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1. General considerations

Unless otherwise noted, commercial reagents were purchased from Adamas, Alfa, Aladdin, TCI, J&K or
Macklin and used without further purification. All reactions were carried out using oven-dried glassware and
all reactions proceeded without special care. Column chromatography was performed on 200-300 mesh silica
gel (Huanghai, China).

1H, 3P and ¥ C{*H} NMR spectra were recorded on an Bruker Ascend 400 MHz spectrometer at ambient
temperature. *H NMR spectra are referred to the TMS signal (8 = 0 ppm) and *C NMR spectra are referred
to the residual solvent signal (8 = 77.16 ppm). Data for 'H NMR are reported as follows: chemical shifts (&
ppm), multiplicities (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br = broad), coupling
constants (Hz), integration.

The instrument for electrolysis is ElectraSyn 2.0 Package (IKA), the anode electrode is vitreous carbon plate
(52 mm>8 mm>2 mm) and cathodic electrode was platinum plate (52 mm>8 mm>2 mm); And MS-3610DS
(MAISHENG), carbon plate (10 mm>10 mm>3 mm) and cathodic electrode was platinum plate (10 mm>10

mm>0.1 mm). The data of HRMS was carried out on Agilent 7250 GC/QTOF.
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2. Experimental procedures and characterization data

2.1 Experimental procedures

Synthesis of compounds 1 according to the following procedure?:

As exemplified for la:

O o
AN (1) acetone, 60 °C, 5 h 2 —
| -
er/ * B"\)J\Rz Ri N7 Ra

=N (2) K,CO3, H,0, 70 °C, 5 h

A solution of 2-picoline (0.93 g, 10 mmol, 1.0 equiv) and 2-bromoacetophenone (1.99 g, 10 mmol, 1.0 equiv)
in acetone (50 mL) were added to a 100 mL round bottom flask and heated with a heating mantle for 5 hours
to 60 <C. The precipitate obtained by filtration separation was redissolved in 20 mL of hot water (60 <C).
Then, K2COs (2.76 g, 20 mmol, 2.0 equiv) was added and heated at 60 <C for 5 hours. After filtration and
drying in vacuo, a white solid compound 1a was obtained without further purification.

2-Phenylindolizine (1a)

C@_@ IH NMR (400 MHz, CDCls) § 7.89 (d, J = 7.0 Hz, 1H), 7.67 (d, J = 7.2 Hz, 2H), 7.58
N7 (s, 1H), 7.40 (t, J = 7.7 Hz, 2H), 7.35 (d, J = 9.0 Hz, 1H), 7.29-7.23 (m, 1H), 6.70 (s,
1H), 6.68-6.60 (m, 1H), 6.45 (t, J = 6.5 Hz, 1H). 3C NMR (100 MHz, CDCls) § 135.3, 133.6, 129.4, 128.7,
126.5, 126.2, 125.0, 119.0, 117.3, 110.5, 109.2, 96.6.

Indolizine derivatives 1 were known compounds and synthesized according to the known procedures, and

their NMR data were in agreement with those described in the literature.*?

Synthesis of products 3 according to the following procedure:

As exemplified for 3a:

H Za—
/ Ph
— O C(+) | Pt(-), 10 mA XN
/P + Sg + H-P-OEt >

N MeCN:H,0=4:1 QS
1a 220Ft KB, Et;N 3a P

/\
1a:Sg:2a:EtzN=1:22:22:22 Et0” OEt

2-Phenylindolizine (0.3 mmol, 1.0 equiv), Sg (0.66 mmol, 2.2 equiv), diethyl phosphonate (0.66 mmol, 2.2
equiv), KBr (1.2 mmol), EtsN (0.66 mmol), CHsCN (4 mL) and H2O (1 mL) were placed in a 10 mL
undivided electrolytic cell with a vitreous carbon plate anode (52 mm>8 mm>2 mm) and a platinum plate
cathode (52 mm>8 mm>2 mm). The electrolysis was carried out at room temperature under a constant

current of 10 mA for 10 hours. Then, the resulting solution was quenched with 10 mL brine and extracted
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with ethyl acetate (3><10 mL). The extract was dried with Na;SO4. The solvent was removed with a rotary
evaporator. The pure product 3a was obtained by preparative TLC on silica gel (petroleum ether: ethyl

acetate = 3: 1).

Synthesis of products 4 according to the following procedure:

As exemplified for 4a:

H OEt
Osp
Z T yph Q  C(*)IPH), 10 mA ~OEt
+ S, + _ Pz
SN/ 8 * HoP-OBt .0 = 41 // o
1a H 2a0Ft KBr, Et;N N
1a:Sg:2a:EtzN=1:1.1:1.1:1.1 4a SH

2-Phenylindolizine (0.3 mmol, 1.0 equiv), Sg (0.33 mmol, 1.1 equiv), diethyl phosphonate (0.33 mmol, 1.1
equiv), KBr (1.2 mmol), EtsN (0.33 mmol), CHsCN (4 mL) and H2O (1 mL) were placed in a 10 mL
undivided electrolytic cell with a vitreous carbon plate anode (52 mm>8 mm>2 mm) and a platinum plate
cathode (52 mm>8 mm>2 mm). The electrolysis was carried out at room temperature under a constant
current of 10 mA for 10 hours. Then, the resulting solution was quenched with 10 mL brine and extracted
with ethyl acetate (3><10 mL). The extract was dried with Na,SO4. The solvent was removed with a rotary
evaporator. The pure product 4a was obtained by preparative TLC on silica gel (petroleum ether: ethyl

acetate = 3: 1).

Synthesis of products 5 according to the following procedure:

As exemplified for 5a:

} s Ph
e ﬁ C(+) | Pt(-), 10 mA N/
/P * HS—P-OMe

SN MeCN:H,0 = 4:1 S, S
OMe KBr (4 equiv) )

Y 5a
MeO/ OMe

1a H
2-Phenylindolizine (0.3 mmol, 1.0 equiv), (EtO).P(S)SH (0.33 mmol, 1.1 equiv), KBr (1.2 mmol), CH:CN (4
mL) and H,O (1 mL) were placed in a 10 mL undivided electrolytic cell with a vitreous carbon plate anode
(52 mm>8 mm>2 mm) and a platinum plate cathode (52 mm>8 mm>2 mm). The electrolysis was carried out

at room temperature under a constant current of 10 mA for 10 hours. Then, the resulting solution was

guenched with 10 mL brine and extracted with ethyl acetate (310 mL). The extract was dried with Na,SOa.
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The solvent was removed with a rotary evaporator. The pure product 5a was obtained by preparative TLC on

silica gel (petroleum ether: ethyl acetate = 3: 1).

2.2 Characterization data
0,0-Diethyl S-(2-phenylindolizin-3-yl) phosphorothioate (3a)

A Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3a. Yellow liquid
Y
C'\Q_Q (84.5 mg, 78%). *H NMR (400 MHz, CDCls) 6 8.52 (d, J = 7.1 Hz, 1H), 7.77 (d, J =
o, S
P

VS, 7.1 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.40 (d, J = 8.9 Hz, 1H), 7.33 (t, J = 7.4 Hz,
1H), 6.86 (t, J = 7.7 Hz, 1H), 6.69 (t, J = 8.6 Hz, 2H), 3.84 (g, J = 8.0 Hz, 2H), 3.69 (g, J = 8.3 Hz, 2H), 0.99
(t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCls) § 136.8 (d, J = 4.8 Hz), 136.2 (d, J = 3.0 Hz), 135.2 (d, J =
1.9 Hz), 129.4, 128.4, 127.2, 124.7, 119.8 (d, J = 2.6 Hz), 118.7 (d, J = 2.9 Hz), 111.0 (d, J = 1.5 Hz), 100.8
(d, J=1.9 Hz), 97.9 (d, J = 8.4 Hz), 64.3 (d, J = 7.0 Hz), 15.9 (d, J = 7.1 Hz). 3'P NMR (162 MHz, CDCl3) 3

19.85 — 19.65 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C1sH20NO3PS, 361.0902; found 361.0902.

0,0-Diethyl S-(8-methyl-2-phenylindolizin-3-yl) phosphorothioate (3b)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3b. Green liquid

~ N// (81.0 mg, 72%). 'H NMR (400 MHz, CDCl3) § 8.41 (d, J = 6.8 Hz, 1H), 7.79 (d, J =
N
o, S 7.5 Hz, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.4 Hz, 1H), 6.66 (g, J = 6.5 Hz,
0\
EtO  OEt 3H), 3.84 (g, J = 8.0 Hz, 2H), 3.69 (q, J = 8.3 Hz, 2H), 2.44 (s, 3H), 1.00 (t, J = 7.0

Hz, 6H). 3C NMR (101 MHz, CDCl3)  137.0 (d, J = 3.0 Hz), 136.4 (d, J = 4.8 Hz), 135.4 (d, J = 1.9 Hz),
129.4, 128.4, 127.8 (d, J = 2.8 Hz), 127.2, 122.6, 119.2 (d, J = 2.6 Hz), 111.2 (d, J = 1.4 Hz), 99.4 (d, J = 1.9
Hz), 98.4 (d, J = 8.2 Hz), 64.2 (d, J = 6.9 Hz), 17.9, 15.9 (d, J = 7.2 Hz). 3'P NMR (162 MHz, CDCl3) &

19.80 — 20.0 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C19H22NO3PS, 375.1058; found 375.1057.

