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General Remarks

Catalytic reactions were carried out in undivided electrochemical cells under an air
atmosphere using pre—dried glassware. If not noted otherwise. Alkynes 1 were
synthesized according to a previously described method.[Yl Other chemicals were
obtained from commercial sources and were used without further purification. Platinum
electrodes (10 mm <15 mm > 0.20 mm) and RVC electrodes (10 mm > 15 mm %6
mm) are commercially available from Tianjin Aida. Electrolysis was conducted using
an AXIOMET AX3003P potentiostat in constant current mode. Yields refer to isolated
compounds, estimated to be > 95% pure as determined by *H-NMR. Chromatography
separations were carried out on silica gel 60H (200-300 mesh) manufactured by
Qingdao Haiyang Chemical Group Co. (China). High-resolution mass spectrometry
(HR-MS) was measured on Thermo-DFS mass spectrometer. NMR spectra were
recorded on JEOL 600 NMR (*H 600 MHz, 3C 150 MHz, 3!P 243 MHz) in CDCls. If
not otherwise specified, chemical shifts (o) are given in ppm. The cyclic voltammetry

was carried out with a CHI650E workstation from Shanghai Chenhua.
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Optimization of the Reaction Conditions

Table S-1 Optimization of the Electrochemical Selenium-n-Acid Promoted Hydration

of Alkynyl Phosphonate 1a

RVC rﬁ Pt ¢} o
i PhSeSePh (50 mol % ‘ B OFt
leoEt eSePh (50 mol %) P\OEt
MeO—@%—//OEt H,0 (1.0 equiv)
1-AdmCO,H (1.5 equiv)  MeO

NacCl (6.0 equiv)

1a Et4,NBF, (1.0 equiv) 2a
MeCN (5.0 mL),
CCE =10 mA, Q = 8.0 F/mol
Entry T[°C] Solvent Additive electrolyte (PhSe)2 NaCl Yield (%)
1 r.t CH:CN AdmCO;H Et,NBF, 0.5 6 89¢
2 r.t CH;CN  AdmCO:H Et4sNBF4 0.2 6 42
3 r.t CH;CN  AdmCO:H Et4sNBF4 1 6 88
4 r.t CH;CN  AdmCO:H EtsNBF: 1.5 6 95
5 r.t CH3CN AdmCO:H Et4NBF4 - 6 trace
6 r.t CH;CN  AdmCO:H BusNPFs 0.5 6 81
7 r.t CH;CN  AdmCO:H BusNClO4 0.5 6 48
8 r.t CH;CN  AdmCO:H BuwNBr 0.5 6 26
9 r.t CH3CN AdmCO:H BusNCl 0.5 6 trace
10 r.t CH;CN  AdmCO:H EtaNPFs 0.5 6 86
11 r.t CH;CN  AdmCO:H BusNBF4 0.5 6 84
13 r.t CH3CN AdmCO2H - 0.5 6 trace
14 50°C CH;CN  AdmCO:H EtsNBF; 0.5 6 trace
15 0°C CH;CN  AdmCO:H EtsNBF; 0.5 6 20
16 r.t THF AdmCO:H EtsNBF: 0.5 6 21
17 r.t DCM AdmCO:H EtsNBF4 0.5 6 48
18 r.t DMF AdmCOH EtsNBF4 0.5 6 0
19 r.t CH;CN  CHs;COOH EtsNBF4 0.5 6 78
20 r.t CH3CN PivOH Et4aNBF4 0.5 6 trace
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21 r.t CH3CN TFA EtsNBF4 0.5 6 0

22 rt CH;CN  AdmCO.H EtsNBF; 0.5 39
23 rt CH;CN  AdmCO:H BusNPF 1 6 19°
24 rt CH;CN  AdmCO-H BusNPF 1 6 15¢
25 rt CH;CN  AdmCO:H BusNPF 1 6 0’
26 rt CH;CN  AdmCO-H EtsNBF;4 6 25%¢
27 rt CH;:CN  AdmCO:H EtsNBF4 6 27%'
28 rt CH;CN  AdmCO:H EtsNBF;4 6 02

¢ Standard condition: undivided cell, RVC as the anode, platinum plate as the cathode, 1a (0.20
mmol), PhSeSePh (0.50 equiv), MeCN (5.0 mL), EtsaNBF4 (1 .0 equiv), CCE = 10 mA for 4.3 h,
under air, 23 °C, isolated yield. ® CCE = 10 mA for 2.2 h, 4.0 F/mol, ¢ CCE =10 mA for 8.0 h,
15.0 F/mol. ¢ no electrolyte. ¢ PhSeCl (0.5 equiv). / PhSeH (0.5 equiv). € PhSeCl (1.0 equiv), no
electricity.
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General Procedure for the Electrochemical Selenium-r-Acid

Promoted Hydration of Alkynyl Phosphonates

The electrolysis was carried out in an undivided cell, with an RVC anode (10 mm =15
mm %<6 mm) and a platinum cathode (10 mm <15 mm x<0.20 mm). PhSeSePh (31.2
mg, 0.1 mmol, 0.50 equiv), alkyne 1 (0.20 mmol, 1.0 equiv), NaCl (70.1 mg, 1.2 mmol,
6.0 equiv), 1-AdmCOzH (54.1 mg, 0.30 mmol, 1.5 equiv), H20 (18 mg, 0.20 mmol, 1.0
equiv) and Et4NBF4 (0.50 mmol, 1.0 equiv) were dissolved in CH3CN (5.0 mL) under
an air atmosphere. At ambient temperature, electrolysis was started with a constant
current of 10.0 mA which was then maintained for 4.3 h. The mixture was transferred
into a flask and the electrodes were rinsed with EtOAc (3 %5.0 mL). Then, silica gel
(0.8 g) was added and the mixture was removed under vacuum. The residue was
purified by column chromatography on silica gel (petroleum/EtOACc) to yield the

desired products 2.
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Characterization Data of Products 2

1 0okt
P/
/©/k/v “OEt
MeO

Diethyl[4-(4-methoxyphenyl)-4-oxobutyl]phosphonate (2a)

The general procedure was followed using alkyne la (59.3 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25)
yielded 2a (56.2 mg, 89%) as a pale-yellow oil. *H NMR (600 MHz, CDCls) 6 = 7.94
(d, J= 8.9 Hz, 2H, 2CH), 6.93 (d, J = 8.9 Hz, 2H, 2CH), 4.20-4.02 (m, 4H, 2CH,), 3.87
(s, 3H, OCH3), 3.08 (t, J = 7.0 Hz, 2H, CH>), 2.13-1.97 (m, 2H, CH,), 1.91-1.78 (m,
2H, CHa), 1.32 (t, J = 7.1 Hz, 6H, 2CH3). ®C NMR (150 MHz, CDCl3) ¢ = 197.6,
163.4, 130.1 (2C), 129.8, 113.6 (2C), 61.4 (d, 2c- = 6.5 Hz, 2C), 55.3, 37.9 (d, Xcp =
13.8 Hz), 24.7 (d, “Jc-p = 140.8 Hz), 17.2 (d, 3Jcr = 4.8 Hz), 16.3 (d, 3Jc-r = 5.9 Hz,
2C). 3P {*H}-NMR (243 MHz, CDCl3) ¢ = 32.3. HR-MS (ESI) m/z calcd for
C15H240sP [M+H*] 315.1356, found 315.1348.

0

o
\ I|_oEt
Diethyl(4-0x0-4-phenylbutyl)phosphonate (2b)

The general procedure was followed using alkyne 1b (53.2 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25)
yielded 2b (33.5 mg, 59%) as a colorless oil. *H NMR (600 MHz, CDClz) § = 7.95 (d,
J =7.6 Hz, 2H, 2CH), 7.56 (t, J = 7.1 Hz, 1H, CH), 7.45 (d, J = 7.6 Hz, 2H, 2CH),
4.15-4.06 (M, 4H, 20CH,), 3.13 (t, J = 6.9, 2H, CHy), 2.09-2.01 (m, 2H, CHa), 1.92—
1.79 (m, 2H, CHy), 1.31 (t, J = 6.5, 6H, 2CH3). *C NMR (150 MHz, CDCls) 5 = 199.2,
136.7, 133.1, 128.6 (2C), 127.9 (2C), 61.6 (d, 2c-r = 6.4 Hz, 2C), 38.4 (d, Xc» = 13.8
Hz), 24.8 (d, *Jc.p = 140.8 Hz), 17.1 (d, *Jc.r = 4.9 Hz), 16.4 (d, *Jc-r = 6.0 Hz, 2C). 3P
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{*H}-NMR (243 MHz, CDCl3) 6 = 32.2. HR-MS (ESI) m/z calcd for C1aH2:04P [M+H"]
285.1250, found 285.1252.

Diethyl[4-0x0-4-(p-tolyl) butyl]phosphonate (2c)

The general procedure was followed using alkyne 1c (56.0 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.26)
yielded 2c (40.2 mg, 67%) as a colorless oil. "H NMR (600 MHz, CDCls) 6 = 7.84 (d,
J=28.2Hz, 2H, 2CH), 7.24 (d, J= 8.2 Hz, 2H, 2CH), 4.14-4.04 (m, 4H, 20CH>), 3.09
(t, J=7.0 Hz, 2H, CH>), 2.39 (s, 3H, CH3), 2.07-1.98 (m, 2H, CH>), 1.90-1.79 (m,2H,
CHa), 1.30 (t, J= 7.0 Hz, 6H, 2CH3). *C NMR (150 MHz, CDCl3) 6 = 198.9, 143.9,
134.3, 129.3 (2C), 128.1 (2C), 61.5 (d, 2Jcp = 6.3 Hz, 2C), 38.2 (d, Uc.p = 14.0 Hz),
24.8 (d, Ncp = 140.3 Hz), 21.6, 17.2 (d, 3Jcp = 4.8 Hz), 16.4 (d, *Jc-p = 5.8 Hz, 2C).
31p {1H}-NMR (243 MHz, CDCls) 6§ = 32.3. HR-MS (ESI) m/z calcd for Ci5H2404P
[M+H*] 299.1407, found 299.1406.

1 0 oet
P/
/@M “OEt
t-Bu

Diethyl{4-[4-(tert-butyl) phenyl]-4-oxobutyl}phosphonate (2d)

The general procedure was followed using alkyne 1d (64.4 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25)
yielded 2d (34.7 mg, 51%) as an orange oil. *H NMR (600 MHz, CDClz) ¢ = 7.89 (d,
J =85 Hz, 2H, 2CH), 7.46 (d, J = 8.5 Hz, 2H, 2CH), 4.17-4.02 (m, 4H, 20CH,), 3.09
(t, J = 7.0 Hz, 2H, CHa), 2.09-1.99 (m, 2H, CH.,), 1.88-1.78 (m, 2H, CH.), 1.33 (s, 9H,
3CH3), 1.31(t, J = 7.1 Hz, 6H, 2CH;). *C NMR (150 MHz, CDCls) & = 198.9, 156.8,
134.2, 127.9 (2C), 125.5 (2C), 61.5 (d, 2Jc-» = 6.5 Hz, 2C), 38.3 (d, 2Jc-p = 14.0 Hz),

35.1, 31.0 (3C), 24.8 (d, Lc.p = 140.7 Hz), 17.2 (d, *Jc.p = 4.8 H2), 16.4 (d, 3Jc.p = 6.0
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Hz, 2C). P {H}-NMR (243 MHz, CDCl3) § = 32.3. HR-MS (ESI) m/z calcd for
Ci1sH3004P [M+H*] 341.1876, found 341.1881.

