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1. General information

Unless specified noted, all reagents and solvents were purchased from Sigma-Aldrich, TCI,
Alfa Aesar, Fluka and Carbosynth, and were used without further purification. 5,5’-
[Oxybis(methylene)]bis-2-furfural was prepared following Ananikov’s method.! Thin layer
chromatography (TLC) was carried out on 0.20 mm silica gel (ALUGRAM TLC sheet,
Macherey-Nagel) and visualized using UV light or phosphomolybdic acid stain. Column
chromatography was generally performed on silica gel (0.04-0.063 mm, Macherey-Nagel). The
NMR spectra were recorded in CDCl; on Bruker spectrometers (300 MHz, 400 MHz or 500
MHz). Chemical shifts were reported in parts per million (8) relative to TMS or residual solvent
peak. The abbreviations are used: s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet
of doublets, td = triplet of doublets, m = multiplet, br = broad signal. HRMS spectra were
measured on Bruker MicrOTOF-Q II XL spectrometer using ESI as ionization source.

2. General procedure for Kabachnik-Fields reaction

A solution of HMF (1 mmol) in 2-MeTHF (2 mL), amine (1 mmol), dialkyl phosphite (1.5
mmol) and iodine (5 mol%) was stirred at room temperature (25 °C) or 50 °C for indicated
time. Then the mixture was concentrated under reduced pressure and purified by column

chromatography on silica gel to provide pure o-amino phosphonate 4.

3. Mechanistic study
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Figure 1. NMR spectra of control experiments




4. Characterization data of products

Diethyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4a)

The title compound was obtained in 91% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate =1: 5 — 1: 10).

'H NMR (500 MHz, CDCls) 6 7.15 — 7.09 (m, 2H, H;~), 6.74 — 6.69 (m, 1H, Hy), 6.68 — 6.63
(m, 2H, Hy), 6.29 (dd, J=3.2 Hz, 1H, H3.), 6.17 (d, J= 3.2 Hz, 1H, Hy), 4.86 (d, J=23.5 Hz,
1H, H,), 4.53 — 4.45 (AB, 2H, CH,OH), 4.19 — 4.08 (m, 2H, CH,CHj3;), 4.06 — 3.97 (m, 1H,
CH,CH3), 3.89 — 3.82 (m, 1H, CH,CHj;), 1.25 (t,J = 7.0 Hz, 3H, CH,CHs), 1.17 (t, /= 7.0 Hz,
3H, CH,CHs;). *C NMR (125 MHz, CDCl;) & 155.0 (d, /= 3 Hz, Cs:), 148.6 (d, °J = 2 Hz,
Cy), 146.0 (d, °J = 13 Hz, C;»), 129.2 (2C5»), 118.8 (C4»), 113.9 (2C5+), 109.6 (d, °J = 8 Hz,
Csy), 108.4 (d, “J=2 Hz, Cy), 63.7 (d, °J = 7 Hz, CH,CH3), 63.5 (d, 2/= 7 Hz, CH,CH3), 56.9
(CH,0H), 50.2 (d, /=160 Hz, C)), 16.4 (d, 3*J= 6 Hz, CH,CHj;), 16.3 (d, °*J = 6 Hz, CH,CH3;).
3P NMR (202 MHz, CDCls) & 20.3.

HRMS (ESI) m/z: Calcd for [M+Na]" C;sH,,NNaOsP 362.1128; Found 362.1118.

Diethyl ((5-(hydroxymethyl)furan-2-yl)((4-methoxyphenyl)amino)methyl)phosphonate
(4b)

The title compound was obtained in 90% yield as a brown sticky syrup after column
chromatography (pentane: ethyl acetate =1: 5 — 1: 10).

'H NMR (400 MHz, CDCl3) 6 6.71 — 6.66 (m, 2H, Hpy), 6.63 — 6.58 (m, 2H, Hpy,), 6.24 (dd, J
=3.2 Hz, 1H, Hy), 6.15 (d, J=3.2, 1H, Hy), 4.74 (d, J = 23.6 Hz, 1H, H,), 4.52 - 4.43 (AB,
2H, CH,0OH), 4.19 — 4.07 (m, 2H, CH,CHj3), 4.06 - 3.94 (m, 1H, CH,CH3), 3.90 —3.78 (m, 1H,
CH,CHj,), 3.66 (s, 3H, OCH3), 1.25 (t, J = 7.1, 3H, CH,CHa), 1.16 (t, /= 7.1, 3H, CH,CH,).
3C NMR (100 MHz, CDCl;) 6 154.9 (d, “J =3 Hz, Cs:), 153.1 (C4~), 148.8 (d, 2J=2 Hz, Cy),
140.0 (d, 3J= 14 Hz, C;~), 115.7 (2CHpy), 114.7 (2CHpy), 109.6 (d, °J = 8 Hz, C;'), 108.4 (d, “J
=3 Hz, Cy), 63.7 (d, °J = 7 Hz, CH,CH3), 63.4 (d, °>J = 7 Hz, CH,CHj), 56.9 (CH,OH), 55.6
(OCH,), 51.4 (d, 'J= 160 Hz, C,), 16.4 (d, *J = 6 Hz, CH,CH;), 16.3 (d, ’*J = 6 Hz, CH,CH3;).
3P NMR (162 MHz, CDCl;) 6 20.5.

HRMS (ESI) m/z: Calcd for [M+H]" C;7H,sNOgP 370.1414; Found 370.1409.

Diethyl (((4-chlorophenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4c)
The title compound was obtained in 85% yield as a yellow sticky syrup after column
chromatography (pentane: ethyl acetate =1: 5 — 1: 10).

'H NMR (300 MHz, CDCl3) 8 7.14 — 7.06 (m, 2H, Hpy), 6.64 — 6.55 (m, 2H, Hpy,), 6.31 (dd, J
=3.3 Hz, 1H, Hj), 6.22 (d, J = 3.2 Hz, 1H, Hy), 4.79 (d, J = 23.6 Hz, 1H, H,), 4.55 (s, 2H,
CH,OH), 4.25 —3.80 (m, 4H, CH,CH,), 1.29 (td, J= 7.1, 0.5 Hz, 3H, CH,CH3;), 1.20 (td, J =
7.1, 0.6 Hz, 3H, CH,CHjs). *C NMR (75 MHz, CDCl;) 6 155.1 (d, “J =3 Hz, Cs), 148.1 (d, °J
=3 Hz, Cy), 144.7 (d, 3J = 13 Hz, C,»), 128.9 (2CHjpy,), 123.3 (C4), 115.0 (2CHpy), 109.7 (d,
3J =8 Hz, C3), 108.3 (d, “J = 2 Hz, Cy), 63.7 (d, °J = 7 Hz, CH,CHj3), 63.5 (d, °J = 7 Hz,
CH,CH3;), 56.7 (CH,0H), 50.2 (d, 'J = 160 Hz, C,), 16.3 (d, °*J = 6 Hz, CH,CH3), 16.2 (d, %] =
6 Hz, CH,CH3;). 3'P NMR (122 MHz, CDCl;) 6 20.0.

HRMS (ESI) m/z: Calcd for [M+Na]* C;sH,;CINNaOsP 396.0738; Found 396.0719.



Diethyl (((4-bromophenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4d)
The title compound was obtained in 90% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate =1: 5 — 1: 10).

'H NMR (300 MHz, CDCl3) 6 7.18 — 7.12 (m, 2H, Hpy), 6.54 — 6.47 (m, 2H, Hpy,), 6.26 (dd, J
=3.2 Hz, 1H, H3), 6.15 (d, J=3.1 Hz, 1H, Hy'), 4.84 —4.70 (m, 2H, H, and NH), 4.45 (s, 2H,
CH,OH), 4.20 — 3.75 (m, 4H, CH,CH,), 1.21 (td, J= 7.0, 0.6 Hz, 3H, CH,CH3;), 1.13 (td, J =
7.0, 0.6 Hz, 3H, CH,CHjs). *C NMR (75 MHz, CDCl;) 6 155.0 (d, “J =3 Hz, Cs), 148.1 (d, °J
=2 Hz, Cy), 145.1 (d, 3J =12 Hz, C,»), 131.8 (2CHjpy,), 115.5 (2CHpy,), 110.5 (Cy-), 109.7 (d,
3J =17 Hz, C3), 108.4 (d, “J = 2 Hz, Cy), 63.7 (d, °J = 7 Hz, CH,CHj3), 63.5 (d, °J = 7 Hz,
CH,CH3), 56.8 (CH,OH), 50.1 (d, 'J =160 Hz, C,), 16.4 (d, 3J =6 Hz, CH,CHj3), 16.2 (d, 3J =
6 Hz, CH,CH3). 3'P NMR (122 MHz, CDCl;) 6 19.9.

HRMS (ESI) m/z: Calcd for [M+Na]* C;sH,;BrNNaOsP 440.0233; Found 440.0217.

