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General

In all experiments rt stands for 22—25 °C. 'H and *C NMR spectra were recorded on a Bruker
AVANCE Il 300, Bruker Fourier 300HD (300.13 MHz for *H, 75.47 MHz for **C and 121.49 MHz
for 3P, respectively) and Bruker AVANCE I 600 (600.13 MHz for H, 150.92 MHz for 13C, 242.93
MHz for 3!P) spectrometers in CDCl;. Chemical shifts were reported in parts per million (ppm),
and the residual solvent peak was used as an internal reference: *H (CDCl; & = 7.26 ppm), *C
(CDCls & = 77.16 ppm). Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet). Coupling constants were reported in Hertz (Hz).

FTIR spectra were recorded on Bruker Alpha instrument. High resolution mass spectra
(HRMS) were measured on a Bruker maXis instrument using electrospray ionization (ESI). The
measurements were performed in a positive ion mode (interface capillary voltage — 4500 V); mass
range from m/z 50 to m/z 3000 Da; external calibration with Electrospray Calibrant Solution
(Fluka). A syringe injection was used for all acetonitrile solutions (flow rate 3 uL/min). Nitrogen
was applied as a dry gas; interface temperature was set at 180 °C.

Diisopropyl phosphite 98%, diethyl phosphite 98%, dimethyl phosphite 99%, dibutyl phosphite
98%, diphenyl phosphite 98%, diphenylphosphine oxide 97%, 2,2,6,6-tetramethylpiperidoxyl
(TEMPO) 99%, 3,5-di-tert-butyl-4-hydroxytoluene (BHT) 99%, manganese(lll) acetylacetonate
98%, copper(ll) sulfate pentahydrate 98%, copper(ll) sulfate 99%, copper(l) bromide 99%,
copper(ll) bromide 99%, copper(ll) nitrate hemi(pentahydrate) 99%, copper(ll) perchlorate
hexahydrate 98%, copper(ll) tetrafluoroborate hydrate 98%, copper(ll) acetylacetonate 99%,
iron(ll) chloride 97%, copper(l) chloride 99%, copper(ll) chloride 97%, copper(ll) acetate 98%,
copper(ll) acetate monohydrate 98%, cobalt(ll) sulfate heptahydrate 99%, cobalt(ll) carbonate
hydrate 99%, silver nitrate 99% were used as is from commercial sources. Acetonitrile and ethyl
acetate were distilled over P,Os prior use. Toluene, DMSO, and DMF were distilled over CaH-
prior to use. Glacial acetic acid was used as is from commercial sources. Enol acetates la—n,

vinyl azide 4a, and silyl enol ether 4b were prepared according literature procedures®-5.
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Experimental details and characterization data of

synthesized compounds

Optimization of the reaction conditions (additional experimental data for Table 1).

OAc 0 O O
i B Po . iPr
+ |Pr\O/ FI’\O/IPr catalyst e +
H open air O\iPr
Solvent, time
1a 2a 70 °C 3a A
. . Yield Yield

Run | Molar ratio 1a:2a catalyst, mol % Solvent Time, h %, 3a | %2 A

1 1:4 CuS0,*5H,0, 20 MeCN 10 62 7
2 1:1.5 CuS0,*5H,0, 20 MeCN 10 56 8
3 1:1.5 CuS0,+5H-0, 20 MeCN 6 52 4
4 1.2 CuS04*5H-0, 20 MeCN 6 71 10
5 1:2 none MeCN 6 n.d. n.d.
6 1:2 CuBr, 20 MeCN 6 13 9
7 1:2 CuBr, 20 MeCN 6 n.d. 81
8 1.2 CuCl, 20 MeCN 6 n.d 7
9 1.2 CuCl,, 20 MeCN 6 n.d. 81
10 1:2 Cu(NO3)2+2.5H,0, 20 MeCN 6 25 <5
11 1:2 Cu(ClO4)2°6H-0, 20 MeCN 6 23 34
12 1.2 Cu(BF4)22xH-0, 20 MeCN 6 39 25
13 1.2 CuSQq, 20 MeCN 6 <5 <5
14 1:2 Cu(acac),, 20 MeCN 6 n.d. 7
15 1:2 Cu(OAc),, 20 MeCN 6 <5 <5
16 1:2 Cu(OACc).*H-0, 20 MeCN 6 <5 <5
17 1.2 CoSQq, 20 MeCN 6 n.d. 5
18 1:2 CoCQO3, 20 MeCN 6 n.d. 4
19 1:2 Mn(acac)s, 20 MeCN 6 7 7
20 1:2 AgNO;3, 20 MeCN 6 11 <5
21 1:2 FeCls, 20 MeCN 6 n.d. 74
22 1.2 CuS0,+5H,0, 20 DMF 6 <5 <5
23 1:2 CuSO0O4*5H,0, 20 AcOH 6 n.d. 12
24 1:2 CuS0,*5H0, 20 DMSO 6 <5 <5
25 1:2 CuS045H,0, 20 Toluene 6 <5 <5
26 1:2 CuS0,+5H,0, 20 EtOH 6 <5 <5
27 12 CuS04+5H.0, 20 Mef%{'zo 3 32 6
28 1:2 CuSO045H.0, 20 MeCN 3 70 (68) <5
29 1:2 CuS0,*5H0, 20 MeCN 1 36 <5
30° 1:2 CuS0,*5H,0, 20 MeCN 24 9 5
31 1.2 CuS0,*5H,0, 10 MeCN 3 64 <5
32 1:2 CuSO04*5H,0, 5 MeCN 3 56 <5
33 1:2 CuS04*5H,0, 1 MeCN 12 24 <5
34¢ 1:2 CuSO04*5H,0, 20 MeCN 3 71 <5

aYields were determined by *H NMR using 1,1,2,2-tetrachloroethane as an internal standard. The yields for the
isolated products are given in parenthesis. rt. °Finely powdered CuSO45H20.

Enol acetate 1a (0.5 mmol, 81 mg), diisopropyl phosphite (2a, 0.5-2 mmol, 83-332 mg),

catalyst (0—20 mol %, 0-37 mg), and a solvent (5 mL) were sequentially added to a round-bottom
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flask. The reaction mixture was stirred for 3 hours at 70 °C under air (unless otherwise stated),
cooled to room temperature, and rotary-evaporated under reduced pressure. The yields of 3a
were determined by HNMR spectroscopy using 1,1,2,2-tetrachloroethane as an internal
standard. In the run28 3a was isolated by column chromatography on silica gel using
CHCIs/MeOH = 60:1 mixture as an eluent.

(@] o _.
II:I>/O|Pr
©)J\/ ~oiPr

Diisopropyl (2-oxo-2-phenylethyl)phosphonate (3a) was synthesized as yellow oil (68%,
isolated by column chromatography using CHCls/MeOH = 60/1 as an eluent).®> *H NMR (300.13
MHz, CDCls): & = 8.04 — 7.94 (m, 2H), 7.60 — 7.50 (m, 1H), 7.49 — 7.39 (m, 2H), 4.88 — 4.52 (m,
2H), 3.57 (d, J = 22.9 Hz, 2H), 1.26 (d, J = 2.2 Hz, 6H), 1.24 (d, J = 2.2 Hz, 6H). *C NMR (75.48
MHz, CDCls): & = 192.2 (d, J = 6.7 Hz), 136.8, 133.6, 129.2, 128.6, 71.6 (d, J = 6.5 Hz), 39.9 (d,
J =130.2 Hz), 24.0 (d, J = 3.6 Hz), 23.8 (d, J = 5.0 Hz). 3P (121.49 MHz, CDCl3): & = 18.6.

General reaction conditions for copper(ll)-mediated phosphorylation of enolacetates
(experimental data for Scheme 2).

