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General Information:

Spectroscopy data of the known compounds matches with the data reported in the
corresponding references. 'H, '*C,3'P and '"F NMR spectra were recorded on a Bruker Av400
spectrometer using tetramethylsilane (TMS) in CDCI; as the internal standard for 'H, and '3C
NMR ('H NMR: TMS at 0.00 ppm, CHCl3 at 7.26 ppm; '3C NMR: CDCl; at 77.23 ppm) and 85%
H3PO4 as external standard for 3'P NMR. Data are represented as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, quint = quintet, m = multiplet), coupling constants
in Hertz (Hz), integration. The products were purified by Column chromatography on silica gel
300 — 400 mesh. All products were further characterized by HRMS (FT-ICR-MS) and an

electrospray ionization source in positive-ion mode.

Experimental Section
Safety note for P4: White phosphorus is spontaneously flammable; it should be stored in water or
glove box. On the other hand, white phosphorus is soluble in toluene.

Preparation of P4-toluene solution: A piece of white phosphorus was taken out of water and then
put in ethanol under argon. One minute later, white phosphorus was taken out and the surface
ethanol was blowed off with argon. Then, the dry white phosphorus was put in a
round bottomed flask containing toluene. White phosphorus-toluene solution prepared with 0.1
mol/L (12.4 g/L) should be sealed in argon and stored away from light.

Synthesis of (7-C10H21S):P(O) (4w) from 1-decanethiol and P4:

KOH (0.26 mmol, 16 mg), n-C10H21SH (210 mg, 1.2 mmol), and DMSO (0.5 mL) were put into a
Schlenk tube with a stirer under air conditions. Then white phosphorus-toluene solution (6.2 mg
total P4, 0.5 mL, 0.1 mol/L) was added under air conditions. The tube was sealed and the reaction
mixture was stirred for 4 hours at room temperature. After completion, H>O; (0.5 mL) was added,
and the mixture was stirred at room temperature for another 30 min. The mixture was extracted by
EtOAc (3x10.0 mL). The combined organic layer was dried over anhydrous Na,SOq, filtered, and
concentrated by rotary evaporation. The crude reaction mixture was purified by flash
chromatography using petroleum—AcOEt [from 50:1 to 10:1 (v/v)] as the eluent to give the
product 4w (95 mg, 84%).

Gram-scale synthesis of (n-C4H9S)3P(O) (4u) from n-C4HoSH and Pa.

KOH (0.74 g), n-CsHoSH (5.41 g), and DMSO (25 mL) were put into a 100 mL-
round bottomed flask with a stirer under air conditions. Then white phosphorus-toluene solution
(25 mL, 310 mg total Ps, 0.1 mol/L) was added under air conditions. The flask was
stoppered with a glass stopper and the reaction mixture was stirred for 7 hours at room
temperature. After completion, H>O> (15 mL) was added slowly within 10 min, and the mixture
was stirred at room temperature for another 2 hours. Saturated brine (30 mL) was added into the
above reaction mixture. The mixture was extracted by EtOAc (3%x20.0 mL). The combined organic
layer was dried over anhydrous Na,SOs, filtered, and concentrated by rotary evaporation. The
crude reaction mixture was purified by flash chromatography using petroleum—AcOEt [from 50:1
to 10:1 (v/v)] as the eluent to give the product 4u (2.61 g, 87%).
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Spectral data
Tris(decyl) Phosphorotrithioite (3a) (CAS Registry No. 5116-92-7)
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S
|

/\/\/\/\/\8/ P\S/\/\/\/\/\

Colorless Wax. Yield: 75%.

'H NMR (400 MHz, CDCl3): 8 2.80 — 2.76 (m, 6H), 1.69 (quint, J = 7.7 Hz, 6H), 1.40 (quint, J =
7.6 Hz, 6H), 1.33 — 1.26 (m, 36H), 0.88 (t, /= 6.9 Hz, 9H).

13C NMR (100 MHz, CDCl3): 6 33.1 (d, J = 16.6 Hz), 32.1, 31.2 (d, J = 3.4 Hz), 29.8, 29.7, 29.5,
29.4,29.0,22.9, 14.3.

3P NMR (162 MHz, CDCl3): § 116.70.

HRMS Calcd for C30HssPS3 [M+H]" 551.3902, found 551.3907.

Triheptyl Phosphorotrithioite (3b) (CAS Registry No. 1217597-46-0)
2 N
$

SN N PSS~

SIS
Colorless Wax. Yield: 76%.
'"H NMR (400 MHz, CDCl:): 6 2.78 (dd, J = 8.6 Hz, J = 17.9 Hz, 6H), 1.69 (quint, J = 7.6 Hz,
6H), 1.40 (quint, J=7.1 Hz, 6H ), 1.32 — 1.25 (m, 18H ), 0.88 (t, J= 6.7 Hz, 9H).
13C NMR (100 MHz, CDCl3): 8 33.1 (d, J=16.6 Hz), 31.9, 31.2 (d, J = 3.3 Hz), 29.0, 28.9, 22.8,

14.3.
31p NMR (162 MHz, CDCL): 5 116.67.