Diethyl ((5-(hydroxymethyl)furan-2-yl)((4-iodophenyl)amino)methyl)phosphonate (4e)
The title compound was obtained in 77% yield as a yellow sticky syrup after column
chromatography (pentane: ethyl acetate =1: 5 — 1: 10).

'H NMR (300 MHz, CDCl3) 6 7.39 — 7.29 (m, 2H, Hpy), 6.46 — 6.38 (m, 2H, Hpy,), 6.26 (dd, J
=3.2 Hz, 1H, H3), 6.15 (d, J=3.2 Hz, 1H, Hy'), 4.84 — 4.70 (m, 2H, H, and NH), 4.46 (s, 2H,
CH,OH), 4.22 — 3.73 (m, 4H, CH,CHj;), 1.22 (t, /= 7.1 Hz, 3H, CH,CHj3), 1.14 (t,/="7.1 Hz,
3H, CH,CHj;). 3C NMR (75 MHz, CDCl;) 6 155.0 (d, /=3 Hz, Cs:), 148.1 (d, °J =3 Hz, Cy),
145.7 (d, 3J =12 Hz, C;~), 137.7 (2CHpy), 116.1 (2CHpy), 109.7 (d, °J =7 Hz, Cy'), 108.4 (d, %J
=2 Hz, Cy), 79.9 (C4»), 63.7 (d, 2J = 7 Hz, CH,CH3), 63.5 (d, °J = 7 Hz, CH,CH3), 56.8
(CH,OH), 49.9 (d, 'J= 160 Hz, C,), 16.4 (d, ’*J= 6 Hz, CH,CHj), 16.3 (d, 3J = 6 Hz, CH,CH3;).
3IP NMR (122 MHz, CDCl;) 6 19.9.

HRMS (ESI) m/z: Calcd for [M+Na]" C;sH,,INNaOsP 488.0094; Found 488.0076.

Diethyl ((5-(hydroxymethyl)furan-2-yl)((4-nitrophenyl)amino)methyl)phosphonate (4f)
The title compound was obtained in 84% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate =1: 5 — 1: 10).

'H NMR (300 MHz, CDCl;) 6 8.04 — 7.97 (m, 2H, Hpy), 6.72 — 6.65 (m, 2H, Hpy,), 6.40 (dd, J
=3.2 Hz, 1H, Hj), 6.24 (d, /=3.2 Hz, 1H, Hy), 6.10 (dd, /= 9.0, 5.7 Hz, 1H, NH), 4.99 (dd,
J=22.28,9.0 Hz, 1H, H,), 4.53 (s, 2H, CH,OH), 4.25 — 3.84 (m, 4H, CH,CH;), 1.27 (t,J="7.1
Hz, 3H, CH,CH;), 1.21 (t,J = 7.1 Hz, 3H, CH,CHj;). *C NMR (75 MHz, CDCl;) 6 155.2 (d,
“J=3Hz, Cs), 151.8 (d,’*J=10 Hz, C;~), 147.3 (d, °’J=2 Hz, C,), 138.8 (C,~), 126.0 (2CHjpy),
112.2 (2CHpy,), 110.1 (d, 3J =7 Hz, C5), 108.6 (d, “J=2 Hz, Cy), 63.9 (d, °’J =7 Hz, CH,CH,),
63.7 (d, 2J = 7 Hz, CH,CH3), 56.8 (CH,OH), 49.3 (d, 'J = 160 Hz, C)), 16.4 (d, °J = 6 Hz,
CH,CHj), 16.2 (d, 3J = 6 Hz, CH,CH3). 3'P NMR (122 MHz, CDCl;) 6 18.7.

HRMS (ESI) m/z: Calcd for [M+Na]* C;sH,N,NaO-,P 407.0979; Found 407.0967.

Diethyl (((3-chlorophenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4g)
The title compound was obtained in 93% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate = 1: 4 — 1: §).

'H NMR (400 MHz, CDCl3) 6 7.01 (t, /= 8.0 Hz, 1H, Hs»), 6.71 — 6.64 (m, 2H, H,-- and Hy),
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6.56 — 6.51 (m, 1H, H¢~), 6.32 (dd, J= 3.2 Hz, 1H, Hs:), 6.19 (d, /= 3.2 Hz, 1H, Hy), 4.95 (dd,
J=9.5,5.6 Hz, 1H, NH), 4.83 (dd, /= 23.0, 9.5 Hz, 1H, H,), 4.50 (s, 2H, CH,OH), 4.33 (br,
1H, OH), 4.23 — 3.79 (m, 4H, CH,CH3), 1.26 (t, /= 7.1 Hz, 3H, CH,CH5), 1.18 (t, /= 7.0 Hz,
3H, CH,CHs;). 3C NMR (100 MHz, CDCls) 6 155.1 (d, *J =3 Hz, Cs), 148.1 (d, °J =2 Hz,
Cy), 147.3(d,’J=12 Hz, C,»), 134.8 (Cs), 130.1 (Cs»), 118.5 (Cy or Cy), 113.7 (Cy or Cy),
112.0 (Cs), 109.8 (d, 3/ = 8 Hz, Cs3,), 108.4 (d, *J =2 Hz, Cy), 63.7 (d, °J = 7 Hz, CH,CH),
63.5 (d, °J = 7 Hz, CH,CH3;), 56.8 (CH,0OH), 49.9 (d, ’J = 161 Hz, C)), 16.4 (d, 3/ = 6 Hz,
CH,CH>), 16.2 (d, 3J = 6 Hz, CH,CH3;). *'P NMR (162 MHz, CDCIl;) 4 19.8.

HRMS (ESI) m/z: Calcd for [M+Na]* C;sH,;CINNaOsP 396.0738; Found 396.0723.

Diethyl ((5-(hydroxymethyl)furan-2-yl)((3-
(trifluoromethyl)phenyl)amino)methyl)phosphonate (4h)

The title compound was obtained in 87% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate = 1: 4 — 1: §).

'"H NMR (400 MHz, CDCl;) 6 7.23 — 7.17 (m, 1H, Hs~), 6.97 — 6.91 (m, 2H, H,- and Hy), 6.83
—6.77 (m, 1H, He¢~), 6.35 (dd, J=3.2 Hz, 1H, H3.), 6.20 (d, /= 3.2 Hz, 1H, Hy), 5.14 (br, NH),
4.89 (d,J=23.0 Hz, 1H, H,), 4.51 (AB, 2H, CH,OH), 4.23 —3.82 (m, 4H, CH,CH3;), 1.26 (t, J
= 7.1 Hz, 3H, CH,CH;), 1.18 (t, J = 7.0 Hz, 3H, CH,CH;). '3*C NMR (100 MHz, CDCl;) 3
155.2 (d, “J=3 Hz, Cs), 148.0 (d, °J =2 Hz, Cy), 146.5 (d, °*J = 12 Hz, C;~), 131.4 (q, 2 = 32
Hz, C;-), 129.7 (Cs~), 124.2 (q, 'J =272 Hz, CF;), 116.7 (C¢~), 115.1 (q, °*J =4 Hz, C,~ or Cy>),
110.4 (q, °*J =4 Hz, Cy- or Cy»), 110.0 (d, °J = 8 Hz, Cs:), 108.5 (d, “J = 2 Hz, Cy), 63.7 (d, °J
=7 Hz, CH,CH3), 63.7 (d, 2J = 7 Hz, CH,CH3), 56.9 (CH,0H), 49.9 (d, 'J= 161 Hz, C)), 16.4
(d, 3J= 6 Hz, CH,CHj), 16.3 (d, /= 6 Hz, CH,CH3). 3'P NMR (162 MHz, CDCl;) 6 19.8.
HRMS (ESI) m/z: Calcd for [M+Na]" C;7H,F;NNaOsP 430.1002; Found 430.0998.

Diethyl (((2-chlorophenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4i)
The title compound was obtained in 82% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate = 1: 4 — 1: §).

'H NMR (300 MHz, CDCl;) § 7.24 (dd, J= 8.2, 1.5 Hz, 1H, Hpy), 7.06 (td, J=7.8, 1.5 Hz, 1H,
Hpy), 6.70 — 6.63 (m, 2H, Hpy), 6.31 (dd, J=3.3 Hz, 1H, H;), 6.20 (d,J=3.2 Hz, 1H, Hy), 5.11
(dd, J=9.0, 7.1 Hz, 1H, NH), 4.89 (dd, J = 23.4, 9.0 Hz, 1H, H,), 4.52 (s, 2H, CH,OH), 4.23
—3.87 (m, 4H, CH,CH3), 1.28 (td, J=7.1, 0.6 Hz, 3H, CH,CHj5), 1.22 (td, /= 7.0, 0.6 Hz, 3H,
CH,CHj;). *C NMR (75 MHz, CDCl;) & 155.2 (d, “J = 3 Hz, Cs), 148.2 (d, °J = 3 Hz, Cy),
142.1 (d,3J=12Hz, C;»), 129.3 (CHpy,), 127.7 (CHpy), 120.3 (C;~), 119.0 (CHpy), 112.6 (CHpy),
109.6 (d, 3J =7 Hz, Cs.), 108.5 (d, “J =3 Hz, C,), 63.9 (d, °J= 7 Hz, CH,CHj;), 63.6 (d, /=7
Hz, CH,CH3;), 57.0 (CH,OH), 50.1 (d, 'J =159 Hz, C)), 16.4 (d, °*J = 6 Hz, CH,CH3), 16.3 (d,
3J= 6 Hz, CH,CHj;). 3'P NMR (122 MHz, CDCls) 6 19.4.