Enol acetate 1 (0.5 mmol, 81-121 mg), phosphite 2 (1.0 mmol, 110-234 mg), CuSO4-5H,0
(0.2 mmol, 25 mg), and MeCN (5 mL) were sequentially added to a round-bottom flask. The
reaction mixture (suspension) was stirred for 3 hours at 70 °C under air (air condenser) and then
cooled to room temperature, and rotary-evaporated under reduced pressure. An additional
evaporation step using a rotary vane pump (0.5 mmHg) at 80 °C was made for the evaporation
of phosphite excess. The residue was isolated by column chromatography on silica gel (eluent is
given for each product, see below).

1H, 13C, and *!P NMR spectra of the synthesized compounds 3a—c,g-I,m were in agreement

with the literature data.’>8

O O
1l _QOiPr
PiA.
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Diisopropyl (2-oxo-2-(p-tolyl)ethyl)phosphonate (3b) was synthesized as yellow oil (71%,
isolated by column chromatography using CHCls/MeOH = 60/1 as an eluent).® *H NMR (300.13
MHz, CDCls): 6 = 7.91 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 4.87-4.55 (m, 2H), 3.55 (d, J
= 22.9 Hz, 2H), 2.40 (s, 3H), 1.28 (d, J = 2.7 Hz, 6H), 1.26 (d, J = 2.7 Hz, 6H). 13C NMR (75.47
MHz, CDCls): 6 = 191.8 (d, J = 6.7 Hz), 144.6, 134.4 (d, J = 1.7 Hz), 129.4, 129.3, 71.5 (d, J =
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6.7 Hz), 39.8 (d, J = 130.4 Hz), 24.1 (d, J = 3.8 Hz), 23.9 (d, J = 5.2 Hz), 21.8. 3'P (121.49 MHz,
CDCls): & = 18.0.

O O
II:I>/OiPr
~OiPr

CH,

Diisopropyl (1-oxo-1-phenylpropan-2-yl)phosphonate (3c) was synthesized as pale yellow
oil (34%, isolated by column chromatography using DCM/EA = 3/1 as an eluent).> 'H NMR
(300.13 MHz, CDCls): & = 8.09 — 7.95 (m, 2H), 7.62 — 7.50 (m, 1H), 7.49 — 7.40 (m, 2H), 4.82 —
4.51 (m, 2H), 4.11 (dg, J = 23.6, 7.0 Hz, 1H), 1.50 (dd, J = 18.0, 7.0 Hz, 3H), 1.29 (d, J = 6.2 Hz,
3H), 1.25 (d, J = 6.2 Hz, 3H), 1.22 (d, J = 6.2 Hz, 3H), 1.17 (d, J = 6.2 Hz, 3H). *C NMR (75.50
MHz, CDCl3): ® =196.8 (d, J = 4.9 Hz), 137.2, 133.3, 129.0, 128.5, 71.5 (d, J = 2.2 Hz), 71.4 (d,
J=2.2Hz),42.0 (d, J = 131.2 Hz), 24.2 (d, J = 3.5 Hz), 24.1 (d, J = 3.5 Hz), 23.8 (d, J = 5.2 Hz),
12.3 (d, J = 6.5 Hz). 3P (121.54 MHz, CDCls): & = 21.3.

O O
II:I>/OiPr
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Diisopropyl (1-oxo-1-(p-tolyl)propan-2-yl)phosphonate (3d) was synthesized as pale
yellow oil (35%, isolated by column chromatography using CHCIls/MeOH = 60/1 as an eluent). *H
NMR (300.23 MHz, CDCls): 8 = 7.89 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 4.81 — 4.53 (m,
2H), 4.08 (dq, J = 23.4, 7.0 Hz, 1H), 2.39 (s, 3H), 1.48 (dd, J = 18.0, 7.0 Hz, 3H), 1.29 (d, J = 6.2
Hz, 3H), 1.26 (d, J = 6.2 Hz, 3H), 1.23 (d, J = 6.2 Hz, 3H), 1.18 (d, J = 6.2 Hz, 3H). 3C NMR
(75.50 MHz, CDCls): 6 = 196.3 (d, J = 4.8 Hz), 144.1, 134.7 (d, J = 1.1 Hz), 129.20, 129.19, 71.3
(d, J=7.0Hz), 41.9 (d, J =131.4 Hz), 24.2 (d, J = 3.3 Hz), 24.1 (d, J = 3.3 Hz),23.9(d, J=5.2
Hz), 21.8, 12.4 (d, J = 6.4 Hz). 3'P (121.54 MHz, CDCls): 8 = 21.6. FT-IR (thin layer): vmax = 2980,
2937, 1679, 1607, 1454, 1384, 1324, 1301, 1251, 1181, 1107, 987, 944, 786. HR-MS (ESI): m/z
= 335.1383, calc. for C1sH2504P+Na*: 335.1382.

(@] o _.
Ig/O|Pr
“OiPr
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Diisopropyl (1-oxo-1-phenylbutan-2-yl)phosphonate (3e) was synthesized as pale yellow
oil (31%, isolated by column chromatography using DCM/EA = 3/1 with gradient elution to 1/1).
IH NMR (300.13 MHz, CDCls): & = 8.05 — 7.93 (m, 2H), 7.58 — 7.49 (m, 1H), 7.49 — 7.38 (m, 2H),
4.81 — 4.49 (m, 2H), 3.96 (ddd, J = 23.2, 10.5, 3.7 Hz, 1H), 2.36 — 2.11 (m, 1H), 2.10 - 1.91 (m,
1H), 1.28 (d, J = 6.2 Hz, 3H), 1.25 (d, J = 6.2 Hz, 3H), 1.19 (d, J = 6.2 Hz, 3H), 1.15(d, J = 6.2
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Hz, 3H), 0.91 (t, J = 7.3 Hz, 3H). 3C NMR (75.47 MHz, CDCls): & = 196.7 (d, J = 5.3 Hz), 138.3,
133.2, 128.8, 128.5, 71.41 (d, J = 6.5 Hz), 71.33 (d, J = 6.5 Hz), 49.8 (d, J = 129.3 Hz), 24.2 (d,
J=3.2Hz), 24.0 (d, J = 3.2 Hz), 23.8 (d, J = 5.1 Hz), 21.3 (d, J = 4.8 Hz), 13.3 (d, J = 16.0 H2).
31p (121.54 MHz, CDCls): & = 20.4. HR-MS (ESI): m/z = 313.1563, calc. for CigH2504P+H":
313.1563. FT-IR (thin layer): vmax = 2979, 2936, 1681, 1449, 1385, 1267, 1250, 1220, 1179, 1106,
1013, 986, 774, 691, 553.

0O O
1l _OiPr
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Diisopropyl (1-oxo-1-phenylpentan-2-yl)phosphonate (3f) was synthesized as yellow oil
(31%, isolated by column chromatography using DCM/EA = 3/1 as an eluent). *H NMR (300.13
MHz, CDCl3): 6 = 8.04 — 7.92 (m, 2H), 7.59 — 7.50 (m, 1H), 7.50 — 7.39 (m, 2H), 4.82 — 4.51 (m,
2H), 4.06 (ddd, J = 23.5, 10.7, 3.5 Hz, 1H), 2.35 - 2.07 (m, 1H), 2.02 - 1.77 (m, 1H), 1.41 - 1.31
(m, 2H), 1.29 (d, J = 6.2 Hz, 3H), 1.26 (d, J = 6.2 Hz, 3H), 1.20 (d, J = 6.2 Hz, 3H), 1.15(d, J =
6.2 Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H). 3C NMR (75.47 MHz, CDCls): & = 196.7 (d, J = 5.3 Hz),
138.20, 133.2, 128.8, 128.5, 71.46 (d, J = 7.6 Hz), 71.35 (d, J = 7.6 Hz), 47.9 (d, J = 129.3 Hz),
29.8 (d, J =5.0 Hz), 24.2 (d, J = 3.5 Hz), 24.1 (d, J = 3.5 Hz), 23.8 (d, J = 5.4 Hz), 22.0 (d, J =
15.5 Hz), 14.0. 3P (121.49 MHz, CDCl;): & = 21.4. HR-MS (ESI): m/z = 344.1985, calc. for
C17H2704P+NH,": 344.1983. FT-IR (thin layer): vmax = 2978, 2934, 1681, 1449, 1385, 1250, 1209,
1178, 1107, 986, 771, 552.

