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General Information:

'H, BC and *'P NMR spectra were recorded on a Bruker Av600 spectrometer using
tetramethylsilane (TMS) in CDCl; as the internal standard for 'H, and 3*C NMR ('"H NMR: TMS
at 0.00 ppm, CHCIs at 7.26 ppm; '3C NMR: CDCls at 77.16 ppm) and 85% H3PO4 as external
standard for *'P NMR. Data are represented as follows: chemical shift, multiplicity (s = singlet, d
= doublet, t = triplet, q = quartet, m = multiplet), coupling constants in Hertz (Hz), integration.
The products were purified by Column chromatography on silica gel 300 — 400 mesh. All products
were firstly examined by Bruker AmaZon SL ESI-IT-MS (Bruker Daltonics Inc., Germany) in
positive ion mode, then further characterized by HRMS (ESI-qTOF MS, Bruker mictOTOF-Q II)

in positive ion mode too.

1. Synthesis of substrates.

Experimental procedure for synthesis of O,0-diisopropyl S-(phenylethynyl) phosphorothioate

OPr-i

Osf Cu(OAC), (20 mol%), Ru(bpy)sCl, (1 mol%) OPr-i
Ar — + ~ . 1 g .
Hg OPri K2S,05g (2.0 eq), +-BuONa (2.0 eq.) SIID OPr-i
1,1.0¢eq 2,20eq CH3CN, Blue LEDs = 3
Ar/

To an oven-dried vial were added Ru(bpy)sClz (1 mol%), Cu(OAc): (3.9 mg, 0.02 mmol, 0.2
equiv), K2S>0s (54mg, 0.2 mmol 2.0 equiv) and ~BuONa (19.2mg, 0.2 mmol, 0.2equiv). Freshly
distilled CH3CN (2.0 mL), 1 (10.2 mg, 0.1 mmol, 1.0 equiv) and 2 (39.6 mg, 0.2 mmol, 2.0 equiv)
were sequentially added to the system at room temperature. The resulting mixture was irradiated
with 30 W blue LEDs strip for 24 h. After the removal of solvents under reduced pressure, the
crude product was purified by column chromatography on silica gel with ethyl acetate/petroleum
ether [1:3 (v/v)] as the eluent to give the pure product O,O-diisopropyl S-(phenylethynyl)
phosphorothioate (3) (20.9 mg, 70%).

EPR experiments

(T=300 K)
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Fig 1 A: Cu(OAc)2 (20 mol%) in MeCN (2 mL) (g=1.926)
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(T=300 K)

le6
—— B : Cu in reaction without P.C.
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Fig 2 B: 1 (0.1 mmol), 2 (0.2 mmol), Cu(OAc)> (20 mol%), K2S>05 (0.2 mmol) and -BuONa (0.2
mmol) in MeCN (2 mL) at room temperature for 16 h. C: 1 (0.1 mmol), 2 (0.2 mmol),
Ru(bpy):CL (1 mol%), Cu(OAc): (20 mol%), K»S20s (0.2 mmol) and #~-BuONa (0.2 mmol) in

MeCN (2 mL) at room temperature under irradiation by blue LEDs (30 W) for 16 h (g = 2.087).
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Spectral data

0,0-diisopropyl S-(phenylethynyl) phosphorothioate (3)
OPri Yield: 20.9 mg, 70%. Bright yellow oil. '"H NMR (600 MHz, CDCl5)
O\\p/\ ~ 6 (ppm) 7.42-7.41 (m, 2H), 7.35-7.29 (m, 3H), 4.97-4.91 (m, 2H),
@%S’ OPr 145 (t, J = 5.64 Hz, 12H). 13C NMR (150 MHz, CDCl3) § (ppm)
131.9 (d, J=3.1 Hz), 128.9 (s), 128.5 (s), 122.7 (d, J = 4.0 Hz), 92.2
(d, J=8.7Hz), 74.7 (d, J = 6.2 Hz), 70.6 (d, J = 11.8 Hz), 24.0 (d, /= 4.2 Hz), 23.7 (d, /= 6.3
Hz). 3'P NMR (242 MHz, CDCl3) & (ppm) 15.4 (s). HRMS calcd for C14H19NaO3PS* [M+Na]",

321.0685; found, 321.0681.

0,0-diisopropyl S-(pent-1-yn-1-yl) phosphorothioate (4)
O- OPr-i Yield: 15.8 mg, 60%. Bright yellow oil. '"H NMR (600 MHz, CDCls)
L \’P\OPr-i S (ppm) 4.90-4.84 (m, 2H), 2.27-2.24 (m, 2H), 1.55-1.52 (m, 2H),
ﬁs 1.41 (dd, Ji = 2.16 Hz, J» = 6.18 Hz, 12H). 0.98 (t, J = 7.38 Hz, 3H).
3C NMR (150 MHz, CDCl3) & (ppm) 94.0 (d, J = 8.7 Hz), 74.3 (d, J = 5.8 Hz), 59.6 (d, J = 11.3
Hz), 24.0 (d, J = 4.3 Hz), 23.6 (d, J = 5.7 Hz). 22.04 (s), 22.01 (d, J = 2.4 Hz), 13.6 (s). *'P NMR
(242 MHz, CDCIl3) & (ppm) 17.2 (s). HRMS caled for Ci1H2»O3PS* [M+H]", 265.1022; found,
265.1028.

S-(hept-1-yn-1-yl) O,0-diisopropyl phosphorothioate (5)
OPr-i Yield: 18.7 mg, 64%. Bright yellow oil. 'H NMR (600 MHz,

Os
P~oprj CDCL) & (ppm) 4.88-4.85 (m, 2H), 2.29-2.25 (m, 2H), 1.52-
=g

ﬁ 1.48 (m, 2H), 1.41 (dd, Ji = 2.13 Hz, J» = 6.15 Hz, 12H). 1.39-

1.33 (m, 2H), 1.32-1.28 (m, 2H), 0.89 (t, J = 7.17 Hz, 3H). B3C
NMR (150 MHz, CDCl3) & (ppm) 94.2 (d, J = 8.7 Hz), 74.3 (d, J = 6.1 Hz), 59.4 (d, J = 11.5 Hz),
31.1 (s), 28.2 (d, J = 2.1 Hz), 24.0 (d, J = 4.3 Hz), 23.6 (d, J = 6.3 Hz). 22.3 (s), 20.0 (d, J = 3.1

Hz), 14.1 (s). *'P NMR (242 MHz, CDCLs) & (ppm) 17.2 (s). HRMS caled for Ci3sHasO3PS*
[M+H]*,293.1335; found, 293.1333.

0,0-diisopropyl S-(oct-1-yn-1-yl) phosphorothioate (6)
O- OPr-i Yield: 19.6 mg, 64%. Bright yellow oil. "H NMR (600 MHz,

N

_ S,P\Opr_,- CDCLs) & (ppm) 4.88-4.84 (m, 2H), 2.28-2.25 (m, 2H), 1.50-

1.47 (m, 2H), 1.41 (dd, Ji = 2.37 Hz, J» = 6.21 Hz, 12H).

/—/f 1.39-1.34 (m, 2H), 1.31-1.23 (m, 4H), 0.88 (t, J = 7.08 Hz,
3H). 3C NMR (150 MHz, CDCL) § (ppm) 94.2 (d, J = 8.0

Hz), 74.2 (d, J= 5.9 Hz), 59.4 (d, J = 11.3 Hz), 31.4 (s), 28.6 (s), 28.5 (d, /= 2.3 Hz), 24.0 (d, J =

3.6 Hz), 23.6 (d, J = 5.8 Hz). 22.7 (s), 20.1 (d, J = 2.4 Hz), 14.2 (s). 3'P NMR (242 MHz, CDCl;) &
(ppm) 17.2 (s). HRMS caled for C14H27NaO3PS* [M+Na]*,329.1311; found, 329.1304.
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0,0-diisopropyl S-(non-1-yn-1-yl) phosphorothioate (7)
Os OPr-i Yield: 18.9 mg, 59%. Bright yellow oil. "H NMR (600
S’P\OPr—i MHz, CDCI3) & (ppm) 4.89-4.84 (m, 2H), 2.28-2.25 (m,
2H), 1.51-1.47 (m, 2H), 1.41 (dd, J1 = 2.59 Hz, J> = 6.18
Hz, 12H). 1.37-1.34 (m, 2H), 1.30-1.24 (m, 6H), 0.87 (t, J
= 6.99 Hz, 3H). *C NMR (150 MHz, CDCls) & (ppm)
94.2 (d,J=8.0 Hz), 74.2 (d, J= 6.2 Hz), 59.4 (d, J = 11.3 Hz), 31.8 (s), 28.9 (s), 28.8 (s), 28.5 (d,
J=2.5Hz),24.0 (d, J= 4.3 Hz), 23.6 (d, J = 5.9 Hz). 22.7 (s), 20.1 (d, J = 3.0 Hz), 14.2 (s). *'P
NMR (242 MHz, CDCl3) & (ppm) 17.2 (s). HRMS calcd for C15sH20NaO3PS* [M+Na]*, 343.1467;
found, 343.1459.