HRMS (ESI) m/z: Calcd for [M+Na]* C;sH,;CINNaOsP 396.0738; Found 396.0729.

Diethyl ((benzylamino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4j)

The title compound was obtained in 71% yield as a yellow sticky syrup after column
chromatography (pure ethyl acetate).

'H NMR (300 MHz, CDCl;) 6 7.37 — 7.19 (m, 5H, Hpy), 6.30 — 6.22 (m, 2H, H;- and Hy'), 4.63
—4.47 (AB, 2H, CH,OH), 4.27 — 4.10 (m, 2H, CH,CH3;), 4.08 — 3.95 (m, J = 22.4 Hz, 2H,
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CH,CHj; and H;), 3.93 — 3.81 (m, 2H, CH,CHj; and CH,Ph), 3.60 (d, /= 13.3 Hz, 1H, CH,Ph),
1.32 (t, J = 7.1 Hz, 3H, CH,CHy;), 1.17 (t, J = 7.1 Hz, 3H, CH,CH;). *C NMR (100 MHz,
CDCl3) 6 155.2(d, /=3 Hz, Cs), 148.9 (d,°’J=4 Hz, Cy), 139.0 (C,), 128.44 (2CHjpy,), 128.39
(2CHpy), 127.2 (Cy»), 110.3 (d, °J = 8 Hz, Cs:), 108.2 (d, %J = 2 Hz, Cy), 63.5 (d, °J =7 Hz,
CH,CH3), 63.0 (d, °J =7 Hz, CH,CH3), 57.0 (CH,0OH), 53.0 (d, /=162 Hz, C)), 51.3 (d, 3/ =
16 Hz, CH,Ph), 16.5 (d, 3/ = 6 Hz, CH,CH}), 16.3 (d, 3= 6 Hz, CH,CH3). *'P NMR (162 MHz,
CDCl3) 6 21.2.

HRMS (ESI) m/z: Calcd for [M+H]* C{7H,5sNOsP 354.1465; Found 354.1455.

Diethyl (((furan-2-ylmethyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate
(4Kk)

The title compound was obtained in 70% yield as a brown syrup after column chromatography
(pentane: ethyl acetate = 1: 10 to pure ethyl acetate).

'H NMR (400 MHz, CDCl3) & 7.34 (dd, /= 1.9, 0.9 Hz, 1H, Hs~), 6.34 — 6.26 (m, 2H, H;- and
Hy»), 6.25 (d, J=3.1 Hz, 1H, Hy), 6.16 (dd, J = 3.2, 0.9 Hz, 1H, H;~), 4.60 — 4.50 (AB, 2H,
CH,OH), 4.24 — 3.86 (m, 5H, H, and 2CH,CH3), 3.74 (dd, J = 84.0, 14.5 Hz, 2H, CH,Fur),
1.30 (t, J = 7.1 Hz, 3H, CH,CH3;), 1.20 (t, J = 7.1 Hz, 3H, CH,CHj;). *C NMR (100 MHz,
CDCl;) 6 155.1 (d, “J=3 Hz, Cs:), 152.6 (C,~), 148.5 (d, 2J = 4 Hz, Cy), 142.1 (Cs»), 110.4 (d,
3J=8 Hz, Cs), 110.2 (C4), 108.3 (d, 4/ =2 Hz, Cy), 107.9 (C5-), 63.5 (d, °J = 7 Hz, CH,CH,),
63.1 (d, °J = 7 Hz, CH,CH3;), 57.1 (CH,OH), 53.1 (d, 'J = 162 Hz, C,), 44.0 (d, °J = 16 Hz,
CH,Fur), 16.5 (d, 3J = 6 Hz, CH,CH3), 16.3 (d, 3/ = 6 Hz, CH,CH3;). 3'P NMR (162 MHz,
CDCly) 6 20.8.

HRMS (ESI) m/z: Calcd for [M+Na]" C;sH,,NNaOgP 366.1077; Found 366.1064.

Diethyl ((butylamino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (41)

The title compound was obtained in 74% yield as a yellow sticky syrup after column
chromatography (pure ethyl acetate).

'H NMR (400 MHz, CDCl3) 6 6.28 (dd, J=3.2 Hz, 1H, H3), 6.24 (d, J=3.2 Hz, 1H, Hy), 4.59
—4.48 (AB, 2H, CH,OH), 4.25 — 3.86 (m, 5H, 2CH,CH; and H;), 2.67 — 2.45 (m, 2H,
NHCH,CH,CH,CHj3), 1.49 — 1.26 (m, 7H, CH,CH; and NHCH,CH,CH,CH3), 1.21 (t,J= 7.1
Hz, 3H, CH,CH,), 0.87 (t, /= 7.2 Hz, 3H, NHCH,CH,CH,CH3;). 3C NMR (100 MHz, CDCl;)
0 154.9 (d, “J=3 Hz, Cs:), 149.4 (d, 2J =3 Hz, Cy), 109.7 (d, 3J = 8 Hz, C5:), 108.2 (d, /=2
Hz, C4), 63.4 (d, °J = 7 Hz, CH,CH3), 63.0 (d, °J =7 Hz, CH,CHj3), 57.0 (CH,OH), 54.7 (d, 'J
= 161 Hz, C)), 47.9 (d, 3J = 15 Hz, NHCH,CH,CH,CHs;), 31.8 (NHCH,CH,CH,CH3), 20.2
(NHCH,CH,CH,CHjy), 16.5 (d, 3/ = 6 Hz, CH,CHj3), 16.3 (d, ’*J = 6 Hz, CH,CHj3), 13.9
(NHCH,CH,CH,CH3). 3'P NMR (162 MHz, CDCls) & 21.3.

HRMS (ESI) m/z: Calcd for [M+Na]" C4H,sNNaOsP 342.1441; Found 342.1442.

Diethyl ((cyclohexylamino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4m)

The title compound was obtained in 63% yield as a pale yellow sticky syrup after column
chromatography (pure ethyl acetate).

'H NMR (400 MHz, CDCl3) 6 6.27 — 6.22 (m, 2H, H;- and Hy"), 4.59 — 4.49 (AB, 2H, CH,0H),
4.28 —4.12 (m, J = 23.3 Hz, 3H, CH,CHj; and H,), 4.08 —3.97 (m, 1H, CH,CH3), 3.95 —3.83
(m, 1H, CH,CHs), 2.48 — 2.38 (m, 1H, H,~), 1.92 — 1.50 (m, 5H, H,), 1.33 (t, /= 7.1 Hz, 3H,
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CH,CHj;), 1.23 — 0.99 (m, 8H, CH,CHj; and Hcy). *C NMR (100 MHz, CDCl;) & 154.8 (d, %/
=3 Hz, Cs), 150.0 (d, 2J= 3 Hz, Cy), 109.3 (d, 3J = 8 Hz, C3), 108.2 (d, *J = 2 Hz, Cy), 63.6
(d, 2J=17 Hz, CH,CH;), 62.9 (d, °J = 7 Hz, CH,CH), 57.1 (CH,0H), 54.2 (d, 3J= 15 Hz, C;~),
51.6 (d, 'J =162 Hz, C,), 34.0 (C¢y), 32.2 (Cqy), 26.0 (Ccy), 24.8 (Ccy), 24.4 (Ccy), 16.5 (d, 3T
=6 Hz, CH,CHs), 16.3 (d, 3J = 6 Hz, CH,CHj;). *'P NMR (162 MHz, CDCIl;) & 21.6.

HRMS (ESI) m/z: Calcd for [M+H]" C;sH,oNOsP 346.1778; Found 346.1767.

Diethyl ((allylamino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4n)

The title compound was obtained in 53% yield as a yellow sticky syrup after column
chromatography (pure ethyl acetate).

'H NMR (400 MHz, CDCl3) 6 6.28 (dd, J=3.1 Hz, 1H, H3), 6.24 (d, J=3.3 Hz, 1H, Hy), 5.86
—5.75 (m, 1H, NHCH,CH=CH,), 5.19 — 5.08 (m, 2H, NHCH,CH=CH,), 4.60 — 4.50 (AB, 2H,
CH,0OH), 4.26 — 3.87 (m, 5SH, CH,CH; and H,), 3.35 — 3.05 (m, 2H, NHCH,CH=CH,), 1.33 (4,
J="1.1 Hz, 3H, CH,CH3), 1.21 (t,J = 7.1 Hz, 3H, CH,CHj3). *C NMR (100 MHz, CDCl;) $
155.0 (d, “J = 3 Hz, Cs), 149.0 (d, °J = 3 Hz, C,), 135.7 (NHCH,CH=CH,), 117.2
(NHCH,CH=CH,), 110.1 (d, °J = 8 Hz, Cs:), 108.2 (d, *J = 2 Hz, Cy), 63.4 (d, °J = 7 Hz,
CH,CHs), 63.1 (d, 2J= 7 Hz, CH,CH3), 57.1 (CH,0H), 53.2 (d, 'J =162 Hz, C,), 50.1 (d,%J =
16 Hz, NHCH,CH=CH,), 16.5 (d, >J= 6 Hz, CH,CH;), 16.4 (d, >J= 6 Hz, CH,CH;). *'P NMR
(162 MHz, CDCl;) 6 21.3.