O o
1_OiPr
w ~OiPr
F

Diisopropyl (2-(4-fluorophenyl)-2-oxoethyl)phosphonate (3g) was synthesized as yellow
oil (58%, isolated by column chromatography using CHCls/MeOH = 60/1 as an eluent).® IH NMR
(300.13 MHz, CDCls): 6 = 8.13 - 7.93 (m, 2H), 7.19-7.01 (m, 2H), 4.79-4.56 (m, 2H), 3.53 (d, J
=22.9 Hz, 2H), 1.26 (d, J = 1.9 Hz, 6H), 1.24 (d, J = 1.9 Hz, 6H). *3C NMR (75.470 MHz, CDCly):
0 =190.5 (d, J = 6.5 Hz), 166.1 (d, J = 255.7 Hz), 133.2 (d, J = 2.5 Hz), 132.0 (d, J = 9.5 H2z),
115.7 (d, J = 22.0 Hz), 71.7 (d, J = 6.6 Hz), 40.0 (d, J = 129.7 Hz), 24.0 (d, J = 3.7 Hz), 23.8 (d, J
= 5.0 Hz). 3P (121.54 MHz, CDCls): & = 17.5.
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Diisopropyl (2-(4-chlorophenyl)-2-oxoethyl)phosphonate (3h) was synthesized as yellow
oil (65%, isolated by column chromatography using CHCls/MeOH = 80/1 with gradient elution to
60/1).> *H NMR (300.13 MHz, CDCls): & = 7.96 (d, J = 8.6 Hz, 2H), 7.43 (d, J = 8.6 Hz, 2H), 4.82
—4.59 (m, 2H), 3.54 (d, J = 23.0 Hz, 2H), 1.27 (d, J = 1.5 Hz, 6H), 1.25 (d, J = 1.5 Hz, 6H). 13C
NMR (75.47 MHz, CDCls): 6 = 191.0 (d, J = 6.7 Hz), 140.2, 135.1, 130.7, 128.9, 71.7 (d, J = 6.7
Hz), 40.1 (d, J = 129.5 Hz), 24.1 (d, J = 3.9 Hz), 23.9 (d, J = 5.0 Hz). 3'P (121.49 MHz, CDCl3): &
=18.1.

o O _.
II:I)/OlPr
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Diisopropyl (2-(4-bromophenyl)-2-oxoethyl)phosphonate (3i) was synthesized as pale
yellow oil (80%, isolated by column chromatography using DCM/EA = 3/1 as an eluent).® *H NMR
(300.13 MHz, CDCls): 6 = 7.88 (d, J = 8.6 Hz, 2H), 7.59 (d, J = 8.6 Hz, 2H), 4.83 — 4.60 (m, 2H),
3.53 (d, J=23.0 Hz, 2H), 1.27 (d, J = 1.6 Hz, 6H), 1.25 (d, J = 1.6 Hz, 6H). *C NMR (75.47 MHz,
CDCl3): 6 =191.2 (d, J = 6.6 Hz), 135.5, 131.9, 130.8, 129.0, 71.7 (d, J = 6.6 Hz), 40.1 (d, J =
129.4 Hz), 24.1 (d, J = 3.6 Hz), 23.9 (d, J = 4.9 Hz). 3'P (121.54 MHz, CDCl;): d = 17.2.

o O _.
II:I>/O|Pr
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Diisopropyl (2-(4-iodophenyl)-2-oxoethyl)phosphonate (3j) was synthesized as yellow oil
(40%, isolated by column chromatography using CHCIls/MeOH = 60/1 as an eluent). *H NMR
(300.13 MHz, CDCls): 8 = 7.82 (d, J = 8.6 Hz, 2H), 7.71 (d, J = 8.6 Hz, 2H), 4.83 — 4.55 (m, 2H),
3.52 (d, J=23.0 Hz, 2H), 1.27 (d, J = 1.8 Hz, 6H), 1.25 (d, J = 1.8 Hz, 6H). *C NMR (75.47 MHz,
CDCls): 8 =191.5 (d, J = 6.7 Hz), 137.9, 136.0 (d, J = 1.4 Hz), 130.6, 101.9, 71.7 (d, J = 6.7 Hz),
39.9 (d, J = 129.5 Hz), 24.1 (d, J = 3.9 Hz), 23.9 (d, J = 5.2 Hz). 3P (121.54 MHz, CDCls): d =
17.2. HR-MS (ESI): m/z = 433.0036, calc. for C14H20l04P+Na*: 433.0038. FT-IR (thin layer): vmax
= 2928, 1727, 1678, 1646, 1581, 1563, 1384, 1270, 1182, 988, 802, 741, 703.
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Diisopropyl (2-(2-chlorophenyl)-2-oxoethyl)phosphonate (3k) was synthesized as pale
yellow oil (60%, isolated by column chromatography using CHCIls/MeOH = 60/1 as an eluent). *H
NMR (300.23 MHz, CDCls): & = 7.59 — 7.52 (m, 1H), 7.43 — 7.37 (m, 2H), 7.36 — 7.27 (m, 1H),
4.84 — 4.55 (m, 2H), 3.66 (d, J = 22.5 Hz, 2H), 1.25 (d, J = 3.3 Hz, 6H), 1.23 (d, J = 3.3 Hz, 6H).
13C NMR (75.50 MHz, CDClz): 8 =194.7 (d, J = 7.0 Hz), 139.0, 132.2, 131.2, 130.5, 130.2, 127.0,
71.6 (d, J = 6.7 Hz), 43.6 (d, J = 128.7 Hz), 24.0 (d, J = 3.9 Hz), 23.8 (d, J = 5.1 Hz). 3IP (121.54
MHz, CDCls): & = 16.9. HR-MS (ESI): m/z = 357.0419, calc. for C14H20ClIO4P+K™*: 357.0416. FT-
IR (thin layer): vmax = 2981, 2932, 1698, 1590, 1435, 1385, 1287, 1258, 1180, 1106, 1018, 989,
777,760, 737.

(0]
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Diisopropyl (2-(3-bromophenyl)-2-oxoethyl)phosphonate (3I) was synthesized as yellow
oil (79%, isolated by column chromatography using CHCIl:/MeOH = 60/1 as an eluent). *H NMR
(300.13 MHz, CDCl3): 6 =8.14 (t, J = 1.9 Hz, 1H), 7.94 (dt, J = 8.0, 1.4 Hz, 1H), 7.69 (dt, J = 8.0,
1.4 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 4.83 — 4.60 (m, 2H), 3.55 (d, J = 23.0 Hz, 2H), 1.28 (d, J =
2.2 Hz, 6H), 1.26 (d, J = 2.2 Hz, 6H). *C NMR (75.47 MHz, CDClz): 3 = 190.9 (d, J = 6.8 Hz),
138.4 (d, J = 1.2 Hz), 136.4, 132.3, 130.2, 127.9, 122.9, 71.8 (d, J = 6.8 Hz), 40.1 (d, J = 129.6
Hz), 24.1 (d, J = 3.9 Hz), 23.9 (d, J = 5.2 Hz). 3P (121.54 MHz, CDCls): 3 = 16.9. HR-MS (ESI):
m/z = 380.0621, 382.0601, calc. for C1aH20BrOsP+NH,": 380.0628, 382.0615. FT-IR (thin layer):
vmax = 2980, 2933, 1686, 1566, 1385, 1255, 1199, 1179, 1141, 1106, 987, 888, 792, 782, 590.