HRMS Calcd for C21H4sNaPS3; [M+Na]™ 447.2313, found 447.2317.

Triphenethyl Phosphorotrithioite (3¢) (CAS Registry No. 63671-73-8)

S’P\S

Colorless Wax. Yield: 63%.

'H NMR (400 MHz, CDCls3): & 7.29 (t, J = 7.6 Hz, 6H), 7.22 — 7.19 (m, 9H), 3.02 — 2.96 (m,
12H).

13C NMR (100 MHz, CDCl3): 5 140.1, 128.9, 128.7, 126.7, 37.6 (d, J = 3.4 Hz), 34.2 (d, J = 16.5
Hz).

3P NMR (162 MHz, CDCl3): § 117.30.

HRMS Calcd for C24H27NaPS; [M+Na]* 465.0905, found 465.0903.
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Tricyclohexyl Phosphorotrithioite (3d) (CAS Registry No. 13676-85-2)

Colorless Wax. Yield: 69%.
Q '"H NMR (400 MHz, CDCl3): § 3.07 — 3.02 (m, 3H), 2.06 — 2.04 (m, 6H),
S 1.77 - 1.74 (m, 6H), 1.58 — 1.55 (m, 3H), 1.53 — 1.47 (m, 6H), 1.38 —
S—F{ 1.31 (m, 6H), 1.28 — 1.24 (m, 3H).
<:§ SO 13C NMR (100 MHz, CDCl3): 6 47.1 (d,J=15.4 Hz),35.6 (d,J=3.3
Hz), 26.3,25.7.

3P NMR (162 MHz, CDCl3): § 104.44.
HRMS Calcd for CisH33NaPS; [M+Na]* 399.1374, found 399.1379.

Tricyclopentyl Phosphorotrithioite (3e)
Colorless Wax. Yield: 62%.
S@ TH NMR (400 MHz, CDCl3): 8 3.40 (dt, J = 7.0 Hz, 3H), 2.10 — 2.06 (m,

s—F 6H), 1.79 — 1.73 (m, 6H), 1.72 — 1.67 (m, 6H), 1.62 — 1.56 (m, 6H).
S 13C NMR (100 MHz, CDCL): § 47.1 (d, J = 15.4 Hz), 35.6 (d, J = 3.3 Hz),
O 26.3,25.7.
3IP NMR (162 MHz, CDCls): § 106.20.

HRMS Calcd for CisH27NaPS; [M+Na]* 357.0905, found 357.0913.

Tri-p-tolyl Phosphorotrithioite (3f) (CAS Registry No. 3948-84-3)
White solid. Yield: 91%.
'"H NMR (400 MHz, CDCl3): & 7.35 (d, J= 8.0 Hz, 6H), 7.08 (d, J =
8.0 Hz, 6H), 2.31 (s, 9H). *C NMR (100 MHz, CDCl3 ): 6 138.8,
134.5(d,J=4.4 Hz), 130.1, 128.7 (d, /= 13.2 Hz), 21 .4.

S.__S
/©/ P 3P NMR (162 MHz, CDCly): 5 132.74.

S
\©\ HRMS Caled for Co1Hy NaPS; [M+Na]* 423.0435, found 423.0433.

Tris(2,4-dimethylphenyl) Phosphorotrithioite (3g)
White solid. Yield: 80%.
'"H NMR (400 MHz, CDCls): & 7.37 (d, J = 8.0 Hz, 3H), 7.02(s, 3H),
6.92 (d, J= 8.0 Hz, 3H), 2.34 (s, 9H), 2.30 (s, 9H).
13C NMR (100 MHz, CDCls):  141.9 (d, J=2.2 Hz), 139.0 (d, J =
S\p/S 2.2 Hz), 1359 (d,J=5.6 Hz), 131.6, 128.5 (d, /= 11.0 Hz), 127.6,
21.6,21.3.

S
;@\ 3IP NMR (162 MHz, CDCL3): & 136.71
HRMS Caled for C24Ha7NaPS; [M+Na]* 465.0905, found 465.0906.
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Tris(4-methoxyphenyl) Phosphorotrithioite (3h)

471.0283.

Colorless Wax. Yield: 95%.

'H NMR (400 MHz, CDCls): § 7.40 (d, J = 8.5 Hz, 6H), 6.82 (d, J
= 8.2 Hz, 6H), 3.78 (s, 9H).