1 0 okt
P/
QJ\/V “OEt
EtO

Diethyl[4-(4-ethoxyphenyl)-4-oxobutyl]|phosphonate (2¢)

The general procedure was followed using alkyne le (62.0 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry=0.24)
yielded 2e (50.1 mg, 76%) as an orange oil. '"H NMR (600 MHz, CDCl3)§=7.91 (d, J
= 7.4 Hz, 2H, 2CH), 6.90 (d, J = 7.4 Hz, 2H, 2CH), 4.11-4.06 (m, 6H, 30CH>), 3.05
(t,J=6.1 Hz, 2H, CH>), 2.07-1.97 (m, 2H, CH>), 1.88-1.80 (m, 2H, CH»), 1.42 (t, J =
6.1 Hz, 3H, CH3), 1.30 (t, J = 6.3 Hz, 6H, 2CH3;). 3C NMR (150 MHz, CDCl;) 6 =
197.8, 162.9, 130.2 (2C), 129.7, 114.1 (2C), 63.7, 61.5 (d, *Jc-p = 6.5 Hz, 2C), 38.0 (d,
2Jcp = 13.8 Hz), 24.8 (d, 'Jc.p = 140.7 Hz), 17.3 (d, *Jc.p = 4.7 Hz), 16.4 (d, *Jcp = 5.9
Hz, 2C), 14.6. 3'P {'H}-NMR (243 MHz, CDCl3) § = 32.3. HR-MS (ESI) m/z calcd for
Ci6H260sP [M+H"] 329.1512, found 329.1512.

i 0 okt
P/
/©/K/v “OEt
BnO

Diethyl{4-|4-(benzyloxy) phenyl]-4-oxobutyl}phosphonate (2f)

The general procedure was followed using alkyne 1f (74.4 mg, 0.20 mmol). Purification
by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.23) yielded 2f
(29.2 mg, 37%) as a pale yellow oil. '"H NMR (600 MHz, CDCl3) § = 7.93 (d, J = 8.8
Hz, 2H, 2CH), 7.42-7.40 (m, 2H, 2CH), 7.39-7.36 (m, 2H, 2CH), 7.34-7.31 (m, 1H,
CH), 6.99 (d, J= 8.8 Hz, 2H, 2CH), 5.11 (s, 2H, CH,), 4.21-4.03 (m, 4H, 20CH2), 3.05
(t, J=6.9 Hz, 2H, CHy), 2.09-1.99 (m, 2H, CHa), 1.89-1.80 (m, 2H, CHa), 1.30 (t, J =
7.0 Hz, 6H, 2CH3). *C NMR (150 MHz, CDCls) 6 = 197.7, 162.6, 136.1, 130.2 (2C),

130.0, 128.6 (2C), 128.2, 127.4 (2C), 114.5 (2C), 70.0, 61.5 (d, 2Jc.p = 6.3 Hz, 2C),
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38.0 (d, 2Jcp = 13.6 Hz), 24.8 (d, YJc-p = 140.6 Hz), 17.3 (d, 3Jc-r = 4.3 Hz), 16.4 (d,
3Jcp = 5.6 Hz, 2C). 3P {*H}-NMR (243 MHz, CDCls) § = 32.4. HR-MS (ESI) m/z
calcd for Co1H2s0sP [M+H*] 391.1669, found 391.1671.

O\ \c\) OEt
P/
/©/K/v “OEt
PhO

Diethyl[4-0x0-4-(4-phenoxyphenyl) butyl|phosphonate (2g)

The general procedure was followed using alkyne 1g (71.6 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry=0.25)
yielded 2g (48.1 mg, 64%) as an orange oil. '"H NMR (600 MHz, CDCl3) § = 7.93 (d,
J=28.8 Hz, 2H, 2CH), 7.40-7.37 (m, 2H, 2CH), 7.21-7.17 (m, 1H, CH), 7.07-7.04 (m,
2H, 2CH), 6.98 (d, J = 8.8 Hz, 2H, 2CH), 4.19-4.02 (m, 4H, 20CH>»), 3.07 (t, J= 7.0
Hz, 2H, CH»), 2.08-2.00 (m, 2H, CH»), 1.87-1.81 (m, 2H, CH»), 1.31 (t, J = 7.1 Hz,
6H, 2CH3). 3C NMR (150 MHz, CDCl3) 6 = 197.8, 162.0, 155.4, 131.4, 130.2 (2C),
130.0 (2C), 124.6, 120.1 (2C), 117.3 (2C), 61.5 (d, 2Jc.p = 6.5 Hz, 2C), 38.1 (d, *Jcp =
13.6 Hz), 24.8 (d, 'Jcp = 140.9 Hz), 17.2 (d, *Jcr = 4.9 Hz), 16.4 (d, *Jc.r = 5.9 Hz,
2C). 3P {'H}-NMR (243 MHz, CDCl3) § = 32.3. HR-MS (ESI) m/z calcd for
C20H260sP [M+H"] 377.1512, found 377.1516.

O\ \c\) OEt
P/
/©/K/v “OEt
Cl

Diethyl[4-(4-chlorophenyl)-4-oxobutyl]phosphonate (2h)

The general procedure was followed using alkyne 1h (60.0 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry=0.24)
yielded 2h (33.7 mg, 53%) as an orange oil. 'H NMR (600 MHz, CDCls) § = 7.89 (d,
J=18.6 Hz, 2H, 2CH), 7.42 (d, /= 8.6 Hz, 2H, 2CH), 4.20-3.98 (m, 4H, 20CH>), 3.10
(t,J=7.0 Hz, 2H, CH>), 2.11-1.98 (m, 2H, CH»), 1.88-1.75 (m, 2H, CH>), 1.30 (t, J =

7.1 Hz, 6H, 2CH3). 3C NMR (150 MHz, CDCls) J = 198.0, 139.6, 135.0, 129.4 (2C),
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128.9 (2C), 61.6 (d, 2 = 6.5 Hz, 2C), 38.3 (d, 2cp = 13.3 Hz), 24.7 (d, Ucp = 141.0
Hz), 17.1 (d, *Jer = 5.0 Hz), 16.4 (d, *Jcr = 5.9 Hz, 2C). 'P {'H}-NMR (243 MHz,
CDCls) 6 = 32.0. HR-MS (ESI) m/z caled for C14HaiCIO4P [M+H'] 319.0860, found
3159.0862.

i 1okt
P/
/©/K/v “OEt
Ac

Diethyl (4-[4-acetylphenyl]-4-oxobutyl) phosphonate (2i)

The general procedure was followed using alkyne 1i (61.6 mg, 0.20 mmol). Purification
by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry = 0.26) yielded 2i
(49.1 mg, 75%) as a colorless oil. "H NMR (600 MHz, CDCls) § = 8.01 (d, J=2.9 Hz,
4H, 4CH), 4.17 — 3.99 (m, 4H, 20CH>), 3.15 (t, J= 4.4 Hz, 2H, CH>), 2.62 (d, J=2.9
Hz, 3H, CH3), 2.10 — 2.02 (m, 2H, CH>»), 1.89 — 1.81 (m, 2H, CH3), 1.30 (t, /=7.6, 3.7
Hz, 6H, 2CH3). 3C NMR (150 MHz, CDCl3) J = 198.6, 197.4, 140.1, 139.8, 128.5
(20), 128.1 (2C), 61.5 (d, 2Jcp = 6.5 Hz, 2C), 38.7 (d, 2Jcp = 13.0 Hz), 26.8, 24.6 (d,
Ucp=141.1 Hz), 17.0 (d, *Jcr = 4.9 Hz), 16.4 (d, *Jcp = 5.9 Hz, 2C). 3P {'H}-NMR
(243 MHz, CDCl3) ¢ = 32.0. HR-MS (ESI) m/z calcd for CicH230sPNa [M+Na']
349.1175. found 349.1176.

Diethyl{4-([1,1'-biphenyl]-4-yl)-4-oxobutyl}phosphonate (2j)

The general procedure was followed using alkyne 1j (68.4 mg, 0.20 mmol). Purification
by column chromatography on silica gel (petroleum/EtOAc 1/3, Ri= 0.25) yielded 2j
(64.3 mg, 89%) as a pale yellow oil. *tH NMR (600 MHz, CDCls) § = 8.03 (d, J = 8.5
Hz, 2H, 2CH), 7.67 (d, J = 8.4 Hz, 2H, 2CH), 7.62 (dd, J = 8.2, 1.3 Hz, 2H, 2CH), 7.46
(dd, J = 8.4, 7.0 Hz, 2H, 2CH), 7.42-7.37 (m, 1H, CH), 4.17-4.04 (m, 4H, 20CH>),

3.16 (t, J = 7.0 Hz, 2H, CHy), 2.13-2.03 (m, 2H, CH>), 1.94-1.82 (m, 2H, CHy), 1.32
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(t, J=7.1Hz, 6H, 2CH3). 1*C NMR (150 MHz, CDCls) 6 = 198.8, 145.8, 139.8, 135.4,
128.9 (2C), 128.6 (2C), 128.2, 127.2 (4C), 61.5 (d, 2Jc-» = 6.4 Hz, 2C), 38.4 (d, 2Jc-p =
13.6 Hz), 24.8 (d, YJc.p = 140.9 Hz), 17.2 (d, 3Jcp = 4.8 Hz), 16.4 (d, 3Jc.r = 6.1 Hz,
2C). 3P {*H}-NMR (243 MHz, CDCl3) 6 = 32.2. HR-MS (ESI) m/z calcd for
C20H2604P [M+H"*] 361.1563, found 361.1562.

1 0 okt
P/
QJ\/V “OEt
EtO,C

Ethyl 4-[4-(diethoxyphosphoryl)butanoyl]|benzoate (2k)

The general procedure was followed using alkyne 1k (67.6 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, R¢= 0.24)
yielded 2k (44.9 mg, 63%) as a pale orange oil. *H NMR (600 MHz, CDCl3) 6 = 8.11
(d, J = 8.6 Hz, 2H, 2CH), 8.00 (d, J = 8.6 Hz, 2H, 2CH), 4.44-4.36 (m, 2H, OCHy),
4.19-4.05 (m, 4H, 20CHy), 3.16 (t, J = 7.0 Hz, 2H, CHy), 2.12-2.02 (m, 2H, CHy),
1.90-1.81 (m, 2H, CHy), 1.41 (t, J = 7.1 Hz, 3H, CHs), 1.31 (t, J = 7.1 Hz, 6H, 2CHj).
13C NMR (150 MHz, CDCls) 6 = 198.7, 165.7, 139.8, 134.3, 129.8 (2C), 127.8 (2C),
61.6 (d, 2Jc.p = 6.4 Hz, 2C), 61.4, 38.7 (d, 2Jc.p = 13.5 Hz), 24.7 (d, Ncp = 141.3 H2),
17.0 (d, 3Jcp = 4.7 Hz), 16.4 (d, 3Jcp = 6.0 Hz, 2C), 14.2. 3P {{H}-NMR (243 MHz,
CDCl3) § = 32.1. HR-MS (ESI) m/z calcd for Ci7H2606P [M+H*] 357.1462, found
357.1463.