O o
_OiPr
P
~o

Diisopropyl (2-(4-methoxyphenyl)-2-oxoethyl)phosphonate (3m) was synthesized as
yellow oil (56%, isolated by column chromatography using CHCIls/MeOH = 60/1 as an eluent).®
'H NMR (300.23 MHz, CDCls): d = 8.00 (d, J = 8.9 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H), 4.85 — 4.58
(m, 2H), 3.87 (s, 3H), 3.53 (d, J = 22.8 Hz, 2H), 1.28 (d, J = 2.7 Hz, 6H), 1.26 (d, J = 2.7 Hz, 6H).
13C NMR (75.50 MHz, CDCl3): = 190.6 (d, J = 6.6 Hz), 164.0, 131.7, 130.0 (d, J = 1.4 Hz), 113.8,
71.5 (d, J = 6.8 Hz), 55.6, 39.7 (d, J = 130.1 Hz), 24.1 (d, J = 3.9 Hz), 23.9 (d, J = 5.2 Hz). 3'P
(121.54 MHz, CDCls): 6 = 18.2.
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Diisopropyl (2-(furan-2-yl)-2-oxoethyl)phosphonate (3n) was synthesized as brown oil
(19%, isolated by column chromatography using CHCIls/MeOH = 60/1 as an eluent). *H NMR
(300.13 MHz, CDClz): 6 = 7.61 (dd, J = 1.8, 0.8 Hz, 1H), 7.29 (dd, J = 3.6, 0.8 Hz, 1H), 6.55 (dd,
J=3.6, 1.7 Hz, 1H), 4.85 - 4.59 (m, 2H), 3.45 (d, J = 22.7 Hz, 2H), 1.29 (d, J = 1.6 Hz, 6H), 1.27
(d, 3 =1.6 Hz, 6H). *C NMR (75.47 MHz, CDCl5): d = 180.4 (d, J = 7.1 Hz), 152.5, 147.1, 119.0,
112.8, 71.7 (d, J = 6.6 Hz), 39.6 (d, J = 130.5 Hz), 24.1 (d, J = 3.9 Hz), 23.9 (d, J = 5.2 Hz). 3P
(121.54 MHz, CDCls): & = 17.3. HR-MS (ESI): m/z = 275.1043, calc. for C12H2104P+H*: 275.1041.
FT-IR (thin layer): vmax = 2980, 2930, 1674, 1568, 1467, 1387, 1301, 1254, 1208, 1178, 1142,
1106, 987, 886, 770.

Q 9 OMe
P/
©)J\/ “OMe

Dimethyl (2-oxo-2-phenylethyl)phosphonate (30) was synthesized as yellow oil (28%,
isolated by column chromatography using DCM/MeOH = 40/1 as an eluent).® *H NMR (300.23
MHz, CDCls): & = 8.06 — 7.91 (m, 2H), 7.64 — 7.53 (m, 1H), 7.52 — 7.39 (m, 2H), 3.76 (d, J = 11.2
Hz, 6H), 3.62 (d, J = 22.6 Hz, 2H). 3C NMR (75.50 MHz, CDCls): 8 = 191.9 (d, J = 6.6 Hz), 136.5
(d, J=2.5Hz), 133.9, 129.1, 128.8, 53.2 (d, J = 6.5 Hz), 37.6 (d, J = 131.4 Hz). 3'P (121.54 MHz,
CDCls): 6 = 22.8.

0O O
1l_OEt
Pl

Diethyl (2-oxo-2-phenylethyl)phosphonate (3p) was synthesized as yellow oil (50%,
isolated by column chromatography using CHCls/MeOH = 60/1 as an eluent).® *H NMR (300.13
MHz, CDCls): & = 8.15 — 7.81 (m, 2H), 7.70 — 7.52 (m, 1H), 7.51 — 7.31 (m, 2H), 4.31 — 3.93 (m,
4H), 3.62 (d, J = 22.7 Hz, 2H), 1.26 (t, J = 7.1 Hz, 6H). *C NMR (75.50 MHz, CDCls): d = 192.0
(d, J=6.7 Hz), 136.6 (d, J = 1.8 Hz), 133.8, 129.1, 128.7, 62.8 (d, J = 6.5 Hz), 38.6 (d, J =130.1
Hz), 16.3 (d, J = 6.3 Hz). *'P (121.54 MHz, CDCls): & = 20.0.
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Dibutyl (2-oxo-2-phenylethyl)phosphonate (3q) was synthesized as yellow oil (63%,
isolated by column chromatography using CHCls/MeOH = 60/1 as an eluent).® *H NMR (300.13
MHz, CDCls): & = 8.09-7.88 (m, 2H), 7.65-7.52 (m, 1H), 7.51-7.34 (m, 2H), 4.15-3.91 (m, 4H),
3.61 (d, J=22.8 Hz, 2H), 1.69-1.45 (m, 4H), 1.42-1.15 (m, 4H), 0.86 (t, J = 7.4 Hz, 6H). 3C NMR
(75.50 MHz, CDCl3): 8 =192.0 (d, J = 6.7 Hz), 136.6 (d, J =1.9 Hz), 133.7, 129.1, 128.6, 66.4 (d,
J=6.8Hz),38.4(d, J=129.5 Hz), 32.4 (d, J = 6.3 Hz), 18.7, 13.6. 3!P (121.49 MHz, CDCl;): 6 =

20.8.
0 (Pu OPh

Diphenyl (2-oxo-2-phenylethyl)phosphonate (3r) was synthesized as yellow oil (26%,
isolated by column chromatography using CHCls/MeOH = 60/1 as an eluent).! *H NMR (300.13
MHz, CDClIs): & = 8.05-7.92 (m, 2H), 7.61-7.49 (m, 1H), 7.47-7.37 (m, 2H), 7.31 — 7.18 (m, 4H),
7.17 — 7.01 (m, 6H), 3.88 (d, J = 22.7 Hz, 2H). *3C NMR (75.50 MHz, CDCl3): & = 190.8 (d, J =
7.1 Hz), 150.1 (d, J = 8.8 Hz), 136.4 (d, J = 2.7 Hz), 134.0, 129.9 (d, J = 1.1 Hz), 129.1, 128.8,
125.5 (d, J = 1.4 Hz), 120.7 (d, J = 4.5 Hz), 37.9 (d, J = 133.4 Hz). 'P (121.54 MHz, CDCl3): 8 =
13.2.

O O
_Ph

Pl
©)V Ph

2-(diphenylphosphoryl)-1-phenylethan-1-one (3s) was synthesized as white solid (58%,
isolated by column chromatography using DCM/EA = 5/1 with gradient elution to 1/1).! Mp = 134—
135°C. 'H NMR (600.13 MHz, CDCls): 8 = 8.08 — 7.92 (m, 2H), 7.90 — 7.71 (m, 4H), 7.65 — 7.33
(m, 9H), 4.17 (d, J = 15.1 Hz, 2H). 3C NMR (75.50 MHz, CDCl3):  =193.0 (d, J = 5.5 Hz), 137.1,
133.7,132.28 (d, J = 2.8 Hz), 132.1 (d, J = 103.3 Hz), 131.24 (d, J = 9.8 Hz), 129.4, 128.8, 128.65
(d, J=1.0 Hz), 43.46 (d, J = 57.9 Hz). 3P (242.93 MHz, CDCls): & = 29.3.

Gram-scale synthesis of 3a (experimental data for Scheme 3).

Enol acetate 1a (6 mmol, 973 mg), diisopropyl phosphite (2a, 12 mmol, 1.994 g), CuSO4-5H,0
(1.2 mmol, 300 mg), and MeCN (30 mL) were sequentially added to a round-bottom flask. The
reaction mixture was stirred for 12 hours at 70 °C under air and then cooled to room temperature,

and rotary-evaporated under reduced pressure. An additional evaporation step using a rotary
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vane pump (0.5 mm Hg) at 80 °C was made for the evaporation of phosphite excess. [3-
ketophosphonate 3a (1.31 g, 4.61 mmol, 77%) was isolated by column chromatography on silica

gel on silica gel using CHCIs/MeOH = 60/1 as an eluent.

Reaction of enolacetate la with diisopropyl phosphite (2a) at standard reaction
conditions in the presence of radical scavengers (experimental data for Scheme 4,
reaction 1).