\

S-(dec-1-yn-1-yl) O,0-diisopropyl phosphorothioate (8)

OPr-i Yield: 21.1 mg, 63%. Bright yellow oil. '"H NMR (600
MHz, CDCl3) 6 (ppm) 4.88-4.83 (m, 2H), 2.27-2.24 (m,
2H), 1.51-1.46 (m, 2H), 1.40 (dd, J1 = 2.40 Hz, J; =
6.18 Hz, 12H). 1.38-1.33 (m, 2H), 1.30-1.25 (m, 8H),
0.86 (t, J = 6.99 Hz, 3H). *C NMR (150 MHz, CDCls)
S (ppm) 94.1 (d, J=8.0 Hz), 74.2 (d, /= 6.1 Hz), 59.4 (d, /= 11.5 Hz), 31.9 (s), 29.3 (s), 29.2 (s),
28.9 (s), 28.5(d, J=2.0 Hz), 24.0 (d, /= 4.2 Hz), 23.6 (d, J = 6.2 Hz). 22.7 (s), 20.0 (d, J = 3.1
Hz), 14.2 (s). 3'P NMR (242 MHz, CDCls) & (ppm) 17.0 (s). HRMS caled for CisH3,03PS*
[M+H]", 335.1804; found, 335.1809.

Os
g “OPr-i

)

S-(dodec-1-yn-1-yl) O,0-diisopropyl phosphorothioate (9)

OPr-i  Yield: 24.2 mg, 67%. Bright yellow oil. '"H NMR
SFL opr; (600 MHz, CDCL) & (ppm) 4.89-4.83 (m, 2H),
S 2.28-2.24 (m, 2H), 1.50-1.46 (m, 2H), 1.41 (dd, J,

=2.58 Hz, J» = 6.18 Hz, 12H). 1.38-1.33 (m, 2H),

1.30-1.25 (m, 12H), 0.87 (t, J = 7.05 Hz, 3H). 13C

NMR (150 MHz, CDCls) 6 (ppm) 94.2 (d, J = 8.2
Hz), 74.2 (d, J = 5.6 Hz), 59.4 (d, J = 11.8 Hz), 32.0 (s), 29.7 (s), 29.6 (s), 29.4 (s), 29.2 (s), 28.9
(s), 28.5 (d, J=2.0 Hz), 24.0 (d, J = 3.8 Hz), 23.6 (d, J = 6.2 Hz). 22.8 (s), 20.0 (d, J = 3.1 Hz),
14.2 (s). *'P NMR (242 MHz, CDCl3) & (ppm) 17.2 (s). HRMS caled for CisH3sOsPS™ [M+H]",
363.2117; found, 363.2114.

O

\

S-(cyclohexylethynyl) O,0-diisopropyl phosphorothioate (10)
OPr.j  Yield: 19.5 mg, 64%. Bright yellow oil. 'H NMR (600 MHz, CDCl;)
~_/

o)
“Puopy, O (ppm) 4.90-4.84 (m, 2H), 2.48-2.45 (m, 1H), 1.77-1.75 (m, 2H),

/

— S T 71-1.66 (m, 2H), 1.52-1.46 (m, 1H), 1.42 (d, J = 6.18 Hz, 12H),

1.39-1.34 (m, 1H), 1.33-1.28 (m, 4H). 3C NMR (150 MHz, CDCls)

§ (ppm) 97.8 (d, J = 8.3 Hz), 74.2 (d, J = 5.8 Hz), 59.6 (d, J = 11.8 Hz), 32.4 (s), 30.3 (s), 25.9 (s),

24.8 (s), 24.0 (d, J = 4.0 Hz), 23.7 (d, J = 5.7 Hz). 'P NMR (242 MHz, CDCLs) & (ppm) 17.1 (s).
HRMS caled for C14H,sNaOsPS* [M+Na]*, 327.1154; found, 327.1153.

[
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S-(cyclopropylethynyl) O,0-diisopropyl phosphorothioate (11)

_ OPr-i Yield: 15.7 mg, 60%. Bright yellow oil. "H NMR (600 MHz, CDCls) &
. /P\OPr—i (ppm) 4.89-4.82 (m, 2H), 1.42 (dd, J1 = 4.80 Hz, J> = 5.88 Hz, 12H),

[: T 1.33-1.29 (m, 1H), 0.81-0.78 (m, 2H), 0.72-0.69 (m, 2H). 3C NMR (150

MHz, CDCl3) é (ppm) 97.5 (d, J = 8.5 Hz), 74.3 (d, /= 6.0 Hz), 55.0 (d, J=11.6 Hz), 24.0 (d, J =

4.1 Hz), 23.6 (d, J= 5.8 Hz). 8.7 (d, J = 2.9 Hz), 0.8 (d, J= 3.3 Hz). 3'P NMR (242 MHz, CDCl;)

S (ppm) 17.3 (s). HRMS caled for C11H19NaO3PS* [M+Na]*, 285.0685; found, 285.0683.

0

N

$-(3,3-dimethylbut-1-yn-1-yl) O,0-diisopropyl phosphorothioate (12)
O /OPr-i Yield: 21.1 mg, 76%. Bright yellow oil. 'H NMR (600 MHz, CDCls) &
L \’P\OPr-i (ppm) 4.88-4.82 (m, 2H), 1.40 (d, J = 6.24 Hz, 12H), 1.20 (s, 9H). 13C
%TS NMR (150 MHz, CDCl3) & (ppm) 101.5 (d, J = 8.5 Hz), 74.1 (d, J= 5.7
Hz), 58.6 (d, J = 11.4 Hz), 30.6 (d, J = 2.1 Hz), 28.8 (d, J = 2.2 Hz),
23.9 (d, J = 4.1 Hz), 23.6 (d, J = 5.8 Hz). 3'P NMR (242 MHz, CDCls) & (ppm) 16.8 (s). HRMS
caled for C12H2403PS* [M+H]*,279.1178; found, 279,1171.

0,0-diisopropyl S-((triisopropylsilyl)ethynyl) phosphorothioate (13)
O OPr-i Yield: 27.6 mg, 73%. Bright yellow oil. "H NMR (600 MHz, CDCl;) 8
Y_ \/P\OPr-i (ppm) 4.92-4.87 (m, 2H), 1.44 (dd, J1 = 3.42 Hz, J> = 6.18 Hz, 12H),
}S'T 1.08-1.06 (m, 21H). '3C NMR (150 MHz, CDCls) & (ppm) 97.4 (d, J =
7.5 Hz), 86.0 (d, /= 11.1 Hz), 74.4 (d, J = 6.0 Hz), 24.0 (d, /= 4.3 Hz),
23.6 (d,J=5.7 Hz), 18.7 (s), 11.5 (s). 3'P NMR (242 MHz, CDCls) & (ppm) 15.9 (s). HRMS caled
for C17H3603PSSi* [M+H]", 379.1887; found, 379.1881.

0,0-diisopropyl S-((trimethylsilyl)ethynyl) phosphorothioate (14)
Yield: 21.8 mg, 74%. Bright yellow oil. 'H NMR (600 MHz, CDCls) &

OPr-i
\ O\\p/\ ~ (ppm) 4.91-4.85 (m, 2H), 1.42 (dd, /1 = 5.94 Hz, J, = 12.1 Hz 12H),
—/Si%S OPr 0,16 (s, 9H). *C NMR (150 MHz, CDCls) & (ppm) 100.6 (d, J = 7.3 Hz),

85.0 (d, J=11.1 Hz), 74.7 (d, J = 6.0 Hz), 23.9 (d, J = 4.1 Hz), 23.6 (d,
J = 6.4 Hz), 027(s). 3'P NMR (242 MHz, CDCL:) & (ppm) 15.1 (s). HRMS caled for
C11H2403PSSi* [M+H]*, 295.0948; found, 295.0943.