13C NMR (100 MHz, CDCl3): 5 160.3, 136.4 (d, J = 3.4 Hz),
122.7 (d,J=13.2 Hz), 114.9, 55.5.

3P NMR (162 MHz, CDCl): & 134.91.

HRMS Calcd for C21H21NaO3PS3 [M+Na]* 471.0283, found

Tris(4-fluorophenyl) Phosphorotrithioite (3i)
F Colorless Wax. Yield: 71%.
'"H NMR (400 MHz, CDCl3): § 7.44 - 7.42 (m, 6H), 7.00 (t, J = 8.6 Hz,
6H).
S. .S 13C NMR (100 MHz, CDCl3): § 163.3 (dd, J = 250.0 Hz, J = 2.2 Hz),
Z \©\ 136.6 (dd, J = 8.8 Hz, J = 4.4 Hz), 126.9 (dd, J = 13.2 Hz, J = 3.3 Hz),
/©/ ' 116.6 (d, J=22.1 H2).
F 3P NMR (162 MHz, CDCl3): 6 134.43 (d, J = 7.5 Hz).
1F NMR (377 MHz, CDCL3): § (ppm) -111.46 (d, J = 5.2 Hz).
HRMS Calcd for CisHi3F3PS;[M+H]* 412.9864, found 412.9872.

Tris(4-hydroxyphenyl) Phosphorotrithioite (3j)

OH

T,

428.9818.

White solid. Yield: 95%.

'"H NMR (400 MHz, CD;0D): § 7.26 (d, J = 8.5 Hz, 6H), 6.74 —
6.73 (m, 6H), 4.87 (s, OH).

13C NMR (100 MHz, CD30OD): § 159.2, 137.3 (d, J = 3.3 Hz),
121.9 (d, J=13.2 Hz),116.9.

3P NMR (162 MHz, CD;0D): § 137.42.

HRMS Calcd for CigHisNaOsPS; [M+Na]* 428.9813, found

Tris(4-aminophenyl) Phosphorotrithioite (3k)

White solid. Yield: 95%.
TH NMR (400 MHz, DMSO-d6): § 7.08 (d, J= 8.2 Hz, 6H), 6.52 (d,

J=18.2 Hz, 6H), 5.43 (s, 6H).

/©/S\}ID/S
HoN

13C NMR (100 MHz, DMSO-d6): 5 149.8, 135.9 (d, J = 2.5 Hz),
114.6 (d, J=12.2 Hz),114.5.
3P NMR (162 MHz, DMSO-d6): 5 135.05.

HRMS Calcd for C1sH19N3PS3 [M+H]" 404.0473, found 404.0473.
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Tris(2-methylfuran-3-yl) Phosphorotrithioite (31)
Brown Wax. Yield: 48%.

NS, o 'HNMR (400 MHz, CDCL): 37.27 (d, /= 1.5 Hz, 3H), 6.33 (d, J =
=/ A ) 18Hz3H),231 (4, 1.8 Hz, 9H).
13C NMR (100 MHz, CDCly): 5 156.8 (d, J = 5.5Hz), 140.82, 115.7 (d,
‘@ J=2.2Hz), 107.5 (4, J = 13.3 Hz), 12.3.

© 31p NMR (162 MHz, CDCls): & 136.80.

HRMS Calcd for C15sH1603PS3 [M+H]* 370.9994, found 370.9994.

S,S,S-Triphenyl Phosphorotrithioate (4a) (CAS Registry No. 13799-87-6)

0]

I
p-Me-c6H4S/F{"'SCeHrp-Me
SCsH4-p-Me

White solid. Yield: 96%.

'H NMR (400 MHz, CDCl3): 6 7.43 - 7.40 (m, 6H), 7.15 (d, J = 8.14 Hz, 6H), 2.35(d, J= 2.3 Hz,
9H).

13C NMR (100 MHz, CDCl3 ): 5 140.2 (d, J = 3.6 Hz), 135.8 (d, J = 4.5 Hz), 130.3, 123.4 (d, J =
6.4 Hz), 21.5 (d, J= 5.4 Hz).

3P NMR (162 MHz, CDCl3):  56.70.

HRMS Calcd for C21H2:1NaOPS;3 [M+Na]* 439.0384, found 439.0392.

S,S,S-Tris(4-methoxyphenyl) Phosphorotrithioate (4b)

1]
p-MeO-CeHA,S/F{"'306*'|4-P-O|\/|e
SCgH4-p-OMe

White solid. Yield: 99%.

!H NMR (400 MHz, CDCL): 6 7.46 — 7.44 (m, 6H), 6.90 — 6.87 (m, 6H), 3.81 (s, 9H).

13C NMR (100 MHz, CDCl3): 6 161.2 (d, J = 3.6 Hz), 137.7 (d, J = 4.5 Hz), 117.3 (d, J = 7.1 Hz),
115.1 (d, J=2.7 Hz), 55.6.