HRMS (ESI) m/z: Calcd for [M+Na]* C;3H;,NNaOsP 326.1128; Found 326.1126.

Diethyl (((2-(1H-indol-3-yl)ethyl)amino)(5-(hydroxymethyl)furan-2-
yDmethyl)phosphonate (40)

The title compound was obtained in 57% yield as a yellow sticky syrup after column
chromatography (ethyl acetate: methanol = 100: 1 to 50: 1).

'"H NMR (400 MHz, CDCl;) 6 9.14 (d, J=2.4 Hz, 1H, H,»), 7.47 (dd, J=17.9, 1.0 Hz, 1H, Hy),
7.31-7.27 (m, 1H, H;»), 7.11 (ddd, J= 8.1, 7.0, 1.2 Hz, 1H, Hg¢~), 7.02 (ddd, /= 8.0, 7.0, 1.1
Hz, 1H, Hs-), 6.85 (d, J=2.4 Hz, 1H, H,~), 6.18 (dd, /= 3.1 Hz, 1H, H;), 6.14 (d, J= 3.2 Hz,
1H, Hy), 4.33 (s, 2H, CH,OH), 4.12 — 4.04 (m, 3H, CH,CH; and H,), 3.99 — 3.91 (m, 1H,
CH,CHj3), 3.85 —3.74 (m, 1H, CH,CH3;), 2.98 — 2.81 (m, 4H, CH,CH,), 1.22 (t,J= 7.0 Hz, 3H,
CH,CHy), 1.11 (t, J = 7.1 Hz, 3H, CH,CHjs). 3C NMR (100 MHz, CDCl;) 6 155.0 (d, /=3
Hz, Cs), 148.6 (d, 2J = 4 Hz, Cy), 136.5 (C7,), 127.3 (Cs-,), 122.6 (Cy»), 121.5 (Cs>), 118.7
(Cs»), 118.5 (Cy), 112.4 (C5»), 111.4 (C5), 110.2 (d, 3J = 8 Hz, C3), 108.1 (d, “J =2 Hz, Cy),
63.5 (d, °J=17 Hz, CH,CHj;), 63.2 (d, °J= 7 Hz, CH,CH3), 56.6 (CH,0OH), 54.5 (d, 'J= 161 Hz,
C)), 47.9 (d, °*J = 15 Hz, NHCH,CH,), 25.3 (NHCH,CH,), 16.3 (d, 3J = 6 Hz, CH,CH3), 16.2
(d, 3J= 6 Hz, CH,CHj). 3'P NMR (162 MHz, CDCl;) 6 21.3.

HRMS (ESI) m/z: Calcd for [M+H]" C,0H,sN,OsP 407.1730; Found 407.1716.

tert-Butyl ((diethoxyphosphoryl)(5-(hydroxymethyl)furan-2-yl)methyl)glycinate (4p)

The title compound was obtained in 31% yield as a yellow syrup after column chromatography
(pure ethyl acetate).

'H NMR (400 MHz, CDCl3) 6 6.33 (dd, J=3.2 Hz, 1H, Hj), 6.25 (d, J=3.2 Hz, 1H, Hy), 4.55
(AB, 2H, CH,0OH), 4.24 (d, J = 20.3 Hz, 1H, H,), 4.22 — 3.96 (m, 4H, CH,CH3), 3.39 — 3.18
(m, 2H, CH,COO), 1.43 (s, 9H, C(CH,);), 1.33 (t, /= 7.1 Hz, 3H, CH,CH;), 1.26 (t, J= 7.1
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Hz, 3H, CH,CH;). 3C NMR (100 MHz, CDCL;) 3 170.8 (COO), 155.2 (d, %/ =3 Hz, Cs), 148.3
(d, 2= 5 Hz, C), 110.7 (d, 3/ = 8 Hz, Cs), 108.5 (d, *J = 3 Hz, Cy), 81.5 (C(CH,)3), 63.4 (d,
2J =7 Hz, CH,CH3), 63.2 (d, 2J = 7 Hz, CH,CH3), 57.2 (CH,OH), 53.9 (d, 1/ = 161 Hz, C)),
49.4 (d, 3J = 15 Hz, CH,COO0), 28.2 (C(CHs)s), 16.5 (d, 3J = 6 Hz, CH,CH3), 16.4 (d, °J = 6
Hz, CH,CH;). 3'P NMR (162 MHz, CDCL;) & 20.6.

HRMS (ESI) m/z: Caled for [M+H]* C14HaoNO,P 378.1676; Found 378.1660.

Diethyl ((5-(hydroxymethyl)furan-2-yl)(methyl(phenyl)amino)methyl)phosphonate (4q)
The title compound was obtained in 58% vyield as a yellow sticky syrup after column
chromatography (pentane: ethyl acetate =1: 4 to 1: 6).

'H NMR (400 MHz, CDCl;) 6 7.27 — 7.21 (m, 2H, H;~), 6.92 — 6.87 (m, 2H, H,"), 6.82 — 6.77
(m, 1H, Hy»), 6.48 (dd, J=3.4, 1.4 Hz, 1H, H3), 6.21 (d,J=3.2 Hz, 1H, Hy), 5.27 (d, /= 24.5
Hz, 1H, H,), 4.49 (s, 2H, CH,OH), 4.21 — 3.95 (m, 4H, CH,CH;), 2.92 (d, J = 1.3 Hz, 3H,
NCH;), 1.20 (2t, J = 7.1 Hz, 6H, 2CH,CH;). *C NMR (100 MHz, CDCl;) § 155.1 (d, “J=1
Hz, Cs»), 145.0 (d, 3J = 6 Hz, C;~), 147.4 (d, °J = 13 Hz, Cy), 129.2 (2C;~), 118.5 (C4~), 114.3
(2Cy»), 111.6 (d, 3J =4 Hz, C5-), 108.2 (Cy), 63.4 (d, °J = 7 Hz, CH,CH3), 62.8 (d, °J =7 Hz,
CH,CH3;), 57.1 (CH,OH), 56.3 (d, 'J= 165 Hz, C,), 34.5 (NCHj), 16.5 (d, 3J= 6 Hz, CH,CH3),
16.4 (d, 3J= 6 Hz, CH,CHj). 3'P NMR (162 MHz, CDCl;) 6 19.8.

HRMS (ESI) m/z: Calcd for [M+H]* C{7H,5sNOsP 354.1465; Found 354.1453.

Diethyl ((5-(hydroxymethyl)furan-2-yl)(((R)-1-phenylethyl)amino)methyl)phosphonate
(4r)

The title compound was obtained in 72% yield in total after column chromatography (pentane:
ethyl acetate = 1: 10 to pure ethyl acetate).

Diastereoisomer A: Major product, pale yellow sticky syrup. 'H NMR (400 MHz, CDCls)
7.29 —17.18 (m, 5H, Hpy), 6.18 — 6.14 (m, 2H, H;- and Hy), 4.54 — 4.43 (AB, 2H, CH,OH), 4.31
—4.15 (m, 2H, CH,CH,), 4.12 (d, /= 21.6 Hz, 1H, H,), 4.08 — 3.97 (m, 1H, CH,CHj;), 3.94 —
3.81 (m, 2H, CH,CH; and PhCHCH3;), 1.35 (t, /= 7.0 Hz, 3H, CH,CH3;), 1.33 (t, /= 6.7 Hz,
3H, PhCHCH3;) 1.19 (t, J= 7.0 Hz, 3H, CH,CHj3). 3*C NMR (100 MHz, CDCls) & 154.7 (d, %J
=3 Hz, Cs), 149.6 (d, °J=2 Hz, Cy), 145.0 (C;~), 128.4 (2CHpy), 127.2 (C4~), 126.8 (2CHjpy),
109.4 (d, 3J =8 Hz, Cs'), 108.2 (d, *J=2 Hz, C,), 63.4 (d, °’J =7 Hz, CH,CHj;), 63.0 (d, 2/ =7
Hz, CH,CH3;), 57.0 (CH,OH), 56.0 (d, J = 12 Hz, PhCHCH3;), 52.2 (d, 'J = 159 Hz, C,), 22.8
(PhCHCH3), 16.6 (d, 3J = 6 Hz, CH,CH3), 16.4 (d, °J = 6 Hz, CH,CHj3). 3'P NMR (162 MHz,
CDCl;) 8 21.8.

