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1. General Methods and Materials

1.1 General

Proton nuclear magnetic resonance (*H NMR) spectra were recorded at ambient temperature
on a Bruker 500 (500 MHz) spectrometer. Chemical shifts (6n) are reported in ppm and quoted
to the nearest 0.01 ppm relative to the residual protons in CDCIz (7.26 ppm), and coupling
constants (J) are quoted in Hertz. Data are reported as follows: Chemical shift (number of
protons, multiplicity, coupling constants). Coupling constants were quoted to the nearest 0.1 Hz
and multiplicity reported according to the following convention: s = singlet, d = doublet,
t = triplet, g = quartet, m = multiplet, br = broad, and associated combinations for example:
dd=doublet of doublet, dt=doublet of triplet. Carbon nuclear magnetic resonance (13C NMR)
spectra were recorded at ambient temperature on a Bruker 500 (126 MHz) spectrometer.
Chemical shift (8c) was measured in ppm and quoted to the nearest 0.1 ppm relative to the

residual solvent peaks in CDCl3 (77.16 ppm).

Flash column chromatography were carried out with Merck silica gel 60 (0.040-0.063 mm).
Chromatography fractions and stated reactions were monitored by TLC on Merck silica gel 60
F254 aluminum plates. The spots were visualized under UV light at 254 nm. UV-Visible spectra
were recorded on a Perkin Elmer Lambda 40 Spectrophotometer. The high-resolution mass
spectrometry (HRMS) analyses were performed using a Xevo G2-XS QTof WATERS mass,

spectrometer equipped with an electrospray ion source (ESI) operated in positive ion mode.

THF, diethylether, dichloromethane, toluene and acetonitrile were purified using an Innovative
Technology PURESOLV® solvent purification system, ethyl acetate was dried over activated
3A MS. All Commercially available reagents were purchased (from Sigma Aldrich, Fischer,

Alfa Aesar, Fisher Scientific, TCI Europe) and used without further purification.
1.2 EPR-ST experiments

EPR-ST experiments were carried out using an X-Band spectrometer (MS 400 Magnettech).
The EPR spectra simulations were carried out using the WINSIM software.
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2. Determination of Quantum Yield

Dicronica LED GU10-456 nm was used for measurement of quantum yield (Fig S1).

According to a procedure previously reported by Yoon,H the photon flux of the blue LED was
determined by standard ferrioxalate actinometry. A 0.15 M solution of ferrioxalate was
prepared by dissolving 0.737 g of potassium ferrioxalate hydrate in 10 mL of 0.05 M H2SO4. A
buffered solution of phenanthroline was prepared by dissolving 5.0 mg of phenanthroline and
1.13 g of sodium acetate in 5.0 mL of 0.5 M H2SO4. Both solutions were stored in the dark. To
determine the photon flux of the spectrophotometer, 2.0 mL of the ferrioxalate solution was
placed in a cuvette and irradiated for 90.0 seconds at A = 455 nm. After irradiation, 0.35 mL of
the phenanthroline solution was added to the cuvette. The solution was then allowed to rest for
1 h to allow the ferrous ions to completely coordinate to the phenanthroline. The absorbance of
the solution was measured at 510 nm. A non-irradiated sample was also prepared and the
absorbance at 510 nm measured (Fig S2). Conversion was calculated using Eq 1,

VxAA

2+
mol of Fe T

1)

(0.00235L)(0.676)

1 cm#11100——cm—
mol

mol of Fe?t = =1.431*10" mol

where V is the total volume (0.00235 L) of the solution after addition of phenanthroline, AA is
the difference in absorbance at 510 nm between the irradiated and non-irradiated solutions, I is
the path length (1.000 cm), and ¢ is the molar absorptivity at 510 nm (11,100 L mol* cm™).
The photon flux can be calculated using Eq 2,

mol of Fe2*

Photon flux =
D*txf

2

where @ is the quantum yield for the ferrioxalate actinometer (0.84 at A = 455 nm) [?, t is the
time (90 s), and f is the fraction of light absorbed calculated using Eq 3, where A is the measured

absorbance at 456 nm

f=1-10"=0.967 (3)

1.431.107"mol

- =1.957 x 10~° einstein/s
0.84%90s%0.967

Photon flux =
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Reaction quantum yield

A dry and argon-flushed Schlenk-flask, equipped with a magnetic stirring bar, was charged
with 1-(3-phenylpropoxy)pyridin-1-ium 4-methylbenzenesulfonate (1 eq) and fac-Ir(ppy)s
(0.02 eq). Dry acetonitrile (0.1M) and trimethylphosphite (3 eq.) were added and the reaction
mixture was stirred at room temperature for 80 min under blue LED irradiation (A = 455 nm).
The solvent was removed in vacuo and the yield of formed product was determined by *H NMR

based on tetrachloroethan as internal standard to be 71% (0.071 mmol).

The quantum yield was determined using Eq 4.

mol product

P =—— 4)
flux*txf

_ 0.071x1073

T 1.957%10~9%4800%0.939

=8.05

f is the fraction of light absorbed by the catalyst calculated using Eq 3, where A is the measured
absorbance at 455 nm indicating that the fraction of absorbed light by the photocatalyst f=0.939
(Fig S3).
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Figure S1. Emission spectrum of the blue LED lamp used in the screening experiments.
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Figure S2. Absorption spectra of irradiation and non-irradiation experiments.
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Figure S3. Absorption spectrum of fac-Ir(ppy)s [0.001 M] in acetonitrile.
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3. Optimization of the Reaction Conditions

Table S1
N 0
P(OMe); + ° | ﬁ/ PC (x mol%) - NN oMe
TsO 1 solvent, 35 °C OMe
1a O\ visible light 3a
2a
entry? Photocatalyst (PC) Iogg}%by%% ) solvent 3a, yield [%]°

1 Ru(bpy)s 5 MeCN 65
2 Eosin' Y 5 MeCN 67
3 Rose Bengal 5 MeCN 63
4 fac—Ir(ppy)s 5 MeCN 82
5 — - MeCN traces
6 fac—Ir(ppy)s° 5 MeCN 72
7 fac—Ir(ppy)s* 5 MeCN 80
8 fac—Ir(ppy)s 2 MeCN 81
9 fac—Ir(ppy)s 2 EtOAC 78
10 fac—Ir(ppy)s 2 CHCl; 77
11 fac—Ir(ppy)s 2 DMF 47
12 fac—Ir(ppy)s 2 MeOH 75
13 fac—Ir(ppy)s 2 Toluene 75
14 fac—Ir(ppy)s 2 THF 56

& Reaction conditions: trimethylphosphite 1a (0.3 mmol, 3 equiv), N-alkoxypyridinium
tosylate 2a (0.1 mmol, 1 equiv), solvent (1 mL), blue LEDs (5W), 15 h. ® NMR vyields
are determined from 3P NMR spectroscopy using tributyl phosphate as internal
standard. ¢ trimethylphosphite 1a (0.1 mmol, 1 equiv), N-alkoxypyridinium tosylate 2a
(0.1 mmol, 1 equiv). ¢ trimethylphosphite 1a (0.1 mmol, 1 equiv), N-alkoxypyridinium
tosylate 2a (0.3 mmol, 3 equiv).
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4. NMR Investigations
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Figure S4.3'P NMR spectra of the reaction of the pyridinium salt 1a with P(OMe)s under

optimized reaction conditions. In blue: with distillated P(OMe)s; in red: with standard
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Figure S5.3'P NMR spectrum of the crude of the optimized reaction using OP(OnBu)s as

internal standard
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Figure S6. *H NMR experiments, showing the absence of the Minisci adduct.