31p NMR (162 MHz, CDCl3): 6 57.78.

HRMS Calcd for C21H21NaO4PS3 [M+Na]* 487.0232, found 487.0232.

S,S,S-Tris(4-(tert-butyl)phenyl) Phosphorotrithioate (4c¢)

|1
p-tert-Bu-CgH,S /P\"”SCSHA,-p-tert—Bu
SCgH4-p-tert-Bu

White solid. Yield: 99%.

'H NMR (400 MHz, CDCls): § 7.47 - 7.45 (m, 6H), 7.38 - 7.37 (m, 6H), 1.33 (s, 27H).

13C NMR (100 MHz, CDCl3): 6 153.2 (d, J= 3.6 Hz), 135.6 (d, J= 4.5 Hz), 126.7, 123.6 (d, J =
7.2 Hz), 35.0,31.4 (d, J=3.9 Hz).
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3P NMR (162 MHz, CDCl3): § 56.48.
HRMS Calcd for C30H40OPS3 [M+H]* 543.1973, found 543.1980.

S,S,S-Tris(4-fluorophenyl) Phosphorotrithioate (4d)

O

11
p-F-CeHys ™R "'SCeHa-p-F
SC6H4-p-F

White solid. Yield: 80%.

'H NMR (400 MHz, CDCl5):  7.51 - 7.48 (m, 6H), 7.06 (t, J = 8.6 Hz, 6H).

13C NMR (100 MHz, CDCl3 ): 6 164.2 (dd, J = 251.7 Hz, J = 3.7 Hz), 138.0 (dd, /= 9.0 Hz, J =
4.5Hz), 121.7 (dd, J= 7.1 Hz, J= 3.7 Hz), 116.9 (dd, J=22.7 Hz, J= 2.6 Hz).

3P NMR (162 MHz, CDCl3): 6 54.32 (d, J = 7.5 Hz).

1F NMR (377 MHz, CDCl;3): & (ppm) -109.86 (d, J = 5.2 Hz).

HRMS Calcd for CisHi3F30PS3[M+H]* 428.9813, found 428.9813.

S,S,S-Tris(4-chlorophenyl) Phosphorotrithioate (4e) (CAS Registry No. 35075-27-5)

o)
I
p-Cl-C6H4S/F{"'SCsH4-p-CI
SCeH4-p-C|

White solid. Yield: 72%.

'H NMR (400 MHz, CDCl5): 8 7.43 (d, J = 8.0 Hz, 6H), 7.33 (d, J = 8.2 Hz, 6H).

13C NMR (100 MHz, CDCl3): 8 137.1 (d, J= 4.6 Hz), 136.9 (d, J = 4.6 Hz), 129.9 (d, J = 2.8 Hz),
124.8 (d,J=17.3 Hz).

3P NMR (162 MHz, CDCl3): § 53.32.

HRMS Calcd for CisH3C130PS;[M+H]* 476.8926, found 476.8928.

S,S,S-Tris(3-bromophenyl) Phosphorotrithioate (4f) (CAS Registry No. 154963-11-8)

O

I
p-Br-C6H4S’F{"'SCGH4-p-Br
SCsH4-p-BF

White solid. Yield: 64%.

'H NMR (400 MHz, CDCls):  7.49 (d, J= 8.5 Hz, 6H), 7.36 (dd, /= 8.7 Hz, J = 2.1 Hz, 6H).
13C NMR (100 MHz, CDCl3): 6 137.3 (d,J =4.3 Hz), 132.8,125.4 (d,J=7.1 Hz), 1252 (d, J =
4.4 Hz).

3P NMR (162 MHz, CDCl3): § 52.42.

HRMS Calcd for CisH3BrsOPS3 [M+H]" 608.7411, found 608.7415.

S,S,S-Tri-m-tolyl Phosphorotrithioate (4g)
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I
m-Me-C6H4S’P\'"'SC6H4'm'Me
SCGH4-m-Me

White solid. Yield: 87%.

IH NMR (400 MHz, CDCl3): 6 7.35 - 7.31 (m, 6H), 7.23 - 7.17 (m, 6H), 2.33 (s, 9H).

13C NMR (100 MHz, CDCl3 ): 6 139.3 (d,J=2.7Hz ), 136.3 (d,/J= 1.8 Hz ), 132.8 (d, J = 4.6
Hz), 130.7 (d,J=3.3Hz), 129.2,126.6 (d,/=7.2Hz), 21.4(d, J=5.4 Hz).

3P NMR (162 MHz, CDCl3):  55.60.

HRMS Calcd for C21H2,OPS3 [M+H]* 417.0565, found 417.0565.