HRMS (ESI) m/z: Calcd for [M+H]" C;sH»;NOsP 368.1621; Found 368.1604.
Diastereoisomer B: Minor product, pale yellow sticky syrup. 'H NMR (400 MHz, CDCls) §
7.35 - 7.23 (m, 5H, Hp,), 6.25 (d, /= 2.9 Hz, 1H, Hy), 6.16 (dd, J = 3.2 Hz, 1H, H3.), 4.63 —
4.52 (AB, 2H, CH,0OH), 4.29 — 4.11 (m, 2H, CH,CHj;), 4.03 — 3.92 (m, 1H, CH,CH3), 3.86 —
3.75 (m, J=24.1 Hz, 2H, CH,CH; and H,), 3.72 — 3.65 (m, 1H, PhCHCH,), 1.35 (td, /= 7.0,
0.6 Hz, 3H, CH,CHj), 1.33 (t, J = 6.5 Hz, 3H, PhCHCH;) 1.14 (td, J = 7.1, 0.6 Hz, 3H,
CH,CHj;). 3C NMR (100 MHz, CDCl;) 6 154.9 (d, “J =3 Hz, Cs), 149.6 (d, °J = 3 Hz, Cy),
144.1 (C,»), 128.6 (2CHpy), 127.4 (C4+), 127.3 (2CHpy,), 110.3 (d, 3/ =9 Hz, Cy:), 108.4 (d, %J
=2 Hz, Cy), 63.5 (d, °J =7 Hz, CH,CH3), 62.9 (d, °>J = 7 Hz, CH,CH}), 57.4 (CH,0H), 55.7
(d, 3J = 17 Hz, PhCHCH3), 51.9 (d, 'J = 163 Hz, C)), 25.1 (PhCHCH3;), 16.6 (d, °J = 6 Hz,
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CH,CHj), 16.4 (d, 3J= 6 Hz, CH,CH3;). 3'P NMR (162 MHz, CDCl;) & 21.3.
HRMS (ESI) m/z: Calcd for [M+H]" C;sH»;NOsP 368.1621; Found 368.1610.

Diethyl ((5-(hydroxymethyl)furan-2-yl)(((S)-1-phenylethyl)amino)methyl)phosphonate
(4s)

The title compound was obtained in 70% yield in total after column chromatography (pentane:
ethyl acetate = 1: 10 to pure ethyl acetate).

Diastereoisomer A: Major product, pale yellow sticky syrup. '"H NMR (400 MHz, CDCls) 8
7.30—-7.18 (m, SH, Hpy), 6.19 — 6.15 (m, 2H, H;- and Hy), 4.54 — 4.44 (AB, 2H, CH,OH), 4.31
—4.16 (m, 2H, CH,CH,), 4.12 (d, J=21.7 Hz, 1H, H,), 4.08 — 3.98 (m, 1H, CH,CHj;), 3.94 —
3.82 (m, 2H, CH,CH; and PHCHCH3), 1.35 (t, J = 7.1 Hz, 3H, CH,CHs), 1.33 (t, /= 6.5 Hz,
3H, PhCHCH3;) 1.19 (t, J= 7.0 Hz, 3H, CH,CHj3). 3*C NMR (100 MHz, CDCls) & 154.6 (d, %J
=3 Hz, Cs), 149.7 (d, °J=2 Hz, Cy), 145.0 (C;~), 128.5 (2CHpy), 127.2 (C4), 126.8 (2CHpy),
109.5 (d, 3J =8 Hz, Cs.), 108.4 (d, *J=2 Hz, C,), 63.5 (d, °J=7 Hz, CH,CHj;), 63.1 (d, /=7
Hz, CH,CH3;), 57.2 (CH,OH), 56.1 (d, J = 12 Hz, PhCHCH3), 52.3 (d, 'J = 159 Hz, C,), 22.9
(PhCHCH3), 16.6 (d, 3J = 6 Hz, CH,CH3), 16.4 (d, °J = 6 Hz, CH,CHj3). 3'P NMR (162 MHz,
CDCl;3) 8 21.8.

HRMS (ESI) m/z: Calcd for [M+H]" C;sH»;NOsP 368.1621; Found 368.1612.
Diastereoisomer B: Minor product, pale yellow sticky syrup. '"H NMR (400 MHz, CDCls) §
7.36 —7.23 (m, 5H, Hp,), 6.26 (d, J=3.0 Hz, 1H, Hy), 6.16 (dd, /= 3.2 Hz, 1H, H3.), 4.64 —
4.52 (AB, 2H, CH,0OH), 4.29 — 4.12 (m, 2H, CH,CHj;), 4.02 — 3.92 (m, 1H, CH,CH3), 3.85 —
3.74 (m, J = 24.1 Hz, 2H, CH,CH; and H,), 3.72 — 3.65 (m, 1H, PhCHCH,), 1.35 (td, J="7.1,
0.6 Hz, 3H, CH,CH;), 1.33 (t, J = 6.4 Hz, 3H, PhCHCH;) 1.14 (td, J = 7.1, 0.6 Hz, 3H,
CH,CHj;). 3C NMR (100 MHz, CDCl;) 6 154.9 (d, “J =3 Hz, Cs), 149.5 (d, °J = 4 Hz, Cy),
144.0 (C,~), 128.6 (2CHpy), 127.4 (C4+), 127.3 (2CHpy,), 110.4 (d, 3J =9 Hz, Cy:), 108.4 (d, %J
=2 Hz, Cy), 63.5 (d, °J =7 Hz, CH,CH3), 62.9 (d, °>J = 7 Hz, CH,CH}), 57.3 (CH,0H), 55.7
(d, 3J = 17 Hz, PhCHCH3), 51.9 (d, 'J = 163 Hz, C)), 25.1 (PhCHCH3;), 16.6 (d, °J = 6 Hz,
CH,CHj), 16.4 (d, 3J= 6 Hz, CH,CH3). 3'P NMR (162 MHz, CDCl;) 6 21.3.

HRMS (ESI) m/z: Calcd for [M+H]" C;sH»;NOsP 368.1621; Found 368.1611.

Dimethyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4t)

The title compound was obtained in 89% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate = 1: 4 to 1: 8).

'H NMR (400 MHz, CDCl;) 6 7.17 — 7.08 (m, 2H, H;~), 6.78 — 6.69 (m, 1H, Hy»), 6.71 — 6.63
(m, 2H, Hy+), 6.30 (dd, J=3.2 Hz, 1H, H3'), 6.18 (d, /= 3.2 Hz, 1H, Hy), 4.90 (d, /J=23.6 Hz,
1H, H,), 4.49 (s, 2H, CH,OH), 3.75 (d, /= 10.6 Hz, 3H, CHs), 3.58 (d, J=10.7 Hz, 3H, CH,).
3C NMR (100 MHz, CDCls) & 155.1 (d, “J = 3 Hz, Cs), 148.2 (d, °J=2 Hz, C;), 145.8 (d, 3J
=12 Hz, C;»), 129.2 (2Cs-), 119.0 (C4), 114.0 (2Cy), 109.8 (d, °J =8 Hz, C5:), 108.5 (d, %/ =
2 Hz, Cy), 56.8 (CH,0H), 54.1 (d, °’J =7 Hz, CH3), 53.8 (d, °J = 7 Hz, CH3;), 49.8 (d, 'J =161
Hz, C,). 3'P NMR (162 MHz, CDCl;) & 22.8.

HRMS (ESI) m/z: Calcd for [M+Na]" C4H;sNNaOsP 334.0815; Found 334.0808.

Diisopropyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4u)
The title compound was obtained in 87% yield as a pale yellow sticky syrup after column
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chromatography (pentane: ethyl acetate = 1: 4 to 1: 8).

'H NMR (400 MHz, CDCls) 8 7.15 — 7.09 (m, 2H, H;-), 6.74 — 6.68 (m, 1H, H,-), 6.68 — 6.63
(m, 2H, H,~), 6.28 (dd, J=3.2 Hz, 1H, H3.), 6.18 (d, /= 3.1 Hz, 1H, Hy'), 4.86 — 4.69 (m, 2H,
H, and CH(CH;),), 4.61 —4.52 (m, 2H, CH(CHj;), and NH), 4.50 (s, 2H, CH,OH), 1.31 (d, J =
6.2 Hz, 3H, CH;), 1.28 (d, J= 6.2 Hz, 3H, CHs), 1.22 (d, /= 6.2 Hz, 3H, CH;), 1.07 (d,J=6.2
Hz, 3H, CH;). 3C NMR (100 MHz, CDCl3) 6 154.8 (d, %/ = 3 Hz, Cs), 149.1 (d, °J = 2 Hz,
Cy), 146.3 (d, °J = 13 Hz, C;»), 129.2 (2C5»), 118.7 (C4»), 114.0 (2C5), 109.4 (d, °J = 7 Hz,
Csy), 108.3 (d, “J=2 Hz, Cy), 72.45 (d, °J = 7 Hz, CH(CH,),), 72.38 (d, °J = 7 Hz, CH(CHs),),
57.1 (CH,0H), 50.7 (d, 'J = 161 Hz, C,), 24.3 (d, ’J = 3 Hz, CH3), 24.2 (d, °J = 3 Hz, CH;),
23.7 (d, 3J =5 Hz, CH;), 23.5 (d, 3/ =5 Hz, CHj;). *'P NMR (162 MHz, CDCls) 3 18.2.
HRMS (ESI) m/z: Calcd for [M+H]" C;sH»;NOsP 368.1621; Found 368.1612.

Dibenzyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4v)

The title compound was obtained in 86% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate = 2: 3).

'H NMR (400 MHz, CDCl;) & 7.31 — 7.15 (m, 10H, Hpy), 7.12 — 7.05 (m, 2H, Hj-), 6.74 — 6.67
(m, 1H, Hy), 6.63 — 6.57 (m, 2H, H,"), 6.25 (dd, J= 3.2 Hz, 1H, H3.), 6.14 (d, /= 3.1 Hz, 1H,
Hy), 5.08 — 4.98 (m, 2H, CH,Ph), 4.97 — 4.87 (m, 2H, CH,Ph and H,), 4.84 — 4.76 (m, 1H
CH,Ph), 4.44 (s, 2H, CH,OH). '3C NMR (100 MHz, CDCl3) 8 155.0 (d, /=3 Hz, Cs'), 148.4
(d, 2J =2 Hz, Cy), 1459 (d, 3J = 12 Hz, C;~), 135.9 (d, 3J = 6 Hz, Cpy,), 135.8 (d, 3J = 6 Hz,
Cpn), 129.2 (2C5-), 128.54 (2CHpy), 128.52 (2CHpp), 128.48 (CHpy), 128.43 (CHpp), 128.1
(2CHpy,), 127.9 (2CHpyp), 119.0 (Cy-), 114.0 (2Cy), 109.8 (d, °J = 8 Hz, Cy3:), 108.5 (d, %/ =3
Hz, C4), 68.9 (d, °J = 7 Hz, CH,Ph), 68.6 (d, °J = 7 Hz, CH,Ph), 57.0 (CH,0H), 50.5 (d, 'J =
160 Hz, C,). 3'P NMR (162 MHz, CDCl;) & 20.9.

HRMS (ESI) m/z: Calcd for [M+H]" C,6H7NOsP 464.1621; Found 464.1617.

Bis(2,2,2-trifluoroethyl) ((5-(hydroxymethyl)furan-2-
yD)(phenylamino)methyl)phosphonate (4w)

The title compound was obtained in 54% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate =2: 1 to 3:2).

'H NMR (400 MHz, CDCl;) 6 7.21 — 7.14 (m, 2H, H;~), 6.84 — 6.78 (m, 1H, Hy), 6.75 — 6.69
(m, 2H, Hy), 6.35 (dd, J=3.4 Hz, 1H, H3.), 6.21 (d,J=3.1 Hz, 1H, Hy), 5.09 (d, /J=23.0 Hz,
1H, H,), 4.49 (s, 2H, CH,0H), 4.48 — 4.09 (m, 4H, CH,CF3). *C NMR (100 MHz, CDCl;) 8
155.5 (d, “J =3 Hz, Cs»), 146.7 (Cy), 145.3 (d, °*J = 12 Hz, C;~), 129.5 (2Cs), 127.4 - 117.5
(2CF;), 120.0 (Cy4), 114.5 (2C5), 110.7 (d, 3J =9 Hz, Cs.), 108.8 (d, “J = 2 Hz, Cy-), 63.2 and
63.0 (qd, J = 38, 6 Hz, 2CH,CF;), 56.9 (CH,0H), 50.7 (d, 'J = 166 Hz, C;). *'P NMR (122
MHz, CDCl;) 6 22.5.

HRMS (ESI) m/z: Calcd for [M+Na]" C;sH;sFsNNaOsP 470.0562; Found 470.0542.

Diethyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate dimer (4x)
The title compound was obtained in 86% yield as a pale yellow sticky syrup after column
chromatography (pentane: ethyl acetate = 1: 5 to 1: 10).

'H NMR (400 MHz, CDCl3) & 7.13 (t, J= 7.8 Hz, 4H, H;), 6.72 (t, J = 7.3 Hz, 2H, Hy), 6.67
(d, J=8.1 Hz, 4H, H,), 6.34 (t, J= 3.3 Hz, 2H, H3'), 6.23 (d, /= 3.3 Hz, 2H, Hy), 4.89 (dd, J
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=24.0, 7.7 Hz, 2H, H,), 4.65 (q, J= 7.7 Hz, 2H, NH), 4.40 — 4.32 (m, 4H, CH,OCH,), 4.23 —
4.12 (m, 4H, CH,CHj;), 4.10 — 4.01 (m, 2H, CH,CHs), 3.96 — 3.84 (m, 2H, CH,CHj;), 1.28 (t, J
= 7.1 Hz, 6H, CH,CH,), 1.19 (t, J = 7.1 Hz, 6H, CH,CH;). 3C NMR (100 MHz, CDCl;)
151.2 (dd, J=3, 2 Hz, 2Cs), 149.8 (2C,), 146.0 (dd, J= 13, 2 Hz, 2C,»), 129.1 (4C;~), 118.8
(/=2 Hz, 2Cy»), 113.8 (4C,), 110.9 (d, “J=3 Hz, 2Cy4), 109.4 (dd, /=7, 2 Hz, 2C3-), 63.5 (d,
2J =17 Hz, 2CH,CH3), 63.3 (d, °J = 7 Hz, 2CH,CH3), 63.1 and 63.0 (CH,OCH,), 50.1 (d, 'J =
159 Hz, 2C,), 16.4 (d, 3J = 6 Hz, 2CH,CH,), 16.2 (d, ’°J = 6 Hz, 2CH,CHs). 3'P NMR (162
MHz, CDCl;) 6 20.0.

HRMS (ESI) m/z: Calcd for [M+Na]" C3,H4N,NaOgP, 683.2258; Found 683.2223.

Diethyl (((4-(((diethoxyphosphoryl)(5-(hydroxymethyl)furan-2-
yDmethyl)amino)phenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4y)
The title compound was obtained in 72% yield as a brown sticky syrup after column
chromatography (ethyl acetate: methanol = 40:1 to 20:1).

'H NMR (400 MHz, CDCl3) 6 6.52 (s, 4H, Hpy,), 6.23 (t, J = 3.2 Hz, 2H, H3'), 6.14 (d, J = 3.2
Hz,2H, Hy),4.71 (d,J=23.6 Hz, 2H, H,), 4.47 (s, 4H, CH,OH), 4.19 — 4.06 (m, 4H, CH,CH}),
4.06 —3.94 (m, 2H, CH,CH3), 3.89 —3.78 (m, 2H, CH,CHj,), 1.24 (t, /= 7.0 Hz, 6H, CH,CHs),
1.16 (t, J = 7.1 Hz, 6H, CH,CH;). *C NMR (100 MHz, CDCl;) é 154.7 (d, “J = 3 Hz, 2Cs),
148.8 (d, 2J =3 Hz, 2Cy), 139.2 (dd, J = 14, 4 Hz, 2C;~), 115.9 (d, J = 5 Hz, 4C,-), 109.7 (d,
3J =8 Hz, 2C5), 108.4 (d, “J =2 Hz, 2Cy), 63.8 (d, 2J = 7 Hz, 2CH,CHy), 63.5 (d, °J = 7 Hz,
2CH,CH3), 56.8 (2CH,0H), 51.3 (dd, 'J = 160, 8 Hz, 2C,), 16.4 (d, ’*J = 6 Hz, 2CH,CHj3), 16.3
(d, 3J= 6 Hz, 2CH,CHj;). 3'P NMR (162 MHz, CDCl;) 6 20.5.

HRMS (ESI) m/z: Calcd for [M+Na]" CpsH33N,NaO, (P, 623.1894; Found 623.1868.

Dimethyl ((5-formylfuran-2-yl)(phenylamino)methyl)phosphonate (4aa)

To the solution of K-F product 4t (0.353 mmol, 110 mg) in DCM (3 mL), Dess—Martin
periodinane (1.1 equiv., 0.388 mmol) was added. The suspension was stirred at room
temperature for 2 h. Then 10 wt% Na,S,0; solution (10 mL) was added to quench the reaction.
The mixture was extracted with DCM (20 mL). The organic layer was washed with saturated
aqueous NaHCOj; solution (10 mL) and brine (10 mL), dried over Na,SO, and concentrated.
The residue was purified by column chromatography (pentane: EA = 2:3 — 1:2) affording final
product as a white solid (95 mg, 87% yield).

