2C, Cortno, C-CeHs), 119.07
(s, 1C, Cpara, C-CeHs), 129.27 (S, 2C, Cieta, C-CoHs), 146.24 (t, *Jpc = 4.2, 1C, Cipso, C-CeHs);
for the not fully correct NMR data reported see [S4]; [M+H] tound = 380.1382, C15H2sNOgP,
requires 380.1386.

Tetramethyl (phenylaminomethylene)bisphosphonate (7a)

Yield: 63% (0.10 g) of compound 7a as pale yellow crystals; Mp: 168-169 °C; Mp [S5]:
170 °C; *'P NMR (CDCl3) § 19.99; *H NMR (CDCls) § 3.797 (t, *Jpr = 10.7, 6 H, (1), OCHa),
3.816 (t, *Jpy = 10.7, 6 H, (11), OCHg), 4.156 (m, br, 1 H, NH), 4.253 (dt, *Jun = 8.9, 2Jpp =
-21.8, 1 H, CHPy), 6.704 (d, *Jun = 7.9, 2 H, Horno, N-CsHs), 6.804 (t, *Jup = 7.4, 1 H, Hpara,
N-CgHs), 7.209 (t, 3Juu = 7.9, 2 H, Hmetas N-CgHs); *C NMR (CDCls) & 50.04 (t, “Jpc =
-148.0, 1C, CHP,), 53.99 (t, 2Jpc = 3.3, 2C, (1), POCHs), 54.48 (t, “Jpc = 3.1, 2C, (Il),
POCHs3), 113.84 (s, 2C, Hortho, C-CeHs), 119.53 (s, 1C, Hpara, C-CgHs), 129.62 (S, 2C, Humeta,
C-CgHs), 145.95 (t, *Jpc = 4.1, 1C, Hipso, C-CeHs); [M+H] toung = 324.0760, C131HxNOGP;
requires 324.0760.

General procedure for the synthesis of (dialkylaminomethylene)bisphosphonates

A mixture of 0.50 mmol amine (diethylamine: 0.05 ml, dibutylamine: 0.08 ml, N-butyl-N-
methylamine: 0.06 ml, N-cyclohexyl-N-methylamine: 0.065 ml, N-benzyl-N-methylamine:
0.065 ml, N-methylaniline: 0.05 ml, morpholine: 0.04 ml), 0.50 mmol (0.08 ml) of triethyl
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orthoformate, and 1.75 mmol (0.23 ml) or 2.25 mmol (0.29 ml) of diethyl phosphite was
heated at 125 °C in a closed vial in a CEM Discover Microwave reactor equipped with a
pressure controller applying 30—40 W for 1 h. The crude product so obtained was purified on
silica gel with dichloromethane/methanol (99:1) as the eluent. After evaporation of the
solvent, the products (8a—g) were obtained as colorless oils. The following products were thus

prepared:

Tetraethyl (diethylaminomethylene)bisphosphonate (8a)

Yield: 86% (0.15 g) of compound 5a as colorless oil; **P NMR (CDCls) & 19.73; *H NMR
(CDClg) & 1.050 (t, *Juy = 7.1, 6 H, CH3CH,N), 1.342 (t, 33y = 7.1, 12 H, OCH,CHs), 2.900
(@, 3Jun = 7.0, 4 H, CH3CH,N), 3.557 (t, 2Jpyy = -25.3, 1 H, CHP,), 4.11-4.29 (m, 8 H,
OCH,CHs); *C NMR (CDCl3) & 14.39 (s, 2C, CH3sCH,N), 16.47 (t, 3Jsc = 1.7, 2C, (1),
OCH,CHa), 16.52 (t, 3Jpc = 1.7, 2C, (I1), OCH,CHs), 46.97 (t, 3Joc = 4.6, 2C, CH,N), 57.04
(t, 3Jpc = -142.7, 1C, CHP,), 62.40 (t, 2Jpc = 3.6, 2C, (1), OCH,CHg), 62.92 (t, “Jpc = 3.2, 2C,
(1), OCH,CH3); [M+H] found = 360.1711, C13H3,NOgP; requires 360.1699.