S,S,S-Tris(3-methoxyphenyl) Phosphorotrithioate (4h)

|1
m-MeO-CH, s "'SCeHa-m-OMe
SCgH4-m-OMe

White solid. Yield: 86%.

'H NMR (400 MHz, CDCl3): 4 7.25 (t, J= 8.1 Hz, 3H), 7.13 — 7.12 (m, 3H), 7.09 — 7.08 (m, 3H),
6.94 — 6.92 (m, 3H), 3.76 (s, 3H).

13C NMR (100 MHz, CDCl): 6 160.0 (d, J= 2.4 Hz), 130.2, 127.9 (d, /= 5.3 Hz), 127.7 (d, J =
7.3 Hz), 120.5 (dd, /J=9.4 Hz, J=4.1 Hz), 116.3 (d, /= 6.6 Hz), 55.6 (d, /= 11.1 Hz).

3P NMR (162 MHz, CDCl3): § 55.83.

HRMS Calcd for C21H21NaO4PS3 [M+Na]* 487.0232, found 487.0231.

S,S,S-Tris(3-fluorophenyl) Phosphorotrithioate (4i)

@)

|1
m-F-CeHyS R\ "'SCoHa-m-F
SCGH4-ITI-F

White solid. Yield: 56%.

!H NMR (400 MHz, CDCL): 6 7.38 - 7.34 (m, 6H), 7.29 - 7.27 (m, 3H), 7.15 - 7.13 (m, 3H).

13C NMR (100 MHz, CDCl3): & 163.6 (dd, J=251.2 Hz, J= 2.8 Hz), 131.6, 130.8 (d, J = 8.2 Hz),
128.1 (t,J=17.5 Hz), 122.6 (d, J=22.8 Hz), 117.5 (d, J=21.2 Hz).

3P NMR (162 MHz, CDCl3): § 52.90.

1F NMR (377 MHz, CDCl;) 5 (ppm) -110.48.

HRMS Calcd for CisH2F3NaOPS3[M+Na]* 450.9632, found 450.9637.

S,S,S-Tris(3-chlorophenyl) Phosphorotrithioate (4j)

0]

I
m-C|-C6H4S/F{"'SCeHrm-CI
SC@H4-m-C|

White solid. Yield: 62%.
'H NMR (400 MHz, CDCl3): § 7.50 (d, J= 1.9 Hz, 3H), 7.44 — 7.39 (m, 6H), 7.30 (t, J = 7.9 ,3H),
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7.31(t,J=18.0 ,3H).

13C NMR (100 MHz, CDCly): § 135.3, 135.2 (d, J= 3.3 Hz), 133.9 (d, J = 4.6 Hz), 130.6 (d, J =
2.2 Hz), 130.5 (d, J = 3.6 Hz), 128.0 (d, J = 7.3 Hz).

31p NMR (162 MHz, CDCl3): § 53.11.

HRMS Caled for CsHi3CLOPS;[M+H]* 476.8926, found 476.8934.

S,S,S-Tris(3-bromophenyl) Phosphorotrithioate (4k)

0]

I
m-Br-C6H4S’P\'"'SC6H4'm'Br
SCgH4-m-Br

White solid. Yield: 61%.

'H NMR (400 MHz, CDCl5): § 7.65 (dd, J=4.6 Hz, J= 1.9 Hz, 3H), 7.55 (d, J = 8.2 Hz, 3H),
7.47 (d,J=7.6 Hz, 3H), 7.24 (t, J= 7.9 Hz, 3H).

13C NMR (100 MHz, CDCl3): 8 138.0 (d, J=5.4 Hz), 134.4 (d, J= 4.5 Hz), 133.4 (d, J = 2.8 Hz),
130.9 (d,J=2.6 Hz), 128.2 (d, /= 7.2 Hz), 123.1 (d, /= 2.8 Hz).

3P NMR (162 MHz, CDCl3): § 53.33.

HRMS Calcd for CisH3BrsOPS3 [M+H]" 608.7411, found 608.7415.

S,S,S-Tri-o-tolyl Phosphorotrithioate (41) (CAS Registry No. 35029-38-0)

0
Il
o-Me-CGH4S’F{“‘SCeH4-0-Me
SCgH4-0-Me

White solid. Yield: 80%.

'H NMR (400 MHz, CDCl3): 6 7.54 (d, J = 7.7 Hz, 3H), 7.25 (t, J= 7.2 Hz, 3H), 7.20 (d, J=7.5
Hz, 3H), 7.12 (t,J = 7.4 Hz, 3H), 2.28 (s, 9H).