'H NMR (300 MHz, CDCls) 6 9.55 (s, 1H, CHO), 7.26 — 7.03 (m, 3H, H,> and 2H;), 6.80 —
6.72 (m, 1H, Hy»), 6.68 — 6.56 (m, 2H, H,~), 6.59 (dd, J = 3.4 Hz, 1H, Hj), 5.01 (d, J =24.9
Hz, 1H, H,), 3.83 (d, J = 10.8 Hz, 3H, CHs), 3.69 (d, /= 10.8 Hz, 3H, CHj3). 3C NMR (100
MHz, CDCls) 8 177.4 (CHO), 156.5 (d, °’J =2 Hz, Cy), 152.7 (d, “J=3 Hz, Cs), 145.4 (d,3J =
13 Hz, C;»), 129.4 (2C;5~), 122.5 (Cy), 119.5 (Cy), 113.9 (2C5), 111.6 (d, 3/ = 6 Hz, C5:), 54.5
(d, °>J =7 Hz, CH3), 53.9 (d,%J = 7 Hz, CHj3), 50.2 (d, 'J = 157 Hz, C;). 3'P NMR (162 MHz,
CDCly) & 21.0.

HRMS (ESI) m/z: Calcd for [M+Na]" C4H;sNNaOsP 332.0658; Found 332.0663.

Dimethyl ((5-(azidomethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4ab)
Under N, atmosphere, diphenylphosphoryl azide (1.5 equiv., 0.581 mmol) was added to a
solution of K-F product 4t (0.387 mmol, 120 mg) in toluene (3 mL). After stirring at room
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temperature for 10 min, the reaction mixture was cooled to 0 °C and DBU (1.5 equiv., 0.581
mmol) was added dropwise. The mixture was stirred at 0 °C for 1.5 h, and then at room
temperature for 18 h. Subsequently water (10 mL) was added and the mixture was extracted
with ethyl acetate (2 x 15 mL). The combined organic layers were washed with brine (10 mL),
dried over Na,SO, and concentrated. The residue was purified by column chromatography
(pentane: acetone = 5: 1 — 3: 1) affording the corresponding azide as a pale yellow solid. (55
mg, 42% yield).

'H NMR (400 MHz, CDCl;) 6 7.19 — 7.13 (m, 2H, H3~), 6.79 — 6.73 (m, 1H, Hy), 6.69 — 6.64
(m, 2H, Hy), 6.37 (dd, J=3.3 Hz, 1H, H3'), 6.29 (d, /= 3.3 Hz, 1H, Hy), 491 (d, J=24.0 Hz,
1H, H)), 4.25 (s, 2H, CH,N3), 3.82 (d, /= 10.7 Hz, 3H, CH,), 3.67 (d, /= 10.7 Hz, 3H, CH,).
3C NMR (100 MHz, CDCls) 6 150.2 (d, °J = 2 Hz, Cy), 149.2 (d, “J=3 Hz, Cs), 145.8 (d, 3J
=13 Hz, C;»), 129.4 (2Cs-), 119.3 (Cy»), 114.1 (2Cy»), 110.9 (d, “J=3 Hz, C4), 109.9 (d, 3/ =
7 Hz, Cs), 54.1 (d, 2J =7 Hz, CH3), 53.9 (d, °J = 7 Hz, CH3), 50.0 (d, 'J = 160 Hz, H;), 47.0
(CH,N3).3'P NMR (162 MHz, CDCl;) § 22.3.

HRMS (ESI) m/z: Calcd for [M+Na]* C4H;7N,NaO4P 359.0880; Found 359.0877.

(5-((Dimethoxyphosphoryl)(phenylamino)methyl)furan-2-yl)methyl acrylate (4ac)

To the solution of K-F product 4t (0.303 mmol, 94 mg) and triethylamine (1.25 equiv., 0.379
mmol) in THF (1.5 mL), acryloyl chloride (1 equiv., 0.303 mmol) was added dropwise at 0 °C.
The mixture was stirred at 0 °C for 2 h, then at room temperature for 3 h. As conversion
followed by TLC was not complete, additional triethylamine (0.6 equiv., 0.182 mmol) and
acryloyl chloride (0.5 equiv., 0.152 mmol) were added. The mixture was stirred overnight.
After the reaction completion, the mixture was diluted with DCM (5 mL) and water (10 mL),
then extracted with DCM (3 x 10 mL). The combined organic layers were washed with brine
(10 mL), concentrated and dried over Na,SO,. The residue was purified by column
chromatography (pentane: ethyl acetate = 1: 2) affording the corresponding acrylate as a
colorless solid (93 mg, 84% yield).

'H NMR (300 MHz, CDCl3) 6 7.18 — 7.10 (m, 2H, H3'), 6.78 — 6.70 (m, 1H, Hy'), 6.69 — 6.63
(m, 2H, Hy'), 6.44 — 6.33 (m, 3H, CH,=CH, H; and H,), 6.09 (dd, J = 17.3, 10.4 Hz, 1H,
CH,=CH), 5.82 (dd, J=10.4, 1.5 Hz, 1H, CH,=CH), 5.09 (s, 2H, CH,0), 4.91 (d, J = 24.0 Hz,
1H, CHNH), 3.79 (d, J = 10.7 Hz, 3H, OCHs), 3.62 (d, J = 10.7 Hz, 3H, OCH3;). 3C NMR (75
MHz, CDCls) 8 165.6 (CO), 150.0 (d, °J =2 Hz, Cs), 149.5 (d, “J=3 Hz, C,), 145.8 (d, 3/ =13
Hz, C;»), 131.4 (CH,=CH), 129.3 (2C;), 128.0 (CH,=CH), 119.1 (Cy), 114.0 (2C5:), 112.1 (d,
“J=3 Hz, C3), 109.9 (d, /=7 Hz, C,), 58.1 (CH,0), 54.0 (d, °J =7 Hz, OCH3), 53.8 (d, °J =
7 Hz, OCHj3), 49.9 (d, '’J= 160 Hz, CHNH). 3'P NMR (122 MHz, CDCl;) 6 22.3.

HRMS (ESI) m/z: Calcd for [M+Na]" C;7H,0NNaOgP 388.0920; Found 388.0914.

Reference

1. K. I. Galkin, E. A. Krivodaeva, L. V. Romashov, S. S. Zalesskiy, V. V. Kachala, J. V. Burykina and
V. P. Ananikov, Angew. Chem. Int. Ed., 2016, 55, 8338.
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Diethyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4a)

5. 'H, 3C and 3'P NMR spectra of products
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Diethyl (((4-chlorophenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4c)
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Diethyl ((5-(hydroxymethyl)furan-2-yl)((4-iodophenyl)amino)methyl)phosphonate (4e)
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Diethyl (((3-chlorophenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4g)

9L Ly
8LL
6L°L Y
vzl
9z'L Y
1217
98¢
88°¢ |
88°€¢ |
007
20
207
€OV
Y0¥ |
oL’V Y
Ly
Ly
€L¥
YL
PLPA
gLy’
0S¥ —
IR
L8t
8%
6
S6'%
619
0z'9
Leo
ze9
€€'9

4860
[ "00°L
220°L

0z

259
259
€591
591
¥5'9 ]
659
99'91
999
99'9
99'9
89'9
89'9
699
699
66'9
1oL
€02

€0'L

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -C

9.5

10.5

1 (ppm)

129l
92¢'91l W

€€ 9l

20 10 O

-10

8cgL 7

0L'6Y)

ohom//

¥895

1S€9 |
wm.mmw

£9'€9

02°€9

70/ 60 50 40 30

¥8°9L
olL'LL 3

1€°801

!

6€°801

2,601 V/

6601

f1|(ppm

mm.r:x
LLerl
vG'8LL

€10EL —
LLVEL —

8¢ hv_‘/

0572074 a\)

3

v08YL T
9o'svl’;

60551 |

¢l’Gql

210200 190 180 170 160 150|140 130 120 1101/00| 90 ||80

22



2861 —

-10 -20 -30 -70 -80 -90

-50 -60

-40

0

10

90 80 70 60 50 40 30 20

1 (ppm)

((5-(hydroxymethyl)furan-2-yl)((3-

Diethyl

(trifluoromethyl)phenyl)amino)methyl)phosphonate (4h)

9l
81711
0c'L 1
val
921
8¢
wm.mg
18°¢]
88°¢ |
88°¢ |
68°€ |
16°€ ]
10"V
€0V
70V
SOV
90"V
L0V
LI

AW

L

0°'€
o€

-C

0.5

1.5

2.5

3.5

ELpE

£l'v
vLp
vLp ]
SL'Y
Sl
9L'v |
gL'y
X%

—————

9811

26’y
0c'9

Lz ol
veol

59
ge'9

6,91
6291
089
18°9]
z8'9]
€6'9
¥6°9
669
669
8L
8L
0z’
0z’

———

0c'L

|
DALY

4.5

5.5

7.5 6.5

8.5

9.5

10.5

1 (ppm)

23



29l
0€9l V

Geal

-10

0 10 O

L+°Ol ]

b
4

A aAd

0L 6%

1

69°05

€6°9G\t
€9°€9
19°€9
04°€9
v.'€9
¥8°9.
@TNNW
8v' L.