Tetraethyl (dibutylaminomethylene)bisphosphonate (8b)

Yield: 68 % (0.14 g) of compound 8b as colorless oil; P NMR (CDCls) 5 20.09; *H NMR
(CDCl3) & 0.906 (t, 2Jun = 7.3, 6 H, CH,CH,CHs), 1.342 (t, *Jun = 7.1, 12 H, OCH,CHs),
1.27-1.36 (M, 4 H, CH,CH,CH3), 1.36-1.45 (m, 4 H, CH,CH,CH3), 2.821 (t, *Jun = 7.3, 4 H,
NCH,), 3.520 (t, 2Jpy = -25.4, 1 H, CHP,), 4.13-4.26 (m, 8 H, OCH,CHs); *C NMR (CDCls)
8 14.13 (s, 2C, CH3sCH,CH,), 16.46 (t, *Jpc = 3.3, 2C, (1), OCH,CHs3), 16.52 (t, *Jpc = 3.3, 2C,
(11), OCH,CHj3), 20.25 (s, 2C, CH3CH,CH,), 31.46 (s, 2C, CHsCH,CH,), 53.39 (t, 3Jpc = 4.6,
2C, CH,N), 57.98 (t, 1Jpc = -142.6, 1C, CHP,), 62.28 (t, 2Jpc = 3.8, 2C, (1), OCH,CH3), 62.66
(t, 2Jpc = 3.5, 2C, (I1), OCH,CHz); [M+H]"foung = 416.2318, C17H4oNOgP; requires 416.2325.

Tetraethyl (N-butyl-N-methylaminomethylene)bisphosphonate (8c)

Yield: 79% (0.15 g) of compound 8c as colorless oil; *'P NMR (CDCls) & 19.38; *H NMR
(CDCl3) & 0.908 (t, *Jun = 7.3, 3 H, CH,CH,CHs), 1.349 (t, *Jun = 7.1, 12 H, OCH,CHs),
1.28-1.37 (m, 2 H, CH,CH,CHs), 1.39-1.50 (m, 2 H, CH,CH,CHs), 2.644 (s, 3 H, NCHy),
2.800 (t, *Jun = 7.4 Hz, 2 H, CH,N), 3.468 (t, “Jpy = -25.2, 1 H, CHP,), 4.16-4.25 (m, 8 H,
OCH,CHz); °C NMR (CDCls) & 14.02 (s, 1C, CH3CH,CH,), 16.45 (t, %Jpc = 3.3, 2C, (1),
OCH,CHs), 16.51 (t, *Jpc = 3.3, 2C, (11), OCH,CHg), 20.14 (s, 1C, CH3CH,CH,), 30.56 (s,
1C, CH3CH,CH,), 40.43 (t, 2Jpc = 3.8, 1C, NCHg), 56.94 (t, Jpc = 5.3, 1C, CH:N), 60.51 (t,
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LJpc = -141.6, 1C, CHP,), 62.43 (t, “Jpc = 3.6, 2C, (1), OCH,CHs), 62.79 (t, 2Jpc = 3.3, 2C,
(”), OCH2CH3); [M+H]+found = 3741846, C14H34N06P2 I'EC]UiFES 374.1856.

Tetraethyl (N-cyclohexyl-N-methylaminomethylene)bisphosphonate (8d)

Yield: 72% (0.14 g) of compound 8d as colorless oil; *P NMR (CDCl3) & 19.95; *H NMR
(CDCl3) § 1.03-1.30 (m, 5 H, ¢-CgH11), 1.344 (t, *Jyn = 7.1, 12 H, OCH,CHg), 1.54-1.63 (m,
1 H, ¢c-CeHyy), 1.73-1.80 (m, 2 H, ¢c-CgHy1), 1.92-2.00 (m, 2 H, ¢-C¢Hi1), 2.692 (s, 3 H,
NCHs), 3.728 (t, 2Jpy = -25.8, 1 H, CHP,), 4.15-4.22 (m, 8 H, OCH,CHs); *C NMR (CDCls5)
8 16.46 (t, 2Jpc = 3.1, 2C, (1), OCH,CHa), 16.53 (t, 3Jpc = 3.2, 2C, (I1), OCH,CHs), 25.44 (s,
2C, cHXx), 25.95 (s, 1C, cHx), 31.08 (s, 2C, cHXx), 36.14 (t, 2Jpc = 4.7, 1C, NCH3), 57.08 (t,
Lpc = -143.9, 1C, CHP,), 62.33 (t, “Jpc = 3.2, 2C, (1), OCH,CHs), 62.74 (t, 2Jpc = 2.8, 2C,
(1), OCH,CHs) and superimposed with 62.74 (br, C;, cHX); [M+H] fomg = 400.2016,
C16H36NOgP, requires 400.2012.