5. Synthesis of Starting Materials and Products

5.1 General procedure for the synthesis of pyridinium salts
All pyridinium salts were synthesized according to literature procedures reported by Hong.F!
5.2 General procedure for the synthesis of phosphates

A dry and argon-flushed Schlenk-flask, equipped with a magnetic stirring bar, was charged
with appropriate pyridinium salt (1 equiv.) and fac-Ir(ppy)s (2 mol%). Dry acetonitrile (4 mL)
and phosphite (3 equiv.) were added and the reaction mixture was irradiated for 15 h with a
GU10 5W LED lamp (5 W; X = 455 nm; 5 cm away). After that, the crude mixture was
evaporated under reduced pressure. Dichloromethane (10 mL) was the added and the mixture
was washed with 1N HCI (4 mL) and subsequently with brine (10 mL). The organic layers were
dried over Na>SOs, concentrated under reduced pressure and purified by flash column
chromatography (ethyl acetate/n—pentane) to afford the title compound in the stated yield.

Dimethyl pentyl phosphate (3a)

PMe Prepared according to General Procedure (GP) using 1-

P\o/\/\/ (pentyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2a (135.0

N
MeO/
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mg, 0.4 mmol) and trimethylphosphite 1a (141.8 pL, 1.2 mmol), purified by flash
chromatography on silica gel (ethyl acetate/n—pentane : 3/7) to afford 3a (51.2 mg, 66 %
yield) as a yellow oil.

'H NMR (500 MHz, CDCls): 6 4.04 (quad, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.0 Hz), 1.64-
1.72 (m, 2H), 1.32-1.38 (m, 4H), 0.90 (t, 3H, J = 6.9 Hz).

13C NMR (125.7 MHz, CDCls): 6 68.0 (d, J = 6.0 Hz), 54.2 (d, J = 6.0 Hz), 29.9 (d, J = 6.6
Hz), 27.5, 22.2, 14.0.

3P NMR (202.5 MHz, CDCls): 5 1.41.

HRMS (ESI, positive) = [C7H1704NaP*] Calculated mass: 219.0762 g/mol, found mass:
219.0764 g/mol.

Scale up of the reaction to 5 mmol starting material

A 250 mL dry and argon-flushed Schlenk-flask, equipped with a magnetic stirring bar, was
charged with 1-(pentyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2a (1.69 g, 5 mmol) and
fac-Ir(ppy)s (2 mol%). Dry acetonitrile (50 mL) and trimethylphosphite 1a (1.77 mL, 15 mmol)
were added and the reaction mixture was irradiated for 15 h with a GU10 5W LED lamp (5 W,
A =455 nm ; 5 cm away). After that, the crude mixture was evaporated under reduced pressure.
Then dichloromethane (125 mL) was added and the mixture was washed with 1N HCI (50 mL)
and then with Brine (125 mL). The organic layers were dried over Na2SO4, concentrated under
reduced pressure and purified by flash chromatography on silica gel (ethyl acetate/n—pentane :
3/7) to afford 3a (667.1 mg, 68 % vyield) as a yellow oil. tH-NMR data are in good agreement

with the those previously reported.

Dimethyl hexyl phosphate (3b)

?Me Prepared according to General Procedure (GP) using 1-

N

M O,P\O/\/\/\ (hexyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2b (140.6
e
mg, 0.4 mmol) and trimethylphosphite 1a (141.8 pL, 1.2

mmol), purified by flash chromatography on silica gel (ethyl acetate/n—pentane : 3/7) to afford
3b (64.2 mg, 76 % vyield) as a yellow oil.

'H NMR (500 MHz, CDCls): § 4.03 (quad, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.1 Hz), 1.66
(quint, 2H, J = 7.0 Hz), 1.22-1.40 (m, 6H), 0.87 (t, 3H, J = 6.7 Hz).

13C NMR (125.7 MHz, CDCls): 6 68.0 (d, J = 6.1 Hz), 54.2 (d, J = 6.1 Hz), 31.3,30.2 (d, J =
6.7 Hz), 25.1, 22.5, 14.0.
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3P NMR (202.5 MHz, CDCls): 5 1.41.
HRMS (ESI) m/z: [M + Na]" Calcd for CgH1904NaP 233.0919; Found 233.0915.

Dimethyl heptyl phosphate (3c)

PMe Prepared according to General Procedure (GP) using 1-

<

Me O’P\O/\/\/\/ (heptyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2c
(146.2 mg, 0.4 mmol) and trimethylphosphite 1a (141.8

pL, 1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/n—pentane : 3/7)

to afford 3c (70.6 mg, 79 % yield) as a yellow oil.

IH NMR (500 MHz, CDCls):  4.04 (quad, 2H, J = 6.8 Hz), 3.76 (d, 6H, J = 11.0 Hz), 1.67

(quint, 2H, J = 7.0 Hz), 1.22-1.40 (m, 8H), 0.87 (t, 3H, J = 6.7 Hz).

13C NMR (125.7 MHz, CDCls3): 6 68.0 (d, J = 6.2 Hz), 54.2 (d, J = 6.2 Hz), 31.7,30.3 (d, J =

6.6 Hz), 28.8, 25.4, 22.6, 14.1.

3P NMR (202.5 MHz, CDCls): & 1.38.

HRMS (ESI) m/z: [M + Na]* Calcd for CoH2104NaP 247.1075; Found 247.1077.

Dimethyl octyl phosphate (3d)

OMe Prepared according to General Procedure (GP) using 1-

\\I

Me O’P\O/\/\/\/\ (octyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2d
(151.8 mg, 0.4 mmol) and trimethylphosphite 1a

(141.8 pL, 1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/n—pentane

: 3/7) to afford 3d (65.1 mg, 68 % yield) as a yellow oil.

'H NMR (500 MHz, CDCls): § 4.03 (quad, 2H, J = 6.8 Hz), 3.76 (d, 6H, J = 11.0 Hz), 1.66

(quint, 2H, J = 7.1 Hz), 1.19-1.39 (m, 10H), 0.86 (t, 3H, J = 6.8 Hz).

13C NMR (125.7 MHz, CDCls): 8 68.0 (d, J = 6.0 Hz), 54.2 (d, J = 5.7 Hz), 31.8,30.3 (d, J =

6.4 Hz), 29.2, 29.1, 25.4, 22.6, 14.1.

3P NMR (202.5 MHz, CDCls):  1.37.

HRMS (ESI) m/z: [M + Na]* Calcd for C10H2304NaP 261.1232; Found 261.1236.

Dimethyl nonyl phosphate (3¢)

IOMe Prepared according to General Procedure (GP)
N

Pao NN sing 1- idin-1-ium 4-
MeO’ ~No using 1-(nonyloxy)pyridin-1-ium 4

methylbenzenesulfonate 2e (157.4 mg, 0.4 mmol)
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and trimethylphosphite 1a (141.8 uL, 1.2 mmol), purified by flash chromatography on silica
gel (ethyl acetate/n—pentane : 3/7) to afford 3e (70.8 mg, 70 % vyield) as a yellow oil.

IH NMR (500 MHz, CDCls):  4.03 (quad, 2H, J = 6.8 Hz), 3.76 (d, 6H, J = 11.1 Hz), 1.67
(quint, 2H, J = 7.0 Hz), 1.20-1.40 (m, 12H), 0.87 (t, 3H, J = 6.7 Hz).

13C NMR (125.7 MHz, CDCls): 6 68.0 (d, J = 5.6 Hz), 54.2 (d, J = 6.3 Hz), 31.8,30.3 (d, J =
6.9 Hz), 29.5, 29.2, 29.1, 25.4, 22.6, 14.1.

3P NMR (202.5 MHz, CDCl3): § 1.38.

HRMS (ESI) m/z: [M + Na]" Calcd for C11H2504NaP 275.1388; Found 275.1390.

Dimethyl hexyl phosphate (3f)

OMe Prepared according to General Procedure (GP) using 1-((4-

\\I

MeO’P\O/\/\r methylpentyl)oxy)pyridin-1-ium 2f (140.6 mg, 0.4 mmol) and
trimethylphosphite 1a (141.8 pL, 1.2 mmol), purified by flash

chromatography on silica gel (ethyl acetate/pentane : 3/7) to afford 3f (56.0 mg, 67 % yield)

as a yellow oil.