13C NMR (100 MHz, CDCl3 ): 6 143.4 (d,J =53 Hz), 137.5(d, J=4.4 Hz ), 131.0 (d, J = 3.3
Hz), 130.2(d,J=3.3Hz), 126.7(d,J=2.2 Hz), 126.5 (d,J= 6.7 Hz), 21.6.
3P NMR (162 MHz, CDCl3): § 52.52.
HRMS Calcd for C21H2:1NaOPS;3 [M+Na]* 439.0384, found 439.0385.

S,S,S-Tris(2-methoxyphenyl) Phosphorotrithioate (4m)

0-MeO-CgH,S /IF{"‘SCeHcrO-OMe
SCgH4-0-OMe
White solid. Yield: 62%.
'H NMR (400 MHz, CDCl5): 8 7.61 — 7.59 (m, 3H), 7.35 - 7.31 (m, 3H), 6.91 — 6.87 (m, 6H),
3.79 (s, 9H).
13C NMR (100 MHz, CDCl3): 6 160.0 (d, J = 4.5 Hz), 137.6 (d, J= 1.8 Hz), 131.4, 121.1 (d, J =
8.4 Hz), 115.8 (d,J=7.2 Hz), 111.8 (d, J= 8.9 Hz), 56.0 (d, /= 11.8 Hz).
31p NMR (162 MHz, CDCl3): § 54.86.
HRMS Calcd for C21H2:1NaO4PS3 [M+Na]* 487.0232, found 487.0237.
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S,S,S-Tris(2-fluorophenyl) Phosphorotrithioate (4n)

I
o-F-CsH4S’F{"'SCBH4-0-F
SCgH4-0-F
White solid. Yield: 70%.
'H NMR (400 MHz, CDCls):  7.61 — 7.58 (m, 3H), 7.41 - 7.40 (m, 3H), 7.14 (t, J= 7.9 ,6H).
13C NMR (100 MHz, CDCl3): § 163.0 (dd, J=251.2 Hz, J = 5.4 Hz), 138.2 (d, J = 3.7 Hz), 132.7
(d,J=6.9 Hz), 125.0, 116.6 (d, J = 22.6 Hz), 113.8 (dd, J = 18.8 Hz, /= 7.0 Hz).
3P NMR (162 MHz, CDCl3): § 54.26.
19F NMR (377 MHz, CDCI3) § (ppm) -104.61.
HRMS Calcd for CisH2F3NaOPS3[M+Na]* 450.9632, found 450.9634.

S,S,S-Tris(2-chlorophenyl) Phosphorotrithioate (40)

I
o-CI-C6H4S’P\""SCGH4-O-C|

SCgHy4-0-Cl
White solid. Yield: 53%.
'H NMR (400 MHz, CDCl): 6 7.71 (d, J= 7.7 Hz, 3H), 7.45 (d, J= 7.9 Hz, 3H), 7.32 (t, /= 7.3
Hz ,6H), 7.23 (t, /= 7.6 Hz ,6H).
13C NMR (100 MHz, CDCl3): 8 139.2 (d, J=5.6 Hz), 138.1 (d, J=4.4 Hz), 131.4 (d, J = 3.3 Hz),
130.6 (d, J=2.2 Hz), 127.5 (d, J=2.2 Hz), 126.2 (d, J= 6.7 Hz).
31P NMR (162 MHz, CDCls): § 52.13.
HRMS Calcd for Ci1sHi3CI:0PS; [M+H]* 476.8926, found 476.8931.

S,S,S-Tris(2-bromophenyl) Phosphorotrithioate (4p)

o-Br-CeHA,S’iDl\'"’SCesH4'0'|3r

SCgHy-0-Br
White solid. Yield: 50%.
'H NMR (400 MHz, CDCl): § 7.75 — 7.72 (m, 3H), 7.62 (d, J = 7.7, 3H), 7.29 — 7.19 (m, 6H).
13C NMR (100 MHz, CDCl3 ): 6 138.0 (d,J =4.5 Hz), 133.9 (d, J=2.6 Hz), 133.4 (d, /= 2.8
Hz), 131.3 (d, J=2.7 Hz), 130.1 (d, /= 6.3 Hz), 128.4 (d, /= 6.6 Hz), 128.2 (d, /= 2.7 Hz).
3P NMR (162 MHz, CDCl3): § 51.64.
HRMS Calcd for CisH3BrsOPS3; [M+H]" 608.7411, found 608.7416.

S,S,S-Tris(2,4-dimethylphenyl) Phosphorotrithioate (4q)
White solid. Yield: 82%.
'"H NMR (400 MHz, CDCl3): § 7.43 — 7.42 (m, 3H), 7.05 (s, 3H ),
6.96 (d,J=7.8 Hz, 3H), 2.29 (d, /= 13.3 Hz, 18H).

o\\P/S 13C NMR (100 MHz, CDCLy): § 143.2 (d, J = 4.5 Hz), 140.4 (d, J =
3.6 Hz), 137.4, 131.9 (d, J = 8.3 Hz), 127.6, 123.2 (d, J = 6.8 Hz),

s S
21.5(dd, J=23.4 Hz, J="7.8 Hz).