S-(cyclohex-1-en-1-ylethynyl) O,0-diisopropyl phosphorothioate (15)

o OPr-i  Yield: 21.8 mg, 72%. Bright yellow oil. 'H NMR (600 MHz, CDCl5)
~_/

. ,P\OPH. 3 (ppm) 6.14-6.12 (m, 1H), 4.91-4.85 (m, 2H), 2.69-2.08 (m, 4H),
QTS 1.62-1.55 (m, 4H), 1.42 (d, J= 5.94 Hz, 12H). '3C NMR (150 MHz,
CDCl3) & (ppm) 137.0 (d, J = 4.3 Hz), 120.6 (d, J= 4.3 Hz), 94.2 (d,

J=8.7Hz),74.5 (d,J= 6.2 Hz), 66.9 (d, J= 12.1 Hz), 28.9 (s), 25.8 (s), 24.0 (d, J = 4.1 Hz), 23.6

(d, J = 6.3 Hz). 22.3 (s), 21.5 (s). >'P NMR (242 MHz, CDCls) & (ppm) 15.9 (s). HRMS caled for
C14H2sNaOsPS* [M+Na]*, 325.0998; found, 325.0995.

ESI-6



S-(deca-1,5-diyn-1-yl) O,0-diisopropyl phosphorothioate (16)
o. OPri Yield: 20.1 mg, 61%. Bright yellow oil. 'H NMR (600

“P OPr ; MHz, CDCI3) § (ppm) 4.89-4.85 (m, 2H), 2.48-2.45 (m,

2H), 2.37-2.34 (m, 2H), 2.15-2.12 (m, 2H), 1.46-1.37
(m, 3H), 0.90 (t, J = 7.26 Hz, 16H). 3C NMR (150
MHz, CDCls) & (ppm) 92.3 (d, J = 8.6 Hz), 81.7 (s),

77.9 (s), 74.3 (d, J= 5.7 Hz), 60.8 (d, J = 11.9 Hz), 31.0 (s), 23.8 (d, /= 3.7 Hz), 23.5(d, /= 5.6
Hz), 21.9 (s), 20.7 (d, J = 3.0 Hz). 18.8 (d, J = 2.3 Hz), 18.4 (s), 13.6 (s). *'P NMR (242 MHz,
CDCl3) 6 (ppm) 17.0 (s). HRMS calcd for CisH27NaO3sPS* [M+Na]*, 353.1311; found, 353.1317
0,0-diisopropyl S-(4-phenylbut-1-yn-1-yl) phosphorothioate (17)

Yield: 18.6 mg, 57%. Bright yellow oil. '"H NMR (600 MHz,
CDCl3) 6 (ppm) 7.28 (t, J= 7.44 Hz, 2H), 7.19 (t, J= 7.94 Hz,

OPr-i
OPr-

3H), 4.85-4.76 (m, 2H), 2.81 (t, J= 7.50 Hz, 2H), 2.59-2.55 (m,
2H), 1.36 (d, J = 6.81 Hz, 12H). 3C NMR (150 MHz, CDCls) §
(ppm) 140.2 (s), 128.5 (s), 128.4 (s), 126.7 (s), 93,1 (d, J = 8.1
Hz), 74.3 (d, J= 5.6 Hz), 60.5 (d, /= 11.3 Hz), 34.8 (d, /= 2.1
Hz), 23.9 (d, J = 4.1 Hz), 23.5 (d, J = 5.5 Hz), 22.1 (d, J= 3.1 Hz). 3*'P NMR (242 MHz, CDCl;) &
(ppm) 16.9 (s). HRMS caled for C16H2403PS™ [M+H]",327.1178; found, 327.1171.
0,0-diisopropyl S-(p-tolylethynyl) phosphorothioate (18)
OPr-j Yield: 22.1 mg, 71%. Bright yellow oil. '"H NMR (600 MHz,
\ OPr-i CDCl3) 6 (ppm) 7.30 (d, J = 8.03 Hz, 2H), 7.10 (d, J = 7.92 Hz,
< > 2H), 4.94-4.91 (m, 2H), 2.34 (s, 3H), 1.44 (t, J = 5.44 Hz, 12H).
3C NMR (150 MHz, CDCls) & (ppm) 139.2 (s), 131.9 (d, J = 2.5
Hz), 129.2 (s), 119.6 (d, J = 4.1 Hz), 92.3 (d, J = 8.7 Hz), 74.6 (d, J = 5.8 Hz), 69.5 (d, J = 11.7
Hz), 24.0 (d, J = 4.1 Hz), 23.6 (d, J = 5.8 Hz), 21.6 (s). 3'P NMR (242 MHz, CDCl3) & (ppm) 15.5
(s). HRMS caled for CisH21NaO3PS* [M+Na]*,335.0841; found, 335.0848.
S-((4-ethylphenyl)ethynyl) O,0-diisopropyl phosphorothioate (19)
OPr-j Yield: 23.8 mg, 73%. Bright yellow oil. 'H NMR (600 MHz,

\ OPr-i CDCl3) 6 (ppm) 7.33 (d, J=7.98 Hz, 2H), 7.14 (d, J = 8.06 Hz,

< > 2H), 4.96-4.90 (m, 2H), 2.66-2.62 (m, 2H), 1.44 (t, /= 5.61 Hz,

12H), 1.22 (t, J = 7.56 Hz, 3H). 3C NMR (150 MHz, CDCls) &

(ppm) 145.5 (s), 132.0 (d, J = 2.9 Hz), 128.1 (s), 119.9 (d, J = 4.0 Hz), 94.4 (d, J = 8.8 Hz), 74.7

(d, J=6.1 Hz), 69.5 (d, J = 12.0 Hz), 29.0 (s), 24.0 (d, J = 3.6 Hz), 23.7 (d, J = 5.7 Hz), 15.4 (s).

3P NMR (242 MHz, CDCl3) & (ppm) 15.5 (s). HRMS calcd for Ci¢H23NaO3PS* [M+Na]®,

349.0998; found, 349.0993.

0,0-diisopropyl S-((4-isopropylphenyl)ethynyl) phosphorothioate (20)

0. OPr-i Yield: 25.5 mg, 75%. Bright yellow oil. 'H NMR (600

ChHo,CH Popr.i MHz, CDCL) 5 (ppm) 7.34 (d, J = 8.04 Hz, 2H), 7.16

< > (d, J = 8.10 Hz, 2H), 4.95-4.91 (m, 2H), 2.91-2.87 (m,
1H), 1.45 (t, J = 5.70 Hz, 12H). 1.23 (d, J = 6.96 Hz, 6H).3C NMR (150 MHz, CDCls) § (ppm)
150.1 (s), 132.0 (d, J = 2.6 Hz), 126.7 (s), 120.0 (d, J = 3.8 Hz), 92.4 (d, J = 8.4 Hz), 74.6 (d, J =
6.3 Hz), 69.5 (d, J = 12.0 Hz), 34.2 (s), 24.0 (d, J = 3.8 Hz), 23.8 (s), 23.7 (d, J = 5.9 Hz). 3'P
NMR (242 MHz, CDCl3) 6 (ppm) 15.5 (s). HRMS calcd for Ci7H2sO3PS* [M+H], 341.1335;
found, 341.1333.