Enol acetate (0.5 mmol, 81 mg), diisopropyl phosphite (2a, 1.0 mmol, 166 mg), CuSO4-5H,0
(0.2 mmol, 25 mg), BHT (1.5 mmol, 330 mg) or TEMPO (1.5 mmol, 234 mg) and MeCN (5 mL)
were sequentially added to a round-bottom flask. The reaction mixture was stirred for 3 hours at
70 °C under air and then cooled to room temperature, and rotary-evaporated under reduced
pressure. The residue was analyzed using *H and 3P NMR spectroscopy and HRMS.

Reaction of enolacetate la with diisopropyl phosphite (2a) at standard reaction
conditions under Oz or inert atmosphere (experimental data for Scheme 4, reaction 2b and
2c).

Enol acetate (0.5 mmol, 81 mg), diisopropyl phosphite (2a, 1.0 mmol, 166 mg), CuSO4-5H,0
(0.1 mmol, 25 mg), and MeCN (5 mL) were sequentially added to a round-bottom flask. The flask
was evacuated and backfilled with Ar or O, (this procedure was repeated three times). The
reaction mixture was stirred for 3 hours at 70 °C, cooled to room temperature, and rotary-
evaporated under reduced pressure. The residue was analyzed using 'H and 3P NMR
spectroscopy.

Reaction of enolacetate la with diisopropyl phosphite (2a) with 10-fold excess of
CuS04-5H,0 under inert atmosphere (experimental data for Scheme 4, reaction 2d).

Enol acetate (0.5 mmol, 81 mg), diisopropyl phosphite 2a (1.0 mmol, 166 mg), CuSO4-5H,0
(2 mmol, 250 mg), and MeCN (5 mL) were sequentially added to a round-bottom flask. The flask
was evacuated and backfilled with Ar (this procedure was repeated three times). The reaction
mixture was stirred for 3 hours at 70 °C, cooled to room temperature, and rotary-evaporated under

reduced pressure. The residue was analyzed using *H and 3P NMR spectroscopy.

Reaction of vinyl azide 4a or silyl enol ether 4b with diisopropyl phosphite (2a) at
standard reaction conditions (experimental data for Scheme 4, reaction 3).

Vinyl azide 4a (0.5 mmol, 73 mg) or silyl enol ether 4b (0.5 mmol, 96 mg), diisopropyl phosphite
(2a, 1.0 mmol, 166 mg), CuSO4-5H,0 (1 mmol, 250 mg), and MeCN (5 mL) were sequentially
added to a round-bottom flask. The flask was evacuated and backfilled with Ar (this procedure
was repeated three times). The reaction mixture was stirred for 3 hours at 70 °C, cooled to room
temperature, and rotary-evaporated under reduced pressure. The residue was analyzed using *H

and 3P NMR spectroscopy.
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9 OiPr 4 Pulse Sequence 0
: 5 MNurrber of 5@ns 1
QiPr 6 Receiver Gain 32.1
p 7 Relaxation Delay 0.1000
n-rr 8 Pulse Vidth 14.7500
9 Spedcrometer Frequency 300.13
10 Spedtral Width 6009.6
11 Lowest Frequency -911.1
12 Nudeus 1H
13 Acquired Size 16316
14 Spedral Size 65530
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1 THe BUD1278.413C}.13.fid
13C NMR (75.47 MHz, CDCy) i e
: ' 3 3 Termperature 207.5
.. 4 Pulse Sequence zgpgblbase
Dllsopropyl (1-0)(0-1- 5 Nurmber of Scans 555
phenylpentan-2- 6 Receiver Gain 3250.0
yphosphonate, 3f 7 Relaxation Dely 1.0000
8 Pulse Width 14,3000
. 9 Spedrometer Frequency 75.48
1_QOiPr 10 Spedral Width 18115.9
~OiPr 11 Lowest Frequency -746.8
12 Nucleus 13C
n-Pr 13 Acguired Size 16316
14 Spedral Size 65536
I
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1P NMR (121.49 MHz, CDCls)

Diisopropyl (1-oxo-1-
phenylpentan-2-
yhphosphonate, 3f

@)
_QiPr
“OiPr

n-Pr

—21.40

Title

Solvent
Temperature
Pulse Sequence
Number of S cans
Receiver Gain
Relaxation Delay
Pulse Width

Lo B I = T T

10 Spectral Width

11 Lowest Frequency
12 Mucleus

13 Acquired Size

14 Spectral Size

BUD1278.{31P}.31.fid
CDCl3

297.8

zgpg30

51

2050.0

2.0000

14,7000

9 Spectrometer Frequency 121.49

96153.8
-54043.6
31p
32700
65536
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IH NMR (300.13 MHz, CDCls) f f f /
Diisopropyl (2-(4-
fluorophenyl)-2- 1 Title BUD687 {1H}.1.fid
oxoethyl)phosphonate, 3g 2 Solvent cod3
3 Temperature 298.0
O 9/OiPI‘ 4 Pulse Sequence zg
. 5 Number of Scans i
OiPr 6 Receiver Gain 32.0
7 Relaxation Delay 0.1000
F 8 Pulse Width 14.7000
9 Spectrometer Frequency 300.23
10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nucleus iH
13 Acquired Size 16308
14 Spectral Size 65536
I
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13C NMR (75.47 MHz, CDCl5)

Diisopropyl (2-(4-
fluorophenyl)-2-
oxoethyl)phosphonate, 3g

O o

Ig/OiPr

w ~OiPr
F
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ppm
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—17.48

3P NMR (121.54 MHz, CDCls)

Diisopropyl (2-(4-
fluorophenyl)-2-
oxoethyl)phosphonate, 3g

O o
Ig/OiPr
/@JV ~OiPr
F

1 Tite BUDBEY . {31P HNVGATED.3.fid
2 Solvent COC2

3 Temperature 208.0

4 Pulse Sequence zgig30

5 Murrber of Scans 128

6 FReceiver Gain 10.0

7 Relaxation Delay 3.0000
8 PulseWwidth 11.0000
9 Spedrometer Frequency 121.54
10 Spedral Width 48543.7
11 Lowest Frequency -24272.1
12 Nucleus 31P