S-(8-Bromo-2-phenylindolizin-3-yl) O,0-diethyl phosphorothioate (3c)

Br Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3c. Yellow liquid
= // (81.7 mg, 62%). *H NMR (400 MHz, CDCls) 6 8.50 (d, J = 7.0 Hz, 1H), 7.77 (d, J =
N

o, 8 7.6 Hz, 2H), 7.45 (t, J = 7.5 Hz, 2H), 7.35 (t, J = 7.4 Hz, 1H), 7.10 (d, J = 7.0 Hz,
P
Et0" OEt 1H), 6.85 (s, 1H), 6.58 (t, J = 7.1 Hz, 1H), 3.85 (q, J = 8.0 Hz, 2H), 3.70 (g, J = 8.6,

8.2 Hz, 2H), 1.01 (t, J = 7.0 Hz, 6H). 3C NMR (101 MHz, CDCls) & 137.3 (d, J = 4.9 Hz), 135.0 (d, J = 3.2
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Hz), 134.7 (d, J = 1.9 Hz), 129.4, 128.5, 127.6, 124.1, 1225 (d, J = 2.6 Hz), 112.8 (d, J = 3.3 Hz), 110.9,
102.7 (d, J = 2.2 Hz), 100.7 (d, J = 8.5 Hz), 64.5 (d, J = 7.2 Hz), 16.0 (d, J = 7.1 Hz). 3'P NMR (162 MHz,
CDCl3) & 19.5 (t, J = 4.0 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for C1sH19BrNO3sPS, 439.0007; found

439.0008.

0,0-Diethyl S-(6-ethyl-2-phenylindolizin-3-yl) phosphorothioate (3d)

@_@ Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3d. Yellow liquid
N7

Et o 5 (85.2 mg, 73%). 'H NMR (400 MHz, CDCls) 6 8.33 (s, 1H), 7.75 (d, J = 7.1 Hz, 2H),
\\P/

Et0" OEt 7.43 (t, J=7.6 Hz, 2H), 7.37 — 7.28 (m, 2H), 6.77 (d, J = 9.1 Hz, 1H), 6.63 (s, 1H),

3.81 (q, J = 8.0 Hz, 2H), 3.65 (s, 2H), 2.65 (q, J = 7.6 Hz, 2H), 1.29 (t, J = 7.6 Hz, 3H), 0.97 (t, J = 7.1 Hz,
6H). 3C NMR (101 MHz, CDCls) § 136.5 (d, J = 4.7 Hz), 135.5 (d, J = 1.9 Hz), 135.2 (d, J = 2.9 Hz), 129.4,
128.4,127.1, 126.8 (d, J = 1.6 Hz), 122.1 (d, J = 2.7 Hz), 121.6, 118.4 (d, J = 2.9 Hz), 100.4 (d, J = 1.9 Hz),
97.6 (d, J = 8.4 Hz), 64.2 (d, J = 6.9 Hz), 26.3, 15.9 (d, J = 7.3 Hz), 15.2. 3P NMR (162 MHz, CDCls) &

19.93 — 20.12 (m). HRMS (GC/QTOF) m/z: [MJ* calcd for Co0H2sNO3PS, 389.1215; found 389.1222.

0,0-Diethyl S-(2-(p-tolyl)indolizin-3-yl) phosphorothioate (3e)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3e. Black liquid

Z—
N/ (67.5 mg, 60%). H NMR (400 MHz, CDCl3) & 8.51 (d, J = 7.1 Hz, 1H), 7.66 (d,
OuS J=7.8Hz, 2H), 7.39 (d, J = 8.9 Hz, 1H), 7.26 (d, J = 8.0 Hz, 2H), 6.85 (t, J = 7.7
N\
EtO OEt

Hz, 1H), 6.72 — 6.63 (m, 2H), 3.88 — 3.82 (m, 2H), 3.71 (g, J = 8.1 Hz, 2H), 2.40
(s, 3H), 1.00 (t, J = 7.0 Hz, 6H). *°C NMR (101 MHz, CDCls) § 137.0, 136.9 (d, J = 4.8 Hz), 136.2 (d, J =
3.1 Hz), 132.3 (d, J = 1.8 Hz), 129.3, 129.1, 124.7, 119.8 (d, J = 2.8 Hz), 118.7 (d, J = 2.9 Hz), 111.0 (d, J =
1.5 Hz), 100.7 (d, J = 1.9 Hz), 97.7 (d, J = 8.2 Hz), 64.3 (d, J = 7.0 Hz), 21.3, 15.9 (d, J = 7.2 Hz). HRMS

(GC/QTOF) m/z: [M]* calcd for C19H22NO3PS, 375.1058; found 375.1054.

O,0-Diethyl S-(2-(4-methoxyphenyl)indolizin-3-yl) phosphorothioate (3f)

= Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3f. Yellow
OMe

N o & liquid (75.5 mg, 62%). *H NMR (400 MHz, CDCls) 6 8.50 (d, J = 7.1 Hz, 1H),

Et0" OEt 7.71(d, J=8.7 Hz, 2H), 7.38 (d, J = 8.9 Hz, 1H), 6.99 (d, J = 8.8 Hz, 2H), 6.85

(t, 3= 7.8 Hz, 1H), 6.70 — 6.65 (m, 1H), 6.63 (s, 1H), 3.87 -3.85 (M, 5H), 3.79 — 3.67 (m, 2H), 1.02 (t, J = 7.1
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Hz, 6H). *C NMR (101 MHz, CDCl3) & 159.1, 136.6 (d, J = 4.8 Hz), 136.2 (d, J = 3.3 Hz), 130.5, 127.8 (d, J
= 1.8 Hz), 124.7, 119.8 (d, J = 2.8 Hz), 118.7 (d, J = 3.0 Hz), 113.9, 110.9 (d, J = 1.6 Hz), 100.5 (d, J = 2.0
Hz), 64.4 (d, J = 7.0 Hz), 55.5, 16.0 (d, J = 7.1 Hz). 3P NMR (162 MHz, CDCl3) § 20.02 - 19.82 (m). HRMS

(GC/QTOF) m/z: [M]* calcd for C18H19N20sPS, 406.0752; found 406.0757.

S-(2-(4-Chlorophenyl)indolizin-3-yl) O,0-diethyl phosphorothioate (3g)

N ol Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3g. Black
[\ :N:/\> < >
o & liquid (87.7 mg, 74%). 'H NMR (400 MHz, CDCls) 6 8.50 (d, J = 7.1 Hz, 1H),
\\P/
Et0" “OEt 7.72 (d, J=8.5Hz, 2H), 7.40 (t, J = 9.0 Hz, 3H), 6.87 (t, J = 7.8 Hz, 1H), 6.70 (td,

J=6.9, 1.3 Hz, 1H), 6.64 (s, 1H), 3.92 — 3.86 (m, 2H), 3.79 — 3.72 (M, 2H), 1.03 (t, J = 7.1 Hz, 6H). 13C
NMR (101 MHz, CDCl) & 136.2 (d, J = 3.1 Hz), 1355 (d, J = 4.8 Hz), 133.7 (d, J = 1.9 Hz), 133.2, 130.6,
128.5,124.7, 120.1 (d, J = 2.6 Hz), 118.8 (d, J = 2.8 Hz), 111.3 (d, J = 1.4 Hz), 100.7 (d, J = 1.9 Hz), 97.9 (d,
J=83Hz), 644 (d, J = 7.1 Hz), 15.9 (d, J = 7.0 Hz). 3P NMR (162 MHz, CDCls) & 19.85 — 19.64 (m).

HRMS (GC/QTOF) m/z: [M]* calcd for C1gH10CINOsPS, 395.0512; found 395.0510.

S-(2-(4-Bromophenyl)indolizin-3-yl) O,0O-diethyl phosphorothioate (3h)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3h. Green

= N
SN Br liquid (86.9 mg, 66%). *H NMR (400 MHz, CDCls) & 8.51 (d, J = 7.1 Hz, 1H),
O\\F(S 7.66 (d, J = 8.5 Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7.40 (d, J = 8.9 Hz, 1H), 6.88
Et0’ OEt

(t, J = 7.7 Hz, 1H), 6.75 — 6.66 (m, 1H), 6.65 (s, 1H), 3.88 (t, J = 8.0 Hz, 2H),
3.80 — 3.74 (m, 2H), 1.04 (t, J = 7.1 Hz, 6H). 3C NMR (101 MHz, CDCls) § 136.3 (d, J = 3.1 Hz), 135.6 (d,
J=4.7Hz), 1343 (d, J = 1.8 Hz), 131.6, 131.0, 124.8, 121.4, 120.2 (d, J = 2.9 Hz), 118.9 (d, J = 2.8 Hz),
111.4,100.7 (d, J = 1.8 Hz), 98.0 (d, J = 8.0 Hz), 64.5 (d, J = 7.2 Hz), 16.0 (d, J = 7.1 Hz). 3P NMR (162
MHz, CDCls) § 19.82 — 19.62 (m). HRMS (GC/QTOF) m/z: [M]* calcd for CisH10BrNOsPS, 439.0007;

found 439.0011.

S-(2-(4-Cyanophenyl)indolizin-3-yl) O,0-diethyl phosphorothioate (3i)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3i. Green
= N=
=N ., .
[\ :N:/\> < > liquid (84.5 mg, 73%). *H NMR (400 MHz, CDCl3) & 8.51 (d, J = 7.1 Hz, 1H),
o, ,S

Et0" OEt
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7.92 (d, J = 7.9 Hz, 2H), 7.72 (d, J = 8.1 Hz, 3H), 7.42 (d, J = 8.9 Hz, 1H), 6.90 (t, J = 7.8 Hz, 1H), 6.73 (t, J
= 6.9 Hz, 1H), 6.69 (s, 1H), 3.92 (q, J = 8.1, 7.7 Hz, 2H), 3.80 (q, J = 8.2 Hz, 2H), 1.05 (t, J = 7.1 Hz, 6H).
13C NMR (101 MHz, CDCls) & 140.1 (d, J = 1.9 Hz), 136.4 (d, J = 2.9 Hz), 134.6 (d, J = 4.7 Hz), 132.2,
129.8, 124.7, 1205 (d, J = 2.6 Hz), 119.1, 119.1 (d, J = 2.7 Hz), 111.8 (d, J = 1.4 Hz), 110.6, 101.0 (d, J =
1.6 Hz), 98.5 (d, J = 8.2 Hz), 64.6 (d, J = 7.3 Hz), 16.0 (d, J = 6.8 Hz). 3P NMR (162 MHz, CDCls) 19.70 —

19.50 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C1sH1sN20sPS, 386.0854; found 386.0848.