O\
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0,0-diisopropyl S-((4-propylphenyl)ethynyl) phosphorothioate (21)
o. OPr-i Yield: 23.5 mg, 69%. Bright yellow oil. 'H NMR
~_/

P< . (600 MHz, CDCI3) 6 (ppm) 7.33 (d, J = 8.03 Hz, 2H),
HsCHzCHzC‘Q%S/ OPr- 7.11 (d, J = 8.11 Hz, 2H), 4.95-4.91 (m, 2H), 2.57 (t,
J=17.56 Hz, 2H), 1.64-1.60 (m, 2H), 1.44 (t,J=5.90
Hz, 12H), 0.92 (t, J = 7.35, 3H). 3C NMR (150 MHz, CDCls) & (ppm) 144.0 (s), 131.9 (d, J= 3.0
Hz), 128.7 (s), 119.9 (d, J = 3.7 Hz), 92.4 (d, J = 8.6 Hz), 74.7 (d, J = 6.1 Hz), 69.6 (d, J = 12.0
Hz), 30.1 (s), 24.4 (s), 24.0 (d, J = 3.7 Hz), 23.7 (d, J = 5.9 Hz), 13.9 (s). *'P NMR (242 MHz,
CDCl3) 6 (ppm) 15.5 (s). HRMS calcd for Ci7H2sNaO3PS*™ [M+Na]*, 363.1154; found, 363.1159.
S-((4-(tert-butyl)phenyl)ethynyl) O,0-diisopropyl phosphorothioate (22)
O OPr-i Yield: 27.2 mg, 77%. Bright yellow oil. '"H NMR (600
L \'P\OPr-i MHz, CDCls) & (ppm) 7.36-7.32 (m, 4H), 4.95-4.92 (m,
(CH3>3C©TS 2H), 1.45 (t, J = 5.60 Hz, 12H). 1.30 (s, 9H).3C NMR
(150 MHz, CDCl3) 6 (ppm) 152.4 (s), 131.7 (d, J = 2.5
Hz), 125.5 (s), 119.7 (d, J = 4.0 Hz), 92.4 (d, J = 8.2 Hz), 74.7 (d, J = 5.9 Hz), 69.6 (d, J = 12.0
Hz), 35.0 (s), 31.2 (s), 24.0 (d, J = 3.7 Hz), 23.7 (d, J = 6.2 Hz). 3'P NMR (242 MHz, CDCls) &
(ppm) 15.3 (s). HRMS caled for CisH27NaO3PS* [M+Na]*,377.1311; found, 377.1313.
0,0-diisopropyl S-((4-methoxyphenyl)ethynyl) phosphorothioate (23)
O. OPri Yield: 22.9 mg, 68%. Bright yellow oil. '"H NMR (600 MHz,
L \’P\OPr-i CDCls) 6 (ppm) 7.36 (d, J = 8.59 Hz, 2H), 6.83 (d, J = 8.70
H3CO‘®TS Hz, 2H), 4.94-4.91 (m, 2H), 3.81 (s, 3H), 1.44 (t, J = 6.15
Hz, 12H). *C NMR (150 MHz, CDCI3) & (ppm) 160.2 (s),
133.7 (d, J = 2.3 Hz), 114.8 (d, J = 3.6 Hz), 114.2 (s), 92.2 (d, J = 8.2 Hz), 74.6 (d, J = 5.9 Hz),
68.6 (d, J = 11.6 Hz), 55.5 (s), 24.0 (d, J = 4.1 Hz), 23.7 (d, J = 6.2 Hz). 3'P NMR (242 MHz,
CDCl3) 6 (ppm) 15.7 (s). HRMS calcd for Ci2H21NaO4PS* [M+Na]*, 351.0790; found, 351.0785.
0,0-diisopropyl S-((4-phenoxyphenyl)ethynyl) phosphorothioate (24)
. OPri Yield: 24.2 mg, 62%. Bright yellow oil. 'H NMR (600
L \/P\OPr—i MHz, CDCl3) & (ppm) 7.37-7.33 (m, 4H), 7.13 (t, J =
QOQTS 7.32 Hz, 1H), 7.00 (d, J = 8.34 Hz, 2H), 6.89 (d, J =
8.64 Hz, 2H), 4.94-4.90 (m, 2H), 1.43 (t, J = 6.00 Hz,
12H). 3C NMR (150 MHz, CDCl3) & (ppm) 158.3 (s), 156.1 (s), 133.7 (d, J = 3.0 Hz), 130.0 (s),
124.2 (s), 119.7 (s), 118.2 (s), 117.0 (s), 91.8 (d, J= 8.3 Hz), 74.6 (d, J= 6.2 Hz), 69.6 (d, J=12.2
Hz), 23.9 (d, J = 4.2 Hz), 23.6 (d, J = 5.8 Hz). *'P NMR (242 MHz, CDCls) & (ppm) 15.5 (s).
HRMS calcd for C20H23NaO4PS™ [M+Na]*,413.0947; found, 413.0955.
S-([1,1'-biphenyl]-4-ylethynyl) O,0-diisopropyl phosphorothioate (25)

o OPr-i Yield: 18.7 mg, 50%. Bright yellow oil. "H NMR (600

O O L S/P\OPr-i MHz, CDCL) & (ppm) 7.59-7.54 (m, 4H), 7.50-7.43 (m,
- 4H), 7.38-7.34 (m, 1H), 5.00-4.92 (m, 2H), 1.47 (t, J =

5.28 Hz, 12H). 3C NMR (150 MHz, CDCls) & (ppm)

141.7 (s), 140.2 (s), 132.3 (d, J = 2.3 Hz), 129.0 (s), 127.9 (s), 127.2 (s), 127.1 (s), 121.5 (d, J =
3.7 Hz), 92.1 (d, J = 8.7 Hz), 74.7 (d, J = 6.2 Hz), 71.2 (d, J = 11.6 Hz), 24.0 (d, J = 4.1 Hz), 23.7

(d, J = 6.1 Hz). 3'P NMR (242 MHz, CDCI3) & (ppm) 15.5 (s). HRMS caled for C20H23NaOsPS*
[M+Na]*, 397.0998; found, 397.0992.
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S-((4-fluorophenyl)ethynyl) O,O-diisopropyl phosphorothioate (26)
O OPr-i Yield: 21.2 mg, 67%. Bright yellow oil. 'H NMR (600 MHz,
L \/P\OPr—i CDCl3) 6 (ppm) 7.40-7.38 (m, 2H), 6.99 (d, J = 8.58 Hz, 2H),
F‘®TS 4.94-4.89 (m, 2H), 1.43 (dd, J,= 3.87 Hz, J= 5.85 Hz, 12H). 13C
NMR (150 MHz, CDCI3) 8 (ppm) 162.9 (d, J = 250.6 Hz), 134.0
(dd, J1 = 2.8 Hz, J» = 8.7 Hz), 118.8 (t, J = 3.7 Hz), 115.9 (d, J = 22.2 Hz), 91.1 (d, J = 8.4 Hz),
74.7 (d, J = 5.8 Hz), 70.4 (d, J = 12.1 Hz), 23.9 (d, J = 4.2 Hz), 23.6 (d, J = 5.8 Hz). *'P NMR
(242 MHz, CDCl3) & (ppm) 14.7 (s). ' F NMR (376 MHz, CDCls) & (ppm) -109.5 (s). HRMS
caled for C14H1sFNaOsPS* [M+Na]*,339.0591; found, 339.0590.
S-((4-chlorophenyl)ethynyl) O,O0-diisopropyl phosphorothioate (27)
Yield: 25.6 mg, 77%. Bright yellow oil. '"H NMR (600 MHz,
0 OPr-i CDCI3) & (ppm) 7.33 (d, J = 8.43 Hz, 2H), 7.28 (d, J = 8.60 Hz,

cl < > — ;’P\OPr-i 2H), 4.94-4.90 (m, 2H), 1.44 (t, J = 6.18 Hz, 12H). *C NMR
(150 MHz, CDCI3) 6 (ppm) 135.1 (s), 133.1 (d, J = 3.2 Hz),
128.9 (s), 121.2 (d, J = 4.1 Hz), 91.0 (d, J = 8.8 Hz), 74.8 (d, J = 6.4 Hz), 72.0 (d, J = 11.5 Hz),
24.0 (d, J = 4.3 Hz), 23.6 (d, J = 5.7 Hz). 3'P NMR (242 MHz, CDCls) & (ppm) 15.2 (s). HRMS
calcd for Ci4HsCINaOsPS* [M+Na]*, 355.0295; found, 355.0294.
S-((4-bromophenyl)ethynyl) O,0-diisopropyl phosphorothioate (28)
o. OPr-i Yield: 28.2 mg, 75%. Bright yellow oil. '"H NMR (600 MHz,

_ Paopy.; CDCI3) 8 (ppm) 745 (d, J = 840 Hz, 2H), 7.28 (d, J = 8.28 Hz,
BFOTS 2H), 4.95-4.91 (m, 2H), 1.45 (d, J = 6.24 Hz, 12H). 3C NMR
(150 MHz, CDCLs) & (ppm) 133.2 (d, J = 2.4 Hz), 131.8 (5),

123.2 (s), 121.6 (d, J = 3.9 Hz), 91.1 (d, J = 8.4 Hz), 74.7 (d, J = 5.9 Hz), 72.2 (d, J = 11.6 Hz),

23.9 (d, J = 3.6 Hz), 23.6 (d, J = 6.0 Hz). 3'P NMR (242 MHz, CDCls) & (ppm) 15.0 (s). HRMS
calcd for Ci14H1sBrNaOsPS* [M+Na], 398.9790; found, 398.9798.