OMe O

[¢]
\ [|_OEt
P\
(j/KA/ Ot
Diethyl[4-(2-methoxyphenyl)-4-oxobutyl|phosphonate (21)
The general procedure was followed using alkyne 11 (59.2 mg, 0.20 mmol). Purification
by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25) yielded 2|

(36.4 mg, 58%) as an orange oil. 'H NMR (600 MHz, CDCl3) § = 7.68 (dd, J =7.7, 1.8
Hz, 1H, CH), 7.45 (ddd, J = 8.3, 7.3, 1.8 Hz, 1H, CH), 6.99 (ddd, J = 7.5, 7.5, 1.0 Hz,
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1H, CH), 6.96 (dd, J = 8.4, 1.0 Hz, 1H, CH), 4.15-4.03 (m, 4H, 20CHy), 3.90 (s, 3H,
OCHa), 3.09 (t, J = 7.0 Hz, 2H, CHy), 2.04-1.95 (m, 2H, CH,), 1.86-1.79 (m, 2H, CH>),
1.31 (t, J = 7.1 Hz, 6H, 2CHs). 3C NMR (150 MHz, CDCls) § = 201.5, 158.6, 133.5,
130.2, 128.1, 120.7, 111.5, 61.5 (d, 2Jc-p = 6.3 Hz, 2C), 55.5, 43.8 (d, 2Jc-p = 15.3 Hz),
25.0 (d, YJc.p = 140.8 Hz), 17.4 (d, 2Jcp = 4.9 Hz), 16.4 (d, 2Jcr = 5.9 Hz, 2C). 3P
{*H}-NMR (243 MHz, CDCls) ¢ = 32.5. HR-MS (ESI) m/z calcd for C15H240sP [M+H"]
315.1356, found 315.1356.

(0] (0]
\ [|_OEt
Me P
Diethyl[4-0x0-4-(m-tolyl) butyl]phosphonate (2m)

The general procedure was followed using alkyne Im (56.0 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry=0.24)
yielded 2m (29.8 mg, 50%) as an orange oil. 'H NMR (600 MHz, CDCl3) § = 7.75 (s,
1H, CH), 7.73 (s, 1H, CH), 7.38-7.31 (m, 2H, 2CH), 4.28-3.95 (m, 4H, 20CH>), 3.11
(t,J=6.3 Hz, 2H, CH>»), 2.40 (s, 3H, CH3), 2.09-2.00 (m, 2H, CH>), 1.92-1.81 (m,2H,
CH>), 1.31 (t, J = 6.6 Hz, 6H, 2CH3). *C NMR (150 MHz, CDCl3) 6 = 199.4, 138.4,
136.8, 133.9, 128.5, 128.5, 125.2, 61.5 (d, *Jcp = 6.4 Hz, 2C), 38.4 (d, Jc-p = 13.9 Hz),
24.8 (d, 'Jep = 141.1 Hz), 21.3, 17.2 (d, *Jep = 4.9 Hz), 16.4 (d, *Je-p = 6.0 Hz, 2C).
31p {IH}-NMR (243 MHz, CDCls) 6 = 32.3. HR-MS (ESI) m/z calcd for CsH404P
[M+H"] 299.1407, found 299.1406.

(0] [¢]
\ [|_OEt
MeO P
Diethyl[4-(3-methoxyphenyl)-4-oxobutyl|phosphonate (2n)

The general procedure was followed using alkyne 1n (59.3 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25)
yielded 2n (49 mg, 78%) as an orange oil. *H NMR (600 MHz, CDCls) 6 = 7.53 (ddd,
J=77,1.4,1.0Hz1H, CH), 7.48 (dd, J = 2.6, 1.5 Hz, 1H, CH), 7.36 (dd, J=7.9, 7.9
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Hz, 1H, CH), 7.10 (ddd, J = 8.2, 2.7, 0.9 Hz, 1H, CH), 4.15-4.04 (m, 4H, 20CH5), 3.85
(s, 3H, OCHs), 3.11 (t, J = 7.0 Hz, 2H, CHy), 2.10-2.00 (m, 2H, CH2), 1.90-1.81 (m,
2H, CHy), 1.31 (t, J = 7.1 Hz, 6H, 2CH3). 3C NMR (150 MHz, CDCls) 6 = 199.1,
159.8, 138.1, 129.6, 120.6, 119.6, 112.2, 61.6 (d, 2Jc-p = 6.5 Hz, 2C), 55.4, 38.5 (d, 2Jc.
p=14.1 Hz), 24.8 (d, Ycp = 141.0 Hz), 17.2 (d, 3Jcr = 4.8 HZ), 16.4 (d, *Jcp = 5.9 Hz,
2C). 3P {{H}-NMR (243 MHz, CDCl3) 6 = 32.3. HR-MS (ESI) m/z calcd for
CisH240sP [M+H*] 315.1356, found 315.1356.

o]

| D oe
t

Me 3

\@)\/v “OEt

Me

Diethyl[4-(3,5-dimethylphenyl)-4-oxobutyl]phosphonate (20)

The general procedure was followed using alkyne 1o (58.8 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25)
yielded 20 (31.2 mg, 50%) as an orange oil. *H NMR (600 MHz, CDCls) § = 7.55 (d,
J=0.9 Hz, 2H, 2CH), 7.19-7.18 (m, 1H, CH), 4.14-4.05 (m, 4H, 20CHy), 3.09 (t, J =
7.0 Hz, 2H, CHy), 2.35 (s, 6H, 2CHs), 2.09-1.99 (m, 2H, CH>), 1.88-1.79 (m, 2H, CH>),
1.31 (t, J = 7.0 Hz, 6H, 2CHs). 3C NMR (151 MHz, CDCls) § = 199.6, 138.2 (2C),
136.9, 134.7,125.8 (2C), 61.5 (d, 2Jc-» = 6.5 Hz, 2C), 38.5 (d, 2Jc-r = 14.1 Hz), 24.8 (d,
YJcp = 140.8 Hz), 21.2 (2C), 17.2 (d, 3Jc-p = 4.7 Hz), 16.4 (d, ®Jcr = 6.0 Hz, 2C). 3P
{*H}-NMR (243 MHz, CDCl3) § = 32.2. HR-MS (ESI) m/z calcd for C16H2604P [M+H?*]
313.1563, found 313.1567.

1 0 okt
Me P
:@J\/V “OEt
Me

Diethyl[4-(3,4-dimethylphenyl)-4-oxobutyl]phosphonate (2p)

The general procedure was followed using alkyne 1p (58.8 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.24)

yielded 2p (29.3 mg, 47%) as a colorless oil. 'H NMR (600 MHz, CDCls3) ¢ = 8.06 (d,
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J=1.9 Hz, 1H, CH), 8.02 (dd, J = 7.8, 1.9 Hz, 1H, CH), 7.54 (d, J = 7.9 Hz, 1H, CH),
4.49-4.38 (M, 4H, 20CH>), 3.42 (t, J = 7.0 Hz, 2H, CHy), 2.64 (s, 6H, 2CHj3), 2.41-
2.33 (M, 2H, CHy), 2.24-2.06 (M, 2H, CHy), 1.65 (t, J = 7.1 Hz, 6H, 2CH3).1*C NMR
(150 MHz, CDCls) 6 = 199.2, 142.7, 136.9, 134.6, 129.8, 129.1, 125.7, 61.5 (d, 2Jc.p =
6.5 Hz, 2C), 38.3 (d, 2Jc-r = 14.1 Hz), 24.8 (d, Jc-r = 140.7 Hz), 20.0, 19.8, 17.2 (d,
3Jcp = 4.9 Hz), 16.4 (d, 3Jcp = 6.0 Hz, 2C). 3P {*H}-NMR (243 MHz, CDCl3) ¢ =
32.4. HR-MS (ESI) m/z calcd for C16H2604P [M+H*] 313.1563, found 313.1566.

OMe o‘ (\)\ OEt
P/
/@M “OEt
MeO

Diethyl[4-(2,4-dimethoxyphenyl)-4-oxobutyl|phosphonate (2q)

The general procedure was followed using alkyne 1q (65.2 mg, 0.2 mmol). Purification
by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry= 0.25) yielded 2q
(31.1 mg, 45%) as a pale orange oil. 'H NMR (600 MHz, CDCl3) 6 = 7.80 (d, J = 8.7
Hz, 1H, CH), 6.51 (dd, J= 8.7, 2.3 Hz, 1H, CH), 6.44 (d, J = 2.3 Hz, 1H, CH), 4.12—
4.05 (m, 4H, 20CH>), 3.88 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.05 (t, /= 6.9 Hz, 2H,
CH>), 2.02-1.94 (m, 2H, CH>), 1.85-1.77 (m, 2H, CH>), 1.30 (t, /= 7.1 Hz, 6H, 2CH3).
13C NMR (150 MHz, CDCl3) § = 199.1, 164.4, 160.8, 132.6, 120.8, 105.1, 98.3, 61.4
(d, *Jep = 6.3 Hz, 2C), 55.5, 55.4, 43.7 (d, *Jcp = 15.6 Hz), 25.0 (d, 'Jcp = 140.3 Hz),
17.5 (d, *Jep = 4.8 Hz), 16.4 (d, *Jc.p = 5.8 Hz, 2C). 3P {{H}-NMR (243 MHz, CDCl5)
0 =32.6. HR-MS (ESI) m/z calcd for Ci16H2606P [M+H"] 345.1462, found 345.1466.

OMe O (0]
\ [|_OEt
MeO P
\ij/w OEt
Diethyl[4-(2,3-dimethoxyphenyl)-4-oxobutyl]phosphonate (2r)
The general procedure was followed using alkyne 1r (65.2 mg, 0.2 mmol). Purification

by column chromatography on silica gel (petroleum/EtOAc 1/3, Rr=0.26) yielded 2r
(38.5 mg, 56%) as a colorless oil. '"H NMR (600 MHz, CDCl3) § = 7.58 (dd, J = 8.4,
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2.0 Hz, 1H, CH), 7.51 (d, J=2.0 Hz, 1H, CH), 6.87 (d, /= 8.4 Hz, 1H, CH), 4.15-4.03
(m, 4H, 20CH>), 3.94 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.08 (t,J = 7.0 Hz, 2H, CH>),
2.09-2.00 (m, 2H, CH>), 1.91-1.81 (m, 2H, CH>), 1.31 (t, J = 7.0 Hz, 6H, 2CH;)."*C
NMR (150 MHz, CDCls) 6 = 197.7, 153.3, 149.0, 130.1, 122.7, 110.0, 109.9, 61.5 (d,
2Jep = 6.5 Hz, 2C), 56.0, 55.9, 37.9, (d, “Jc-p= 13.7 Hz), 24.9 (d, 'Jcpr = 140.7 Hz),
17.5 (d, *Jer = 4.9 Hz), 16.4 (d, *Jcp = 6.0 Hz, 2C). 3'P {'H}-NMR (243 MHz, CDCl5)
d =32.2. HR-MS (ESI) m/z calcd for C16H2606P [M+H"] 345.1462, found 345.1462.