0,0-Diethyl S-(2-(4-(trifluoromethyl)phenyl)indolizin-3-yl) phosphorothioate (3j)
Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3j. Yellow

Z—
[\ :N:/\> < > CFs  Jiquid (87.5 mg, 68%). *H NMR (400 MHz, CDCls) 8 8.52 (d, J = 7.1 Hz, 1H),

Oij 7.91 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.9 Hz, 1H),

= oH 6.90 (t, J = 7.7 Hz, 1H), 6.77 — 6.68 (m, 2H), 3.88 (g, J = 8.0 Hz, 2H), 3.75 (g,
J=8.1Hz, 2H), 1.01 (t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCls) § 139.0, 136.4 (d, J = 3.0 Hz), 135.2
(d, J = 4.7 Hz), 129.6, 129.2 (d, J = 32.5 Hz), 125.3 (g, J = 3.8 Hz), 124.8, 124.4 (d, J = 272.0 Hz), 120.3 (d,
J=2.6Hz), 119.0 (d, J = 2.7 Hz), 111.6 (d, J = 1.4 Hz), 100.9 (d, J = 1.7 Hz), 98.4 (d, J = 8.3 Hz), 64.5 (d, J
= 7.3 Hz), 159 (d, J = 7.1 Hz). *'P NMR (162 MHz, CDCl3) & 19.69 — 19.49 (m). HRMS (GC/QTOF) m/z:

[M]* calcd for C1gH19FsNO3sPS, 429.0775; found 429.0773.

0,0-Diethyl S-(2-(3-methoxyphenyl)indolizin-3-yl) phosphorothioate (3Kk)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3k. Green

= N
N/ liquid (89.1 mg, 76%). 'H NMR (400 MHz, CDCls) & 8.52 (d, J = 7.1 Hz, 1H),
QS OMe 739 (d, J = 9.0 Hz, 1H), 7.35 (d, J = 5.9 Hz, 3H), 6.92 — 6.81 (m, 2H), 6.71 —
2N
EtO OEt

6.66 (M, 2H), 3.87 — 3.77 (m, 5H), 3.79 — 3.67 (M, 2H), 1.01 (t, J = 7.1 Hz, 6H).
13C NMR (101 MHz, CDCls) & 159.6, 136.7 (d, J = 4.8 Hz), 136.6 (d, J = 1.9 Hz), 136.1 (d, J = 3.1 Hz),
129.4,124.7, 121.9, 119.9 (d, J = 2.8 Hz), 118.8 (d, J = 2.9 Hz), 114.8, 113.0, 111.1 (d, J = 1.4 Hz), 100.9 (d,
J=19Hz),98.0 (d,J =8.3 Hz), 64.3 (d, J = 7.1 Hz), 55.4, 15.9 (d, J = 7.1 Hz). 3P NMR (162 MHz, CDCl5)

6 19.91-19.71 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C19H22NO4PS, 391.1007; found 391.1006.

0,0-Diethyl S-(2-(3-fluorophenyl)indolizin-3-yl) phosphorothioate (3I)
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Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3l. Black liquid

= N=
CQ_Q (84.1 mg, 74%). 'H NMR (400 MHz, CDCls) 5 8.51 (d, J = 7.2 Hz, 1H), 7.54 (dd, J

F
Qo = 12.2, 9.4 Hz, 2H), 7.44 — 7.34 (m, 2H), 7.03 (t, J = 8.5 Hz, 1H), 6.87 (t, J = 7.8 Hz,

s\

HooR 1H), 6.70 (t, J = 6.8 Hz, 1H), 6.66 (s, 1H), 3.92 — 3.86 (m, 2H), 3.84 — 3.70 (m, 2H),
1.03 (t, J = 7.1 Hz, 6H). ®C NMR (101 MHz, CDCly) 5 162.8 (d, J = 244.9 Hz), 137.7 - 137.2 (m), 136.2 (d,
J=30Hz), 135.7 - 1351 (), 129.8 (d, J = 84 Hz), 125.0 (d, J = 29 Hz), 1247, 120.1 (d, J = 2.6 Ha),
118.9 (d, J = 2.9 Hz), 116.1 (d, J = 22.1 Hz), 113.9 (d, J = 21.0 Hz), 111.4 (d, J = 1.4 Hz), 100.8 (d, J = 1.8
Hz), 98.1 (d, J = 8.3 Hz), 64.4 (d, J = 7.1 Hz), 15.9 (d, J = 7.0 Hz). *P NMR (162 MHz, CDCl;) § 19.76 —

19.55 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C1sH1sFNO3PS, 379.0807; found 379.0811.

S-(2-(3-Chlorophenyl)indolizin-3-yl) O,O-diethyl phosphorothioate (3m)

CQ_Q Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3m. Yellow liquid

SN

o & - (91.0 mg, 77%). *H NMR (400 MHz, CDCls) 4 8.51 (d, J = 7.1 Hz, 1H), 7.79 (s, 1H),
Eto’P\OEt 7.65 (d, J =7.6 Hz, 1H), 7.43 — 7.27 (m, 3H), 6.87 (t, J = 7.8 Hz, 1H), 6.70 (t, J =

6.9 Hz, 1H), 6.66 (s, 1H), 3.89 (g, J = 8.3 Hz, 2H), 3.77 (g, J = 8.1 Hz, 2H), 1.04 (t, J = 7.1 Hz, 6H). 1°C
NMR (101 MHz, CDCls) § 137.1 (d, J = 1.8 Hz), 136.2 (d, J = 2.9 Hz), 135.2 (d, J = 4.8 Hz), 134.2, 129.6,
129.2, 127.5, 127.2, 124.7, 120.1 (d, J = 2.6 Hz), 118.9 (d, J = 2.9 Hz), 111.4, 100.8 (d, J = 1.7 Hz), 98.2 (d,
J = 8.3 Hz), 64.4 (d, J = 7.2 Hz), 15.9 (d, J = 7.1 Hz). 3P NMR (162 MHz, CDCls) § 19.76 — 19.56 (m).

HRMS (GC/QTOF) m/z: [M]* calcd for C1sH19CINO3PS, 394.0512; found 394.0522.

S-(2-(3-Bromophenyl)indolizin-3-yl) O,0-diethyl phosphorothioate (3n)

N Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3n. Green liquid
[ /? < 2
XN (93.5 mg, 71%). 'H NMR (400 MHz, CDCl3) § 8.51 (d, J = 7.1 Hz, 1H), 7.95 (s, 1H),
o, S Br
Eo oRt 7.70 (d, J = 7.7 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.40 (d, J = 8.9 Hz, 1H), 7.31 (t, J

= 7.9 Hz, 1H), 6.87 (t, J = 7.8 Hz, 1H), 6.70 (t, = 6.8 Hz, 1H), 6.66 (s, 1H), 3.90 (g, J = 8.1 Hz, 2H), 3.77 (q,
J=8.4 Hz, 2H), 1.04 (t, J = 7.1 Hz, 6H). 3C NMR (101 MHz, CDCls) & 137.5 (d, J = 1.9 Hz), 136.2 (d, J =
3.0 Hz), 135.1 (d, J = 4.8 Hz), 132.1, 130.1, 129.9, 128.0, 124.7, 122.4, 120.1 (d, J = 2.6 Hz), 118.9 (d, J =
2.8 Hz), 111.4 (d, J = 1.5 Hz), 100.8 (d, J = 1.9 Hz), 98.2 (d, J = 8.2 Hz), 64.5 (d, J = 7.1 Hz), 16.0 (d, J = 7.1
Hz). 3P NMR (162 MHz, CDCls) & 19.77 — 19.56 (m). HRMS (GC/QTOF) m/z: [M]* calcd for
C1sH10BrNO3PS, 439.0007; found 439.0005.
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0,0-Diethyl S-(2-(3-nitrophenyl)indolizin-3-yl) phosphorothioate (30)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 30. Yellow

Z——
CQ_Q liquid (63.3 mg, 52%). *H NMR (400 MHz, CDCls) 5 8.72 (s, 1H), 8.54 (d, J =

OS NO2 71 Hz, 1H), 8.23 - 8.13 (m, 2H), 7.62 (t, J = 8.0 Hz, 1H), 7.44 (d, J = 8.9 Hz,

Et0’ “OEt
1H), 6.92 (t, J = 7.8 Hz, 1H), 6.76 (d, J = 6.6 Hz, 2H), 3.96 (q, J = 8.3 Hz, 2H),
3.86 (g, J = 8.3 Hz, 2H), 1.08 (t, J = 7.1 Hz, 6H). 3C NMR (101 MHz, CDCls) 5 148.5, 137.2, 136.5, 135.3,
134.2,129.4, 124.8, 124.0, 122.0, 120.6 (d, J = 2.6 Hz), 119.1 (d, J = 2.8 Hz), 111.8, 100.9, 98.4, 64.7 (d, J =
7.3 Hz), 16.1 (d, J = 6.8 Hz). 3P NMR (162 MHz, CDCls) & 19.81 — 19.60 (m). HRMS (GC/QTOF) m/z:

[M]* calcd for C1gH19N20sPS, 406.0752; found 406.0757.