3P NMR (162 MHz, CDCl3): § 53.45.
HRMS Calcd for C24H27NaOPS; [M+Na]* 481.0854, found 481.0859.
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S,S,S-Tri(naphthalen-2-yl) Phosphorotrithioate (4r) (CAS Registry No. 14974-75-5.)

White solid. Yield: 95%.
O o /3 IH NMR (400 MHz, CDCLs): 5 8.0 (s, 3H), 7.84 - 7.79 (m, 6H),
O PN 7.75 (d, J = 8.3 Hz, 3H), 7.60 — 7.59 (m, 3H), 7.55 — 7.49 (m,

s S
6H).
13C NMR (100 MHz, CDCL): 5 136.2 (d, J = 6.7 Hz), 133.7 (d,
O J=2.8Hz), 133.6 (d,J= 1.9 Hz), 132.0 (d, J= 2.8 Hz), 129.1,

128.2,127.9, 127.6, 126.9, 124.1 (d, J= 7.7 Hz).
3P NMR (162 MHz, CDCls3): § 55.45.
HRMS Calcd for C30H220PS3 [M+H]* 525.0565, found 525.0565.

S,S,S-Tris(2-methylfuran-3-yl) Phosphorotrithioate (4s)
Brown Wax. Yield: 50%.

05/3\ TH NMR (400 MHz, CDCLy): § 7.31 (d, J= 1.9 Hz, 3H), 6.42 (d, J =
1.9 Hz, 3H), 2.31 (d, J = 4.4 Hz, 9H).
13C NMR (100 MHz, CDCL): § 158.6 (d, J = 8.8 Hz), 141.1, 115.9,
102.8 (d, J = 6.6 Hz), 12.37 (d, J = 3.2 Hz).

3P NMR (162 MHz, CDCl3): § 57.30.
HRMS Calcd for C1sH15NaO4PS3; [M+Na]*" 408.9762, found 408.9766.

O

S,S,S-Tris(2-(methyl(phenyl)amino)ethyl) Phosphorotrithioate (4t)
| 0 |

SRES NS
S\/\N/

Colorless Wax. Yield: 78%.

'H NMR (400 MHz, CDCl5): § 7.23 (t, J = 6.9 Hz, 6H), 6.76 — 6.71 (m, 9H), 3.70 (d, /= 7.4 Hz,
6H), 3.16 — 3.11 (m, 6H), 2.97 (s, 9H).
13C NMR (100 MHz, CDCl3): 5 148.4, 129.6, 117.2, 112.52, 53.4 (d, J= 3.3 Hz), 38.7,29.8 (d, J
=4.3 Hz).
3P NMR (162 MHz, CDCl3): § 64.72.
HRMS Calcd for C27H36N3NaOPS3; [M+H]* 525.0565, found 568.1660.

S,S,S-Tributyl Phosphorotrithioate (4u)(CAS Registry No. 78-48-8)
/\/\S_I'C;,')_ ISR
éW
Colorless liquid. Yield: 80%.
'H NMR (400 MHz, CDCl3): § 2.98 (quint, J= 7.2 Hz, 6H), 1.73 (quint, J = 7.5 Hz, 6H), 1.45
(dt, J=7.4 Hz, 6H), 0.94 (t, J = 7.5 Hz, 9H).

13C NMR (100 MHz, CDCly): § 32.8 (d, J = 4.5 Hz), 32.6 (d, J = 5.4 Hz), 21.9, 13.6.
31p NMR (162 MHz, CDCl3): & 64.78.
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HRMS Calcd for C12H27NaOPS; [M+Na]* 337.0854, found 337.0855.

S,S,S-Triheptyl Phosphorotrithioate (4v)
N PV ('? NN
S—?—S
S

Colorless Wax. Yield: 82%.

TH NMR (400 MHz, CDCls): § 2.97 (quint, J = 7.3 Hz, 6H), 1.74 (quint, J = 7.7 Hz, 6H), 1.41 —
1.38 (m, 6H), 1.32 — 1.25 (m, 18H), 0.89 — 0.87 (t, J = 6.9 Hz, 9H).

13C NMR (100 MHz, CDCl3): 6 33.2 (d, J= 3.3 Hz), 31.9, 30.7 (d, J= 5.6 Hz), 28.9, 28.8, 22.8,
14.3.

3P NMR (162 MHz, CDCl3):  64.85.

HRMS Calcd for C21H4sNaOPS; [M+Na]*" 463.2262, found 463.2261.

S,S,S-Tris(decyl) Phosphorotrithioate (4w)

0

Colorless Wax. Yield: 84%.