1 D okt
MeO 2
\QM “OEt

OMe

Diethyl[4-(3,5-dimethoxyphenyl)-4-oxobutyl]phosphonate (2s)

The general procedure was followed using alkyne 1s (65.2mg, 0.20 mmol). Purification
by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25) yielded 2s
(38.1 mg, 55%) as a colorless oil. 'H NMR (600 MHz, CDCls3) § 7.07 (d, J = 2.3 Hz,
2H, 2CH), 6.63 (s, 1H, CH), 4.17-4.02 (m, 4H, 20CH,), 3.82 (s, 6H, 20CHs3), 3.07 (t,
J=7.0Hz, 2H, CHy), 2.06-1.97 (m, 2H, CH,), 1.89-1.77 (m, 2H, CH,), 1.31 (t, J= 7.1
Hz, 6H, 2CHs). *C NMR (150 MHz, CDCls) & 198.9, 160.9 (2C), 138.7, 105.8 (2C),
105.3, 61.6 (d, 2Jc.p = 6.9 Hz, 2C), 55.6 (2C), 38.5 (d, 2Jc-p = 13.8 Hz), 24.8 (d, Jcp =
140.9 Hz), 17.2 (d, %Jcp = 5.1 Hz), 16.4 (d, 3Jc.p = 5.9 Hz, 2C).3'P {*H}-NMR (243
MHz, CDCls) & 32.3. HR-MS (ESI) m/z calcd for C1sH2606P [M+H"] 345.1462, found
345.1460.

O\ (\)\ OM
e
P/
QJ\/\/ “OMe
MeO

Dimethyl[4-(4-methoxyphenyl)-4-oxobutyl|phosphonate (2t)

The general procedure was followed using alkyne 1t (53.6 mg, 0.20 mmol). Purification

by column chromatography on silica gel (petroleum/EtOAc 1/3, Rf = 0.24) yielded 2t
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(31.2 mg, 54%) as a colorless oil. 'H NMR (600 MHz, CDCls) 6 = 7.93 (d, J = 8.9 Hz,
2H, 2CH), 6.92 (d, J = 8.9 Hz, 2H, 2CH), 3.86 (s, 3H, OCHs), 3.75 (s, 3H, OCHj3), 3.73
(s, 3H, OCHg), 3.06 (t, J = 7.0 Hz, 2H, CH>), 2.07-1.98 (m, 2H, CH,), 1.92-1.83 (m,
2H, CHy). C NMR (150 MHz, CDCls) § = 197.7, 163.5, 130.3 (2C), 129.9, 113.7
(2C), 55.4, 52.3 (d, 2Jc-p = 6.5 Hz, 2C), 37.9 (d, 2Jc-p = 13.8 Hz), 23.8 (d, Jc-p = 140.7
Hz), 17.2 (d, 3Jc.p = 5.0 Hz). 3P {*H}-NMR (243 MHz, CDCls) § = 35.1. HR-MS (ESI)
m/z calcd for C13H200sP [M+H*] 287.1043, found 287.1044.

\ 0
7/

P\
/
e OFt

Diethyl[3-0x0-3-phenylpropyl] phosphonate (2u)

The general procedure was followed using alkyne 1u (50.4 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rt = 0.25)
yielded 2u (21.1 mg, 39%) as an orange oil. *H NMR (600 MHz, CDCl3) 6 = 7.99—
7.96 (M, 2H, 2CH), 7.60-7.56 (m, 1H, CH), 7.47-7.46 (m, 2H, 2CH), 4.17-4.07 (m,
4H, 20CHy), 3.37-3.24 (m, 2H, CHy), 2.24-2.16 (m, 2H, CHy), 1.33 (t, J = 7.0 Hz, 6H,
2CH3).3C NMR (150 MHz, CDCl3) 6 = 197.5 (d, 3Jc.r = 15.8 Hz), 136.3 133.4, 128.7
(2C), 128.1 (2C), 61.8 (d, 2Jc-p = 6.3 Hz, 2C), 31.7 (d, 2Jcp = 2.8 HZ), 19.8 (d, YJcr =
145.0 Hz), 16.4 (d, 3Jcp = 6.0 Hz, 2C). 3P {*H}-NMR (243 MHz, CDCls) & = 32.5.
HR-MS (ESI) m/z calcd for C13Hz004P [M+H*] 271.1091, found 271.1094.

\ 0
/
/P\ E
EtO OFt
MeO

Diethyl[5-(4-methoxyphenyl)-5-oxopentyl]phosphonate (2v)

The general procedure was followed using alkyne 1v (62.0 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry=0.24)
yielded 2v (39.4 mg, 60%) as an orange oil. '"H NMR (600 MHz, CDCls) § = 7.92 (d,
J=8.9 Hz, 2H, 2CH), 6.92 (d, /= 8.9 Hz, 2H, 2CH), 4.14-4.00 (m, 4H, 20CH>), 3.86
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(s, 3H, OCH3), 2.93 (t, J = 7.3 Hz, 2H, CH,), 1.83-1.77 (m, 2H, CH>), 1.77-1.73 (m,
2H, CH»), 1.72-1.65 (m, 2H, CH>), 1.30 (t, J = 7.1 Hz, 6H, 2CH3). 3*C NMR (150
MHz, CDCl3) 6 = 198.3, 163.4, 130.2 (2C), 129.9, 113.7 (2C), 61.5 (d, 2Jcp = 6.5 Hz,
20), 55.4,37.6,25.6 (d, 'Jep = 140.9 Hz), 25.2 (d, 2Jcp = 17.9 Hz), 22.3 (d, *Jcr = 5.0
Hz), 16.4 (d, *Jcp = 5.9 Hz, 2C). *'P {'H}-NMR (243 MHz, CDCl3) 6 = 32.6. HR-MS
(ESI) m/z caled for Ci6HasOsP [M+H'] 329.1512, found 329.1514.

Diethyl[4-(naphthalen-2-yl)-4-oxobutyl|phosphonate (2w)

The general procedure was followed using alkyne 1w (63.2 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry=0.25)
yielded 2w (44.1 mg, 66%) as an orange oil. '"H NMR (600 MHz, CDCl;3) 6 = 8.50—
8.46 (m, 1H, CH), 8.02 (dd, J = 8.6, 1.7 Hz, 1H, CH), 7.96 (dd, J = 8.2, 1.2 Hz, 1H,
CH), 7.91-7.86 (m, 2H, 2CH), 7.62-7.58 (m, 1H, CH), 7.57-7.53 (m, 1H, CH), 4.16—
4.08 (m, 4H, 20CH>), 3.27 (t, J = 7.0 Hz, 2H, CH>), 2.17-2.07 (m, 2H, CH>), 1.95—
1.89 (m, 2H, CHy), 1.32 (t, J = 7.0 Hz, 6H, 2CH3). 3C NMR (150 MHz, CDCl3) =
199.2, 135.6, 134.1, 132.5,129.7, 129.6, 128.6, 128.6, 127.8, 126.8, 123.7, 61.6 (d, *Jc-
p=15.7 Hz, 2C), 38.4 (d, 2Jcp = 13.4 Hz), 28.8 (d, Jcp = 143.8 Hz), 17.4 (d, *Jcp = 4.1
Hz), 16.4 (d, *Jcp = 5.5 Hz, 2C). 3'P {{H}-NMR (243 MHz, CDCl3) 6 = 32.3. HR-MS
(ESI) m/z calcd for CisH2404P [M+H'] 335.1407, found 335.1407.

0 0
\ Il_OEt

B8 SOEt

\ S
Diethyl [4-0x0-4-(thiophen-2-yl) butyl] phosphonate (2x)

The general procedure was followed using alkyne 1x (54.4 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Rf: 0.25)
yielded 2x (29.6 mg, 51%) as a colorless oil.'"H NMR (600 MHz, CDCls) 6 = 7.71 (dd,
J=3.8,1.1Hz, 1H, CH), 7.61 (dd, J=4.9, 1.1 Hz, 1H, CH), 7.11 (dd, J = 4.9, 3.8 Hz,
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1H, CH), 4.12-4.04 (m, 4H, 20CHy), 3.04 (t, J = 7.1 Hz, 2H, CHy), 2.07-2.01 (m, 2H,
CHy), 1.87-1.80 (m, 2H, CH_), 1.30 (t, J = 7.1 Hz, 6H, 2CHs). 3C NMR (150 MHz,
CDCl3) 6 =192.2, 144.1, 133.6, 131.9, 128.1, 61.6 (d, 2Jc-r = 6.4 Hz, 2C), 39.0 (d, 2Jc-
p=14.0 Hz), 24.7 (d, “Jcp = 141.0 Hz), 17.5 (d, 3Jcp = 4.9 Hz), 16.4 (d, 3Jc.r = 6.2 Hz,
2C). 3P {*H}-NMR (243 MHz, CDCls) ¢ = 32.0. HR-MS (ESI) m/z calcd for
C12H2004PS [M+H?*] 291.0814, found 291.0815.

o

/‘K/\ /P
tBu P.

SN
Etg OEt

Diethyl (4,4-dimethyl-3-oxopentyl) phosphonate (2y)

The general procedure was followed using alkyne 1y (46.4 mg, 0.20 mmol).
Purification by column chromatography on silica gel (petroleum/EtOAc 1/3, Ry=0.25)
yielded 2y (21.5 mg, 43%) as an orange oil. 'H NMR (600 MHz, CDCls) 6 = 4.17-4.00
(m, 4H, 20CH>), 2.86-2.70 (m, 2H, CH>), 2.04-1.93 (m, 2H, CH»), 1.31 (t,J=7.1,0.9
Hz, 6H, 2CH3), 1.15 (s, 9H, 3CH3). 3C NMR (150 MHz, CDCl3) 6 =213.5 (d, *Jcp =
14.2 Hz), 61.8 (d, 2Jcp = 6.4 Hz, 2C), 44.1, 29.8 (d, *Jcp = 3.3 Hz), 26.6 (3C), 19.7 (d,
UJcp = 144.1 Hz), 16.5 (d, *Jcp = 6.0 Hz, 2C).3'P {'H}-NMR (243 MHz, CDCl3) 6 =
32.9. HR-MS (ESI) m/z calcd for C11H2404P [M+H"] 251.1407, found 251.1407.