T-(2-(3,4-Difluorophenyl)indolizin-3-yl) O,O-diethyl phosphorothioate (3p)

F Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3p. Yellow

“Zav—
N/ F liquid (66.7 mg, 56%). 'H NMR (400 MHz, CDCls) 5 8.50 (d, J = 7.1 Hz, 1H),
O\\Pf 7.66 (t, 1H), 7.50 (t, 1H), 7.40 (d, J = 8.9 Hz, 1H), 7.23 (d, J = 10.2 Hz, 1H), 6.89
Et0” OEt

(t, J=7.8 Hz, 1H), 6.71 (t, J = 6.8 Hz, 1H), 6.63 (s, 1H), 3.94 — 3.91 (m, 2H), 3.86
—3.80 (m, 2H), 1.08 (t, J = 7.1 Hz, 6H). 3C NMR (101 MHz, CDCls) § 151.8 — 150.7 (m), 149.2 — 148.3 (m),
136.3 (d, J = 2.9 Hz), 134.7 (d, J = 3.8 Hz), 132.4, 125.4 (t), 124.7, 120.3 (d, J = 2.7 Hz), 118.9 (d, J = 2.9
Hz), 118.2 (d, J = 18.0 Hz), 117.2 (d, J = 17.2 Hz), 111.5 (d, J = 1.4 Hz), 100.8 (d, J = 1.6 Hz), 98.0 (d, J =
8.2 Hz), 64.5 (d, J = 7.2 Hz), 16.0 (d, J = 6.9 Hz). 3P NMR (162 MHz, CDCl3) & 19.89 — 19.69 (m). HRMS

(GC/QTOF) m/z: [M]* calcd for C1sH1sF2NO3PS, 397.0713; found 397.0710.

0,0-Diethyl S-(2-(naphthalen-2-yl)indolizin-3-yl) phosphorothioate (3q)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3q. Yellow

Za—
N/ liquid (78.9 mg, 64%). 'H NMR (400 MHz, CDCls) § 8.56 (d, J = 7.1 Hz, 1H),
Qo 8.27 (s, 1H), 7.94 — 7.85 (m, 4H), 7.86 (d, J = 5.9 Hz, 1H), 7.56 — 7.44 (m, 1H),
Et0” OEt

7.44 (d, 3 = 8.9 Hz, 1H), 6.89 (t, = 7.8 Hz, 1H), 6.80 (s, 1H), 6.72 (t, J = 6.9 Hz,
1H), 3.90 — 3.75 (m, 2H), 3.70 — 3.64 (m, 2H), 0.91 (t, J = 7.0 Hz, 6H). 3C NMR (101 MHz, CDCl3) § 136.8
(d, J = 4.8 Hz), 136.4 (d, J = 3.1 Hz), 133.5, 132.7 (d, J = 1.9 Hz), 132.6, 128.2, 128.1, 127.9, 127.7, 127.7,

126.3, 126.1, 124.8, 120.0 (d, J = 2.7 Hz), 118.9 (d, J = 2.9 Hz), 111.2 (d, J = 1.4 Hz), 101.1 (d, J = 1.9 Hz),
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98.3 (d, J = 8.1 Hz), 64.4 (d, J = 7.0 Hz), 15.9 (d, J = 7.1 Hz). 3P NMR (162 MHz, CDCls) § 19.91 — 19.71

(m). HRMS (GC/QTOF) m/z: [M]* calcd for C22H2oNO3PS, 411.1058; found 411.1049.

S-(2-(4-Bromophenyl)-7-methoxyindolizin-3-yl) O,0-diethyl phosphorothioate (3r)

MeO.__- Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3r.
Br
N Yellow liquid (77.4 mg, 55%). *H NMR (400 MHz, CDCls) 6 8.36 (d, J =
o, S
P

P 7.7 Hz, 1H), 7.65 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 8.3 Hz, 2H), 6.65 (d, J =
EtO OEt

2.4 Hz, 1H), 6.45 (t, 2H), 3.91 — 3.89 (m, 2H), 3.83 (s, 3H), 3.83 — 3.72 (m,
2H), 1.05 (t, J = 7.1 Hz, 6H). 3C NMR (101 MHz, CDCls) & 154.4 (d, J = 1.9 Hz), 137.2 (d, J = 2.8 Hz),
136.2 (2 C), 134.5 (d, J = 1.7 Hz), 131.5, 130.8, 126.0, 121.3, 106.5, 98.8, 95.5 (d, J = 2.4 Hz), 64.5 (d, J =
7.2 Hz), 55.5, 16.1 (d, J = 7.0 Hz). 3P NMR (162 MHz, CDCls) & 19.93 — 19.73 (m). HRMS (GC/QTOF)

m/z: [M]* calcd for C1gH21BrNO4PS, 469.0112; found 469.0107.

S,S'-(2-(3,4-Dichlorophenyl)indolizine-1,3-diyl) O,0,0',0'-tetraethyl bis(phosphorothioate) (3s)

EtO. OFEt Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 3s. Yellow
o s Cl liquid (94.9 mg, 53%). 'H NMR (400 MHz, CDCl3) 5 8.56 (d, J = 7.0 Hz, 1H),
Za—
s _N—/ Cl' 791 (s, 1H), 7.78 (d, = 8.9 Hz, 1H), 7.57 (s, 2H), 7.12 (t, J = 7.9 Hz, 1H), 6.86
0\\P,S (t, J = 6.8 Hz, 1H), 4.01 — 3.90 (m, 4H), 3.87 — 3.80 (m, 4H), 1.18 — 1.09 (m, 12H).
R
EtO OEt

13C NMR (101 MHz, CDCls) & 139.8, 138.4, 133.4, 133.1, 132.1, 132.0, 130.9,
130.0, 125.4, 122.6, 118.3, 113.0, 101.9, 91.4, 64.7 (d, J = 7.2 Hz), 64.1 (d, J = 6.7 Hz), 16.1 (2 C). 3P NMR
(162 MHz, CDCls) ¢ 22.65, 19.25. HRMS (GC/QTOF) m/z: [M]* calcd for C22H27CI2NOgP2S2, 597.0132;

found 597.0123.

Diethyl (3-mercapto-2-phenylindolizin-1-yl)phosphonate (4a)

EtO, //O oe: Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4a. Black liquid

_ P (87.7 mg, 81%). *H NMR (400 MHz, CDCls3) 6 8.51 (d, J = 7.1 Hz, 1H), 7.62 (d, J
S N// = 7.3 Hz, 2H), 7.51 — 7.45 (m, 3H), 7.39 (t, J = 7.4 Hz, 1H), 7.03 — 6.93 (m, 1H),
SH 6.76 (t, J = 6.8 Hz, 1H), 3.87 — 3.75 (m, 2H), 3.71 — 3.58 (m, 2H), 1.04 (t, J = 7.1

Hz, 6H). 3C NMR (101 MHz, CDCls) § 135.4 (d, J = 4.7 Hz), 134.2 (d, J = 3.2 Hz), 133.0 (d, J = 1.7 H2),
131.0, 128.1, 127.9, 124.9, 121.0 (d, J = 2.6 Hz), 117.7 (d, J = 2.9 Hz), 112.0 (d, J = 1.4 Hz), 99.8 (d, J = 8.4
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Hz), 87.8 (d, J = 2.2 Hz), 64.4 (d2, J = 7.1 Hz), 16.0 (d, J = 7.1 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for

C18H20NO3PS, 361.0902; found 361.0901.

Diethyl (6-ethyl-3-mercapto-2-phenylindolizin-1-yl)phosphonate (4b)

PEt Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4b. Yellow
_ :P\OEt liquid (72.4 mg, 62%). 'H NMR (400 MHz, CDCl3) & 8.32 (s, 1H), 7.62 (d, J =
. N/ 7.3 Hz, 2H), 7.47 (t, J = 7.6 Hz, 2H), 7.45 -7.36 (M, 2H), 6.88 (d, J = 9.1 Hz,
SH 1H), 3.80 (g, J = 8.0 Hz, 2H), 3.60 (s, 2H), 2.66 (q, J = 7.5 Hz, 2H), 1.29 (t, J

= 7.5 Hz, 3H), 1.03 (t, J = 7.1 Hz, 6H). *C NMR (101 MHz, CDCls) & 134.9 (d, J = 4.7 Hz), 133.3 (d, J =
3.3 Hz), 133.1 (d, J = 1.7 Hz), 130.9, 128.1, 127.8 (d, J = 1.4 Hz), 127.7, 123.1 (d, J = 2.6 Hz), 121.7, 117.3
(d, J = 2.8 Hz), 99.3 (d, J =8.2 Hz), 87.3 (d, J = 1.9 Hz), 64.2 (d, J = 6.9 Hz), 26.2, 16.0 (d, J = 7.2 Hz), 15.1.
31p NMR (162 MHz, CDCls) & 19.84 - 19.64 (m). HRMS (GC/QTOF) m/z: [M]* calcd for CaoHasNO3PS,

389.1215; found 389.1214.

Diethyl (3-mercapto-2-(p-tolyl)indolizin-1-yl)phosphonate (4c)

0 Preparative TLC on silica gel (eluent: PE/EA = 3/1, viv) to afford 4c. Black
B0 1~ okt
P liquid (73.1 mg, 65%). *H NMR (400 MHz, CDCls) & 8.51 (d, J = 7.1 Hz, 1H),
= N=—
s N/ 7.52 (d,J=7.8 Hz, 2H), 7.47 (d, J= 9.0 Hz, 1H), 7.29 (d, J = 7.8 Hz, 2H), 6.97
SH (t, J = 7.8 Hz, 1H), 6.74 (t, J = 6.8 Hz, 1H), 3.83 (g, J = 8.0 Hz, 2H), 3.73 —

3.62 (M, 2H), 2.42 (s, 3H), 1.06 (t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCls) § 137.6, 135.4 (d, J = 4.6
Hz), 134.2 (d, J = 3.2 Hz), 130.8, 129.9, 128.8, 124.8, 120.9 (d, J = 2.6 Hz), 117.6 (d, J = 2.9 Hz), 111.8, 99.6
(d, J = 8.4 Hz), 87.8, 64.3 (d, J = 7.3 Hz), 21.4, 16.0 (d, J = 7.1 Hz). 3P NMR (162 MHz, CDCls) § 19.61 —

19.41 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C1oH2NO3PS, 375.1058; found 375.1063.