13 Acguired Size 32692
14 Spedral Size 65536
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'H NMR (300.13 MHz, CDCls)
Diisopropyl (2-(4- 1 Title BUD1383.{1H}.1.fid
chlorophenyl)-2- 2 Solvent CDCi3
oxoethyl)phosphonate, 3h 3 Temperature 298.0
4 Pulse Sequence Fs|
@) 5 Number of Scans 1
l_OiPr 6 Receiver Gain 32.0
NAC 7 Relaxation Delay 0.1000
OIPr 8 Pulse Width 14.7000
9 Spectrometer Frequency 300.23
Cl 10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nucleus iH
13 Acquired Size 16308
14 Spectral Size 65536
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1 Title BUD1385 .{13C}.13.fid
2 Saolvent CDCI3
13C NMR (75.47 MHz, CDCl5) 3 Temperature 2076
4 Pulse Sequence zgpgb0base
Diisopropy| (2_(4_ 5 MNumber of Scans 856
Chlorophenyl)—Z— 6 Receiver Gain 3250.0
7 Relaxaton Delay 1.0000
oxoethyl)phosphonate, 3h 8 Pulse Width 14.3000
9 Spectrometer Frequency 75.48
o . 10 Spectral Width 18115.9
I /OIPr 11 Lowest Frequency -747.5
~OiPr 12 Nudeus 13C
13 Acquired Size 16316
cl 14 Spectral Size 65536
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|
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1 Title BUD1384 {31P}.31 fid
2 Solvent CDCI3
31P NMR (12149 MHZ, CDCI3) 3 Temperature 297.8
.. 4 Pulse Sequence zgpg30
Diisopropyl (2-(4- 5 Number of Scans 464
chlorophenyl)-2- 6 Receiver Gain 2050.0
oxoethyl)phosphonate, 3h 7 Relaxation Delay 2.0000
8 Pulse Width 14.7000
9 Spectrometer Frequency 121.49
o (IDI OiPr 10 Spectral Width 96153.8
: . 11 Lowest Frequency -54043.6
OiPr 12 Nucleus 31p
13 Acquired Size 32700
Cl 14 Spectral Size 65536
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IH NMR (300.13 MHz, CDCls)
Diisopropyl (2-(4-
bromophenyl)-2-
Oxoethy|)phosphonate’ 3i 1 Title BUD1263-1.{1H}.1.fid
2 Solvent CcDCI3
O O 3 Temperature 298.0
||/OiPr 4 Pulse Sequence zg
~ . 5 MNumber of Scans 1
OiPr 6 Receiver Gain 32.0
7 Relaxation Delay 0.1000
Br 8 Pulse Width 14.7000
9 Spectrometer Frequency 300.23
10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nucleus iH
13 Acquired Size 16308
14 Spectral Size 65536
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1 Title BUD1263-1.{13C}.2 fid
2 Solvent CDCI3
3 Temperature 298.0
i 4 Pulse Sequence zgpg30
13 !
C NMR (75.47 MHz, CDCls) S Number of Scans <00
.. 6 Receiver Gain 101.0
D||sopropyl (2'(4' 7 Relaxation Delay 0.8000
bromophenyl)-2- 8 Pulse Width 9.9000
Oxoethyl)phosphonate, 3i 9 Spectrometer Frequency 75.50
10 Spectral Width 17857.1
O 11 Lowest Frequency -1371.5
||/inr 12 Nucleus 13C
~ . 13 Acquired Size 20412
OiPr 14 Spectral Size 65536
Br
|
|
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1 Tite BUD1263-1.{31P}INVGATED.3.fid
2 Saolvent CDCI3
3 Temperature 298.0
1P NMR (121.54 MHz, CDCls) 4 Pulse Sequence 24ig30
5 MNumber of Scans 16
Diisopropy| (2-(4- 6 Receiver Gain 101.0
bromophenyl)_z_ 7 Relaxation Delay 3.0000
. 8 Pulse Width 11.0000
Oxoethyl)phosphonate’ 3' 9 Spectrometer Frequency 121.54
10 Spectral Width 48543.7
O . 11 Lowest Frequency -24272.1
B/OIPI’ 12 Nucleus 31p
\inr 13 Acquired Size 32692
14 Spectral Size 65536
Br
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IH NMR (300.13 MHz, CDCl5)

Diisopropyl (2-(4-
iodophenyl)-2-
oxoethyl)phosphonate, 3j

O O
n_OiPr
P

~OiPr

i

/

1 Title BUD1244-1.{1H}.1.fid
2 Saolvent CDCI3

3 Temperature 298.0

4 Pulse Sequence zg

5 Number of Scans 1

6 Receiver Gain 32.0

7 Relaxation Delay 0.1000
8 Pulse Width 14.7000
9 Spectrometer Frequency 300.23
10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nudeus 1H

13 Acquired Size 16308
14 Spectral Size 65536
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1 Title BUD1244-1.413C}.2.fid
2 Solvent CcDCI3
3 Temperature 298.0
13C NMR (7550 MHz CDC|3) 4 Pulse Sequence zgpg30
' 5 Number of Scans 600
| . i
Diisopro | (2-(4- 6 Receiver Gain 101.0
iod P hpy |( 2( | 7 Relaxation Delay 0.8000
iodophenyl)-2- _ 8 Pulse Width 9.9000
Oxoethyl)phosphonate, K] 9 Spectrometer Frequency 75.50
10 Spectral Width 17857.1
@) ) 11 Lowest Frequency -1372.0
1l_OiPr 12 Nudleus 13¢
N A - 13 Acquired Size 20412
OiPr 14 Spectral Size 65536
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1 Tide BUD1244-1.{31P}INVGATED.3.fid
2 Solvent CcDCI3
3 Temperature 298.0
4 Pulse Sequence Zgig30
3P NMR (121.54 MHz, CDCls) 5 Number of S cans 128
& Receiver Gain 101.0
Diisopro py| (2_(4_ 7 Relaxation Delay 3.0000
iOdOphenyl)—Z— 8 Pulse Width 11.0000
. 9 Spectrometer Frequency 121.54
oxoethyl)phosphonate, 3j 10 Spectral Width 48543.7
11 Lowest Frequency -24272.1
o _ 12 Nucleus 31p
n_QOiPr 13 Acquired Size 32692
NAC
OlPr 14 Speciral Size 65536
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'H NMR (300.13 MHz, CDCls)
Diisopropyl (2-(2- 1 Tite BUD1250-1 {1H}.1.fid
chlorophenyl)-2- 2 Solvent coci3
oxoethyl)phosphonate, 3k 3 Temperature 298.0
4 Pulse Seguence zg
O 5 Number of Scans 1
1_QiPr 6 Receiver Gain 32.0
P _. 7 Relaxation Delay 0.1000
OiPr 8 Pulse Width 14.7000
9 Specrometer Frequency 300.23
Cl 10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nucleus iH
13 Acquired Size 16308
14 Spedral Size 65536
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1 Title BUD1250-1.{13C}.2.fid
2 Solvent CcDCI3
3 Temperature 298.0
4 Pulse Sequence zgpg30
13C NMR (7547 MHz CDC|3) 5 Number of Scans 500
’ 6 Receiver Gain 101.0
DiiSO ro | 2-(2- 7 Relaxation Delay 0.8000
hl p I‘?y (I (2 8 Pulse Width 9.9000
c Orop eny )_ B 9 Spectrometer Frequency 75.50
oxoethyl)phosphonate, 3k 10 Spectral Width 17857.1
11 Lowest Frequency -1370.5
o _ 12 Nucleus 13C
II:L/OIPI’ 13 Acquired Size 20412
\OiPr 14 Spectral Size 65536
Cl
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1 Title BUD1250-1.{31P}INVGATED.3.fid
2 Solvent CDCI3
3 Temperature 298.0
1P NMR (121.54 MHz, CDCls) 4 Pulse Sequence zgig30
5 Number of Scans 128
Diisopropyl (2-(2- 6 Receiver Gain 101.0
CthfOphenyl)-Z- 7 Relaxation Delay 3.0000
8 Pulse Width 11.0000
Oxoethyl)phosphonate’ 3k 9 Spectrometer Frequency 121.54
10 Spectral Width 48543.7
O . 11 Lowest Frequency -24272.1
”/OIPr 12 Nucleus 31pP
\OiPr 13 Acquired Size 32692
14 Spectral Size 65536
Cl
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IH NMR (300.13 MHz, CDCls)
Diisopropyl (2-(3-
bromophenyl)-2- 1 Tite BUD1253-1.{1H}.1.fid
oxoethyl)phosphonate, 3l 2 Solvent CDCi3
3 Temperature 298.0
@) O . 4 Pulse Sequence zg
II:I,/OIPr 5 Number of Scans 1
A 6 Receiver Gain 32.0
OiPr 7 Relaxation Delay 0.1000
8 Pulse Width 14.7000
9 Spectrometer Frequency 300.23
Br 10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nucleus iH
13 Acquired Size 16308
14 Spectral Size 65536
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1 Tide BUD1253-1.{13C}.2.fid
2 Solvent CDCI3
3 Temperature 298.0
4 Pulse Sequence zgpg30
13 5 MNumber of Scans 500
C NMR (75.47 MHz, CDCl) 6 Receiver Gain 101.0
- 7 Relaxation Delay 0.8000
Diisopropyl (2-(3- 8 Pulse Width 9.2000
bromophenyl)-Z- 9 Spectrometer Frequency 75.50
oxoethyl)phosphonate, 3l 10 Spectral Width 17857.1
11 Lowest Frequency -1370.5
®) 12 Nucleus 13C
_OiPr 13 Acquired Size 20412
Pl 14 Spectral Size 65536
OiPr
Br
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 40 30 20 10