P<
/
EiG OEt

Diethyl (3-oxoheptyl) phosphonate (2z)

The general procedure was followed using alkyne 1z (46.5 mg, 0.20 mmol) and
PhSeSePh (93.6 mg, 1.50 equiv). Purification by column chromatography on silica gel
(petroleum/EtOAc 1/3, Ry= 0.24) yielded 2z (19.2 mg, 38%) as an orange oil. 'H NMR
(600 MHz, CDCl;) 0 = 4.13-4.04 (m, 4H, 20CH>), 2.73-2.67 (m, 2H, CH>), 2.43 (t, J
= 7.5 Hz, 2H, CH»), 2.06-1.97 (m, 2H, CH>), 1.71 (q, J = 12.8 Hz, 2H, CH>»), 1.60 —
1.53 (m, 2H, CH»), 1.31 (t, J = 7.1 Hz, 6H, 2CH3), 0.90 (t, J = 7.4 Hz, 3H, CH3). 3C
NMR (150 MHz, CDCl3) § = 208.5, 61.9 (d, *Jc.p = 6.3 Hz, 2C), 42.6, 35.6 (d, *Jc.p =
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3.6 Hz), 26.1, 22.5, 19.6 (d, 'Je.p = 144.2 Hz), 16.6 (d, J = 5.9 Hz, 2C), 14.0. 3'P {'H}-
NMR (243 MHz, CDCls) d = 32.4. HR-MS (ESI) m/z caled for C11Ha4O4P [M+H']
251.1407, found 251.1412.
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List of Unsuccessful Examples

O=C O=w ==
CO,H

S-1: n.d. S-2: n.d. S$-3: n.d.
oo — MeO@ﬁﬁ — 0
P—OEt P—OEt
CO,Et | I
OH CO,Et OEt
S-4: n.d. S-5: n.d. $-6: n.d.
NC—@ﬁﬂ HC—@ﬁﬂ \ _ o
P—OEt P—OEt - [l
| | F"fOEt
OEt OEt
OEt
S-7: n.d. S-8: n.d. S-9: low conversion
-0 Ox
EtO OEt EtG OEt
S$-10: n.d.

Scheme S-1. Unsuccessful examples for selenium acid promoted hydration of internal

alkynes

Test of Our Substrates with Previous Method

MeO < > — > I, (10-20 mol%) _
O- no reaction

SB___ CHzCly/H;0(4.9 mL/0.1 mL)
g OFt RT, 24-48 h

Scheme S-2. Iodine catalyzed hydration with alkyne 1a

Although the protocol described by Pal (B. Dulla, S. K. Kolli, U. R. Chamakura,
G. S. Deora, R. R. Raju and M. Pal, Synth. Commun., 2014, 44, 1466.) is much simpler
than the current condition in our manuscript, we tried their conditions with our

substrates, unfortunately, it did not work for our substrates.
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Gram-Scale Preparation of 2a

o RVC rﬁ Pt o °
I PhSeSePh (50 mol % ‘ || OFt
FOH ©SePh (50 mol %) P okt
Meo©—:—ﬁoa H,0 (1.0 equiv)
1-AdmCO,H (1.5 equiv)  MeO

NaCl (6.0 equiv)
NEt4,BF,4 (1.0 equiv) 2a
MeCN (5.0 mL),
CCE =10 mA, Q =8 F/mol

To a 50 mL three-neck round bottom flask was added PhSeSePh (692.4 mg, 2.20 mmol,

1a

0.50 equiv), NaCl (1.56 g, 26.6 mmol, 6.0 equiv), 1-AdmCO,H (1.20 g, 0.3 mmol, 1.5
equiv), H2O (79.9 mg, 4.4 mmol, 1.0 equiv), NEt4BF4(965.4 mg, 4.4 mmol, 1.0 equiv)
alkyne 1a (1.32 g, 4.4 mmol, 1.0 equiv) and CH3CN (40.0 mL) under an air atmosphere.
Then, the flask was equipped with rubber stoppers, two pieces of platinum plates (15 x
10 mm) as cathode and one piece of reticulated vitreous carbon (30 x 10 mm) as the
anode. At ambient temperature, electrolysis was started with a constant current of 20
mA which was then maintained for 35.4 h (5.95 F/mol). The mixture was transferred to
a flask and the electrodes were rinsed with EtOAc (3 x 15 mL). Then, silica gel (3.0 g)
was added and the combined solvents were removed under reduced pressure. The
residue was purified by column chromatography on silica gel (petroleum/EtOAc = 1/1

to 1/3) to yield the desired product 2a (1.07 g, 77%) as a pale-yellow oil.
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Product Diversification of 2a

MeO o (\)\ OEt
€ -
o o m-CPBA, TFA NaBH, P
\ || _OEt 2a , OEt
P_ RT, 56% EtOH, RT, 64%
(0] OEt ’
3 3 MeO

4

PPTS, THF
100 °C, 42%

0
[|_OEt

N P.
/©M “OEt
MeO 5

MeO
TR R
)\/\/P/
o “OEt

4-Methoxyphenyl 4-(diethoxyphosphoryl)butanoate (3)

According to a modified procedure,” TFA (1.4 mmol, 100 pl) was added to a stirred
solution of m-chloroperbenzoic acid (85%, 2.0 mmol, 413.0 mg) in CH>Cl» (2.0 mL) at
ambient temperature and the stirring was continued for 6 h. A solution of 1a (0.25 mmol,
78.5 mg) in CH>Cl> (1.0 ml) was added to the reaction mixture and the stirring was
continued for another 14 h at ambient temperature. The mixture was diluted with Et,O
(15 ml), washed with aqueous NaOH solution (1.0 M, 10 mL X 1), brine (10 mlX1)
and dried over anhydrous sodium sulfate. The organic layer was concentrated under
reduced pressure and the residue was purified by silica gel column chromatography
(petroleum/EtOAc: 2/1) to afford ester 3 (46.2 mg, 56%) as a light yellow oil. 'H NMR
(600 MHz, CDCl3) 6 =7.93 (d, J= 8.8 Hz, 2H, 2CH), 6.91 (d, J = 8.8 Hz, 2H, 2CH),
4.16-4.03 (m, 4H, 20CH>), 3.85 (s, 3H, OCH3), 3.06 (t, J = 7.0 Hz, 2H, CH>), 2.08—
1.99 (m, 2H, CH>), 1.90-1.77 (m, 2H, CH>), 1.30 (t, J = 7.0 Hz, 6H, 2CH3). *C NMR
(150 MHz, CDCl3) 6 = 197.8, 163.4, 130.2 (2C), 129.8, 113.7 (2C), 61.5 (d, 2Jcp = 6.5
Hz, 2C), 55.4, 38.0 (d, 2Jcp = 14.1 Hz), 24.8 (d, 'Jc-p = 140.8 Hz), 17.3 (d, 3Jcp = 4.9
Hz), 16.4 (d, *Jcp = 5.9 Hz, 2C). 3P {{H}-NMR (243 MHz, CDCl;) § = 32.4. HR-MS
(ESI) m/z caled for C1sH2406P [M+H"] 331.1305, found 331.1302.
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Diethyl [4-hydroxy-4-(4-methoxyphenyl) butyl] phosphonate (4)

According to a modified procedure,’* NaBH4 (8.3 mg, 0.22 mmol) was added to a
stirred solution of ketone (62.8 mg, 0.20 mmol) in absolute EtOH (3.0 ml). After
stirring for 5 h, the mixture was concentrated in vacuo and the residue was dissolved in
CH>Cl; (50 ml). The organic layer was subsequently washed with distilled H>O (50 ml
X3). The organic phase was dried over MgSO4 and concentrated in vacuo to afford
alcohol 4 (40.5 mg, 64%) as a colorless oil. '"H NMR (600 MHz, CDCl3)é =7.23 (d, J
=8.6 Hz, 2H, 2CH), 6.84 (d, J= 8.6 Hz, 2H, 2CH), 4.58 (d, /= 6.7 Hz, 1H, CH), 4.05—
3.97 (m, 4H, 20CH>), 3.77 (s, 3H, OCH3), 1.87-1.77 (m, 1H, CH), 1.75-1.65 (m, 4H,
2CHy), 1.64-1.52 (m, 1H, CH), 1.26 (m, 6H, 2CH3). 3C NMR (150 MHz, CDCl3) 6 =
158.9, 136.8, 127.0 (2C), 113.7 (2C), 73.2, 61.4 (d, *Jcp = 6.6 Hz, 2C), 55.2, 39.5 (d,
2Jep = 15.5 Hz), 25.3 (d, 'Jc.p = 140.8 Hz), 18.7 (d, *Jc.p = 4.7 Hz), 16.3 (d, *Jc.p = 6.1
Hz, 2C). 3'P {'H}-NMR (243 MHz, CDCls) § = 32.9. HR-MS (ESI) m/z calcd for
Ci5H250sPNa [M+Na "] 339.1332, found 339.1334.

ﬁ OEt
N P
MeO

Diethyl (E)-[4-(4-methoxyphenyl)but-3-en-1-yl]phosphonate (5)

According to a modified procedure,'* To a solution of 4 (122.9 mg, 0.39 mmol) in
toluene (3.0 mL), was added PPTS (195.4 mg, 0.78 mmol) and the mixture stirred at
100 C under nitrogen for 29 h. The solution is then poured into water and extracted
with EtOAc. The organic layer was dried over Na;SO4 and concentrated under reduced
pressure. Then, silica gel (0.8 g) was added and the combined solvents were removed

under reduced pressure. The residue was purified by column chromatography on silica
24



gel (petroleum/EtOAc = 1/1) to yield the desired product 5 as a light yellow oli (47.7
mg, 42%). "H NMR (600 MHz, CDCl3) 6 = 7.25 (d, J = 5.3 Hz, 2H, 2CH), 6.82 (d, J =
8.7 Hz, 2H, 2CH), 6.36 (d, J = 15.7 Hz, 1H, CH), 6.11-6.02 (m, 1H, CH), 4.16-4.05
(m, 4H, 20CH>), 3.78 (s, 3H, OCH3), 2.54-2.38 (m, 2H, CH3), 1.94-1.82 (m, 2H, CH>),
1.32 (d, J= 7.1 Hz, 6H, 2CH3). ®C NMR (150 MHz, CDCl3) § = 158.9, 130.0, 129.9,
127.1 (2C), 126.8 (d, *Jcp = 17.1 Hz), 113.9 (2C), 61.5 (d, 2Jc.p = 6.5 Hz, 2C), 55.3,
25.9 (d, 2Jc.p = 4.5 Hz), 25.7 (d, 'Jc.p = 140.9 Hz), 16.46 (d, 3Jcp = 5.9 Hz, 2C). 3P
{'"H}-NMR (243 MHz, CDCl3) § =32.1. HR-MS (ESI) m/z calcd for C15sH2404P [M+H"]
299.1407, found 299.1406.
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Mechanistic Studies

(a) H/D Exchange Experiments

o RVC rﬁ Pt o

0]
B okt standard conditions ‘ ‘F‘,(OE‘
| f OEt
MeO—@—}/ioa D,0 (2.0 equiv) oM
50% MeO
1a [D],-2a

Alkyne 1a (0.20 mmol, 1.0 equiv), PhSeSePh (31.2 mg, 0.10 mmol, 0.5 equiv), NaCl

(70.1 mg, 1.20 mmol, 6.0 equiv), 1-AdmCOH (54.1 mg, 0.30 mmol, 1.5 equiv), D20
(8.0 mg, 0.20 mmol, 2.0 equiv), NEtsBF4(0.50 mmol, 1.0 equiv) and CH3CN (5.0 mL)
were added into a schlenk tube under an air atmosphere. At ambient temperature,
electrolysis was started with a constant current of 10.0 mA which was then maintained
for 4.3 h. The mixture was transferred to a flask and the electrodes were rinsed with
EtOAc (5.0 mL>3). The combined organic layers were dried over anhydrous Na;SOa.
After filtration and evaporation of the solvents in vacuo, the residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc: 1/1—1/3) to afford the
desired product [D]n.-1a (38.3 mg, 60%) as a pale orange oil. The D-incorporation in
[D]n-2a was estimated by 'H-NMR spectroscopy.