Diethyl (3-mercapto-2-(4-methoxyphenyl)indolizin-1-yl)phosphonate (4d)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4d. Black

Eto_ 9
p-OEt

_ liquid (65.7 mg, 56%). 'H NMR (400 MHz, CDCls) § 8.50 (d, J = 7.1 Hz, 1H),
CQ_@OM"’ 7.56 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.9 Hz, 1H), 7.02 (d, J = 8.3 Hz, 3H),
SH 6.96 (d, J = 8.0 Hz, 1H), 6.74 (t, J = 6.8 Hz, 1H), 3.87 — 3.80 (m, 5H), 3.74 —

3.66 (M, 2H), 1.07 (t, J = 7.4 Hz, 6H). 13C NMR (101 MHz, CDCls) § 159.4, 135.2 (d, J = 4.8 Hz), 134.2 (d,
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J=3.2Hz), 132.1, 125.3 (d, J = 1.7 Hz), 124.9, 120.9 (d, J = 2.6 Hz), 117.6 (d, J = 2.9 Hz), 113.6, 111.8,
99.5 (d, J = 8.2 Hz), 87.9 (d, J = 2.1 Hz), 64.4 (d, J = 7.2 Hz), 55.5, 16.1 (d, J = 7.2 Hz). HRMS (GC/QTOF)

m/z: [M]* calcd for C19H22NO4PS, 391.1007; found 391.1007.

Diethyl (2-(4-fluorophenyl)-3-mercaptoindolizin-1-yl)phosphonate (4€)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4e. Green liquid

Eto_Q
“p-OE
P ! (81.9 mg, 72%). *H NMR (400 MHz, CDCl3) & 8.50 (d, J = 7.1 Hz, 1H), 7.65 —
Za—
[\ :N:/:> ( > F 7.57 (m, 2H), 7.47 (d, J=9.0 Hz, 1H), 7.18 (t, J = 8.7 Hz, 2H), 6.99 (t, J = 7.7 Hz,
SH

1H), 6.76 (t, J = 6.8 Hz, 1H), 3.87 (g, J = 8.0 Hz, 2H), 3.73 (g, J = 8.5 Hz, 2H),
1.09 (t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCl3) § 162.6 (d, J = 247.6 Hz), 134.5 (d, J = 5.0 Hz), 134.2
(d, J = 3.2 Hz), 132.7 (d, J = 8.1 Hz), 129.0, 124.9, 121.1 (d, J = 2.7 Hz), 117.7 (d, J = 2.8 Hz), 115.2 (d, J =
21.4 Hz), 112.1, 99.7 (d, J = 8.0 Hz), 87.8 (d, J = 2.2 Hz), 64.5 (d, J = 7.1 Hz), 16.1 (d, J = 7.1 Hz). HRMS

(GC/QTOF) m/z: [M]* calcd for C1sH19FNO3PS, 379.0807; found 379.0801.

Diethyl (2-(4-chlorophenyl)-3-mercaptoindolizin-1-yl)phosphonate (4f)

e} Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4f. Green
EtO_ 7 OEt
P/
_ liquid (83.0 mg, 70%). *H NMR (400 MHz, CDCls) 6 8.50 (d, J = 7.1 Hz, 1H),
-
N/ cl 7.58 (d, J=8.4 Hz, 2H), 7.47 (t, J = 7.9 Hz, 3H), 6.99 (t, J = 7.8 Hz, 1H), 6.77
SH (t, J = 6.8 Hz, 1H), 3.93 — 3.82 (m, 2H), 3.80 — 3.69 (m, 2H), 1.09 (t, J = 7.1

Hz, 6H). 3C NMR (101 MHz, CDCls) 5 134.3 (2 C), 134.0, 132.3, 131.5 (d, J = 1.6 Hz), 128.4, 124.9, 121.2
(d, J = 2.6 Hz), 117.8 (d, J = 2.8 Hz), 112.2, 99.7, 87.7, 64.5 (d, J = 7.3 Hz), 16.1 (d, J = 7.0 Hz). HRMS

(GC/QTOF) m/z: [M]* calcd for C1sH1sCINOsPS, 395.0512; found 395.0507.

Diethyl (2-(4-cyanophenyl)-3-mercaptoindolizin-1-yl)phosphonate (4g)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4g. Green

Eto_ 9 OFt
P liquid (67.2 mg, 58%). H NMR (400 MHz, CDCls) § 8.51 (d, J = 7.1 Hz, 1H),
A —
<N />_< >*—N 7.79 (d, J = 2.5 Hz, 4H), 7.50 (d, J = 8.9 Hz, 1H), 7.07 — 6.97 (m, 1H), 6.85 —
SH 6.76 (m, 1H), 3.91 (q, J = 8.1 Hz, 2H), 3.78 (q, J = 9.0 Hz, 2H), 1.11 (t, J = 7.1

Hz, 6H). 3C NMR (101 MHz, CDCls) § 138.0 (d, J = 1.7 Hz), 134.5 (d, J = 2.9 Hz), 133.5 (d, J = 4.8 H2),
131.9, 131.7, 124.9, 121.5 (d, J = 2.5 Hz), 119.0, 117.9 (d, J = 2.6 Hz), 112.6, 111.4, 100.0 (d, J = 8.1 Hz),
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87.6, 64.6 (d, J = 7.3 Hz), 16.1 (d, J = 6.9 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for CisH1sN203PS,

386.0854; found 386.0864.

Diethyl (3-mercapto-2-(m-tolyl)indolizin-1-yl)phosphonate (4h)

Eto_Q Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4h. Yellow liquid
“p-OEt
P
N (72.0 mg, 64%).'H NMR (400 MHz, CDCls) & 8.51 (d, J = 7.0 Hz, 1H), 7.48 (d, J =
N 8.9 Hz, 1H), 7.42 (d, J = 10.1 Hz, 2H), 7.37 (d, J = 7.4 Hz, 1H), 7.21 (d, J = 7.4 Hz,
SH

1H), 6.97 (t, J = 7.9 Hz, 1H), 6.75 (t, J = 6.8 Hz, 1H), 3.82 (q, J = 7.8 Hz, 2H), 3.71 -
3.59 (m, 2H), 2.44 (s, 3H), 1.05 (t, J = 7.1 Hz, 6H). *C NMR (101 MHz, CDCl3) 5 137.7, 135.6 (d, J = 4.7
Hz), 134.2 (d, J = 3.2 Hz), 132.8 (d, J = 1.7 Hz), 131.6, 128.6, 128.3, 128.0, 124.9, 120.9 (d, J = 2.7 Hz),
117.7 (d, J = 2.8 Hz), 111.9 (d, J = 1.4 Hz), 99.7 (d, J = 8.3 Hz), 87.8 (d, J = 2.1 Hz), 64.3 (d, J = 7.0 H2),

21.6, 16.0 (d, J = 7.3 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for C1H22NO3PS, 375.1058; found 375.1059.

Diethyl (3-mercapto-2-(3-methoxyphenyl)indolizin-1-yl)phosphonate (4i)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4i. Black liquid

Et0_Q
P-OEt  ome
_ (78.6 mg, 67%). 'H NMR (400 MHz, CDCl3) & 8.51 (d, J = 7.1 Hz, 1H), 7.48 (d, J
—
CQ_@ = 9.0 Hz, 1H), 7.39 (t, J = 7.9 Hz, 1H), 7.21 (d, J = 9.1 Hz, 2H), 7.01 — 6.92 (m,
SH

2H), 6.76 (t, J = 6.9 Hz, 1H), 3.87 (s, 3H), 3.87 - 3.84 (m, 2H), 3.73 — 3.65 (m,
2H), 1.07 (t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCls) § 159.3, 135.3 (d, J = 4.8 Hz), 134.2 (2 C), 129.1,
124.9,123.4, 121.0 (d, J = 2.7 Hz), 117.7 (d, J = 2.8 Hz), 116.4, 113.7, 112.0, 99.8 (d, J = 8.2 Hz), 87.8 (d, J
= 2.1 Hz), 64.4 (d, J = 7.1 Hz), 55.5, 16.0 (d, J = 7.1 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for

C19H22NO4PS, 391.1007; found 391.1017.

Diethyl (2-(3-fluorophenyl)-3-mercaptoindolizin-1-yl)phosphonate (4j)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4j. Black liquid

Eto_Q OFt
s
_ (76.2 mg, 67%). IH NMR (400 MHz, CDCls3) 6 8.51 (d, J = 7.1 Hz, 1H), 7.49 — 7.43
—
CQ_Q (m, 4H), 7.15 — 7.05 (m, 1H), 6.99 (t, J = 7.9 Hz, 1H), 6.77 (t, J = 6.9 Hz, 1H), 3.88
SH F

(0, J = 8.1 Hz, 2H), 3.74 (q, J = 8.5 Hz, 2H), 1.09 (t, J = 7.1 Hz, 6H). 3C NMR (101
MHz, CDCls) § 162.5 (d, J = 245.5 Hz), 135.2 — 135.1 (m), 134.3 (d, J = 3.1 Hz), 134.2 — 134.1 (m), 129.6 (d,
J=8.4Hz),126.8 (d, J = 3.1 Hz), 124.9, 121.2 (d, J = 2.6 Hz), 118.0, 117.8 (d, J = 2.9 Hz), 114.7 (d, J =
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21.0 Hz), 112.2 (d, J = 1.3 Hz), 99.9 (d, J = 8.2 Hz), 87.7 (d, J = 1.9 Hz), 64.5 (d, J = 7.1 Hz), 16.0 (d, J = 7.0

Hz). HRMS (GC/QTOF) m/z: [M]* calcd for CisH1eFNO3PS, 379.0807; found 379.0798.