0,0-diisopropyl S-((4-(trifluoromethyl)phenyl)ethynyl) phosphorothioate (29)
OPr-i Yield: 19.4 mg, 53%. Bright yellow oil. 'H NMR (600 MHz,
O\‘p’\ ~ CDCl3) 6 (ppm) 7.56 (d, J = 8.27 Hz, 2H), 7.50 (d, J = 8.12
ac@%s’ OPr-I' H,, 2H), 4.96-4.90 (m, 2H), 1.45 (d, J = 6.18 Hz, 12H). 13C
NMR (150 MHz, CDCl3) & (ppm) 131.9 (d, J = 3.0 Hz), 130.5
(q, J = 32.8 Hz), 126.5 (s), 125.5 (q, J = 4.0 Hz), 123.9 (q, J = 272.2 Hz), 90.8 (d, J = 8.5 Hz),
74.9 (d, J = 5.9 Hz), 74.2 (d, J = 11.9 Hz), 24.0 (d, J = 4.0 Hz), 23.6 (d, J = 6.2 Hz). 3'P NMR
(242 MHz, CDCl3) & (ppm) 14.3 (s). ' F NMR (376 MHz, CDCls) & (ppm) -62.9 (s). HRMS calcd

for C1sH2sF3NaO3PS™ [M+Na]*, 389.0559; found, 389.0553.

S-((4-cyanophenyl)ethynyl) O,O0-diisopropyl phosphorothioate (30)
O OPr-i Yield: 14.9 mg, 46%. Bright yellow oil. 'H NMR (600 MHz,
. /:\ o \/P\OPr-l' CDCl3) 8 (ppm) 7.58 (d, J = 8.16 Hz, 2H), 7.47 (d, J = 8.16
N= S Hz, 2H), 4.94-4.88 (m, 2H), 1.43 (dd, J; = 2.25 Hz, J> = 6.09
Hz, 12H). 3*C NMR (150 MHz, CDCl3) & (ppm) 132.2 (s),
132.1 (d, J=3.2 Hz), 127.5 (d, J= 3.8 Hz), 118.4 (s), 112.0 (s), 90.5 (d, J= 8.1 Hz), 76.7 (d, J =
11.5 Hz), 75.0 (d, J = 6.3 Hz), 23.9 (d, J = 4.1 Hz), 23.6 (d, J = 5.9 Hz). *'P NMR (242 MHz,
CDCl3) 6 (ppm) 14.5 (s). HRMS calcd for C1sH1sNNaO3;PS* [M+Na]*, 346.0637; found, 346.0634.
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0,0-diisopropyl S-(m-tolylethynyl) phosphorothioate (32)

OPr-i  Yield: 20.6 mg, 66%. Bright yellow oil. 'H NMR (600 MHz, CDCl3)
L \\’P/\OPr-i S (ppm) 7.23-7.18 (m, 3H), 7.14 (d, J = 7.36 Hz, 1H), 4.96-4.91 (m,
— S 2H), 2.32 (s, 3H), 1.45 (t, J = 5.31 Hz, 12H). 3C NMR (150 MHz,
CDCl3) 6 (ppm) 138.2 (s), 132.4 (d, J = 2.3 Hz), 129.9 (s), 129.0 (d,
J=3.1Hz), 128.4 (s) 122.5 (d, J=4.1 Hz), 92.4 (d, J= 8.4 Hz), 74.7 (d, /= 6.1 Hz), 70.1 (d, J =
12.0 Hz), 24.0 (d, J = 3.9 Hz), 23.7 (d, J = 5.6 Hz), 21.3 (s). 3'P NMR (242 MHz, CDCl3) & (ppm)

15.5 (s). HRMS calcd for C1sH21NaO3PS* [M+Na]*,335.0841; found, 335.0845.

O

S-((3-chlorophenyl)ethynyl) O,O0-diisopropyl phosphorothioate (33)
Cl 0. PPri Yield: 23.6 mg, 71%. Bright yellow oil. 'H NMR (600 MHz, CDCls)
\’P\OPr-i o (ppm) 7.38 (s, 1H), 7.31-7.28 (m, 2H), 7.24 (t, J = 7.86 Hz, 1H),
4.95-4.80 (m, 2H), 1.45 (dd, Ji = 0.99 Hz, J, = 6.15 Hz, 12H). 3C
NMR (150 MHz, CDCl3) § (ppm) 134.4 (s), 131.6 (d, J = 3.1 Hz),
130.0 (d, J = 3.1 Hz), 129.8 (s), 129.2 (s) 124.4 (d, J = 4.0 Hz), 90.7 (d, /= 8.7 Hz), 74.8 (d, J =
5.8 Hz), 72.6 (d, J = 11.9 Hz), 24.0 (d, J = 4.2 Hz), 23.6 (d, J = 5.7 Hz). 3'P NMR (242 MHz,
CDCl3) & (ppm) 14.9 (s). HRMS calcd for CisHisCINaOsPS* [M+Na]*, 355.0295; found,
355.0296.

S-((3-fluorophenyl)ethynyl) O,O-diisopropyl phosphorothioate (34)
E on OPr-i Yield: 19.0 mg, 60%. Bright yellow oil. "H NMR (600 MHz, CDCls)
>: L \/P\OPr-/' o (ppm) 7.29-7.25 (m, 1H), 7.19 (d, J = 7.68 Hz, 1H), 7.09 (d, J =
— S 9.30 Hz, 1H), 7.05-7.02 (m, 1H), 4.95-4.91 (m, 2H), 1.45 (dd, J1 =
2.10 Hz, J> = 6.18 Hz, 12H). *C NMR (150 MHz, CDCl3) & (ppm)
162.4 (d, J = 246.9 Hz), 130.2 (d, J = 8.8 Hz), 127.8 (t, /= 2.6 Hz), 124.5 (dd, /1 = 9.3 Hz, J>» =
4.0 Hz), 118.6 (dd, J1 = 2.8 Hz, J» =22.7 Hz), 116.3 (d, J=21.1 Hz), 90.9 (d, /= 8.2 Hz), 74.8 (d,
J=5.8Hz),72.3 (d,J =119 Hz), 24.0 (d, J = 4.3 Hz), 23.6 (d, J = 5.9 Hz). 'P NMR (242 MHz,

CDCls) & (ppm) 15.0 (s). ' F NMR (376 MHz, CDCls) & (ppm) -112.6 (s). HRMS calcd for
Ci4H13FNaO3;PS* [M+Na]*, 339.0591; found, 339.0594.

0,0-diisopropyl S-(o-tolylethynyl) phosphorothioate (35)
O- OPr-i Yield: 19.0 mg, 61%. Bright yellow oil. '"H NMR (600 MHz, CDCls)
L \/P\OPr—i S (ppm) 7.36 (d, J=7.62 Hz, 1H), 7.21 (t, J = 7.32 Hz, 1H), 7.17 (d,
— S J=17.31Hz, 1H), 7.11 (d, J = 7.44 Hz, 1H), 4.96-4.90 (m, 2H), 2.42
(s, 3H), 1.43 (dd, J; = 3.15 Hz, J> = 6.21 Hz, 12H). 3C NMR (150
MHz, CDCls) & (ppm) 140.8 (d, J = 2.1 Hz), 132.1 (d, J = 3.1 Hz), 129.6 (s), 128.8 (s), 125.6 (s)
122.4 (d, J=3.5Hz),91.2 (d,J=8.6 Hz), 74.5 (d, /= 5.7 Hz), 73.9 (d, /= 11.9 H2), 239 (d, J =
4.2 Hz), 23.6 (d, J = 5.9 Hz), 20.6 (s). *'P NMR (242 MHz, CDCI3) & (ppm) 15.7 (s). HRMS caled