ppm

549



—16.91

1 Title BUD1253-1.{31P}INVGATED.3.fid
2 Solvent CDCI3
3 Temperature 298.0
3P NMR (121.54 MHz, CDCls) 1 Pulse Sequence 20930
DiiSOprOpyI (2_(3_ 6 Receiver Gain 101.0
7 Relaxation Delay 3.0000
bromophenyl)-2- 8 Pulse Width 11.0000
Oxoethyl)phosphonate, 3l 9 Spectrometer Frequency 121,54
10 Spectral Width 48543.7
11 Lowest Frequency -24272.1
l_QOiPr 12 Nucleus 31P
NA 13 Acquired Size 32692
OiPr 14 Spectral Size 65536
Br
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IH NMR (300.13 MHz, CDCls) ‘[ j [ Jj /
Diisopropyl (2-(4-
methoxyphenyl)-2- 1 Title BUD1247.{1H}.1.fid
oxoethyl)phosphonate, 3m 2 Salvent coci
3 Tenperature 208.0
0) 4 Pulse Sequence za
n_OiPr S5 Number of S@ns 1
~ . 6 Receiver Gain 32.0
OiPr 7 Relaxation Delay 0.1000
~ 8 Pulse Width 14,7000
O 0 Spectrometer Frequency 300.23
10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nudeus 1H
13 Acguired Size 16308
14 Spectral Size 63536
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1 Tite BUD1247.
{13C}.2.fid
2 Solvent CDCI3
3 Temperature 298.0
13C NMR (7547 MHZ, CDC|3) 4 Pulse Sequence zgpg30
5 Number of Scans 800
i 6 Receiver Gain 101.0
D”SOprOpyI (2 (4 7 Relaxation Delay  0.8000
methoxyphenyl)-2- 8 Pulse Width 9.9000
oxoethyl)phosphonate, 3m 9 Spectrometer 75.50
Frequency
O 10 Spectral Width 17857.1
1 /OiPr 11 Lowest Frequency -1369.8
P_ . 12 Nucleus 13C
OiPr 13 Acquired Size 20412
14 Spectral Size 65536
~o
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1 Title BUD1247.{31P}INVGATED.3.fid
2 Solvent CDCI3
3 Temperature 298.0
31 4 Pulse Sequence zqgig30
P NMR (121.54 MHz, CDCls) 5 Number of Scans 128
P 6 Receiver Gain 101.0
Diisopropyl (2-(4- 7 Relaxation Delay 3.0000
methoxyphenyl)-2- 8 Pulse Width 11.0000
oxoethyl)phosphonate, 3m 9 Spectrometer Frequency 121.54
10 Spectral Width 48543.7
O 11 Lowest Frequency -24272.1
II/OiPr 12 Nucleus 31P
P _. 13 Acquired Size 32692
OiPr 14 Spectral Size 65536
~
O
L 1
L S S S B B B B L L E S S B S S S S B B B EL e O B S S S B B R R NS BN S N AL N R m e
190 170 150 130 110 90 70 50 30 i0 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190
ppm

S53



—H O OO OO YL COMNOINTMNM AN = DMNMS
LYY MmMMANNININnWN WMV OOYOOT T ANNANN
| e B N B T S N b N (s R (e (s JaVa] A~ S RS S . B i - L~ i~ S i e S B a0 IR e B o B o B o
IH NMR (300.13 MHz, CDCl5)
Diisopropyl (2-(furan-2-yl)-2-
oxoethyl)phosphonate, 3n 1 Title BUD1240-1 {1H}.1 fid
2 Solvent CDCI3
(@) 3 Temperature 298.0
B/inr 4 Pulse Sequence zg
N . 5 Mumber of Scans 1
o OiPr 6 Receiver Gain 32.0
\ O 7 Relaxation Delay 0.1000
8 Pulse Width 14.7000
9 Spectrometer Frequency 300.23
10 Spectral Width 5882.4
11 Lowest Frequency -1094.5
12 Nucleus 1H
13 Acguired Size 16308
14 Spectral Size 65536
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1 Tite BUD1240-1.{13C}.2.fid
2 Solvent CcDCI3
3 Temperature 298.0
13C NMR (7547 MHZ, CDC|3) 4 Pulse Sequence zgpg30
5 Number of Scans 800
Diisopropyl (2-(furan-2-yl)-2- 6 Receiver Gain 101.0
7 Relaxation Delay 0.8000
oxoethyl)phosphonate, 3n 8 Pulse Width 9.9000
9 Spectrometer Frequency 75.50
O o _ 10 Spectral Width 17857.1
IIDI/OIPI‘ 11 Lowest Frequency -1370.2
AN \OiPr 12 Mucleus 13C
\ 13 Acquired Size 20412
(@) 14 Spectral Size 65536
|
|
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ppm
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—17.27

1 Title BUD1240-1.{31P}NVGATED.3.fid
2 Solvent CDCI3
3 Temperature 298.0
4 Pulse Sequence zgig30
3P NMR (121.54 MHz, CDCls)  Numberof scans 128
eceiver Gain .
Diisopropy! (2-(furan-2-yl)-2- ; Ejl':e"a\;:’d”th[)e'a‘f’ i“gggn
Oxoethyl)phosphonate’ 3n 9 Spectrometer Frequency 121.54
10 Spectral Width 48543.7
. 11 Lowest Frequency -24272 .1
II/OIPr 12 Nucleus 31P
AN \inr 13 Acquired Size 32602
\ 14 Spectral Size 65536
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IH NMR (300.13 MHz, CDCl5)

Dimethyl (2-ox0-2-
phenylethyl)phosphonate,
30
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Title

Solvent
Temperature
Pulse Sequence
MNumber of Scans
Receiver Gain
Relaxation Delay
Pulse Width

(Y= e+ B R = R L I L I

10 Spectral Width

11 Lowest Frequency
12 Nucleus

13 Acquired Size

14 Spectral Size

BUD1271-1.{1H}.1 fid
cocl3

298.0

zg

1

32.0

0.1000

14.7000

Spectrometer Frequency 300.23

5882.4
-1094.5
iH
16308
65536

3.78
3.74
3.66

/
\
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3.58

6.21
2.00;} :
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1 Tide BUD1271-1.{13C}.2.fid
13C NMR (75.47 MHz, CDCl5) 2 Solvent coci3
3 Temperature 298.0
Dlmethyl (2-OXO-2- 4 Pulse Sequence zgpg30
5 Number of Scans 700
phenylethyl)phosphonate, 6 Receiver Gain 101.0
30 7 Relaxation Delay 0.8000
8 Pulse Width 9.9000
O 9 Spectrometer Frequency 75.50
I -OMe 10 Spectral Width 17857.1
~
OMe 11 Lowest Frequency -1373.7
12 Nucleus 13C
| 13 Acquired Size 20412
14 Spectral Size 65536
WA By o N i oo o el
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ppm
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—22.83

1 Tide BUD1271-1 {31P}INVGATED.3.fid
2 Solvent CcDCl3
3 Temperature 298.0
4 Pulse Seguence zgig30
31 5 MNumber of Scans 128
P NMR (121.54 MHz, CDCls) & Receiver Gain 1010
. _ 9 7 Relaxation Delay 3.0000
Dlmethyl (2 0x0-2 8 Pulse Width 11.0000
phenylethyl)phosphonate, 9 Specrometer Freguency 121.54
30 10 Speciral Width 48543.7
11 Lowest Frequency -24272.1
12 Nucleus 31P
11_OMe 13 Acquired Size 32692
“OMe 14 Spectral Size 65536
1 JL | I
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'H NMR (300.13 MHz, CDCl5) f /’ f
Diethyl (2-oxo0-2- _/
phenylethyl)phosphonate,
3p