O

\ 0 okt
P/
“OEt
D/H(50% D)
MeO

[Dln-2a

]uH-NMR, 600{ MHz) / J | N

—

191 g
o] 1-89s e

Jdd Jd d o
9 9 o ° -
) NN ©
T T T T T T T T T T T T T T
8.5 8.0 7.5 7. 6.5 6.0 5.5 5.0 a.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 o

1 (ppm)
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(b) O™ isotope label experiment

RvVC rﬁ Pt 0 0O
Il_OEt

O
standard conditions | Z NaHBH,, EtOH, RT N H(OEt
H,'80 (2.0 equiv) 5 OF' ihen, PPTS, 100 °C OFt
42%
64% MeO MeO
° ® ['®0}-2a ¢ ['80]-6

Alkyne 1a (0.20 mmol, 1.0 equiv), PhSeSePh (31.2 mg, 0.10 mmol, 0.5 equiv), NaCl
(70.1 mg, 1.2 mmol, 6.0 equiv), 1-AdmCO;H (54.1 mg, 0.30 mmol, 1.5 equiv), H2*0
(8.0 mg, 0.20 mmol, 2.0 equiv), NEt4BF4(0.50 mmol, 1.0 equiv) and CH3zCN (5 mL)
were added into a schlenk tube under an air atmosphere. At ambient temperature,
electrolysis was started with a constant current of 10.0 mA which was then maintained
for 4.3 h. The mixture was transferred into a flask and the electrodes were rinsed with
EtOAc (3 %5.0 mL). The combined organic layers were dried over anhydrous Na;SOa.
After filtration and evaporation of the solvents in vacuo, the resedue was purified by
column chromatography on silica gel (petroleum ether /EtOAC: 1/1—1/3) to afford the
desired product [*®0],-2a (38.3 mg, 64%) as a pale orange oil.

NaBHj (4.2 mg, 0.11 mmol) was added to a stirred solution of [**0],-2a (34.6 mg, 0.11
mmol) in absolute EtOH (2.0 ml).  After stirred for 5 h, the mixture was concentrated
in vacuo and the residue was re-dissolved in CH>Cl> (50 mL). The organic layer was
subsequently washed with distilled water (3 > 50 mL), dried over MgSO4 and
concentrated in vacuo to deliver the crude alcohol. Then, PPTS (50.3 mg, 0.20 mmol)
and the crude alcohol in PhMe (2.0 mL) was stirred at 100 ‘C under a nitrogen
atmosphere for 29 h. At ambient temperature, the solution was then poured into ice
water and extracted with EtOAc. The organic layer was dried over Na>SO4 and
concentrated under reduced pressure. Then, silica gel (0.8 g) was added and the
combined solvents were removed under reduced pressure. The residue was purified by
column chromatography on silica gel (petroleum/EtOAc = 1/1) to yield the desired
product ['®0] »-6 (13.7 mg, 42%) as a light-yellow oil. No '*0-incorporation was

detected in the elimination product of [80]s-2a.
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The '®0-incorporation in [*80] »-2a
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(c) radical scavenger experiment

0 RVC rﬁ Pt o o)
1 standard conditions | i-OFt
F"*OEt P\OEt
MeO/Q—E—/ioa BHT (2.0 equiv)
76% MeO

1a 2a

Alkyne 1a (0.20 mmol, 1.0 equiv), PhSeSePh (31.2 mg, 0.10 mmol, 0.50 equiv), NaCl

(70.1 mg, 1.20 mmol, 6.0 equiv), 1-AdmCO2H (54.1 mg, 0.30 mmol, 1.5 equiv), H20

(8.0 mg, 0.20 mmol, 2.0 equiv), BHT (88.1 mg, 0.4 mmol, 2.0 equiv), NEt:BF4(0.50

mmol, 1.0 equiv) and CH3CN (5.0 mL) were added into a schlenk tube under an air

atmosphere. At ambient temperature, electrolysis was started with a constant current of

10.0 mA which was then maintained for 4.3 h. The mixture was transferred into a flask

and the electrodes were rinsed with EtOAc (3 %5.0 mL). The combined organic layers

were dried over anhydrous Na,SOas. After filtration and evaporation of the solvents in

vacuo, the crude product was purified by column chromatography on silica gel

(petroleum ether/EtOAC: 1/1—1/3) to afford the desired product 2a (47.8 mg, 76%) as

a pale orange oil.

(d) GC-MS analysis of the crude reaction mixture of alkyne 1a

o RVC fﬁ Pt o o
I PhSeSePh (50 mol %) | || -OEt
,T_OEt eSePh ( ol %) P\OEt
MeO@—}FOEt H,0 (1.0 equiv)
1-AdCO,H (1.5 equiv)  MeO

NaCl (6.0 equiv)
Et4,NBF,4 (1.0 equiv) 2a
MeCN (5.0 mL),
CCE =10 mA, Q = 4.0 F/mol

1a

Table S-2. The detected species in crude reaction mixture of 1a by GC-MS

PhSe . =
Analysis ﬂﬁ [M+H]+ [M+Na]*
P/OEt @ Formula:  CyHy;05PSe
0 I OEt B eact Mass: 470.0761 L [
(0] (Mol wit.:  469.3876 L=

COmyz: 470.0761
MeO (100.0%),
466.0769 (47.9%),

[:]Elam. Anal.: C, 53.74; H, 5.80; 0, 17.04;
P, 6.60; Se, 16.82

471.084 | 493.065

Faste
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o o Analysis EELE& N .
~
SePh @romula:  Cp7Hyg05% [M+H] [M+Na]
8 Exact Mass: 336.0629 =
Decimals: 4 =
[Imol. Wt.:  335.3168 -
O myz: 336.0629
(100.0%),
334.0636 (47.9%), 337.07 359.05
[JElem. Anal.: C, 60.89; H, 6.01; O, 9.54;
Se, 23.55
Paste
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Figure S-1. GC-MS Spectrum for the crude reaction mixture la
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Figure S-2. GC-MS Spectrum for the crude reaction mixture la
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Cyclic Voltammetry

The cyclic voltammetry was carried out with a CHI650E workstation. A glassy-carbon
electrode (5 mm-diameter, disc-electrode) was used as the working electrode, a Pt wire
as auxiliary electrode and a SCE electrode was used as the reference. The measurements

were carried out at a scan rate of 100 mVs™.

= a. blank
== b. PhSeSePh
600 —|== c. PhseSePh+NaCl+AdmCOoH

— . 1a

== c. la+NaCl+AdmCOoH

500 = f. 1a+PhSeSePh+NaCl+AdmCO2H
2a

—

400

Current[pA]
L
S
S
1

200
100
0 -
T T T T T T T T T T T 1
1.0 1.2 1.4 1.6 1.8 2.0
Potential [V]

Figure S-1. Cyclic voltammograms at 100 mVs™': NE4BFs (0.1 M in MeCN), concentration of substrates 3 mM. (a)
blank; (b) PhSeSePh; (c) PhSePhSe, NaCl and 1-AdCO:H; (d) substrate 1a; (e) 1a, NaCl and 1-AdCO:H; () 1a,

PhSeSePh, NaCl and 1-AdCO:2H; (g) 2a.

S32



Reference

[1]. B. Péez-Saavedra, N. Vaquez-Galifanes, C. Sadand M. Fafan&-Mastral,
ACS Catalysis, 2017, 7, 6104.

[2]. K. Beraand Il. N. Namboothiri, J Org Chem, 2015, 80, 1402.

[3]. C. Wiles, P. Watts and S. J. Haswell, Tetrahedron Letters, 2006, 47, 5261.

[4]. H.LeeandlJ. Yun, Org Lett, 2018, 20, 7961.

S33



1
2a
("H-NMR, 600 MHz)

NMR spectra
MeO

o9

Feoe
Fzoz

e — .
*oo'z

to'e
LWNO.V

1 (ppm)

829l
Le 9L /
oc L N‘
€CTLL
WN‘VN\

6L'se

8 LE v.

€6°LE

LE'SS ™\

9€” _\wv.

LY Lo

6.L°92L /
0072 N

[ XAV

8S'€LL

9€'€9L

9 L6L T

2a
("*C-NMR, 150 MHz)

MeO

T
140

T
150

T
200

10

f1 (ppm)

S34



Il _OEt o
‘ P 3
OEt o
|
MeO 2a
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 260 1‘50 ‘I‘OO 5‘0 6 —‘50 —1‘00 —1‘50 —2‘00 —2‘50 -3‘00 —3‘50
f1 (ppm)
v \9 OE
t
\ pC
OEt
2b
("H-NMR, 600 MHz)
Je d o Jd d
o &0 S o S 9 -
N - N < N N N ©
8‘.5 8‘.0 7‘5 7‘0 6‘5 6‘.0 5‘.5 5‘0 4‘5 4‘0 3‘5 3‘0 2‘5 2‘.0 1‘5 1‘0 65

S35



€ev’

L
S
og”
€c”
og”
6€”

€97
PA=N

(VA
00°
Le

‘oL

oL
A S
A S
ve

wmv.

8€

— =

rwv
Lo

QFV
hh\\‘

zz'e6lL

2b
("3C-NMR, 150 MHz)

T
140

T
150

T
200

210

1 (ppm)

€ezze

2b
(3'P-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S36



2c
("H-NMR, 600 MHz)

Me

y

809

B8O'Z
so0'z
Joo'e

Fooz

Feov

*B6°L

1 (ppm)

6c 9L
ev 9L
PARVAN
oz L1
09 Lz \.
Nm.VNN
sz'sz

@r.wﬂv.

8c°'8¢€

6v° —.Ov
€S L9

61L°92 /
00722 N.