for C1sH21NaO3PS* [M+Na]", 335.0841; found, 335.0838.
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S-((2-chlorophenyl)ethynyl) O,O0-diisopropyl phosphorothioate (36)
Cl O OPr-j Yield: 21.6 mg, 65%. Bright yellow oil. '"H NMR (600 MHz, CDCl5)
L \, ~OPr-i S (ppm) 7.45-7.43 (m, 1H), 7.38 (d, J = 8.04 Hz, 1H), 7.27-7.24 (m,
= S 1H), 7.20 (t, J = 7.54 Hz, 1H), 4.98-4.93 (m, 2H), 1.45 (t, J = 6.72
Hz, 12H). 3C NMR (150 MHz, CDCl3) & (ppm) 136.3 (d, J = 2.9
Hz), 133.7 (d, J = 2.5 Hz), 129.9 (s), 129.5 (s), 126.6 (s), 122.7 (d, J = 4.0 Hz), 88.9 (d, J = 8.7
Hz), 76.4 (d, J = 12.0 Hz), 74.9 (d, J = 6.0 Hz), 24.0 (d, J = 4.3 Hz), 23.7 (d, J = 5.8 Hz). *'P
NMR (242 MHz, CDCl3) 6 (ppm) 14.6 (s). HRMS caled for CisHisCINaOsPS*™ [M+Na]®,
355.0295; found, 355.0297.
S-((2-fluorophenyl)ethynyl) O,O0-diisopropyl phosphorothioate (37)
F O- OPr-i Yield: 16.8 mg, 53%. Bright yellow oil. '"H NMR (600 MHz, CDCls)
\/P\OPr-i S (ppm) 7.37 (t, J = 7.32 Hz, 1H), 7.31-7.37 (m, 1H), 7.07-7.02 (m,
2H), 4.94-4.91 (m, 2H), 1.42 (t, J = 6.30 Hz, 12H). *C NMR (150
MHz, CDCl;) 6 (ppm) 163.3 (dd, J1 = 252.8 Hz, J>» = 2.2 Hz), 133.7
(d,J=2.6 Hz), 130.7 (d, /= 7.9 Hz), 124.1 (d, /= 3.5 Hz), 115.7 (d, J=20.8 Hz), 111.3 (dd, J1 =
3.7 Hz, J» = 15.6 Hz), 85.5 (d, J = 8.5 Hz), 76.2 (dd, J1 = 11.9 Hz, J» = 3.2 Hz), 749 (d, J = 6.4
Hz), 23.9 (d, J = 3.7 Hz), 23.5 (d, J = 6.0 Hz). 3'P NMR (242 MHz, CDCl3) § (ppm) 14.5 (s). °F
NMR (376 MHz, CDCl3) & (ppm) -109.5 (s). HRMS caled for CisHisFNaO3;PS*™ [M+Na]*,
339.0591; found, 339.0585.
S-(benzo[d][1,3]dioxol-5-ylethynyl) O,O-diisopropyl phosphorothioate (38)
o 0 OPr-i  Yield: 20.9 mg, 61%. Bright yellow oil. "H NMR (400 MHz,

r o \\'P/\OPr-i CDCl3) 6 (ppm) 6.94 (d, J= 7.98 Hz, 1H), 6.84 (s, 1H), 6.73 (d,

0 = S J=8.04 Hz, 1H), 5.96 (s, 2H), 4.94-4.88 (m, 2H), 1.43 (d, J =
5.56 Hz, 12H). 13C NMR (100 MHz, CDCIls) & (ppm) 148.6 (s),

147.5 (s), 127.1 (d, J=2.6 Hz), 1159 (d, J = 3.7 Hz), 111.9 (d, J = 2.7 Hz), 108.6 (s), 101.6 (s),

92.1(d,J=28.7Hz), 74.6 (d, J= 6.4 Hz), 68.7 (d, J = 12.0 Hz), 23.9 (d, /= 4.1 Hz), 23.6 (d, J =

5.7 Hz). 3'P NMR (242 MHz, CDCls) 8 (ppm) 15.5 (s). HRMS calcd for CisH19NaOsPS* [M+Na]",

365.0583; found, 365.0580.

0,0-diisopropyl S-(thiophen-3-ylethynyl) phosphorothioate (39)

OPr-i Yield: 13.4 mg, 44%. Bright yellow oil. '"H NMR (600 MHz, CDCl;)

Os
_ Puopy,; O (ppm) 746745 (m. 1H), 7.25-7.34 (i, 1H), 7.08-7.07 (m, 1H),
T ) = ¢ 4.93-4.89 (m, 2H), 1.43 (t, J = 5.85 Hz, 12H). *C NMR (150 MHz,

CDCl3) & (ppm) 130.2 (d, J= 3.6 Hz), 130.0 (s), 125.6 (s), 121.7 (d, J
=42 Hz), 87.3 (d, J= 8.7 Hz), 74.7 (d, J = 6.4 Hz), 70.1 (d, J = 11.7 Hz), 23.9 (d, J = 3.6 Hz),
23.6 (d, J = 6.3 Hz). 3'P NMR (242 MHz, CDCl3) & (ppm) 15.4 (s). HRMS caled for
C12H17NaOsPS,* [M+Na]*, 327.0249; found, 327.0246.
0,0-diisopropyl S-(thiophen-3-ylethynyl) phosphorothioate (40)

opr.j Yield: 12.5 mg, 41%. Bright yellow oil. "H NMR (600 MHz, CDCI3) &

N O\\’P/\OPr-i (ppm) 7.29 (d, J =5.16 Hz, 1H), 7.23 (dd, J1 = 1.11 Hz, J> = 2.49 Hz,

—S 1H), 6.97 (dd, J1 =3.72 Hz, J, = 5.04 Hz, 1H), 4.95-4.89 (m, 2H), 1.44

S (t, J = 6.24 Hz, 12H). 3C NMR (150 MHz, CDCls) & (ppm) 133.6 (d,

J=2.6 Hz), 128.5 (s), 127.2 (s), 122.8 (d, J=4.6 Hz), 85.4 (d, /= 8.7 Hz), 75.2 (d, /= 12.1 Hz),

74.9 (d, J = 12.1 Hz), 23.9 (d, J = 3.7 Hz), 23.7 (d, J = 5.8 Hz). 3'P NMR (242 MHz, CDCl;s)
(ppm) 14.7 (s). HRMS caled for Ci12H17NaO3PS," [M+Na], 327.0249; found, 327.0255.
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0,0-diisopropyl S-((4-(4-propylcyclohexyl)phenyl)ethynyl) phosphorothioate (42)
O OPr-i Yield: 30.4 mg, 72%. Bright yellow oil. 'H NMR
L \/P\ OPr-i (600 MHz, CDCIl3) & (ppm) 7.33 (d, J = 8.10 Hz,
%S 2H), 7.15 (d, J = 8.16 Hz, 2H), 4.96-4.90 (m, 2H),
2.45 (t,J=12.27 Hz, 1H), 1.86 (d, J = 12.24 Hz,
4H), 1.45 (t, J = 5.37 Hz, 12H), 1.40-1.30 (m, 5H), 1.22-1.19 (m, 2H), 1.06-1.00 (m, 2H), 0.90 (t,
J=7.29 Hz, 3H). 3C NMR (150 MHz, CDCl;3) & (ppm) 149.2 (s), 132.0 (d, J = 2.3 Hz), 127.1 (s),
120.0 (d, J = 4.0 Hz), 92.4 (d, J = 8.6 Hz), 74.6 (d, J = 6.2 Hz), 69.5 (d, J = 11.9 Hz), 44.7 (s),
39.8 (s), 37.1 (s), 34.2 (s), 33.6 (s), 24.0 (d, J = 3.6 Hz), 23.7 (d, J = 6.2 Hz), 20.1 (s), 14.5 (s). 'P
NMR (242 MHz, CDCl3) 6 (ppm) 15.5 (s). HRMS calcd for C23H3sNaO3;PS* [M+Na]*, 445.1937;

found, 445.1942.

$-((9,9-dimethyl-9 H-fluoren-2-yl)ethynyl) O,0-diisopropyl phosphorothioate (43)

Yield: 26.9 mg, 65%. Bright yellow oil. '"H NMR (600
MHz, CDCl3) 6 (ppm) 7.71-7.0 (m, 1H), 7.65 (d, J = 7.80
Hz, 1H), 7.48 (s, 1H), 7.44-7.40 (m, 2H), 7.36-7.33 (m,
2H), 4.99-4.94 (m, 2H), 1.49-1.46 (m, 18H). 3C NMR
(150 MHz, CDCIl3) 6 (ppm) 154.1 (s), 153.7 (s), 140.2 (s), 138.4 (s), 131.2 (d, J = 3.1 Hz), 128.0
(s), 127.3 (s), 126.3 (d, /= 3.0 Hz), 122.8 (s), 121.1 (d, /= 3.7 Hz), 120.5 (s), 120.1 (s), 93.1 (d, J
=8.8 Hz), 74.7 (d, J= 6.3 Hz), 70.3 (d, J=12.1 Hz), 47.0 (s), 24.0 (d, /= 3.8 Hz), 23.7 (d, /= 5.6
Hz). 3'P NMR (242 MHz, CDCl3) & (ppm) 15.6 (s). HRMS calcd for C23H27FNaOsPS* [M+Na]’,
437.1311; found, 437.1308.