(0] (@] 1 Tide BUDS26.{1H}.1.fid
p- OFEt 2 Solvent coch
OEt 3 Temperature 208.0
4 Pulse Seguence g
5 MNurmber of Scans 1
6 Receiver Gain 32.0
7 Relaxation Delay 0.1000
8 PulseWidth 14.7000
09 Spedrometer Frequengy 300.23
10 Spedral Width S882.4
11 Lowvest Freguency -1094.5
12 Nucleus 1H
13 Acguired Size 16308
14 Spedral Size 65536
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3C NMR (75.47 MHz, CDCls)
Diethyl (2-ox0-2-
phenylethyl)phosphonate, 3p

0
lg/OEt
“OEt

136.64
136.62
~133.75

L
\

129.14
128.70
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Ly o~ [~ o M~ T M~
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—— N S/
1 Tie BUDS26.£13CL2.fid
| 2 Solvent cocia
3 Temperature 208.0
4 Pulse Sequence zgpag30
5 MNurmrber of Scans 550
6 Receier Gain 101.0
7 Relaxation Delay 0.8000
8 PulseWidth 9.9000
9 Spedrometer Frequency 75.50
10 Spedral Width 17857.1
11 Lowest Frequency -1372.5
12 Mucleus 13C
13 Acguired Size 20412
14 Spedral Size 65536
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3P NMR (121.49 MHz, CDCls)

Diethyl (2-oxo0-2-
phenylethyl)phosphonate,
3p

(0] O
|l:l)/OE’[
©)J\/ “OEt

1 Title BUDS26.£31 PHINVGA TED. 3. fid
2 Solvent CDCI3
3 Tenperature 208.0

I 4 Pulse Sequence zgig30
5 MNurrber of S@ns 128
6 Receiver Gain 101.0
7 Relaxation Delay 3.0000
8 Pulse Widh 11.0000
4 Specirometer Frequencgy 121.54
10 Spedral Width 4834 3.7
11 Lowest Frequency -24272.1
12 Mudeus 3P
13 Acquired Size 32700
14 Spediral Sze 65536
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'H NMR (300.13 MHz, CDCls)

Dibutyl (2-oxo0-2-
phenylethyl)phosphonate,
3q
Q (I)I/OBu-n
~OBu-n
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|
1 Title BUDE42. {1H}. 1.fid
2 Solvent coclz
3 Tenperature 300.0
4 Pulse Sequence
5 HMNurrber of S@ns
6 Receiver Gain 18.0
7 Relaxation Delay 0.0050
8 Pulse Width 9.0000
9 Spedrometer Frequency 300.13
10 Spectral Width 6009.6
11 Lowest Frequency -610.2
12 Nudeus
| 13 Acquired Size 8124
" 14 Spectral Size 65536
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13
C NMR (75.47 MHz, CDCls) 1 Tite BUDGA2.£13CH. 1.
Dibutyl (2-ox0-2- : iz:sfmm o
phenylethyl)phosphonate, 3q 4 Pulse Sequence 20pg30
o o 5 MNurrber of S@ns 460 |
1l_OBu-n 6 Receiver Gain 101.0
©)‘\/P\OBU—H 7 Relaxation Delay 0.8000
8 Pulse Width 09,9000
9 Specirometer Frequency 75.50
10 Speciral Width 17857.1
11 Lowest Frequency -1374.1
12 Nudeus 13C
13 Aoguired Size 20412
14 Speciral Sze 65536
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%P NMR (121.49 MHz, CDCls)

Dibutyl (2-ox0-2-
phenylethyl)phosphonate,
3q

(0]
Il_OBu-n
~OBu-n

—20.82

1 Tte BUDB42.{31P}.31.fid
2 Solvent Cocl3

3 Temperature 300.0

4 Pulse Sequence zagpa30

5 Nurrber of S@ns 149

& Receiver Gain 2050.0

7 Relaxation Delay 2.0000

8 Pulse Widh 14,7000
O Spectrometer Frequency 121.49
10 Speciral Width 096153.8
11 Lowest Frequency -54043.6
12 Nudeus 31p

13 Acguired Size 32700
14 Spectral Size 63536
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!H NMR (300.13 MHz, CDCls) j / f
Diphenyl (2-ox0-2- /

phenylethyl)phosphonate, 3r

O (0]
llil(oph 1 Titde BUDE47 . {1H}. 1.fid

OPh 2 Solvent cDai3
3 Termperature 300.0
4 Pulse Sequence 7a
5 Nurrber of S@ns 1
6 Receiver Gain 18.0
7 Relaxation Delay 0. 0050
8 Pulse Width 9, 0000
9 Spectrometer Frequency 300.13
10 Spectral Width o009.6
11 Lowest Frequency -628.5
12 Mudeus 1H
13 Acguired Size 8124

' 14 Speciral Size 65536
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3C NMR (75.47 MHz, CDCls)
Diphenyl (2-ox0-2-
phenylethyl)phosphonate, 3r 1 Tite BUDE47.{13C}.1.fid
2 Solvent coclz
(@]
l_OPh 3 Temperature 208.0
Pl 4 Pulse Seguence zgpg30
OPh 5 Murmber of S@ns 460
& FReceiver Gain 101.0
\ 7 Relaxation Delay 0.8000
8 PulseWidth 9.9000
9 Spectrometer Frequency 73.50
10 Speciral Width 17857.1
11 Lowvest Frequency -1378.7
12 Nudeus 13C
13 Acguired Size 20412
14 Spectral Size 65536
il
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ppm

S67



1P NMR (121.49 MHz, CDCls)

Diphenyl (2-oxo0-2-
phenylethyl)phosphonate,
3r

O o
1_OPh
[::j/ﬂ\v/ ~OPh

—13.18

1 Tide BUDE47.{31P UNVGATED. 2.fid
2 Solvent cocla

3 Temperature 208.0

4 Pulse Sequence zgig30

5 Murmber of Scans 128

6 Receiver Gain 101.0

7 Relaxation Delay 3.0000
8 PulseWidth 11.0000
9 Spedrometer Frequency 121.54
10 Spedral Width 48543.7
11 Lowest Frequency -24272.1
12 Nucleus 31P

13 Acguired Size 32700
14 Spedral Size 65536
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'H NMR (600.13 MHz, CDCl5)
1 Tide BUD657.{1H}.1.fid
2-(diphenylphosphoryl)-1- 2 Solvent S
3 Temperature 298.0
phenylethan-1-one, 3s 4 Puse Sequence 0
5 Number of Scans 1
O Q,Ph 6 Receiver Gain 2.0
~ 7 Relaxation Delay 1.0000
Ph 8 Pulse Width 12.0000
9 Spectrometer Frequency 600.13
10 Spectral Width 12019.2
11 Lowest Frequency -1215.5
12 Nucleus iH
13 Acquired Size 8124
14 Spectral Size 131072
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ppm
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Parameter Value
1 Title BUD1567.{13C}.1.fid
2 Solvent CcDCI3
5C NMR (7550 MHz, CDCI P cemen oo
. ’ 3) ‘ 4 Pulse Sequence zgpg30
i | I 5 MNumber of Scans 800
2-(diphenylphosphoryl)-1- 6 Receiver Gain 101.0
phenylethan-l-one, 3s 7 Relaxation Delay 0.8000
8 Pulse Width 9.9000
O 9 Spectrometer Frequency 75.50
ii_Ph 10 Spectral Width 17857.1
\Ph 11 Lowest Freguency -1372.0
12 Nucleus 13C
13 Acquired Size 20412
14 Spectral Size 65536
h
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ppm
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3P NMR (242.93 MHz, CDCls)
2-(diphenylphosphoryl)-1-
phenylethan-1-one, 3s

0
I _Ph
“Ph

T T T T T

—29.32

1 Tide BUD657.431P}.31.fid
2 Solvent D20

3 Temperature 298.0

4 Pulse Sequence zgdc

5 Number of Scans 8

6 Receiver Gain 203.0

7 Relaxation Delay 0.5000
8 Pulse Width 12.0000
9 Spectrometer Frequency 242.93
10 Spectral Width 96153.8
11 Lowest Frequency -51169.0
12 Nucleus 31P

13 Acquired Size 8124

14 Spectral Size 16384
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