[ XAV

L0'8cL N
sc'ectL \
scvel

68'cvL

98°'861L

2c
("3C-NMR, 150 MHz)

Me

T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90

-20

-10

f1 (ppm)

S37



32.31

i 0 oE
t
P
OEt
Me 2c
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 2‘00 1‘50 160 E;O 6 —L‘:;O —1‘00 —1‘50 —2‘00 —2‘50 -3‘00 —3‘50
1 (ppm)
o) o)
\ [l_OEt
“OEt
t-Bu 2d
("H-NMR, 600 MHz)
d o d ¢ dd o'
° ° ° ° © © ° q
N N < N N N o o
8‘,5 8‘,0 7‘,5 7‘,0 6‘,5 é,O 5‘ 5 5‘ o 4‘,5 4‘,0 3‘ 5 3‘,0 2‘ 5 2‘ o 1‘,5 1‘ o d,s O‘,w

S38



ee9lL

mv.wr/

mr.hrw. —
€T 2L

wm.vNM
oz'sz

€0°LE
A _—

90°'se
€c°8¢€

ce'8¢e

LS _‘wv _
ss'L9

mh.wh/

oo.nhN. —_—

[ XAV

zs'szL
€6°221L
oL vEL

r8°9GL T

2d
("3C-NMR, 150 MHz)

06°'86L

t-Bu
I
|

T
140

T
150

1 (ppm)

oeze

2d
(3'P-NMR, 243 MHz)

t-Bu

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S39



2e
("H-NMR, 600 MHz)

EtO

¥8L'9
M/ho.m

Forz
Fgoz

AH\@@.F

AH\OO.@

—_—F50z

JWFO,N

0.5

.0

1

.5

2.0

1 (ppm)

Lo vL
8€9L
cv' oL
Le Ll N‘
veLL
WM.VN\
oge'sc

€6°LE v.

€0°8€

8V’ vwv.

cs'Lo
69°€9 \

6L°92L /
002 N

[ XAV

LL' L

99°'6ZL "\,
€coetL

6829l

8L°/61L

2e
("3C-NMR, 150 MHz)

EtO

T
120

T
130

T
200

10

f1 (ppm)

S40



32.34

|| _OEt
\ pC
OEt
EtO 2e
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 2‘00 1‘50 160 E;O 6 —L‘:;O —1‘00 —1‘50 —2‘00 —2‘50 —3‘00 —3‘50
1 (ppm)
1 0 OEt
PL
OEt
BnO 2f
("H-NMR, 600 MHz)
d <o =% N o d Jd d
° © Qoo ° ° o © ° v
N N N - N N < - N N ©
8‘5 8‘,0 7‘,5 7‘0 6‘5 éO 5‘,5 5‘0 4‘5 4.0 3‘,5 3‘,0 2‘5 2‘0 1‘,5 1‘0 C;S

S41



o€ 9L
6€E'9L /
ocLL N‘
6c LL
QO.VN\
6c'sc

mum.hmu v.
c0o'8¢e

.VV._‘Q V.
8v° L9
.V0.0F/
mwh.@hV
00°LL

[ XAV

6e€ 2L
oL'8ctL

F@.WN_.W
—.0.0m_.xy
ON.ONr\
40°'9€L

SS'2olL

[e VAN S

1 (ppm)

2f
(13C-NMR, 150 MHz)

BnO
200

otv'ze

-50 -100 -150 -200 -250 -300 -350

f1 (ppm)
S42

2f
(3'P-NMR, 243 MHz)
300 250 200

BnO

350




29
("H-NMR, 600 MHz)

PhO

809

Fsoz
oz

Foz

Foiv

ol T

Jroe
H/@mw,r
46°0
00'ec

Fooe

T
0.0

T
0.5

.0

1

1 (ppm)

ec9L
mv.w_./
NN.E.N
oz L1
_.m.VN\
vz se

40°8€ v.

91L°'8¢€

6v” _\Qv

€S L9

6L°9L /
00°LL N

LecLL

L7261

PhO

(13C-NMR, 150 MHz)

T
140

T
150

T
200

f1 (ppm)

S43



32.26

0 o)
[|_OEt
“OEt
PhO 29
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 2‘00 150 160 E;O 6 —L‘:;O —1‘00 —1‘50 —2‘00 —2‘50 —3‘00 —3‘50
1 (ppm)
1 ﬂ OEt
PL
OEt
cl 2h
("H-NMR, 600 MHz)
d d J d Jd d o
° ° ° ° c - °
N N < N NN ©
8‘,5 é o 7‘,5 7‘ o 6‘ 5 é,O 5‘,5 5.0 4‘,5 4‘,0 3‘,5 3.0 2.5 2‘ o 1‘,5 ‘I‘ o 6 5 C; o

f1 (ppm)

S44



oV’
24
i <°

cc
S
€c”
ce’

€G°
PA=N

(VA

00°
cec

167,61

L

oL
oL
PAS

ve

wmv.

8€

— 2

2h
("3C-NMR, 150 MHz)

Cl

T
190

T
200

1 (ppm)

ro'ze

2h
(3'P-NMR, 243 MHz)

Cl

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S45



2i
("H-NMR, 600 MHz)

Ac

seoL
zv oL
0

ro se oL
se oL

) oL vz "\
Or‘WNN
*o00'9 €8'92

L2 Nw.wmv
Lz8€
MWFO,N o
Fzoz | O

0 2s'L9
ro
— Tyoe 9s'L9

o

1

o .

o 6292 /

Foz 0022 N
Lz L

H\OO,V

1 (ppm)

vL8ZL\
zv°82L

€861\
ZLovL

—_— o

00t 0

v L6L N\
€9'861L

f1 (ppm)
S46

160 150 140

2i
("3C-NMR, 150 MHz)
170

190 180

Ac
200

10



32.01

o 0o
\ || _OEt
“OEt
Ac 2i
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 2‘00 1‘50 160 E;O 6 —L‘:;O —1‘00 —1‘50 —2‘00 —2‘50 —3‘50
1 (ppm)
1 || _OEt
\ p-
OEt
Ph 2j
("H-NMR, 600 MHz)
o NS iy d Jd o o
© 0o o0Q ° ° G © °
N N N N+ < N N N (]
8‘,5 8‘,0 7‘,5 7‘,0 é 5 é o 5‘ 5 5‘,0 4‘ 5 4‘ o 3‘,5 3‘,0 2‘,5 2‘,0 1‘ 5 0‘,5 d
f1 (ppm)

S47



ov'9oL
v oL /
6L°LL N‘
ccLL
OO.VN\
9c'se

S€e'8¢€ v.

vv°'8¢€

Nm. rwv
9S° L9

00 2L \\‘

[ XAVVA

64861

2
("3C-NMR, 150 MHz)

Ph

L.

1 (ppm)

zzze

Ph

(3TP-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S48



2k
("H-NMR, 600 MHz)

EtO,C

¥Z0'9

“zoe

Foo'z
Hoz

—=Fforz

U Fov
Fore

Fzo'Z

ooz

1

1 (ppm)

vevi
Lol
Sv'oL

—

6691
co0°LL
i

€cve \

oL'se

€9°8¢€ v.

c.L°8¢€

vy L9
9S°'L9

09°'L9

6.L°9L /
0022 N.

[ XAV

ZL°59L

€4L°86L

2k
("3C-NMR, 150 MHz)

Et0,C

sorbs

T
200

f1 (ppm)

S49



32.07

o}
[|_OEt
OEt

EtO,C 2k
(3'P-NMR, 243 MHz)

T
-50

T
-100

T
-150

T
-200

T
-250

T T
-300 -350

3‘50 360 2‘50 2‘00 150 100 50 o
1 (ppm)
OMe 2 (\)\ OEt
\ pC
OEt
21
("TH-NMR, 600 MHz)
L] Mu.. “ A_”LLJ
d d ' d d o Jd d N
° © © Q =« = © o o
- - - - T ™ N N N ©
8‘.0 7‘.5 7‘ o 6‘.5 é.O 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 d.s d.(
1 (ppm)

S50



ov'9L
v oL
LELL
ov'LL
SS've

—_

[Sha=T4

LLEV v.

L8 EV

LSS\
124 _vwv
8Y° L9

@h.@h/
00722 \

[ XAV

Nm._\_\_\\

49°0cL /
viL'8ctL /
veoeL

8t €EL \L

21
(T3C-NMR, 150 MHz)

1 (ppm)

os'ze

OMe O

[|_OEt

“OEt

2|
(3'P-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S51



Me

2m
("H-NMR, 600 MHz)

— .
fzoz

Fooz

AMO._,
L

1 (ppm)

6€E'9L
€V oL
9L LL
6L°LL
Lere
ceve

NN

9c'se

1L€°8€ v.

ov'8¢€

LS va.

SS L9

6L°92L /
00722 N

[ XAV

w_\,mN_‘/

otv'8cL V
8v'82L
S8’ €eEL
6.°9€L w
4e°8€L

€V 661

b
O/ \O
o=n

Me

2m
("3C-NMR, 150 MHz)

T T
140 130

T
150

T
200

f1 (ppm)

S52



32.27

1 I|_OE
t

Me | Pi
OEt

2m
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 260 1‘50 ‘I‘OO 5‘0 6 —‘50 —1‘00 —1‘50 —2‘00 —2‘50 -3‘00 —3‘50
f1 (ppm)

1 0 okt

MeO P
“OEt

2n

1 A i)

¢85 § T d d g o
- - v v ¥ o N NN ©
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C
f1 (ppm)

S53



L
St
61"
cc
ce’
oc’
124
vS”

v
vS”
8G°

6.
00°
Lz

oL
oL
PAS
PAS
ve

—_

sc

wmuv.

8€

SS

rwv
L9

v
7

ZLryzee
09°'6LL /
r9'ocL

6S'62L

€L'8€L

€8°6SL

so'e6lL

LAl

MeO

2n
("3C-NMR, 150 MHz)

T
140

T
150

T
200

1 (ppm)

seze

MeO

2n
(®'P-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S54



Me

20

Me

("H-NMR, 600 MHz)

L

Jo'9

oy

FoL

o'z

0.0

-0

1

.5

1

1 (ppm)

6€E9L
€V 9L
6L°LL
ccLL
eLLZ
reve

=N N

Lz'sz

€v°'8€ v.

zs°'8€

6t” _vwv.

€S L9

mwh.@h/
00°LL N

[ XAV

€9°661L

Me

20

Me

("3C-NMR, 150 MHz)

T
190

T
200

1 (ppm)

S55



32.24

1 ||_OE
t
Me P
“OEt
Me 20
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 2‘00 1‘50 160 50 o —L‘:;O —1‘00 —1‘50 —2‘00 —2‘50 —3‘00 —3‘50
1 (ppm)
1 ﬂ OEt
Me P
OEt
Me 2p
("H-NMR, 600 MHz)
g o g dJ e o'
© o o o o 0 0 0
Ll o o < N o N N
8‘,0 7‘,5 7‘,0 6‘,5 é,o 5‘,5 5‘,0 4‘,5 4‘,0 3.5 3.0 2.5 2.0 .5 0.5 C;,O
f1 (ppm)

S56



ov-
124
Le
ver
9L
LoO”
ce’
se°
cec
Le”

oS-
SS°

6L
00°
Le

oL

OFV
hh\\‘

oL secL /
20°621L "\
8621

vOvEL
z6'9€L W o=n
sozvi

oL'66L

Me

2p
("3C-NMR, 150 MHz)

Me

T
200

1 (ppm)

Leze

Me

Me

(*'P-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S57



OMe

2q
("H-NMR, 600 MHz)

MeO

/!