'H NMR (500 MHz, CDCls): § 4.02 (quad, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.0 Hz), 1.63-
1.71 (m, 2H), 1.55 (non, 1H, J = 6.7 Hz), 1.21-1.28 (m, 2H), 0.88 (t, 6H, J = 6.6 Hz).

13C NMR (125.7 MHz, CDCls): § 68.3 (d, J = 6.2 Hz), 54.2 (d, J = 6.2 Hz), 34.5, 28.2 (d, J =
6.7 Hz), 27.7, 22.5.

3P NMR (202.5 MHz, CDCls): 5 1.36.

HRMS (ESI) m/z: [M + Na]" Calcd for CgH190sNaP 233.0919; Found 233.0922.

Dimethyl (4-phenylbutyl) phosphate (3g)

OMe Prepared according to General Procedure (GP) using 1-(4-

\\I

Me O/P\o/\/\/Ph phenylbutoxy)pyridin-1-ium 4-methylbenzenesulfonate 2g
(159.8 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 uL,

1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/pentane : 5/5) to

afford 3g (66.4 mg, 64 % yield) as a yellow oil.

IH NMR (500 MHz, CDCls): § 7.25-7.31 (m, 2H), 7.15-7.21 (m, 3H), 4.04-4.10 (m, 2H),

3.76 (d, 6H, J = 11.0 Hz), 2.62-2.68 (m, 2H), 1.69-1.76 (m, 4H).

13C NMR (125.7 MHz, CDCls): 6 141.9, 128.4, 128.3, 125.9, 67.7 (d, J = 5.7 Hz), 54.3 (d, J

= 6.0 Hz), 35.3,29.8 (d, J = 6.8 Hz), 27.2.

3P NMR (202.5 MHz, CDCls): 5 1.39.
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HRMS (ESI) m/z: [M + Na]" Calcd for C12H1904NaP 281.0919; Found 281.0919.

Dimethyl (4-phenylbutan-2-yl) phosphate (3h)

?Mtj\/\ Prepared according to General Procedure (GP) using 1-((4-
Me 0\/ ~o ph Phenylbutan-2-yl)oxy)pyridin-1-ium 4-methylbenzenesulfonate

2h (159.8 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 pL,

1.2 mmol), purified by flash chromatography on silica gel (ethyl acetate/n—pentane : 5/5) to
afford 3h (68.2 mg, 66 % yield) as a yellow oil.
IH NMR (500 MHz, CDCls): & 7.25-7.31 (m, 2H), 7.15-7.22 (m, 3H), 4.54 (sept, 1H, J = 6.3
Hz), 3.76 (dd, 6H, J = 11.2, 3.6 Hz), 2.72-2.80 (m, 1H), 2.63-2.71 (m, 1H), 1.94-2.03 (m,
1H), 1.79-1.89 (m, 1H), 1.38 (d, 3H, J = 6.2 Hz).
13C NMR (125.7 MHz, CDCls): & 141.4, 128.5, 128.4, 126.0, 75.8 (d, J = 6.0 Hz), 54.2 (d, J
= 6.4 Hz), 54.1 (d, J = 6.7 Hz), 39.2 (d, J = 6.4 Hz), 31.5, 21.6 (d, J = 2.3 Hz).
31P NMR (202.5 MHz, CDCls):  0.63.
HRMS (ESI) m/z: [M + Na]" Calcd for C12H1904NaP 281.0919; Found 281.0918.
Dimethyl pent-4-en-1-yl phosphate (3i)

OMe Prepared according to General Procedure (GP) using 1-(pent-4-

\\I

MeO’P\OW en-1-yloxy)pyridin-1-ium 4-methylbenzenesulfonate 2i (134.2
mg, 0.4 mmol) and trimethylphosphite 1a (472.4 puL, 4 mmol),

purified by flash chromatography on silica gel (ethyl acetate/ n—pentane : 5/5) to afford 3i

(51.3 mg, 66 % vyield) as a yellow oil.

'H NMR (500 MHz, CDCls): § 5.78 (ddt, 1H, J = 17.0, 10.2, 6.7 Hz), 5.04 (d, 1H, J = 16.9

Hz), 4.99 (d, 1H, J = 10.1 Hz), 4.15 (quad, 2H, J = 6.7 Hz), 3.75 (d, 6H, J = 11.1 Hz), 2.15

(quad, 2H, J = 7.1 Hz), 1.78 (quint, 2H, J = 7.0 Hz).

13C NMR (125.7 MHz, CDCls): § 137.2, 115.6, 67.2 (d, J = 5.9 Hz), 54.2 (d, J = 5.9 Hz),

29.5,29.4 (d, J = 6.9 Hz).

3P NMR (202.5 MHz, CDCls): 5 1.36.

HRMS (ESI) m/z: [M + Na]" Calcd for C7H1504NaP 217.0606; Found 217.0603.

Dimethyl pent-4-yn-1-yl phosphate (3j)

IOMe Prepared according to General Procedure (GP) using 1-(pent-4-

N

’P\O yn-1-yloxy)pyridin-1-ium 4-methylbenzenesulfonate 2j (133.4
MeO /\/\\
mg, 0.4 mmol) and trimethylphosphite 1a (141.8 pL, 1.2 mmol),
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purified by flash chromatography on silica gel (ethyl acetate/n—pentane : 7/3) to afford 3j
(62.0 mg, 81 % vyield) as a yellow oil.

'H NMR (500 MHz, CDCls): 6 4.15 (quad, 2H, J = 6.3 Hz), 3.76 (d, 6H, J = 11.1 Hz), 2.32
(dt, 2H,J=6.9, 2.3 Hz), 1.95-1.98 (m, 1H), 1.89 (quint, 2H, J = 6.5 Hz).

13C NMR (125.7 MHz, CDCls): 6 82.7, 69.2, 66.2 (d, J = 5.6 Hz), 54.3 (d, J = 5.6 Hz), 29.0
(d,J=7.4 Hz), 14.7.

3P NMR (202.5 MHz, CDCl3): § 1.27.

HRMS (ESI) m/z: [M + H]* Calcd for C7H1404P 193.0630; Found 193.0631.

Isopropyl dimethyl phosphate (3k)

PMe Prepared according to General Procedure (GP) using 1-

>

MeO’P\O (isopropyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2k (123.8 mg, 0.4
mmol) and trimethylphosphite 1a (141.8 pL, 1.2 mmol), purified by flash

chromatography on silica gel (ethyl acetate/ n—pentane : 5/5) to afford 3k (39.7 mg, 59 %

yield) as a yellow oil.

'H NMR (500 MHz, CDCls): 6 4.64 (oct, 1H, J = 6.3 Hz), 3.73 (d, 6H, J = 11.0 Hz), 1.32 (d,

6H, J = 6.3 Hz).

13C NMR (125.7 MHz, CDCls): 6 72.8 (d, J = 6.0 Hz), 54.1 (d, J = 6.1 Hz), 23.6 (d, J = 5.0

Hz).

3P NMR (202.5 MHz, CDCls):  0.39.

HRMS (ESI) m/z: [M + Na]" Calcd for CsH130sNaP 191.0449; Found 191.0452.

Cyclopentylmethyl dimethyl phosphate (3I)

o ?Me Prepared according to General Procedure (GP) using 1-
N
Me 0\’P\O (cyclopentylmethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2I

(139.8 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 uL, 1.2
mmol), purified by flash chromatography on silica gel (ethyl acetate/ n—pentane : 3/7) to
afford 31 (70.2 mg, 84 % yield) as a yellow oil.

IH NMR (500 MHz, CDCls): 6 3.91 (t, 2H, J = 6.8 Hz), 3.75 (d, 6H, J = 11.0 Hz), 2.24 (sept,
1H, J = 6.8 Hz), 1.69-1.80 (m, 2H), 1.48-1.64 (m, 4H), 1.20-1.33 (m, 2H).