Diethyl (2-(3-chlorophenyl)-3-mercaptoindolizin-1-yl)phosphonate (4k)

EtO, “O,OEt Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4k. Black liquid

_ /P (87.7 mg, 74%). *H NMR (400 MHz, Chloroform-d) & 8.49 (d, J = 7.1 Hz, 1H),
s N/ 7.66 (s, 1H), 7.54 — 7.33 (m, 4H), 7.01 — 6.93 (m, 1H), 6.75 (t, J = 6.9 Hz, 1H),
SH Cl' 394 383 (m, 2H), 3.81 — 3.69 (m, 2H), 1.09 (t, J = 7.1 Hz, 6H). 3C NMR (101

MHz, CDCls) & 134.8 (d, J = 1.7 Hz), 134.1 (d, J = 3.1 Hz), 133.9 (2 C), 130.8, 129.3, 129.1, 127.8, 124.8,
121.1 (d, J = 2.6 Hz), 117.7 (d, J = 2.9 Hz), 112.2 (d, J = 1.2 Hz), 99.9 (d, J = 8.1 Hz), 87.6 (d, J = 1.9 Hz),
64.4 (d, J = 7.2 Hz), 16.0 (d, J = 7.1 Hz). 3P NMR (162 MHz, CDCls) § 19.48 — 19.27 (m). HRMS

(GC/QTOF) m/z: [M]* calcd for C1sH1eCINO3PS, 395.0512; found 395.05086.

Diethyl (2-(3-bromophenyl)-3-mercaptoindolizin-1-yl)phosphonate (4l)

EtO, //O okt Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 41. Green liquid

P (84.3 mg, 64%). 'H NMR (400 MHz, CDCls) & 8.50 (d, J = 7.1 Hz, 1H), 7.82 (d,

i N// J =21 Hz, 1H), 7.55 (t, J = 8.6 Hz, 2H), 7.48 (d, J = 9.0 Hz, 1H), 7.36 (td, J =
SH Br 7.9,1.9 Hz, 1H), 7.00 (t, J = 7.8 Hz, 1H), 6.78 (t, J = 6.9 Hz, 1H), 3.90 (g, J = 8.1

Hz, 2H), 3.76 (q, J = 8.2 Hz, 2H), 1.11 (t, J = 7.1 Hz, 6H). 3C NMR (101 MHz, CDCls) & 135.2, 134.3 (d, J
= 3.0 Hz), 134.0, 133.9, 133.7, 130.8, 129.7, 124.9, 122.1, 121.2 (d, J = 2.5 Hz), 117.8 (d, J = 2.7 Hz), 112.3,
100.1, 87.7, 64.6 (d, J = 7.2 Hz), 16.1 (d, J = 7.1 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for

C1sH19BrNO3PS, 439.0007; found 439.0010.

Diethyl (3-mercapto-2-(naphthalen-2-yl)indolizin-1-yl)phosphonate (4m)

Et0. O Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4m. Black
“B-OEt
P
_ O liquid (80.1 mg, 65%). 'H NMR (400 MHz, CDCls) § 8.55 (d, J = 7.1 Hz, 1H),
-
N/ 8.12 (s, 1H), 7.98 — 7.86 (m, 3H), 7.76 (d, J = 8.3 Hz, 1H), 7.56 — 7.49 (m,
SH

3H), 7.00 (t, J = 7.8 Hz, 1H), 6.78 (t, J = 6.8 Hz, 1H), 3.78 (t, J = 8.0 Hz, 2H),
3.61 (t, J = 8.4 Hz, 2H), 0.97 (t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCls) § 135.4 (d, J = 4.8 Hz), 134.3
(d, J = 3.2 Hz), 133.2, 132.8, 130.5 (d, J = 1.8 Hz), 130.2, 128.7, 128.3, 127.8, 127.6, 126.4, 126.3, 124.9,
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121.0 (d, J = 2.6 Hz), 117.7 (d, J = 2.8 Hz), 112.0, 100.0 (d, J = 8.3 Hz), 88.0 (d, J = 2.1 Hz), 64.4 (d, J = 7.1
Hz), 15.9 (d, J = 7.2 Hz). 3P NMR (162 MHz, CDCl3) § 19.47 (p, J = 8.5 Hz). HRMS (GC/QTOF) m/z:

[M]* calcd for CooH22NO3PS, 411.1058; found 411.1049.

Diethyl (2-(3,4-dichlorophenyl)-3-mercaptoindolizin-1-yl)phosphonate (4n)

Eto‘lé(’)/OEt Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4n. Black
o liquid (73.4 mg, 57%). *H NMR (400 MHz, CDCl3) 6 8.49 (d, J = 7.1 Hz, 1H),
N7 1 779 (s, 1H), 7.55 (d, J = 8.1 Hz, 1H), 7.52 - 7.44 (m, 2H), 7.04 - 6.95 (m, 1H),

SH 6.78 (t, J = 6.9 Hz, 1H), 3.95 (q, J = 8.0 Hz, 2H), 3.84 (q, J = 8.8 Hz, 2H), 1.14

(t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCls) & 134.3 (d, J = 3.1 Hz), 133.1 (d, J = 1.5 Hz), 133.0, 132.6,
132.2, 132.0, 130.3, 130.1, 124.9, 121.3 (d, J = 2.6 Hz), 117.8 (d, J = 2.8 Hz), 112.4 (d, J = 1.3 Hz), 99.9 (d,
J=8.0Hz), 87.6 (d, J = 1.9 Hz), 64.6 (d, J = 7.2 Hz), 16.1 (d, J = 7.0 Hz). HRMS (GC/QTOF) m/z: [M]*

calcd for C1gH1sCIoNO3PS, 429.0122; found 429.0116.

Diethyl (2-(2,4-dichlorophenyl)-3-mercaptoindolizin-1-yl)phosphonate (40)

Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 40. Green

Eto_ Q OFt
P liquid (90.1 mg, 70%). H NMR (400 MHz, CDCls) & 8.48 (d, J = 7.1 Hz, 1H),
= N=
N/ Cl 755 (d, J=2.0Hz, 1H), 7.48 (d, J = 9.0 Hz, 1H), 7.38 (q, J = 8.3 Hz, 2H), 6.99 ({,
SHCI J=8.0 Hz, 1H), 6.83 — 6.74 (m, 1H), 3.99 — 3.71 (m, 4H), 1.20 — 1.08 (m, 6H). 3C

NMR (101 MHz, CDCls) & 135.6, 134.9, 134.1 (d, J = 1.8 Hz), 134.0 (d, J = 3.0 Hz), 132.7 (d, J = 4.7 Hz),
131.0 (d, J = 1.6 Hz), 129.5, 126.8, 124.8, 121.0 (d, J = 2.5 Hz), 117.8 (d, J = 2.7 Hz), 112.3, 100.9 (d, J =
8.0 Hz), 88.7, 64.6 (dd, J = 18.2, 7.4 Hz), 16.1 (dd, J = 10.5, 6.8 Hz). 3'P NMR (162 MHz, CDCls) & 19.38 —

19.16 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C1sH1sClNOsPS, 429.0122; found 429.0115.

Dibutyl (3-mercapto-2-phenylindolizin-1-yl)phosphonate (4p)

o Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4p. Black
\\V/“\V/O\B/O\V/”\\//

_ liquid (83.8 mg, 67%). 'H NMR (400 MHz, CDCls) 5 8.51 (d, J = 7.0 Hz, 1H),
CQ_Q 7.62 (d, 3= 7.2 Hz, 2H), 7.52 — 7.44 (m, 3H), 7.39 (t, J = 7.3 Hz, 1H), 6.98 (t,

SH J=7.8Hz, 1H), 6.75 (t, J = 6.4 Hz, 1H), 3.73 (t, J = 8.3 Hz, 2H), 3.57 (d, J =

8.2 Hz, 2H), 1.35 (q, J = 7.1 Hz, 4H), 1.15 (q, = 7.5 Hz, 4H), 0.81 (t, J = 7.4 Hz, 6H). 13C NMR (101 MHz,
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CDCl3) 6 135.4 (d, J =4.6 Hz), 134.2 (d, J = 3.1 Hz), 133.0 (d, J = 1.5 Hz), 131.5, 131.0, 128.1, 127.8, 124.9,
121.0, 117.7 (d, J = 2.9 Hz), 112.0, 99.8 (d, J = 7.9 Hz), 87.8, 68.0 (d, J = 7.3 Hz), 32.1 (d, J = 7.0 Hz), 18.6
(d,J=6.4 Hz), 13.7 (d, J = 5.2 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for C22H2sNO3PS, 417.1528; found

417.1525.
Diisopropyl (3-mercapto-2-phenylindolizin-1-yl)phosphonate (4q)

>7o 0 04< Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 4q. Green liquid
)il (84.0 mg, 72%). *H NMR (400 MHz, CDCls) § 8.54 (d, J = 7.1 Hz, 1H), 7.66 (d, J =
i y 7.2 Hz, 2H), 7.47 (t, 3 = 7.1 Hz, 3H), 7.39 (t, J = 7.5 Hz, 1H), 6.97 (t, J = 7.6 Hz,
SH 1H), 6.75 (t, J = 6.9 Hz, 1H), 4.56 — 4.46 (m, 2H), 1.13 (d, J = 6.2 Hz, 6H), 1.05 (d,

J =6.2 Hz, 6H). 1*C NMR (101 MHz, CDCls) 8 135.4 (d, J = 5.1 Hz), 134.1 (d, J = 3.3 Hz), 133.1 (d, J = 1.8
Hz), 131.1, 128.1, 127.8, 125.3, 120.9 (d, J = 2.6 Hz), 117.6 (d, J = 2.9 Hz), 111.7, 100.5 (d, J = 8.2 Hz),
87.8,74.1(d, J=7.8 Hz), 23.8 (d, J = 4.3 Hz), 23.5 (d, J = 5.3 Hz). *'P NMR (162 MHz, CDCl3) 5 17.94 (t, J

= 8.2 Hz). HRMS (GC/QTOF) m/z: [M]* calcd for C2oH24NO3PS, 389.1215; found 389.1205.