L9

e

e

wq

e

#80°€

L€

€0t

.0

.5

1

2.0

1 (ppm)

6€E'9L
cv' oL
SV LL
8V LL
85 v

—_

Ls'sec

co'er v.

cLeEY

€eV'SS V.

61v'SS

6€” —,GN

vy L9

6.L°92 V.
00°LL \\‘

L L2

Le'86

60°SOL

=1 oA R

vozelL

zL'esL

2q
(13C-NMR, 150 MHz)

MeO

T T T
140 130 120

T
150

T
200

f1 (ppm)

S58



32.75

oMe o 0 okt
P/
SOEt
MeO 2q
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 2‘00 1‘50 160 E;O 6 —L‘:;O —1‘00 —1‘50 —2‘00 —2‘50 —3‘00 —3‘50
1 (ppm)
OMe O o)

|| OEt

MeO 2
OEt

2r
("TH-NMR, 600 MHz)

/] /

E

5 J o3 Jg o

o9 9 009 9 0 9

- O - T o M N N ©

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

S59



ov-
v
24
A4
6€”
ce’
e’
€6°

S6°
i<
oS-
VST

61"
00°
Lz

9L
w_./
hrN
7
ve
mN\

L€
L€
mmy
9S
_\ON
Lo

mwh/
FFN

1L

86°601L v

20 0LL

89'z2L

Q0'0€L

€0'61vL

6c'estL

987261

OMe O

MeO

2r
("3C-NMR, 150 MHz)

—4

T
140

T
150

T
200

1 (ppm)

veze

OMe O

MeO

2r
(3'P-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

1 (ppm)

S60



MeO

2s

OMe
("H-NMR, 600 MHz)

AL

I

o9

Bz
Feoz

Feo'z

€09

Fgov

Too'z

1 (ppm)

Z2E°SOoL "\
81°S0L

osLg8eL

98°09L T

48°861L

MeO

2s

OMe
(13C-NMR, 150 MHz)

1 (ppm)

S61



32.25

Il
MeO P

OMe 2s
(3'P-NMR, 243 MHz)

T T T T T T
350 300 250 200 150 100 50 o -50 -100

T
-150

T T T T
-200 -250 -300 -350

1 (ppm)
i 0 om
e
OMe
MeO 2t
("H-NMR, 600 MHz)
d d ¢ 8 oJ d J
° ° * 0 ° e o
N N o o0 N N N
8‘ o 7‘,5 7‘,0 6‘,5 é,O 5‘,5 5‘,0 4‘,5 4‘,0 3‘,5 3‘,0 2‘,5 2‘ o 1‘ 5 ‘I‘,O C; 5

f1 (ppm)

S62



SL°
8L’
ce’

S8’
ve-

o€’
ve”
vy

6L
00°
Lz

mwh/
FFN

PVA

cLELL

0os'€9L

19261

2t
("3C-NMR, 150 MHz)

MeO

T
140

T
150

T
200

1 (ppm)

so'se

2t
(*'P-NMR, 243 MHz)

MeO

-100 -150 -200 -250 -300 -350

T
-50

LO

T T T
300 250 200

T
350

1 (ppm)

S63



("H-NMR, 600 MHz)

e

=*soz

¥L0°2

MGO.—.

1 (ppm)

L 9oL V

St oL

<
wN.mr\

vz oz

€L rmv

SZLe

SZ° rov

64719

6.L°92

00
| XAVVA

v L6L v.
SG° /.61

(13C-NMR, 150 MHz)

T
200

1 (ppm)

S64



32.47

(3'P-NMR, 243 MHz)

350 300 250 200 150 100 50 o -50 -100 -150 -200 -250 -300 -350
f1 (ppm)
o)
0
/
/P\OE
t
) EtO
MeO v

("H-NMR, 600 MHz)

zoo b
2.07 g5
—

1 99{_‘

dd 48 ¢
v 0 o ® 0 O
T o N+ N O
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 a.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

S65



Ly
St
ve
paA
L
oL’
8c”

8G°

€Y’
44
VA4

(VA
00°
Le

SS

F@V.
L9

mwh/
FFN.

L2

99'eLL

o621\
vz oeL

LE°€9L T

oe's6lL

2v
("3C-NMR, 150 MHz)

MeO

T
140

T
150

f1 (ppm)

z9zce

2v
(3'P-NMR, 243 MHz)

MeO

-100 -150 -200 -250 -300 -350

T
-50

T T T
300 250 200

T
350

f1 (ppm)

S66



2w
("H-NMR, 600 MHz)

Lk

602

Feoz

Forz

kﬂO‘r

FZo'L
/802

JNO. 3
oL

f1 (ppm)

€S 9L V.
4S°9L \

Lz
86°2Z \
gz 627

Ls'8e v.

6S°8€

cL mev.

9L°L9

€8°ezL
68°9Z1L
987221
8s°8Z1L
L9621
L8'6ZL \
zo'zel
LZPEL -
LL'SEL [e)

2w
(13C-NMR, 150 MHz)

210 200

f1 (ppm)

S67



32.29

o) o}
| IOkt

OO o
2w

(3'P-NMR, 243 MHz)

T
-150

T
-200

T
-250

T T
-300 -350

3‘50 360 2‘50 2‘00 150 100 50 o —L‘:;O —1‘00
1 (ppm)
o) o)
\ \F\)/OEt
X “OEt
\ S 2x
("TH-NMR, 600 MHz)
g d g J g
c 0 ° ° = © ©° °
- O - < N N N o
8‘,5 8‘,0 7‘,5 7‘,0 6‘,5 é,O 5‘,5 5‘,0 4‘,5 4‘,0 3‘,5 3‘,0 2‘,5 2‘,0 .5 1‘,0 0‘,5 C;,O
f1 (ppm)

S68



6€E'9L
€V oL
vvLL
8V LL
8c ve
Le'se

16°8€

N

90°'6€

..Vm. _\wv.
8G° L9

00 2L \\‘

LeLL

oL'8ZL "\

Le'LeL ™

o9'eelL 4

20 v¥L T

ZrLzer

[|_OEt
P
“OEt

(0]

2x
(13C-NMR, 150 MHz)

S

T
140

T
150

f1 (ppm)

oo'ze

2x

S

(3'P-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

-50

300 250 200 150 100 50

350

f1 (ppm)

S69



[0}

/‘k/\ //o
tBu

P
/
EiG OEt

2y
("TH-NMR, 600 MHz)

A A "
A J 7 g
o 0 o S 9
® - N o 0
; ; . . . . . : : .
7.5 7.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
o O
® o - 0 0 N o™ o] -0 0 v O = N
o oo NonN 00 © NO YOO XY
- o N N O - o T 00 © O 0 0 O
NN NNN 0O T N NN A - -
~ — e D I T
(0]
\ (o]
/7
tBu P\O
/ Et
EtO
2y
(13C-NMR, 150 MHz)
I
1l
I
j " \ ll‘ "
. . . . . : . . . T T . . ; ; ; ; ; ; . .
220 210 200 190 180 170 160 150 140 130 120 110 100 80 60 50 40 30 20 10 o

1 (ppm)

S70



(0]
)‘\/\ 2
//
tBu /P\OE
EtO t

2y
(3'P-NMR, 243 MHz)

32.86

T
-100

T
-150

T
-200

T
-250

T
-300

T
-350

350 360 2%0 260 150 100
1 (ppm)
0
Me\/\*/\ //O
okt
.y FEtO
("TH-NMR, 600 MHz) / / / //
g g d e d g
o ) o N © O ¥
“ < d SEEPSED:
8‘.0 7‘.5 7‘.0 é.s 6‘.0 5‘.5 5‘.0 4‘A5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1.5 0‘.5 d.O
f1 (ppm)

S71



o
o 00 =N © 0 Y NDYTOND®
@ NSO R NG mo 00809 Y0 KN
o NNG =« NGO LoD DO o ®
N NNN 0O T OO0 NN - - o
| — VNSNS e
(0]
\ 0
Me\/\)\/\ /y
P
EtO/ OFt
2z
13C-NMR,150 MHz)
| |
]

ol J (- I A
2‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1l|0 160 9‘0 8‘0 7‘0 éD 5;0 410 3‘0 2‘0 ‘I‘O ‘O
f1 (ppm)

<
N
0 o

=<
(0]
>
/ \\o

2z
31P-NMR, 243 MHz)

MWWW“WWMWWWWWWW

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
60 320 280 240 200 160 120 80 40 o -40 -80 -120 -160 -200 -240 -280 -320

f1 (ppm)

S72



)

6([)0 MHz

MeO
f(1H-NMR,

Feo'e sz'sz

Fsoz | o
Fozz [W

o
%W@.F 0 wh.wh\/

0
Fe Lz 22
Foe °
r<
Fee m,
a
n g
re -
b
° go'ELL —
ro
0
Fo zg62L "\
v
zzoeL
o
ro
0
ro
Foe L | Q . —
Fr v el
0
N
Fooz | ©
ro
0 _
3 PAVA
e 827261

90 80

100

1 (ppm)
S73

110

120

180 170 160 150 140 130

("*C-NMR, 150 MHz)

MeO
190

200




(3'P-NMR, 243 MHz)

__32.41

T T T T T T
-100 -150 -200 -250 -300 -350

3‘50 360 2‘50 2‘00 150 100 50 o —l‘;O
1 (ppm)
0
|| _OEt
~N
, OEt
MeO 4
("TH-NMR, 600 MHz)
g ' 4 d dWN ¢
° ° ° ° 9 @0 ¢c o
[\ - o < V] O ¢ - ©
7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 ‘I‘.O 0‘.5 d
1 (ppm)

S74



Nm.orV
oc9lL
ve'8lL N
z8°81
mn.vww
zcLs2

6t'6€ v.

6S°6€

61L°SS ™

8€" r@V

€V LY

veces /
@h.mwh/
00722 N

[ XAV

osLe€LL

167921

€8°'9¢€L

48851

|| _OEt

OH

“OEt

MeO

(13C-NMR, 150 MHz)

1 (ppm)

o6'ze

OH

[|_OEt

“OEt

MeO

(3'P-NMR, 243 MHz)

-100 -150 -200 -250 -300 -350

T
-50

T T
250 200

T
300

T
350

1 (ppm)

S75



NS

MeO

("H-NMR, 600 MHz)

/

/

80’9

HIWO,N

H\O.U.N

Fere

Fov

Feso

Foo 1

1 (ppm)

v oL v.

8v°' 9L
sec'se /

ce'sc
S6e°'sc

YA R YA

SZ°SS ™

8t” r@y

csS'L9

@h.@h/
00722 N

[ XAV

ze'eLL

cL92L
€8'9CL
€LL2L
ve'6cL

= N\

roogL

68°'8SL

NS

MeO

("3C-NMR, 150 MHz)

T
140

T
150

1 (ppm)

S76



__32.07

?\ OEt
N Pi
OEt
MeO 5
(3'P-NMR, 243 MHz)
3‘50 360 2‘50 2‘00 1 ‘50 1 60 E;O 6 —“50 —1‘00 —1‘50 —2‘00 —2‘50 —3‘00 —3‘50

S77