13C NMR (125.7 MHz, CDCls): 8 71.7 (d, J = 6.1 Hz), 54.2 (d, J = 6.1 Hz), 39.8 (d, J = 6.7
Hz), 28.9, 25.4.

3P NMR (202.5 MHz, CDCls):  1.28.
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HRMS (ESI) m/z: [M + Na]" Calcd for CgH1704NaP 231.0762; Found 231.0764.

Cyclobutylmethyl dimethyl phosphate (3m)

?Me Prepared according to General Procedure (GP) using 1-
N
Me 0\/P\0 (cyclobutylmethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2m

(134.2 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 pL, 1.2
mmol), purified by flash chromatography on silica gel (ethyl acetate/ n—pentane : 3/7) to
afford 3m (55.4 mg, 71 % yield) as a yellow oil.

IH NMR (500 MHz, CDCls): 6 3.98 (t, 2H, J = 6.8 Hz), 3.74 (d, 6H, J = 11.1 Hz), 2.63 (sept,
1H, J =6.8 Hz), 1.99-2.09 (m, 2H), 1.72-1.96 (M, 4H).

13C NMR (125.7 MHz, CDCl3): 8 71.5 (d, J = 6.2 Hz), 54.2 (d, J = 6.0 Hz), 35.2 (d, J = 6.9
Hz), 24.2, 18.2.

3P NMR (202.5 MHz, CDCls): & 1.47.

HRMS (ESI) m/z: [M + Na]" Calcd for CgH170sNaP 217.0606; Found 217.0606.

Dimethyl (3-phenylethyl) phosphate (3n)

OMe Prepared according to General Procedure (GP) using 1-(2-

\\I

Me O/P\o/\/Ph phenylethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2n (148.6
mg, 0.4 mmol) and trimethylphosphite 1a (141.8 pL, 1.2 mmol),

purified by flash chromatography on silica gel (ethyl acetate/ n—pentane : 7/3) to afford 3n

(58.4 mg, 63 % vyield) as a yellow oil.

'H NMR (500 MHz, CDCls): § 7.28-7.33 (m, 2H), 7.21-7.26 (m, 3H), 4.25 (quad, 2H, J=7.1

Hz), 3.68 (d, 6H, J=11.1 Hz), 2.73 (t, 2H, J = 7.0 Hz).

13C NMR (125.7 MHz, CDCls3): § 137.1, 129.1, 128.6, 68.2 (d, J = 5.9 Hz), 54.2 (d, J = 5.9

Hz), 36.7 (d, J = 6.6 Hz).

3P NMR (202.5 MHz, CDCls): 5 1.08.

HRMS (ESI) m/z: [M + Na]* Calcd for C10H1504NaP 253.0606; Found 253.0609.

Dimethyl (3-phenylpropyl) phosphate (30)

?Me Prepared according to General Procedure (GP) using 1-(3-

N

Me O’P\O/\/\ ph Phenylpropoxy)pyridin-1-ium 4-methylbenzenesulfonate 20
(154.2 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 uL, 1.2
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mmol), purified by flash chromatography on silica gel (ethyl acetate/ n—pentane : 4/6) to
afford 30 (80.9 mg, 83 % yield) as a yellow oil.

'H NMR (500 MHz, CDCls): § 7.26-7.31 (m, 2H), 7.18-7.22 (m, 3H), 4.08 (quad, 2H, J = 6.7
Hz), 3.78 (d, 6H, J=11.2 Hz), 2.73 (t, 2H, J = 7.7 Hz), 2.02 (quint, 2H, J = 7.2 Hz).

13C NMR (125.7 MHz, CDCls): 6 140.9, 128.5, 128.4, 126.1, 67.1 (d, J = 5.5 Hz), 54.3 (d, J
=6.2 Hz), 31.9 (d, J = 6.8 Hz), 31.6.

3P NMR (202.5 MHz, CDCl3): § 1.42.

HRMS (ESI) m/z: [M + Na]" Calcd for C11H1704NaP 267.0762; Found 267.0764.

Cyclohexylmethyl dimethyl phosphate (3p)

?Me Prepared according to General Procedure (GP) using 1-

N

Me O/P\O/\O (cyclohexylmethoxy)pyridin-1-ium 4-methylbenzenesulfonate 2p
(145.4 mg, 0.4 mmol) and trimethylphosphite 1a (141.8 uL, 1.2

mmol), purified by flash chromatography on silica gel (ethyl acetate/ n—pentane : 3/7) to

afford 3p (78.6 mg, 88 % yield) as a yellow oil.

'H NMR (500 MHz, CDCls): 6 3.83 (t, 2H, J = 6.4 Hz), 3.75 (d, 6H, J = 11.1 Hz), 1.60-1.80

(m, 6H), 1.09-1.29 (m, 3H), 0.90-1.01 (m, 2H).

13C NMR (125.7 MHz, CDCl3): 8 72.9 (d, J = 6.2 Hz), 54.2 (d, J = 5.9 Hz), 38.3 (d, J = 6.9

Hz), 29.2, 26.3, 25.5.

3P NMR (202.5 MHz, CDCls): § 1.42.

HRMS (ESI) m/z: [M + Na]" Calcd for CoH190sNaP 245.0919; Found 245.0921.

3-chloropropyl dimethyl phosphate (3q)

OMe Prepared according to General Procedure (GP) using 1-(3-

\\I

Me O’P\O/\/\CI chloropropoxy)pyridin-1-ium 4-methylbenzenesulfonate 2q (137.5
mg, 0.4 mmol) and trimethylphosphite 1a (162.5 pL, 1.2 mmol),

purified by flash chromatography on silica gel (ethyl acetate/pentane : 4/6) to afford 3q (67.2

mg, 83 % yield) as a yellow oil.

IH NMR (500 MHz, CDCly): & 4.20 (quad, 2H, J = 6.3 Hz), 3.77 (d, 6H, J = 11.1 Hz), 3.66

(t, 2H, J = 6.2 Hz), 2.12 (quint, 2H, J = 6.0 Hz).

13C NMR (125.7 MHz, CDCls3): 6 64.3 (d, J =5.7 Hz), 54.4 (d, J = 5.9 Hz), 40.6, 33.0 (d, J =

67.2 Hz).

3P NMR (202.5 MHz, CDCls): 5 1.24.
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HRMS (ESI) m/z: [M + H]" Calcd for CsH1304CIP 203.0240; Found 203.0238.

Diethyl (3-phenylpropyl) phosphate (3r)

o PEt Prepared according to General Procedure (GP) using 1-(3-
\:P\O/\/\Ph phenylpropoxy)pyridin-1-ium 4-methylbenzenesulfonate 20 (154.2

mg, 0.4 mmol) and triethylphosphite 1b (205.7 pL, 1.2 mmol),

EtO

purified by flash chromatography on silica gel (ethyl acetate/ n—pentane : 4/6) to afford 3r
(67.1 mg, 62 % vyield) as a yellow oil.

IH NMR (500 MHz, CDCls): § 7.27-7.32 (m, 2H), 7.17-7.22 (m, 3H), 4.12 (quint, 4H, J = 7.2
Hz), 4.06 (quad, 2H, J = 6.5 Hz), 2.73 (t, 2H, J = 7.7 Hz), 2.01 (quint, 2H, J = 6.9 Hz), 1.34
(t, 6H, J = 7.0 Hz).

13C NMR (125.7 MHz, CDCls): & 141.0, 128.5, 126.1, 66.8 (d, J = 5.9 Hz), 63.7 (d, J = 5.9
Hz), 31.9 (d, J = 7.1 Hz), 31.7, 16.2 (d, J = 6.9 Hz).

3P NMR (202.5 MHz, CDCls): § -0.80.