0,0-diisopropyl S-(naphthalen-1-ylethynyl) phosphorothioate (44)

O  Yield: 20.9 mg, 60%. Bright yellow oil. 'H NMR (600 MHz, CDCls)
0: PP 5 (ppm) 8.32 (d, J = 8.34 Hz, 1H), 7.84 (t, J = 7.92 Hz, 2H), 7.65 (d,
Q — “OPr-i j=7.08 Hz, 1H), 7.59-7.56 (m, 1H), 7.54-7.51 (m, 1H), 7.41 (dd, Ji

=7.38 Hz, J, = 7.98 Hz, 1H), 5.02-4.97 (m, 2H), 1.47 (dd, J: = 2.58
Hz, J> = 6.18 Hz, 12H). 3C NMR (150 MHz, CDCls) § (ppm) 133.6 (d, J = 2.0 Hz), 133.2 (s),
130.7 (d, J = 3.5 Hz), 129.3 (s), 128.4 (s), 127.1 (s), 126.7 (s), 126.2 (s), 125.3 (s), 120.4 (d, J =
4.1 Hz), 90.7 (d, /= 8.1 Hz), 75.3 (d, /= 12.0 Hz), 74.8 (d, J= 6.1 Hz), 24.0 (d, J = 4.3 Hz), 23.7
(d, J = 6.3 Hz). 3'P NMR (242 MHz, CDCI3) & (ppm) 14.9 (s). HRMS caled for CisH21NaOsPS*
[M+Na]*,371.0841; found, 327.0836.

0,0-diisopropyl S-(naphthalen-2-ylethynyl) phosphorothioate (45)

OPr.j Yield: 22.6 mg, 65%. Bright yellow oil. '"H NMR (600 MHz,
O\\/P/\OPr-i CDCl) & (ppm) 7.94 (s, 1H), 7.81-7.75 (m, 3H), 7.51-7.43 (m,
S 3H), 5.01-4.93 (m, 2H), 1.47 (t, J = 6.24 Hz, 12H). 3C NMR

(150 MHz, CDCI3) 6 (ppm) 133.0 (s), 132.9 (s), 132.0 (d, J =
3.3 Hz), 128.3 (d, J = 2.2 Hz), 128.2 (s), 127.9 (s) (two carbon), 127.1 (s), 126.8 (s), 119.9 (d, J =
4.0 Hz), 92.6 (d, /= 8.2 Hz), 74.8 (d, J= 6.4 Hz), 70.9 (d, /= 11.7 Hz), 24.0 (d, J/ = 4.1 Hz), 23.7
(d, J = 5.7 Hz). 3'P NMR (242 MHz, CDCI3) & (ppm) 14.7 (s). HRMS caled for CisH21NaOsPS*

[M+Na]*,371.0841; found, 327.0837.
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S-((3-hydroxyphenyl)ethynyl) O,0-diisopropyl phosphorothioate (46)
H-O OPr-i Yield: 10.7 mg, 34%. Bright yellow oil. 'H NMR (600 MHz,
O\\p/\ ~ CDCI) 6 (ppm) 7.31 (t, J = 7.92 Hz, 1H), 6.94 (d, J = 7.56 Hz,
@%s’ OPr-/ 1H), 6.89 (s, 1H), 6.83 (dd, J1 = 2.40 Hz, J, = 8.16 Hz, 1H),
4.96-4.90 (m, 2H), 1.45 (dd, J1 = 3.87 Hz, J>» = 6.15 Hz, 12H).
3C NMR (150 MHz, CDCl3) & (ppm) 156.1 (s), 129.7 (s), 124.2 (d, J = 3.0 Hz), 123.6 (d, J = 4.0
Hz), 118.7 (d, J = 3.0 Hz), 116.7 (s), 92.4 (d, J = 8.7 Hz), 75.2 (d, J = 6.1 Hz), 69.9 (d, J = 12.0

Hz), 24.0 (d, J = 4.1 Hz), 23.7 (d, J = 5.6 Hz). P NMR (242 MHz, CDCls) & (ppm) 15.0 (s).
HRMS caled for C14H1o0NaOsPS* [M+Na]*, 337.0634; found, 337.0632.

tert-butyl (3-(((diisopropoxyphosphoryl)thio)ethynyl)phenyl) carbonate (47)

Boc—0 o OPFi Yield: 31.9 mg, 77%. Bright yellow oil. "H NMR (600 MHz,
=N ~ CDCls) & (ppm) 7.29 (t, J = 7.94 Hz, 1H), 7.25 (d, ] = 7.70 Hz,
= OPr 11 720 (s, 1H), 7.14 (d, J = 8.01 Hz, 1H), 4.94-4.88 (m,
2H), 1.54 (s, 9H), 1.43 (dd, J1 = 2.03 Hz, J> = 6.16 Hz, 12H).
3C NMR (150 MHz, CDCls) & (ppm) 151.6 (s), 150.9 (s), 129.5 (s), 129.2 (d, J = 3.0 Hz), 124.5
(d,/J=2.8Hz), 123.9 (d, /= 3.9 Hz), 122,2 (s), 91.1 (d, J = 8.5 Hz), 84.0 (s), 74.8 (d, /= 6.1 Hz),
71.9 (d, J = 11.5 Hz), 27.7 (s), 23.9 (d, J = 4.2 Hz), 23.6 (d, J = 5.9 Hz). 3'P NMR (242 MHz,

CDCl3) 6 (ppm) 15.0 (s). HRMS calcd for Ci9H27NaOgPS*™ [M+Na]*,437.1158; found, 437.1152.

0,0-diisopropyl S-((3-(pent-4-en-1-yloxy)phenyl)ethynyl) phosphorothioate (48)
0o o OPr-j Yield: 28.7 mg, 75%. Bright yellow oil. '"H NMR
:/—f S L \'P\OPr-i (600 MHz, CDCl3) 6 (ppm) 7.20 (t, J = 7.98 Hz, 1H),
— S 6.99 (d, J=7.52 Hz, 1H), 6.92 (s, 1H), 6.89-6.86 (m,
1H), 5.89-5.79 (m, 1H), 5.08-4.89 (m, 4H), 3.94 (t, J
= 60.44 Hz, 2H), 2.25-2.20 (m, 2H), 1.90-1.84 (m, 2H), 1.45 (dd, Ji= 2.56 Hz, J,= 6.16 Hz, 12H).
13C NMR (150 MHz, CDCI3) & (ppm) 158.9 (s), 137.8 (s), 129.6 (s), 124.3 (d, J = 2.9 Hz), 123.6
(d,J=3.7Hz), 117.5 (d, J=2.9 Hz), 115.9 (s), 115.4 (s), 92.2 (d, /= 8.4 Hz), 74.7 (d, /= 6.1 Hz),
70.4 (d, J = 11.9 Hz), 67.4 (s), 30.2 (s), 28.4 (s), 24.0 (d, J = 3.9 Hz), 23.7 (d, J = 5.9 Hz). 3'P
NMR (242 MHz, CDCl3) & (ppm) 14.8 (s). HRMS calcd for C19H27NaO3PS* [M+Na]*, 405.1260;

found, 405.1256.

3-(((diisopropoxyphosphoryl)thio)ethynyl)phenyl (tetrahydro-2H-pyran-4-yl) carbonate (49)
0 Yield: 34.1 mg, 80%. Bright yellow oil. 'H NMR (600 MHz,
CDCls) 6 (ppm) 7.35-7.28 (m, 2H), 7.14 (s, 1H), 7.07 (d, J

= 8.04 Hz, 1H), 4.97-4.91 (m, 2H), 4.06-4.01 (m, 2H), 3.54-

3.50 (m, 2H), 2.84-2.79 (m, 1H), 2.01-1.99 (m, 2H), 1.96-

0] . 1.89 (m, 2H), 1.46 (dd, J1 = 6.24 Hz, J>» = 0.48 Hz, 12 H).