80 70 60 50 40 3(

an

67801

q

25801

TO 00T

00°0L L

f1 (ppm

O€O0LEN
yEOLL
geoLLf
cosLL Y
B.mri
LL'GLL

{ ‘\

086l —

GLGLL

G99LL ]
91°0Z1
187221 ;

ZT3CF

Et
t

C

F

3
1

N
R

Z

Vap

ol
5. <:
S

190 180 170 160 150 140 180 120 110 100

N
HO ﬂID
!

[AVm: 1747

J1CCL

Zvr I3v

0c'SsSlL

2C2C(ﬂ

-10 -20 -60 -70 -80 -90

90 80 70 60 50 40 30 20

-40 -50

-30

0

10

1 (ppm)

Diethyl (((2-chlorophenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4i)

24



) =

L £0°L
660

5.5

7.5

8.5

9.5

10.5

1 (ppm)

1291
Ge9l W

kAl

-10

10 O

8€91
Sv'9lL \

0 20

A
J

6061

02°1G

|

_86°9G

aceg

50| 40

OUGG
560"

29 E9

60

08°€9
om.mo%.

v, 9L
o_‘.NNW

65727

91'801 1

om.wor ,/
€560

T

€960t
85zLL

f1 (ppm

86'8LL

crazr )

S OCT

0L°/cL 7

Le'ecl
oocril

9LZ¥%L

m_‘.wv_‘N

CC.G—\Y
t.mm@
LZ2°GG1

i

210200 190180 170|160 {150 140 130|120 110 100 Q0| BO (70

25



8€'61 —

-10 -20 -30 -70 -80 -90

-50 -60

-40

0

10

90 80 70 60 50 40 30 20

1 (ppm)

Diethyl ((benzylamino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4j)

Sl
VAN
0z’
621 Y
ce L
12900
85°€
€9°¢
G8°€ |
G8'€ 1
98'¢
88°¢€ |
68°€ |
68°€E
06°€ 1
06°€
16°€

16°€f

Qo

— ) ooe

— 60'€

U =i

-C

0.5

1.5

2.5

3.5

(S

00t f
L0'b )

zZ0v
€0
SO'v
4%a
9Lt ]
gL'y
%%
LZy
(R4
vS'v
SS'p
¥Z'9
5291
9z'9 |
129
8z'9
AR

TAVE

—

—m

00T

qﬂﬁ.m
zz'C
o'z

€61

Fees

7.5 6.5 5.5

8.5

1 (ppm)

TR
9z'L
9z’ 2
22
22
622
o€
o€’
Le'L

(XA

9.5

10.5

26



8¢9l
ve9l
91’9l

2G°9|
=9+

-10

20 10 O

0Z'15
9€°1LS
7 ZATAS]

40 3(

¥8°€S 1
€0°2G 1
00'€9)
10°€9

—rr——

Sv'€9 N

CS€9

Ve 9L
OV’ LLT
8v'LL \

0c'801L
22’801l

f1 (PPM)

6z ot 4L

CCva\

LE0LL

0110100(90 80 (70 60 50

LelcL
6E'821L /

b
4

vv'8¢lL

210 200 190 180170160 150140 130 1

-10 -20 -30 -70 -80 -90

-50 -60

-40

10 O

20

1 (ppm)

VAN YA

90 80 70 60 50 40 30

27



(((furan-2’-ylmethyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate
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Diethyl ((cyclohexylamino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4m)
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(((2-(1H-indol-3-yl)ethyl)amino)(5-(hydroxymethyl)furan-2-

Diethyl

yDmethyl)phosphonate (40)
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Diethyl ((5-(hydroxymethyl)furan-2-yl)(methyl(phenyl)amino)methyl)phosphonate (4q)
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Dibenzyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4v)
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((5-(hydroxymethyl)furan-2-

Bis(2,2,2-trifluoroethyl)
yD)(phenylamino)methyl)phosphonate (4w)
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Diethyl ((5-(hydroxymethyl)furan-2-yl)(phenylamino)methyl)phosphonate dimer (4x)

8LL
6L
Lz
9Z'1 1
TR
0€'L
68°€
69'c

S0
o 0

-C

0.5

68°¢€
16°€ 1
16°€ ]
€6°E
€0’V
SO’V
90'¥
L0V
L0'%
60V

vyt

I4aA

SLvg

9l'v]

’Le
L'z
zv

1.6

2.5

3.5

9Ly
9Ly
LLv
EINS
gL'y
%%
6LV
oz'v
oz'v
9e'v
o9e'v
S8y
18V
L6'%

vZ'9
€e'9
14°%°]
ge'9
99'9
89'9
L9
cL9
V.9
L2
€l'L

—

— T

SL'.

o}
\
0

R

-

EtO-
EtO

15671
herz

=€6°L
66°L
16°€
L'z
T4

5.5

7.5 6.5

8.5

9.5

10.5

1 (ppm)

50



0c'9l
9¢'91
ve9l
6€°91

cCc' 812

-10

L6°09

20°€9
90°€9

=

v2'€91
0€°€9

cre9
61°€9
¥8'9L
9l°LL

8V ..

acen

s
I OUF

8€'601 1

90 80 70 60 50 40|30 20 10 O

m)

Sv'60L

:

16°0L 1N

f1 (p

Y6 Ott—~

28 €CLL

S28EHLF

9/°8L1L
80°6¢lL —
L8Svl

t

130 120 1710 10

68 SV

00°9vL

—0
OFEt

[4R°14 2

_<
i
o]

G267l
LZ'LGL ]

€2°1SG1 ]
|

g

2Z LGL
AR

N
5

/7
\<\(j/o

HN
EtO—p
Et0

210200 190 180 170 160 150 MM)

€0°0C —

0
\
0

HN
R

G

EtO-
EtO

90 80 70 60 50 40 30 20 -10 -20 -30 -70 -80 -90

-50 -60

-40

0

10

1 (ppm)

51



(((4-(((diethoxyphosphoryl)(5-(hydroxymethyl)furan-2-

Diethyl

yDmethyl)amino)phenyl)amino)(5-(hydroxymethyl)furan-2-yl)methyl)phosphonate (4y)

000

P

-C

0.5

=14
=14
VA4
89V
VLY
14°]
GlL'9
cc9
€29
ve'9
cS'9

A

OH
—OEt
OEt

7
O
-
: "
o, ,NH
7 %
3 o’/ \

Eto_ OFt

Aoe-
95 Y

¥6E'T
Nye

L'y
Y0¥
*eoz

9]

8.5 7.5 6.5 5.5 4.5 3.5 2.5

9.5

10.5

1 (ppm)

-10

go 10 O

70 60 50 |40 30

Ge'80lL 1

 Hasravay

=
Zc oUT

1] (PpmM)

19°60} 7
89°601 /

68°Gl F\

LL'6€lL
m_‘.mm_‘w

gc'6el

62°6€1
9/.°'8¥1 N

6/ Q1

6481+
69°VvS1L \
cL VS

210200 190 180 170 160 150(140 130 120 110Q(100 90 | 8

52



—20.53

Eto_ OFt
0° a
HN O OH
o
1' "
HO - NH

90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90

1 (ppm)

Dimethyl ((5-formylfuran-2-yl)(phenylamino)methyl)phosphonate (4aa)

N OMNOOULULITITITNTOVDODOULOLONOOULTTONODODDODUONMNLL—OIN
B ANmgm oo KRNRNNNNCOQOOOCCQREUDA R ®ON ©
O MMMMNMMMMMMOOOOOOOOOOOOOOWOWOVWOULSTOHOOMM
‘ - — — \"‘/-“) B — S ———————— et )
4" 3
&
A
.
O/ OI NH
>
|/3' P=0
4 _P=
MeQO™ |
OMe
I
[
jl “ JUL
\ A
4 . 5 B
0] [eNoNoNe) o o|g
o ™~ N - - ™| o
10.5 9.5 8.5 7.5 6.5 55 4.5 3.5 2.5 1.5 0.5 -C
f1 (ppm)

53



6¢ mv/

9606

18°€G\

Y6 €G T

LG

60| | 50 4? 30 20 10 O -10

8v VS

Ve 9L
o_‘.NNV

8V L.

f1|(ppm)

Zony 4y
(-3

Qct it
oT ik

88ttt
/

LG6L1L
ov'6cl —

LEGYL

PGyl
12°2GL
v1°2ZS1L A

hrarame o

oV 9st

OMe

6€ 2L —

MeO

210200 190 180 170 (160 150 140 130 120(110100{|90 | 80 ([7(

-10 -20 -60 -70 -80 -90

-40 -50

-30

10 O

20

1 (ppm)

[}

@

D

N

OMe

MeO

90 80 70 60 50 40 30

54



Dimethyl ((5-(azidomethyl)furan-2-yl)(phenylamino)methyl)phosphonate (4ab)
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(5-((Dimethoxyphosphoryl)(phenylamino)methyl)furan-2-yl)methyl acrylate (4ac)
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