HRMS (ESI) m/z: [M + Na]" Calcd for C13H2104NaP 295.1075; Found 295.1078.
Diisopropyl pentyl phosphate (3s)

/( Prepared according to General Procedure (GP) using 1-

o (pentyloxy)pyridin-1-ium 4-methylbenzenesulfonate 2a (135.0

o .. .
)\ \\pl\o/\/\/ mg, 0.4 mmol) and triisopropylphosphite 1c (296.1 pL, 1.2

o’ mmol), purified by flash chromatography on silica gel (ethyl
acetate/ n—pentane : 3/7) to afford 3s (57.0 mg, 56 % yield) as a yellow oil.
H NMR (500 MHz, CDCls): 6 4.61 (oct, 2H, J = 6.3 Hz), 3.98 (quad, 2H, J = 6.7 Hz), 1.32
(d, 12H, J = 6.3 Hz), 1.30-1.35 (m, 2H), 1.25 (t, 2H, J = 7.1 Hz), 0.89 (t, 3H, J = 6.9 Hz).
13C NMR (125.7 MHz, CDCl3): 8 72.2 (d, J = 6.1 Hz), 67.3 (d, J = 6.4 Hz), 30.0 (d, J = 7.1
Hz), 27.6, 23.7 (d, J = 4.9 Hz), 22.2, 14.0.
31p NMR (202.5 MHz, CDCls): & -2.48.
HRMS (ESI) m/z: [M + Na]" Calcd for C11H2504NaP 275.1388; Found 275.1388.

S16



5-(3,7-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-1-yl)hexan-2-yl dimethyl
phosphate (3t)

(N PIOMU\/\/\ 0 / Prepared according to General Procedure (GP)

2 >0 N N using 1-((5-(3,7-dimethyl-2,6-dioxo0-2,3,6,7-
O)\N N/> tetrahydro-1H-purin-1-yl)hexan-2-

| yl)oxy)pyridin-1-ium 4-methylbenzenesulfonate

2r (212.0 mg, 0.4 mmol) and trimethylphosphite 1a (472.4 pL, 4 mmol), purified by flash
chromatography on silica gel (methanol/ethyl acetate : 1/9) to afford 3t (94.8 mg, 61 % vyield)
as a yellow oil.
IH NMR (500 MHz, CDCla):  7.49 (s, 1H), 4.47 (sept, 1H, J = 6.4 Hz), 3.99 (t, 2H, J = 7.6
Hz), 3.97 (s, 3H), 3.74 (dd, 6H, J =11.0, 5.1 Hz), 3.56 (s, 3H), 1.54-1.75 (m, 4H), 1.37-1.53
(m, 2H), 1.32 (d, 3H, J = 6.3 Hz).
13C NMR (125.7 MHz, CDCls): § 155.3, 151.3, 148.8, 141.4, 107.7, 76.2 (d, J = 6.1 Hz), 54.2
(d, J=6.3 Hz), 54.1 (d, J = 6.6 Hz), 41.2, 37.1 (d, J = 6.4 Hz), 33.6, 29.7, 27.8, 21.6 (d, J =
2.8 Hz).
3P NMR (202.5 MHz, CDCls):  0.59.
HRMS (ESI) m/z: [M + Na]" Calcd for C12H1004NaP 411.1409; Found 411.1414.
(6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)methyl dimethyl phosphate (3u)

o) H Prepared according to General Procedure (GP)

N
OMe o 3’://\40 using 1-((6-(2,4-dioxo-3,4-dihydropyrimidin-
—

1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-

O/ N
\/P\o/\Q’
MeO d][1,3]dioxol-4-yl)methoxy)pyridin-1-ium 4-

.

-
-
-

O: () methylbenzenesulfonate 2t (53.3 mg, 0.1 mmol)

>< and trimethylphosphite 1a (118.1 pL, 0.3 mmol),
purified by flash chromatography on silica gel (methanol/ethyl acetate : 1/9) to afford 3u
(30.7 mg, 78 % vyield) as a yellow oil.
IH NMR (500 MHz, CDCls):  8.77 (br s, 1H), 7.36 (d, 1H, J = 8.1 Hz), 5.72-5.77 (m, 1H),
4.83-4.84 (m, 2H), 4.33-4.36 (m, 1H), 4.22-4.31 (m, 2H), 3.79 (d, 3H, J = 3.8 Hz), 3.77 (d,
3H,J =3.8 Hz), 1.67 (br s, 1H), 1.57 (s, 3H), 1.35 (s, 3H).
13C NMR (125.7 MHz, CDCls): 6 162.9, 149.9, 141.8, 114.7, 102.7,94.0,85.4 (d,J=7.4
Hz), 84.4, 80.6, 67.0 (d, J = 5.6 Hz), 54.6 (dd, J = 5.6, 1.8 Hz), 52.3 (d, J = 6.5 Hz), 27.1,
25.3.
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3P NMR (202.5 MHz, CDCls): 5 1.26.
HRMS (ESI) m/z: [M + Na]" Calcd for C14H21N2OgNaP 415.0882; Found 415.0884.

References:

[1] Cismesia, M. A.; Yoon, T. P. Chem. Sci., 2015, 6, 5426-5434
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Dimethyl pentyl phosphate (3a)
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3P NMR (202.5 MHz, CDCls)

Dimethyl hexyl phosphate (3b)
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Dimethyl heptyl phosphate (3c)

'H NMR (500 MHz, CDCls)
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3P NMR (202.5 MHz, CDCls)
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Dimethyl nonyl phosphate (3e)
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13C NMR (125.7 MHz, CDCls) 2 37 saaen
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Dimethyl (4-phenylbutyl) phosphate (3g)
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3P NMR (202.5 MHz, CDCls)

Dimethyl (4-phenylbutan-2-yl) phosphate (3h)
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Dimethyl pent-4-en-1-yl phosphate (3i)
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3P NMR (202.5 MHz, CDCls) 8
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Isopropyl dimethyl phosphate (3k)
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3P NMR (202.5 MHz, CDCls)

Cyclopentylmethyl dimethyl phosphate (31)
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Cyclobutylmethyl dimethyl phosphate (3m)
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3P NMR (202.5 MHz, CDCls)
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Dimethyl (3-phenylpropyl) phosphate (30)
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3-chloropropyl dimethyl phosphate (3q)
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3P NMR (202.5 MHz, CDCls)

1.24

I RRERK cEEEELERE RRZ I288% 8RR
NNNNNNKN TS NN R P I T R
/e Tl N =\ N
'H NMR (500 MHz, CDCl3)
OEt
\\I
~N /\/\
/
EtO (0] Ph
|
| |
|
I
il
|
| u« - A
Z% g & &
N = — N
<+ N o~ o~ =]
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2.5 2.0 1.5 1.0 0.5 0.0

544



s %8 HRER 388 8%
TN s LN
13C NMR (125.7 MHz, CDCls)
OEt
S /
~ /\/\
7/
Eto” O Ph
|
2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 ;0 8‘0 7‘0 E;O éO 4‘0 3“0 2‘0 1‘0 5
3P NMR (202.5 MHz, CDCls) g
OEt
> !
N /\/\
Eto” O Ph
5‘:5 ELO 4‘5 ;O 3“5 3‘0 25 20 15 10 5 0 -5 10 15 20 25 30 35 40 45 50 55 60

545



Diisopropyl pentyl phosphate (3s)
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(6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-

d][1,3]dioxol-4-yl)methyl dimethyl phosphate (3u)
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Dimethyl pentyl phosphate (3a)

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM [ DBE: min = -1.5, max = 50.0
Element pradiction: Off

Number of isotope peaks used for i-FIT=5

Monolsotopic Mass, Even Electron lons

105 formulade) evaluated with 2 results within lmits (up to 10 closest results for each masa)
Elements Used:

C:0-20 H:0-100 O:0-6 MNa:D-2 P:0-1

Al_170T2 _imfusion 105 (2.070) Crm {108:108) 1: TOF M5 ES+
T.72e+008
219.0764
19-23 ZA295%5 304 2852 4151828 507.3300
p 127.0162 I i i AT7 25003 - - B04.3949  BRS5.4353 TO3.6281 BR1.5173 &.Bﬂ‘g e
| IR BOAMEL A L EMALELN I N NLAMELELE BLELECELAY WL L N I
100 200 300 400 500 G600 00 B00 500 1000
Minimm: -1.5
Maximm: 20.0 5.0 50.0
Mass Calc. Mass mbDa BEM DEE i-FIT Morm Conf (%) Formula

219.07464 219.07E2 0.z
0.2

0.9 3.3 2741.0 8.816 0.01 Cl2 H13 O Ha2
219.0762 0.9

-0.5 2732.1 0.000 9%.99 CT H17 ©d Ha F

Dimethyl hexyl phosphate (3b)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM ¢ DBE: min = -1.5, max = 50.0
Element pradiction: Off

Number of isolope peaks wsed for i-FIT =5

Monoisoiopic Mass, Even Electron lons

61 formulaie) evaluated with 1 results within limits (up to 50 closest results fior each mass)
Elements Used:

G:0-30 H:0-100 O:04 Ma: 01 P:O-1

1: TOF MS ESs Al_3E0 241 (2.251) Cm (241 243-{222:354.- 254 2B0))
56 3e+0086
100 127.0158
S

11l;_3_|?:]m | 127.0455 50,0014 159.9240 19:3.952?3“5'9“2 25.196L233.P‘915 34295&!3

38034 sngpop  paomos e
"t LU Rt W) ) ) L | A ) 0 A A R U i ) i il ) L WAl Tt T

L i A L b b s L s L s M aia s L L T
B0 70 BD 80 100 110 120 130 140 150 180 170 1BO 180 200 20 230 30 240 32500 280

50

Minimum: -1.5

M i mum 2.0 5.0 50.0

Mass Calc. Mass mDbDa FPM CEE i=-FIT MNorm Conf (%) Formula
233_0915 233_0919 -0.4 -1.7 -0.5 az.9 nfa nfa CB H1% D4 Ha P
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Dimethyl heptyl phosphate (3c)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 50 PPM / DBE: min = -1.5, max = 50.0
Elemeant prediction: Off

Number of isotope peaks used for i-FIT =5

Monoisolopic Mass, Even Electron lons
65 formulaie) evaluated with 1 results within limits (up to 50 closest resulis for each mass)

Elements Used:
C:0-30 H:0-100 Q04 MNa:01 P01

Al_352 250 (2.418) Cr {258:26:3-{247:52 4 380-205))

1: TOF MS ES4+
10584007
; 1270164
BR.SE53 1270461 150.0313 2081178 2471077
78,0356 04 oaog 113.0005 |- - 179.1073 SR oom nepm | 2840800 783 97
L B N e B b e e e a e ne  n e nans na re n n  J
&0 B 100 120 140 160 180 200 220 240 50
Minimum: -1.5
Maximum: 2.0 5.0 50.0
Mass Calc. Mass mDbDa EFM DEE i-FIT Morm Conf (%) Formula
2471077  247.1075 b.2 0.8 -0.5 &E1.4 n/fa nfa 8 HZ1 04 Ha P
Dimethyl octyl phosphate (3d)
Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 50 PPM / DBE: min = -1.5, max = 50.0
Element pradiction: Off

Number of isotope peaks used tar i-FIT =5

Monoisotopic Mass, Even Electron lons

67 formulaie) evaluated with 1 results within lmits (up to 50 closest resulis for each mass)
Elements Used:

Co0-30 HOo-100 O:0-4 POl Mad-l

1: TOF MS ES+
B07e008

100+ 1270185

L=

2ﬂ-1.|1236
780968 1270482 2B3.0838 30A.1287
949001 113.0007 |- 1670711 j95 1022 2ERGEZ  oag 1490 2621270 337 1
e DR B ) Lt ) e L) LA L M e ha s LSl Ly anis ae) ans 1 |‘T|"I""‘""ng']"
&0 B0 100 120 140 160 180 200 20 240 280 280 aon

Mindmum: -1.5
M i mum: 2.0 5.0 50.0
Mass Calc. Mass mDbDa EFM CEE i=-FIT Morm Conf (%) Formula
2611236 261.1232 0.4 1.5 -0.5 914.5 nfa nfa C10 H23 04 P Ha

Al_348 278 [2.503) Cr (277-281-{257:272+ 203:3081)
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Dimethyl nonyl phosphate (3e)

Elemental Composition Report

Single Mass Analysis

Talerance =50 PPM / DBE: min = -1.5, max = 50.0
Elemant pradiction: Off

Mumber of isotope peaks used for i-FIT =5

Monoisoiopic Mass, Even Electron lons
73 formulale) evaluated with 1 results within Bmits (up to 50 closest resuls for each mass)
Elements Uised:

Ci0-30 H 0100 Oc0-4 PiOA1 Maii

1: TOF MS ESs

1 127.0183

Page 1

Al_347 296 (2.760) Crn (205300287291 +325:3311)

E.01e+008

275.1390
7B 1424
78904004 goga 1130005 |127.0450 150.0322 1861518305 1220 3 0415 2539568 3131445

&0 B0 100 130 140 160 180 200 230 240 260 2ED 300 320
Minimuam: -1.5
B2 i 2.0 5.0 50.0
Mass Calc. Mass mDa EPM CEE i-FIT Morm Confi{%) Formula
2751390  275.1388 0.2 0.7 -0.5 847.7 nfa nfa i1l H25 04 P Ha

Dimethyl hexyl phosphate (3f)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM ¢ DBE: min = -1.5, max = 50.0
Elemeant pradiction: Off

Mumber of isolope peaks used for i-FIT =5

Maonoisoiopic Mass, Even Electron lons
95 formulale) evalualed with 1 results within Bmits (up to 50 closest results for each mass)
Elements Used:

C:0-25 H:0-100 O:0-8 P01 Mat0

1: TOF MS ES+ Al_368 235 [2.198) Cm [ 235:240-{226: 232 261 2700)
1.09e+007

1

saginn F-AT42 1751463 183.1580 230618 ZIMWE o5 4777 e

&0 &0 FL ] a0 =] 10 110 120 130 140 150 180 170 1B0 180 200 20 220 230 240 350 280

Mimndmaom: -1.5
M i mmom 1 2.0 5.0 50.0
Mass Calc. Mass mDa FPM DEE i-FIT Morm Conf (%) Formula
233 0922 23%_p91s 0.3 1.1 -0.5 47&6.7 nfa nfa cB H1% 04 B Ha
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Dimethyl (4-phenylbutyl) phosphate (3g)

Elemental Composition Report

Single Mass Analysis

Talerance = 5.0 PPM ¢ DBE:min =-1.5, max = 50.0
Elemeant pradiction: Off

Number of isotopea peaks used for i-FIT = 5

Monoisoiopic Mass, Even Electron lons
85 formulale) evaluated with 1 results within Bmits (up to 50 closest results for each mass)
Elements Used:

G:0-15 H:0-100 O:0-4 Ma:01 P:0-3

Page 1

1: TOF MS ES+ #1380 247 (2.304) Cm [246:254-(221 240428331111
13824007
; 127.0161
281,091
127.0458 1500319 2051085 Zpanesd 3041678
THOME gy pegy1130002 LTSV DATE1E.5448 s omoe 264 0B8E = 3480060
A P T
&0 a0 1040 120 140 180 180 200 220 240 280 300 320 340
M i -1.5
Maximum: 2.0 5.0 50.0
Mass Calc. Mass mDa FPM CEE i-FIT Morm Conf (%) Formula
281.081%  281.091% 0.0 0.0 3.5 539.6 n/fa nfa Cl2 H19 04 Ha P
Dimethyl (4-phenylbutan-2-yl) phosphate (3h)
Elemental Composition Report Page 1