0,0-Dimethyl S-(2-phenylindolizin-3-yl) phosphorodithioate (5a)
CQ_Q Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 5a. Green liquid (69.1
5,8 mg, 66%). H NMR (400 MHz, CDCls) & 8.49 (d, J = 7.1 Hz, 1H), 7.60 (d, J = 7.4 Hz,
MeO” “OMe 3H), 7.52 — 7.46 (m, 3H), 7.40 (t, J = 7.3 Hz, 1H), 6.99 (t, J = 7.8 Hz, 1H), 6.78 (t, J =
6.8 Hz, 1H), 3.34 (s, 3H), 3.31 (s, 3H). 3C NMR (101 MHz, CDCl3) & 134.3, 133.0, 131.5, 131.0, 128.2,
128.0, 124.6, 123.8 (d, J = 256.0 Hz), 121.1, 117.8 (d, J = 2.8 Hz), 112.2, 87.9, 54.2 (d, J = 6.5 Hz), 53.8 (d,
J = 5.9 Hz). 3P NMR (162 MHz, CDCls) § 22.84 — 22.53 (m). HRMS (GC/QTOF) m/z: [M]* calcd for

C16H16NO2PS;, 349.0360; found 349.0363.

0,0-Dimethyl S-(2-(p-tolyl)indolizin-3-yl) phosphorodithioate (5b)

@_@ Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 5b. Green liquid
N

s. S (74.1 mg, 68%). 'H NMR (400 MHz, CDCls) & 8.48 (d, J = 7.1 Hz, 1H), 7.49 (d, J =

/

/P\
MeO  OMe 7.7 Hz, 3H), 7.30 (d, J = 7.8 Hz, 3H), 6.99 (t, 1H), 6.77 (1, J = 6.9 Hz, 1H), 3.37 (s,
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3H), 3.34 (s, 3H), 2.42 (s, 3H). 3C NMR (101 MHz, CDCls) 5 137.8, 135.8 (d, J = 4.7 Hz), 134.3 (d, J = 2.9
Hz), 130.9, 130.0, 129.1, 129.0, 124.6, 121.0, 117.8, 112.1, 88.0, 54.2, 21.5. 3P NMR (162 MHz, CDCl3) &

22.84 — 22.53 (m). HRMS (GC/QTOF) m/z: [M]* calcd for C17H18NO2PS>, 363.0517; found 363.0511.

S-(2-(4-Chlorophenyl)indolizin-3-yl) O,O-dimethyl phosphorodithioate (5¢)

~ // c1 Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 5c. Green liquid
N
s. S (71.1 mg, 62%). *H NMR (400 MHz, CDCl3) 5 8.47 (d, J = 6.4 Hz, 1H), 7.55 (d, J
0\
MeO  OMe = 8.5 Hz, 2H), 7.48 (t, J = 7.1 Hz, 3H), 7.01 (t, J = 7.8 Hz, 1H), 6.79 (t, J = 6.8 Hz,

2H), 3.43 (s, 3H), 3.40 (s, 3H). °C NMR (101 MHz, CDCls) 5 134.4 (d, J = 3.1 Hz), 134.1, 132.3, 131.5 (d, J
= 1.4 Hz), 1285, 128.3 (d, J = 14.3 Hz), 124.6, 121.3 (d, J = 2.6 Hz), 117.9 (d, J = 2.8 Hz), 112.4, 99.0 (d, J
= 5.4 Hz), 87.9 (d, J = 1.8 Hz), 54.3 (d, J = 7.0 Hz). 3P NMR (162 MHz, CDCl3) & 22.62 -22.32 (m). HRMS

(GC/QTOF) m/z: [M]* calcd for C1sH1sCINO2PS2, 382.9970; found 382.9972.

S-(2-(4-Bromophenyl)indolizin-3-yl) O,0-dimethyl phosphorodithioate (5d)
C"Q—@Br Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 5d. Green liquid
818 (80.5 mg, 63%). *H NMR (400 MHz, CDCls) § 8.47 (d, J = 7.0 Hz, 1H), 7.63 (d, J
MeO” “OMe = 8.4 Hz, 2H), 7.49 (d, J = 8.6 Hz, 4H), 7.00 (t, J = 8.2 Hz, 1H), 6.79 (t, J = 6.9 Hz,
1H), 3.43 (s, 3H), 3.40 (s, 3H). *C NMR (101 MHz, CDCl3) & 134.5 (d, J = 4.8 Hz), 134.4 (d, J = 3.1 Hz),
132.6, 132.0 (d, J = 1.4 Hz), 131.5, 124.6, 122.3, 121.3 (d, J = 2.7 Hz), 117.9 (d, J = 2.8 Hz), 112.5, 99.0 (d,
J=8.3 Hz), 87.8 (d, J = 1.8 Hz), 54.3 (d, J = 6.7 Hz). 3P NMR (162 MHz, CDCl3) & 22.62 — 22.31 (m).

HRMS (GC/QTOF) m/z: [M]* calcd for C16H1sBrNO2PS,, 426.9465; found 426.9463.

S-(2-(3-Chlorophenyl)indolizin-3-yl) O,O-dimethyl phosphorodithioate (5¢)

~ // Preparative TLC on silica gel (eluent: PE/EA = 3/1, v/v) to afford 5e. Green liquid
N
s. S cl (68.8 mg, 60%). *H NMR (400 MHz, CDCls) § 8.47 (d, J = 7.1 Hz, 1H), 7.62 (s, 1H),
/P\
MeO  OMe 7.49 (d, J = 9.2 Hz, 3H), 7.47 — 7.35 (m, 2H), 7.01 (t, J = 7.9 Hz, 1H), 6.79 (t, J = 6.8

Hz, 1H), 3.45 (s, 3H), 3.42 (s, 3H). 3C NMR (101 MHz, CDCl3) § 134.8 (d, J = 1.4 Hz), 134.2 (d, J = 3.3
Hz), 134.2, 133.9, 130.8, 129.4, 129.1, 127.9, 124.5, 121.2 (d, J = 2.5 Hz), 117.8 (d, J = 2.8 Hz), 112.4, 99.2
(d, J = 7.8 Hz), 87.7 (d, J = 1.7 Hz), 54.2 (d, J = 6.7 Hz). 3'P NMR (162 MHz, CDCl3) § 22.64 — 22.34 (m).
HRMS (GC/QTOF) m/z: [M]* calcd for C1H1sCINO,PS,, 382.9970; found 382.9978.
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3. NMR spectra for new compounds

IH NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls), and 3P NMR (162 MHz, CDCls)

spectrum of compound 3a
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'H NMR (400 MHz, CDClIs), *C NMR (100 MHz, CDCls3) and *!P NMR (162 MHz, CDCls)
spectrum of compound 3c
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spectrum of compound 3d

N, S, poza ferorn
7 ezeoIRIgNzees i9gEs zgza EETERY
W NNNNNENNNNNG GO Mo B EEN - k=]
| s VY N N VAN

ot A0 ‘H | \\ |
7N | | |
J o\ | ) M Il
) cg i JUC L
G T T Ty T T
3.‘4 3.‘3 3.‘2 3.‘1 8.‘0 7.‘9 7.‘8 7.‘7 7.‘6 7.‘5 7.‘4 7.‘3 7.‘2 7.‘1 7.‘0 6.‘9 6.‘8 6.'7 6.‘6 a
11 (ppm)
|
|
h
| i il
i | ‘
J oy Jr I I g7
g sz &8 gz g s g R
- 8 dd . NN N EE—
T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm)



ST ,vmwv

2a V9

96 "L6
9 NmV.
2¥ 001
¥¥ oot V.
v 811
GV "8TT
vo1et
90 221
80 22l
08921
28 921
or 221
8E
LE
aa
629
Ly
61
S¥ 9
06 "¢

T\ &=

[se]
I
o
/ (%] m
/ /P\
o” Yo\

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

€6

€0
L0

ot

61
86 °

61
N4
‘0z
0z

[se]

I

o

/ (%] m
/ /P\
o” Yo\

-60 -80 -100 -120 -140 -160 -180 —-200 -220 -240

—40

f1 (ppm)

S-24



'H NMR (400 MHz, CDCl3), **C NMR (100 MHz, CDCls) spectrum of compound 3e
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IH NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)

spectrum of compound 3f
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'H NMR (400 MHz, CDClIs), *C NMR (100 MHz, CDCls3) and *!P NMR (162 MHz, CDCls)
spectrum of compound 3h
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'H NMR (400 MHz, CDClIs), *C NMR (100 MHz, CDCls3) and *!P NMR (162 MHz, CDCls)
spectrum of compound 3j
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IH NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)

spectrum of compound 3l
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IH NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and *P NMR (162 MHz, CDCls)
spectrum of compound 3m
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'H NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls3) and *!P NMR (162 MHz, CDCls)
spectrum of compound 3n
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'H NMR (400 MHz, CDClIs), *C NMR (100 MHz, CDCls) and *!P NMR (162 MHz, CDCls)
spectrum of compound 30
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IH NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)

spectrum of compound 3p
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IH NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)

spectrum of compound 3q
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'H NMR (400 MHz, CDCl3), **C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)
spectrum of compound 3r