Tetraethyl (N-benzyl-N-methylaminomethylene)bisphosphonate (8e)

Yield: 70% (0.14 g) of compound 8e as colorless oil; *P NMR (CDCls) & 19.66; S[S6]
(CDCl3) 19.5; *H NMR (CDCls) & 1.347 (t, *Jun = 7.1, 12 H, CH,CHs), 2.663 (s, 3 H, NCH3),
3.488 (t, 2pr = -25.3, 1 H, CHP,), 3.988 (s, 2H, CH,N), 4.10-4.27 (m, 8 H, OCH,CHy3), 7.20-
7.42 (m, 5 H, CgHs); *C NMR (CDCls) & 16.48 (t, *Jpc = 3.1, 2C, (1), OCH,CHs), 16.54 (t,
3Jpc = 3.1, 2C, (I1), OCH,CHs), 40.78 (t, *Jpc = 3.7, 1C, NCHs), 59.04 (t, 1Jpc = -141.4, 1C,
CHP,), 60.80 (t, 3Jpc = 5.3, 1C, NCH,), 62.39 (t, 2Jpc = 3.5, 2C, (1), OCH,CHs3), 62.68 (t, 2Jpc
= 3.2, 2C, (Il), OCH,CHs), 127.26 (s, 2C, Cortho, C-CeHs), 128.21 (s, 1C, Cpara, C-CeHs),
129.33 (s, 2C, Cpeta, C-CoHs), 138.90 (s, 1C, Cipso, C-CgHs); [M+H]touna = 408.1697,
C17H32NOgP, requires 408.1699.

Tetraethyl (methylanilinomethylene)bisphosphonate (8f)

Yield: 65% (0.12 g) of compound 8f as pale yellow oil; **P NMR (CDCls) & 17.81; *H NMR
(CDCls) 6 1.266 (t, *Juy = 7.1, 6 H, (1), OCH,CHa), 1.272 (t, *Jun = 7.1, 6 H, (11), OCH,CHs),
3.171 (s, 3 H, NCHs), 4.05-4.23 (m, 8 H, OCH,CHs), 4.617 (t, “Jpn = -25.6, 1 H, CHP,),
6.791 (t, *Jun = 7.2, 1 H, Hpara, CsHs), 6.859 (d, Jun = 7.2, 2 H, Hortno, CeHs), 7.241 (t, *Jun =
8.0, 2 H, Himeta, CsHs); *C NMR (CDCl3) & 16.36 (t, %Jpc = 3.1, 2C, (1), OCH,CH3), 16.44 (t,
%Jpc = 3.0, 2C, (II), OCH,CHj3), 35.93 (s, 1C, NCHs), 56.94 (t, YJpc = -146.2, 1C, CHP,),
63.03 (t, 2Jpc = 3.0, 2C, (1), OCH,CHs), 63.27 (t, 2Jpc = 2.8, 2C, (II), OCH,CHs3), 113.83 (s,
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2C, Cortho, C-CgHs), 118.47 (s, 1C, Cpara, C-CeHs), 129.14 (S, 2C, Cpeta, C-CeHs), 149.82 (t,
$Jpc = 3.1, 1C, Cipso, C-CsHs); [M+H]"foung = 394.1546, C15H30NOgP; requires 394.1543.

Tetraethyl (morpholinomethylene)bisphosphonate (8g)

Yield: 81% (0.15 g) of compound 8g as colorless oil; **P NMR (CDCls) & 18.19; *H NMR
(CDCls) 6 1.362 (t, *Ju = 7.0, 6 H, (1), OCH,CHa), 1.365 (t, *Jun = 7.1, 6 H, (11), OCH,CH),
3.037 (m, 4 H, O(CH,CH,),N), 3.323 (t, Jpy = -24.7, 1 H, CHP,), 3.675 (m, 4 H,
O(CH,CH,),N), 4.13-4.31 (m, 8 H, OCH,CHj3); *C NMR (CDCls) & 16.61 (t, 3Jpc = 2.9, 2C,
(1), OCH,CH3), 16.72 (t, 3Jpc = 3.6, 2C, (ll), OCH,CHs), 52.13 (t, 3Jpc = 4.7, 2C,
OCH,CH,N), 61.81 (t, *Jpc = -141.7, 1C, CHPy), 62.74 (t, %Jpc = 3.5, 2C, (1), OCH,CHy),
63.32 (t, 2pc = 3.2, 2C, (I1), OCH,CHs), 67.84 (s, 2C, OCH,CH,N); [M+H]*toung = 374.1491,
C13H30NO4P requires 374.1492.
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3P NMR, *H NMR and *C NMR spectra
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