Single Mass Analysis

Tokerance = 5.0 PPM [ DBE: min = -1.5, max = 50.0
Elemant pradiction: Off

Number of isolope peaks used tar i-FIT =5

Monoisolopic Mass, Even Electron lons
30 formulale) evaluated with 1 results within limits (up to 50 closest resulls for each mass)
Elements Used:

C:0-15 H:0-100 O:0-4 MNa: 01 P01
1: TOF MS ES+ Al_3B88 24F [2.28E) Crm (243-248-{234:230..373:270))
15384007
i 1270183
281.0918
78,9053 2+9835  1iap004 |127.04611560.0019 jmoags  227.0620 264 9885 |§Ez'ngﬁfmg.gaes 357.0779
L LA R LA Il LAkl IR ML LAY LA L) I MARAN LAY Il LAY R | LA MM Lane nans LALhs LML) Naaae LRSS nedad anaie Rinm vl 1
Ed B0 100 120 140 180 180 200 230 240 280 on 3n 340
Mindimuom: -1.5
Maimum: 2.0 5.0 50.0
Mass Calc. Mass mDa FPM DEE i-FIT Horm Conf (%) Formula
281.0%148 281 _pais -0.1 -0.4 1.5 i0i5.5 n/fa nfa ci2 Hi% 04 wa P
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Dimethyl pent-4-en-1-yl phosphate (3i)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM [ DBE: min = -1.5, max = 50.0
Elemeant pradiction: Off

Mumber of isolope peaks used for i-FIT =5

Monoisolopic Mass, Even Electron lons

949 formulaie) evaluated with 1 results within Bmits (up to 10 closest results for each mass)
Elements Used:

C:0-30 H:0-100 O:0-10 P:O-1 Ma: 01

Al_362 201 (1.882) Cm (1992204-{182-156.+228:241)) 1: TOF MS ESs
B.ATes 006

1 127,081

* 702181 B3.Z8E054.9500  112.5359 127.0457 150.00gp 155-9248 1950783 21708030918 240.9560 e
B0 T B0 SO 100 MO 120 130 140 150 160 17D 180 190 200 0 Z0 ) M0 380

Minimum: -1.5

M i mom: 20.0 5.0 50.0

Mass Calc. Mass mba FFPM DEE i-FIT Morm Conf{%) Formula

217.0603 217.0808 -0.3 -1.4 0.5 131.3 nfa nfa CT H15 04 P Ha

Dimethyl pent-4-yn-1-yl phosphate (3j)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM / DBE: min = -1.5, max = 50.0

Element pradiction: Off

MNumber of isolopa peaks used far i-FIT =5

Monolsotopic Mass, Even Electron lons

73 formulafe] evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-10 H: 0100 O:0-4 Mad1 P:O-3

1: TOF M3 ESs+ Al_379 176 (1.645) Cm (175c1B0-{162: 169 225:236])
1.7 3ee007

1 127.0164

50 &) T B0 S0 100 i 120 130 140 150 180 170 1BD 190 200 210 230 230 240 250 280 270

Minimuom: -1.5

Maximum: 2.0 5.0 50.0

Mass Calc. Mass mDa FFM CEE i=-FIT Morm Conf{%) Formula
193 _0€31 1530630 b.1 0.5 1.5 803.7 nfa nfa cT Hid4 o4 F
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Isopropyl dimethyl phosphate (3k)

Elemental Composition Report Page 1

Single Mass Analysis

Taolerance = 5.0 PPM [ DBE: min = -1.5, max = 50.0
Elamant pradiction: Off

Mumber of isolope peaks used for i-FIT =5

Monoisolopic Mass, Even Electron lons

68 formulale) evaluated with 1 results within Bmits (up to 10 closest results for each mass)
Elements Used:

C:0-20 H:0-100 Qo068 Prd-1l Madg-l

AI_423 186 {1.557) Crm (168:168-{1 53159, 185:1921) 1: TOF MS ESs
B.34m400
127.0162
1
%1 poogye 895335 pgaagg nappor  [PTRER 5 gas 1810455 1ginasn  21601082010618  odneesy

ED 70 BQ 50 100 110 120 130 140 150 160 170 18D 180 200 210 220 230 240 250

Minimum: -1.5

Maximum: 20.0 5.0 50.0

Mass Calc. Mass mba FFPM DEE i-FIT Morm Conf{%) Formula
191.0452 1910449 o3 1.6 -0.5 77.7 nfa nfa c5 Hi3 0d P Ha

Cyclopentylmethyl dimethyl phosphate (3I)

Elemental Composition Report Page 1

Single Mass Analysis

Talerancs = 5.0 PPM / DBE: min = -1.5, max = 50.0
Elemeant pradiction: Off

Mumber of isolope peaks wsed for iFFIT =5

Monoisoiopic Mass, Even Electron lons

97 formulale) evaluated with 1 results within Bmits (up to 50 closest results for each mass)
Elements Used:

Cr0-25 H:O0-100 O:0-8 P01 Maio

1: TOF M3Z ES+ Al_3E5 218 [2.049) Crm (218:219-{209:315. 2382 45])
4. 4784008

127.0165

1

2059838 2239625 231.0754

B0 0 B0 =i} 100 110 120 130 140 150 160 170 18O 180 200 20 230 3230 240

Minimum: -1.5

M i mmom 1 2.0 5.0 50.0

Mass Calc. Mass mbDa FPM DEE i-FIT Morm Conf (%) Formula
231.07464 2310762 D.2 0.9 0.5 141.5 nfa nfa C& H1T7 Od P Ha
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Cyclobutylmethyl dimethyl phosphate (3m)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Elameant pradiction: Off

Number of isotope peaks used far i-FIT = 5

Monoisolopic Mass, Even Electron lons

56 formulale] evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

Co0-30 H: 0100 004 PoO-1 Maiiql

1: TOF M3 ES+ Al_JB5 206 (1.926) Cr (20B208-{181:188.:248281])
4.1Ba008

1 127 0163

1589688

150.0320 177.7438 1929308 2129

miz
110 120 130 140 160 160 170 180 180 200 210 220 230 240 250
Minimuom: -1.5
Maimum: 2.0 5.0 50.0
Mass Calc. Mass mbDa EFM DEE i-FIT Morm Conf{%) Formula
217 0808 217. 08086 o.0 0.0 0.5 a2.1 nfa nfa cT K15 04 F Ha
Dimethyl (3-phenylethyl) phosphate (3n)
Elemental Composition Report Page 1
Single Mass Analysis
Talerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element pradiction: Of
MNumber of isolope peaks used tar i-FIT =5
Maonoisolopic Mass, Even Electron lons
43 formulale) evaluated with 1 results within limits (up to 50 closest resulls for each mass)
Elements Used:
C:0-15 H:0-100 O:0-4 P01 MeDD
1: TOF M3 ES+ Al_3E1 216 (2.014) Cm {215219-{204:210243:262])
B 006
1 1050707 2530609
127.0162
11 BL.0EE1
1020650 Za1.0788 2540642
27 0457 27E1367
T2 qgppass [ 14,5158 2059899 223.9624  [232.0822 '3, pgon 2 3130681
T R R | LR SRR T T T Tt T LRI I | Ty LR A | paaaznanlin:
=11 BO 100 120 140 160 180 200 20 240 250 280 300

M ndmom -1.5
Maximaom: 2_0 5.0 50.0
Mass Calc. Mass mbDa EPM DEE i-FIT Horm Conf %) Formula
253 0609 253_0&08 b3 1.2 1.5 151.9 nfa nfa C10 H1S5 04 P Ma
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Dimethyl (3-phenylpropyl) phosphate (30)

Elemental Composition Report

Single Mazs Analysis

Page 1

Talerance = 5.0 PPM / DBE: min = -1.5, max = 50.0

Elemeant pradiction: Off

Number of isotope peaks used for i-FIT =5

Monoisoiopic Mass, Even Electron lons

70 formulale) evaluated with 1 results within lmits (wp to 50 closest results for each mass)