% \\P,OPr-/ s

s~ \OPr-i C NMR (150 MHz, CDCls) 6 (ppm) 172.9 (s), 150.5 (s),

129.6 (s), 129.4 (d, J = 2.4 Hz), 124.7 (d, J= 3.1 Hz), 124.0
(d,J=3.5Hz), 122.4 (s), 91.1 (d, /= 8.7 Hz), 74.8 (d, J = 5.7 Hz), 72.1 (d, J = 11.6 Hz), 67.1 (s),
40.3 (s), 28.6 (s), 23.9 (d, J = 4.0 Hz), 23.6 (d, J = 5.7 Hz). 3'P NMR (242 MHz, CDCl3) & (ppm)

15.1 (s). HRMS calcd for CooH27NaOsPS* [M+Na]*, 449.1158; found, 449.1153.
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3-(((diisopropoxyphosphoryl)thio)ethynyl)phenyl 2-(4-((2-
oxocyclopentyl)methyl)phenyl)propanoate (50)

o Yield: 35.8 mg, 66%. Bright yellow oil. 'H
NMR (600 MHz, CDCIl3) 8 (ppm) 7.29-7.23 (m,

o)
4H), 7.17 (d, J = 8.10 Hz, 2H), 7.04 (s, 1H),
0 6.99-6.97 (m, 1H), 4.98-4.88 (m, 2H), 3.92 (q,
J=7.14 Hz, 1H), 3.14 (dd, J; = 4.14 Hz, J, =
o 13.98 Hz, 1H), 2.53 (dd, J; = 9.54 Hz, J, =
. N_OPri
X oK 13.92 Hz, 1H), 2.37-2.32 (m, 2H), 2.14-2.08

OPr-i  (m, 2H), 1.99-1.93 (m, 1H), 1.77-1.70 (m, 1H),
1.59 (d, J=7.20 Hz, 3H), 1.57-1.52 (m, 1H), 1.49 (dd, J: = 1.41 Hz, J> = 6.21 Hz, 12H). 3C NMR
(150 MHz, CDCl3) 6 (ppm) 220..2 (s), 172.9 (s), 150.7 (s), 139.4 (s), 137.7 (s), 129.47 (s), 129.45
(s), 129.3 (d, J = 3.0 Hz), 127.6 (s), 124.7 (s), 123.9 (d, J= 3.5 Hz), 122.3 (s), 91.1 (d, /= 8.3 Hz),
74.8 (d,J=6.6 Hz), 71.9 (d, J=11.1 Hz), 51.1 (s), 45.3 (s), 38.3 (s), 35.3 (s), 29.4 (5), 23.9 (d, J =
3.5 Hz), 23.6 (d, J = 5.8 Hz), 20.6 (s), 18.6 (s). 3'P NMR (242 MHz, CDCls) & (ppm) 14.8 (s).
HRMS calcd for C29H3sNaOsPS* [M+Na]*, 565.1784; found, 565.1778.
3-(((diisopropoxyphosphoryl)thio)ethynyl)phenyl (5)-2-(6-methoxynaphthalen-2-
yDpropanoate (51)
H,CO Yield: 36.8 mg, 70%. Bright yellow oil. '"H
OO 0 NMR (600 MHz, CDCl3) & (ppm) 7.76-7.24
0 (m, 3H), 7.48-7.47 (m, 1H), 7.26-7.22 (m,
2H), 7.17-7.14 (m, 2H), 7.02 (s, 1H), 6.98-
6.96 (m, 1H), 4.94-4.87 (m, 2H), 4.08 (q, J
A Q _OPr-i =7.10 Hz, 1H), 3.92 (s, 3H), 1.68 (d, J =
s~ \OPr-i 7.14 Hz, 3H), 1.41 (t, J = 6.30 Hz, 12H).
13C NMR (150 MHz, CDCls) & (ppm) 173.0
(s), 157.9 (s), 150.7 (s), 135.0 (s), 134.0 (s), 129.5 (s), 129.4 (s), 129.3 (d, J = 2.5 Hz), 129.1 (s),
127.6 (s), 126.3 (s), 126.1 (s), 124.7 (d, J = 3.1 Hz), 123.9 (d, J = 4.0 Hz), 122.4 (s), 119.3 (s),
105.7 (s), 91.1 (d, J=8.7 Hz), 74.8 (d, J = 6.4 Hz), 72.0 (d, J= 11.9 Hz), 55.5 (s), 45.6 (s), 23.9 (d,
J=4.2Hz), 23.6 (d, J = 6.0 Hz), 18.5 (s). *'P NMR (242 MHz, CDCls) & (ppm) 14.3 (s). HRMS
calcd for CasH31NaOsPS™ [M+Na]*, 549.1471; found, 549.1470.
3-(((diisopropoxyphosphoryl)thio)ethynyl)phenyl 2-(4-isobutylphenyl)propanoate (52)
Yield: 34.7 mg, 69%. Bright yellow oil.'H NMR
(600 MHz, CDCl3) 6 (ppm) 7.31-7.26 (m, 4H),
0 7.17-7.15 (m, 2H), 7.07 (s, 1H), 7.01-6.99 (m, 1H),
0 _ OPri 4.97-4.91 (m, 2H), 3.95 (q, /= 7.12 Hz, 1H), 2.49
L \/P\OPr-i (d, J=17.20 Hz, 2H), 1.91-1.87 (m, 1H), 1.62 (d, J
<\ > — S — 7.14 Hz, 3H), 1.45 (dd, Ji = 1.92 Hz, J> = 6.18
Hz, 12H), 0.93 (d, J = 6.60 Hz, 6H). 3C NMR
(150 MHz, CDCI13) 8 (ppm) 173.1 (s), 150.8 (s), 141.1 (s), 137.1(s), 129.7 (s), 129.5 (s), 129.3 (d,
J=2.8 Hz), 127.3 (s), 124.7 (d, J = 3.1 Hz), 123.9 (s), 122.4 (s), 91.2 (d, /= 8.6 Hz), 749 (d, J =
6.3 Hz), 71.8 (d, J=12.1 Hz), 45.3 (s), 45.2 (s), 30.3 (s), 23.7 (d,J=3.9 Hz), 23.6 (d, /= 5.7 Hz),
22.5 (s), 18.6 (s). *'P NMR (242 MHz, CDCl;3) & (ppm) 14.9 (s). HRMS calcd for C27H3sNaOsPS*
[M+Na]*, 525.1835; found, 525.1838.

ESI-14



3-(((diisopropoxyphosphoryl)thio)ethynyl)phenyl (8S,9S,10R,13S,14S,17S)-10,13-dimethyl-3-
oxo0-2,3,6,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthrene-17-
carboxylate (53)

OPr-i Yield: 32.5 mg, 52%. Bright yellow oil.
OSP_p.; 'H NMR (600 MHz CDCL) & (ppm)
@/S 7.32-7.27 (m, 2H), 7.11 (s, 1H), 7.06 (d, J

=8.04 Hz, 1H), 5.74 (s, 1H), 4.95-4.90 (m,
2H), 2.60 (t, J = 9.42 Hz, 1H), 2.49-2.39
(m, 2H), 2.37-2.33 (m, 1H), 2.31-2.28 (m,
1H), 2.23-2.17 (m, 2H), 2.06-2.03 (m,1H),
1.95-1.88 (m, 2H), 1.81-1.76 (m, 1H), 1.75-1.70 (m, 2H), 1.67-1.57 (m, 2H), 1.44 (d, J = 6.18 Hz,
12H), 1.39-1.34 (m, 2H), 1.25-1.22 (m, 1H), 1.20 (s, 3H), 1.13-1.06 (m, 1H), 1.03-0.98 (m, 1H),
0.85 (s, 3H)."*C NMR (150 MHz, CDCI3) & (ppm) 199.6 (s), 172.3 (s), 171.0 (s), 150.7 (s), 129.5
(s), 129.2 (d,J=2.5Hz), 124.9 (d, J=2.7 Hz), 124.1 (s), 124.0 (d, J=3.6 Hz), 122.6 (s), 91.2 (d,
J=8.3Hz), 74.8 (d,J=6.2 Hz), 71.9 (d, J=11.5 Hz), 51.6 (s), 55.2 (s), 53.8 (5), 44.6 (s), 38.7 (s),
38.4 (s), 35.9 (s), 34.1 (s), 32.9 (s), 32.0 (s), 29.8 (5), 24.6 (s), 24.0 (d, J = 3.7 Hz), 23.74 (s), 23.70
(d, J=5.6 Hz), 21.1 (s), 17.5 (s), 13.9 (s). 3'P NMR (242 MHz, CDCI3) & (ppm) 14.4 (s). HRMS
calcd for C34HssNaOsPS™ [M+Na]*, 635.2567; found, 635.2571.

ESI-15



3P NMR, 'H NMR and 3C NMR Spectra for All Compounds
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