58 83518 83939 58852810 583
\% N7 N\ SN %
Hac/ Z =
Br
s N/
Ny ﬂ l\ |
/N | ‘ | ‘ Il
J o, i Il “A | I \
3 \‘Jh ‘U“ \h\ ‘\ ‘M \‘
AU » I B W S | W | G U
H3C i L i T —_
&j4 8.3 8.‘2 8.‘1 8.‘0 7.‘9 7.‘8 T.‘7 716 7;5M (7‘4 )7.‘3 7.‘2 7.‘1 7.‘0 6.‘9 6.‘8 6;7 6.‘6 6.‘5 6.‘4
ppm,
[
Il
|
|
I
Iy
) ) {7 713 g
o YN - o NN ©
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
1 (ppm)
3¢ 280238855 5 enws en @ o
33 558833588 g Saw i3 @ ga
% N Y % | %
Hac/ Z =
Br
s N/
o S
N\ _/
L
o o\
CH;
HyC

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S-44



Hac/ Z =
Br
s N/
O, S
N\ _/
L
o o\
CHy
HyC
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 T T T T T T
140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

1 (ppm)
'H NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls) and *!P NMR (162 MHz, CDCls)
spectrum of compound 3s

= o —oor waowow coxmooTaoLTNoD
58 S286 22888 8388883855822 =ezZace
% % N e N T R
\ I A T S~

CH,
HC o (_) ‘
N~ \
7N ‘
O S Cl ‘
|
e |”| | ‘
cl i i ‘ i
f i
oM N JU e i
O S T a T T an an
N E] E] 5 5 E] =
/P\ A T T T T T L = e T T iy T =t
o o\ 26 8.5 8.4 83 82 81 80 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 T.1 T.0 6.9 &
) CH, £1 (ppm)
HC
|
! |
I I bob "‘Wﬂ“
i LR L T
o o= o = oo
g gs3 B 23
T T —:\ ‘—:—"-“.‘ = \'—: T T T T T T’V‘ T T T
9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5

f1 (ppm)

S-45



101. 85
91. 35

S Cl

“ / Cl

CHy

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

-10
f1 (ppm)
882
Ny
CHjy
HsC, o 5
N— \P/
7 N\
o S Cl
/ —
Cl
s N
O, S
N4
/ P\
o o\
) CHj
H;C
L A A S S s S s B B S B L B S S B B B L L s S S S S B p
140 120 100 80 60 40 20 0 -20 —40 -60 -80 -100 -120 —140 -160 -180 -200 -220 —240
£1 (ppm)

S-46



'H NMR (400 MHz, CDClI3), *C NMR (100 MHz, CDCls) spectrum of compound 4a
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'H NMR (400 MHz, CDClIs), *C NMR (100 MHz, CDCls3) and *!P NMR (162 MHz, CDCls)
spectrum of compound 4b
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'H NMR (400 MHz, CDClI3), *C NMR (100 MHz, CDCls) spectrum of compound 4d
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'H NMR (400 MHz, CDCl3), **C NMR (100 MHz, CDCls) spectrum of compound 4e

040}
880°L
soL'L

N

869°¢
ozLe
ovLe

09L'e —=

9€8'€ —F
958°€
S.8°€

168€

ovL'9
€929
0829
696'9
686'9
800°L
6512
L8lL AN
20227
£V L
98y L—
265 L
9092
yL9L

829°L

T6V'8 N
olge

Lan

B |

Loue |

L

Feoe

70 69 68 6

73 72 71

74

75

76
il

79 78 77
1 (ppm)

80

82 81

83

84

85

Fzoz
Fioz

20t
E0L

Fzoz

=01

Fzoz

=201

-0.5

0.0

90 85 80 75 7.0 65 60 55 50 45 40
1 (ppm)

9.5

5209k~

960°94

SLPO S,

S8Y'v9

€618
sig/8 >

99966

S€L°66

86024
ch.m:/
SLT'GLL
00LLLL
szLLLL
860°'LZL
szLizk V
668421 ~\_
586'82}

8Y9ZEL
8zLZEL /.

ELTVEL
Svevel
z8rvel

LESPEL

ove Lol —
L08'€9L —

F

-

-
—

-10

T
100
1 (ppm)

110

120

130

T
160 150 140

170

T T T T
190 180

210 200

S-52



'H NMR (400 MHz, CDClI3), **C NMR (100 MHz, CDCls) spectrum of compound 4f
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'H NMR (400 MHz, CDClIg), *C NMR (100 MHz, CDCls) spectrum of compound 4g
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'H NMR (400 MHz, CDCl3), *C NMR (100 MHz, CDCls) spectrum of compound 4h
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'H NMR (400 MHz, CDClI3), **C NMR (100 MHz, CDCls3) spectrum of compound 4i

88 293885288838 KLR BINREE 888
v AR RN NY

H
H5C f'é ,‘
\/O\ Il 37 ” h
° I
= = 1 n ‘i‘ I ‘ﬁ‘ ﬁ
I | Hi
Il \ . I
N / ‘w “H ' "‘ | H|| \H‘“l‘l ‘vH‘
K LI W
SH N, ‘L, - SN V) L) L
e T T = ry
H 815 Bjd 8‘3 8‘2 8‘1 B,‘O 7!9 7‘8 7‘7 7,‘6 7!5 7‘4 7‘3 72 71 7,‘0 6‘9 68 6
1 (ppm)
|
J“\ [ | T I |
—
g 34 14 433 g
- - e [N oo ©
T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)
g 82338255855 2%88 3% a3 2 o 28
NS iRIes 88 8B 32 3 g8
¢ EERREANNNREELZR  gd 5k iz 8 ee
=Y OANNY % % % | %
CH
HyC 3
5 0o, P c/)/
b
/ —
s Nt
SH O— CH;
| |
| | o '\ |
| ‘ IU L1 ! k |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

1 (ppm)

S-56



'H NMR (400 MHz, CDClI3), **C NMR (100 MHz, CDCls) spectrum of compound 4j

««Nov
Eoew
60L°L

Lre
€EL'E
€SL°E

€LLE =

8v8'E —F
898°€
888°€

606°¢

€529
L2129
8819
£16'9
£66'9
2102
920°2
1802
1802
00LZ
90L°L
LzLL
S9EL\_
68¢L
16€°L
ozv'L
sevL
ovyL
YSy'L
s
€6v'L

86v'8
sigg”

-0.5

0.0

71 70 69 68 6

72

73

74

75

76 78 77 76
1 (ppm)
il
S
4.5 4.0
1 (ppm)

82 81 80
5.5 5.0

83

6.0

84

85
6.5

SH
8.5 8.0 7.5 7.0

9.0

9.5

PL6SL

vr0'9L

zer'v9
205°t9 >

vv9°L8
£99°/8 >

+98°66
S¥6'66 v

21ZThL
oezeLL /

zzLE9L

-10

160
1 (ppm)
S-57

10

120

T
160 140 130

160

T T T T T
190 180 170

210 200




'H NMR (400 MHz, CDClIs), *C NMR (100 MHz, CDCls3) and *!P NMR (162 MHz, CDCls)
spectrum of compound 4k
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IH NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)
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'H NMR (400 MHz, CDCls3), **C NMR (100 MHz, CDCI3) spectrum of compound 4n
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'H NMR (400 MHz, CDCls), *C NMR (100 MHz, CDCls3) and *!P NMR (162 MHz, CDCls)
spectrum of compound 40
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'H NMR (400 MHz, CDClI3), **C NMR (100 MHz, CDCls) spectrum of compound 4p

_-8.52

N 8.51

i

0 M~ 00 © ¥ 0O TNOOFNNAO
N~ B®o @@ ® 0@
P A AA A A A0 0S
| e N

(@)
H3C\/\/O\L/O\/\/CH3 '
‘ "
R n M
oM ) . .
i I | ‘ n
SH Il (- A, il
li M il I
'L —r M ML M
. T T . re
B5 84 83 82 81 80 709 78 7.7 75 T5 T4 73 72 71 70 65 &8 &
£1 {ppm)
| i
T oy T J
5 €58 5 § 58 g8 ¢
= oo == o o ¥+ <
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 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 0.5 0.0 -0.5
f1 (ppm)

S-64



® o o © ~ o Lo o w
E 2 33 =2 SRTD
2= o~ 0 o o % & o3
[ Y 0 © © n o, —
' ' ' VoV
(@)
H3C\/\/O\\}\:’/O\/\/CH3
/ —
s N/
SH
|
|
|
|
T |
AN I _— |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

IH NMR (400 MHz, CDCls), 3C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)

e remLgoacesecns benoan caen
8% EB25ES25IERELT Brazes mags
% o ENEENNENN©SC 660 FEF S E S - -—-—
Voo N e e =

HyC o CHs |
)yl o

HC CH, " \||‘

N = ﬂ“ m“ ‘

()

I
|
\

R
—
-
(S
KS::' -

f
M
'z T AN . .
2 & s = Z 2
! T r T T T T T T . T . T T T T T T T
6 85 84 83 82 81 80 79 78 7.7 76 7.5 7.4 7.3 72 7.1 T.0 &9 &8 &
£1 (ppm)
1
I
|
I
I i Lo I
[l
e ‘ A L
g 17 {3
- T 5 ©

£1 (ppm)

S-65



“ONORBNDND QL O T ©
SRE2SS28RATRB BT b © - cwoo
noonegnenarrent T 2 -3 LR B
BEdsod e Bsgde s sg . 8
R R 38 N << PEEEe
SREEE23333383z2C2¢2 22 & NN SRS
B R % ' ~
H,C CH.
3 fe) 3
e g o
H;C CHj
/ —
s Nt
SH
L \
TN
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
oxo
38
Ses
3
H,C CH.
3 fe) 3
e g o
H;C CHj
/ —
s Nt
SH
LA B S s e LI B e T L s B S S L L L S B s B S o B S m
140 120 100 80 60 40 20 0 -20 -40 -60 -80 —100 -120 —140 -160 —180 -200 —220 —240
f1 (ppm)

S-66



'H NMR (400 MHz, CDCl3), **C NMR (100 MHz, CDCls) and 3P NMR (162 MHz, CDCls)
spectrum of compound 5a
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