Elements Used:
C:0-30 H:0-100 O:04 Na:0-1 P:0-1
1: TOF M3 ESs Al_344 232 (2.163) Cm (231223621 4:226.253:284])
5. 70a:008
1 127083
2E87.0784
2460943
TEIB43 gy pegy 1130004 | 127.0480 1500078 ATLEEEY o) 004 gongpa o8 e
S EAAn RAAas p e aa o e e i E SR L b e B
B 120 140 160 180 200 230 240 3E0 280 300 20
M i -1.5
M domom 2.0 5.0 500
Mass Calc. Mass mDa FPM CEE i-FIT Morm Conf (%) Formula
287.0784 2ET.DTE2Z b.2 0.7 1.5 313.7 nfa n/fa cll H1T 04 Ha P
Cyclohexylmethyl dimethyl phosphate (3p)

Elemental Composition Report

Single Mass Analysis

Page 1

Talerance = 5.0 PPM / DBE: min =-1.5, max = 50.0

Elemeant pradiction: Off

Mumber of isolope peaks wsed for iFFIT =5

Maonoisoiopic Mass, Even Electron lons

63 formulale) evaluated with 1 results within lmits (up to 50 closest results for each mass)

Elements Used:
G:0-30 H:0-100 ©O:04 Ma:0-1 P01
1: TOF MS ES+ Al_351 238 [2.204) Crn (237-242-{206:232. JEI-DET))
0. 9Ba+ 006
; 127.0184
127 0461 245.091
7ROB] gy ogog 113.0005 | 1500322 o 11 on205.9636  5og gaog 264.0801 283 ogap ooy yngy  22TOTTT
&0 B0 100 120 140 180 1BO 200 220 240 260 280 300 A20

Minimum: -1.58
Maximom: 2.0 5_0 50.0
Mass Calc. Mass mbDa EPM DEE i-FIT Morm Conf (%) Formula
245.0821  245.091% 0.2 0.8 0.5 726.8 n/fa n/fa % H1% 04 Ha F
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3-chloropropyl dimethyl phosphate (3q)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM ¢ DBE: min = -1.5, max = 50.0
Element pradiction: Off

MNumber of isolope peaks used tar i-FIT =5

Monoisotopic Mass, Even Electron lons

82 formulale) evaluated with 1 results within lmits (up to 50 closest results for each mass)
Elements Used:

C:0-25 H:0-100 O:0-8 35001 P01

1: TOF MS ES+ Al_3A72 177 (1.654) Cm (17B1T9-{168:173= 183:184])
3:31e+008

g2

203.0238

127 0457
164.0403 181,078 211 26 0048, 200,065 2640804

B0 TF0 B0 B0 100 110 120 130 140 150 B0 YD 180 150 200 210 220 230 240 260 280 20

Minimum: -1.5

Mz x.0 5.0 50.0

Mass Calc. Mass mba EPM DEE i-FIT Morm Conf (%) Formula
203.0238 2030240 -0.2 -1.0 -0.5 44z.0 nfa nfa c5 H13 o4 35C1 F

Diethyl (3-phenylpropyl) phosphate (3r)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM / DBE:min = -1.5, max = 50.0
Elemeant prediction: Off

Number of isotope peaks used far i-FIT = 5

Maonoisolopic Mass, Even Electron lons

76 formulaie) evaluated with 1 results within lmits (up to 50 closest results for each mass)
Elements Used:

C:0-30 H:0-100 O:0-4 Ma:0-1 P:D-1

1: TOF MS ESs Al_353 258 (2.418) Cm (25E283-{246:352 + 282 -28E])
T2 1e+008
1 2731258
205 1078
048 0850
e 1112
i 185475 179 1073 amanees 807 pimogan  pygagpy BE51950 uq qaqy gozazey  U57-54BE
0r B B e ™ L B A e e B e i L i e e ey e (T
100 200 300 400 500 &00 i} BOD 800 1000
Min imum: -1.5
Max imum: 2.0 5.0 50.0
Mass Calc. Mass mDa EPM DEE i-FIT Morm Conf{%) Formula
295.1078 2585.1075 0.3 1.0 1.5 1008.0 n/fa nfa c13 H21 04 Ha P
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Diisopropyl pentyl phosphate (3s)

Elemental Composition Report

Single Mass Analysis

Taolerance = 5.0 PPM [ DBE: min = -1.5, max = 50.0
Element pradiction: Off

Number of isolope peaks used tar i-FIT = 5

Monoisoiopic Mass, Even Electron lons

134 formulale) evaluated with 1 results within imits (up to 10 closest resulis for each masa)

Elements Used:
C:0-30 H:0100 ©:010 P31 Ma:b
Al_350 277 (2.585) Cm (276-280-(261 060+ 300:306])

58 8849

1

oigg  149.0806

167.0708 1859307

&0 B0 100 120 140 160 180 200
Minimuom: -1.5
Mastimm: 0.0 5.0 50.0
Mass Calc. Mass mbDa FFM CEE i-FIT
275.1388 275.1388 O.o o.0 -0.5 TR4.7

220

5-(3,7-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-1-yl)hexan-2-yl dimethyl

phosphate (3t)

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Elemeant pradiction: Off

Number of isotopa peaks used far i-FIT =5

Monoisoiopic Mass, Even Electron lons

Page 1
1: TOF MS ESs
338006
275.1388
2350575 2501555 2761422 3959688 3490808 MEOTE
240 260 280 300 20 340 380 3E0 400
Morm Conf{%) Formula
nfa nfa Cl1l H25 04 P Ma
Page 1

218 formulale) evaluaied with 2 results within lmits {up to 50 closest resulis for each masas)

Elements Used:

C:0-20 H:0-100 M:0-4 O:0-6 P01 Ma:l

1: TOF MS ES+ Al_418 187 [1.7500 Cr {1881 00-{175:182: 207 2161)
1. 46007

100+ 283.1514

e

131.I:I?f:m:]m’B R 389.1585 -
) 1BS0TTT | 51561 l l (. SEZNM geggqqp TSRBSAT o029 gopgagy 747476
w LR IMLAML B I | T LML L LEMELEN R DL NLENLEE BN B TrorT T Mz
100 200 aod 400 00 TO0 200 1000
Minimum: -1.5
Maimum: 2.0 5.0 50.0
Mass Calc. Mass mba FFM CEE i=-FIT Morm Conf (%) Formula
411.1414 411.1409 0.5 1.2 5.5 455.5 O0.0B7 91_.6EB Cl15 H25 N4 06 P Ma
411.1433 -1.9 -4.6 8.5 457.9  2.487 8.32 C17 H24 N4 08 P
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(6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)methyl dimethyl phosphate (3u)

Elemental Composition Report Page 1

Single Mass Analysis

Talerance = 5.0 PPM [/ DBE: min = -1.5, max = 50.0
Element pradiction: Off

MNumber of isotope peaks used for i-FIT =5

Monoisotopic Mass, Even Electron lons

305 formulale) evaluated with 1 results within lmits (up to 10 closest resulis for each mass)
Elements Used:

C:0-20 H:0-100 M:3-3 O:0-9% P:O1 Ma:d-

Al_529_INFUSION 42 (0.846) Crm [38:44) 1: TOF MS ES+
4 A%+ 008
416.0884
! 418.0818 259 07840
% 1560644, 1651148 BAT.O00SE  a7poEcy e ST3.0454 5410348 T020106 _ BO7.1R7182 1683 gra1ae
L i e o e ey miz
100 200 300 400 500 &00 00 B0O 500 1000
Minimum: -1.5
Maximum: 20.0 5.0 50.0
Mass Calc. Mass mba FFPM DEE i-FIT Morm Conf (%) Formula
415.0884 415. 0882 b.2 0.5 5.5 2ME.1 nfa nfa Cl4 H21 N2 0% P Ha

Se1