H NMR (400 MHz, CDCl5): 8 2.93 (quint, J = 7.3 Hz, 6H), 1.70 (quint, J = 7.4 Hz, 6H),1.38 —
1.35 (m, 6H), 1.27 — 1.22 (m, 36H) , 0.86 — 0.83 (t, J = 6.9 Hz, 9H).

13C NMR (100 MHz, CDCl): 6 33.0 (d, J = 3.8 Hz), 32.0, 30.6 (d, J= 5.5 Hz), 29.7, 29.6, 29.4,
29.2,28.8,22.8,14.2.

3P NMR (162 MHz, CDCl3): § 64.63.

HRMS Calcd for C30Hs4OPS3 [M+H]* 567.3851, found 567.3847.

S,S,S-Triphenethyl Phosphorotrithioate (4x) (CAS Registry No. 14974-77-7)
Colorless Wax. Yield: 73%.
'H NMR (400 MHz, CDCl3): 5 3.48 —3.41 (m, 3H), 1.77 — 1.68

@1 (m, 6H), 1.45 (d, J = 6.9 Hz, 9H), 1.00 (t, J = 7.4 Hz, 9H).
S 13C NMR (100 MHz, CDCl3): 8 46.8 (q, J = 6.3 Hz), 31.5 (d, J =
O//\P\’S 5.6 Hz), 23.1 (q, J=2.3 Hz), 11.4.

S\_@ 31p NMR (162 MHz, CDCl3): 5 59.94.
HRMS Caled for CosHasOPS3 [M+H]" 459.1034, found

459.1033.

S12



S,S,S-Triisobutyl Phosphorotrithioate (4y) (CAS Registry No. 108751-77-5)

o Colorless Wax. Yield: 75%.
> \S_II:I)_S "H NMR (400 MHz, CDCl3): 6 2.85 —2.81 (dd, J = 14.2 Hz, J = 6.8 Hz,
é \_< 6H), 1.99 — 1.92 (m, 3H), 0.98 (d, /= 6.8 Hz, 18H).

/L 13C NMR (100 MHz, CDCL): 5 41.3 (d, J = 4.4 Hz), 29.5 (d, J = 4.6 Hz),
21.9.

3P NMR (162 MHz, CDCL): § 65.39.

HRMS Calcd for C12H>7NaOPS; [M+Na]* 337.0854, found 337.0878.

S,S,S-Tri-sec-butyl Phosphorotrithioate (4z) (CAS Registry No. 78788-15-5)

Colorless Wax. Yield: 67%.

'"H NMR (400 MHz, CDCl3): § 3.48 — 3.41 (m, 3H), 1.77 — 1.68 (m, 6H),
S 1.45(d, J=6.9 Hz, 9H), 1.00 (t, J = 7.4 Hz, 9H).

j/ 13C NMR (100 MHz, CDCls): § 46.8 (q, J = 6.3 Hz), 31.5 (d, J= 5.6 Hz),
23.1(q,J=2.3 Hz), 11.4.

3P NMR (162 MHz, CDCl;3): § 59.94.

HRMS Calcd for Ci2H27NaOPS;3; [M+Na]* 337.0854, found 337.0863.

5—p-5

S,8,S-Tricyclohexyl Phosphorotrithioate (4aa) (CAS Registry No. 78788-17-7)
White solid. Yield: 72%.
'H NMR (400 MHz, CDCl3): 8 3.47 — 3.41 (m, 3H), 2.14 — 2.11 (m,

QS\ ! 6H),1.74 — 1.72 (m, 6H), 1.58 — 1.55 (m, 9H), 1.45 — 1.38 (m, 6H), 1.30 —
_R”
(@) \S

{> 1.24 (m, 3H).
13C NMR (100 MHz, CDCls): § 48.0 (d, J = 4.3 Hz), 35.5 (d, J = 4.5 Hz),
26.1,25.5.
3P NMR (162 MHz, CDCls): 5 60.17.
HRMS Calcd for C1sH33NaOPS; [M+Na]* 415.1323, found 415.1324.

S,8,S-Tricyclopentyl Phosphorotrithioate (4ab)

White solid. Yield: 65%.
Q TH NMR (400 MHz, CDCls): § 3.69 —3.61 (m, 3H), 2.17 — 2.16 (m, 6H),
S

R ,S@ 1.73 - 1.72 (m, 12H), 1.59 — 1.58 (m, 6H).
o 13C NMR (100 MHz, CDCls): § 47.0 (d, J = 3.7 Hz), 35.4 (d, J = 5.4 Hz),

o
24.5.

3P NMR (162 MHz, CDCl3): 5 60.13.
HRMS Calcd for C1sH27NaOPS; [M+Na]* 373.0854, found 373.0859.
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