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Abbreviations

d4T

DBU
DEACM
DCM
DMF
DMSO
Et,O
ETT

Fm
mCPBA
MeCN
HPLC
HRMS
Pi

PPi
gNMR
RP-MPLC
SAX
TBA
TBAF
TEA
TEAA
TMS

1-[(2R,5S)-5-(Hydroxymethyl)-2,5-dihydrofurane-2-yl]-5-
methylpyrimidine-2,4-dion

1,8-Diazabicyclo[5.4.0]Jundec-7-ene
7-(diethylamino)-4-(hydroxymethyl)-coumarine
Dichloromethane

Dimethylformamide

Dimethyl sulfoxide

Diethyl ether

5-(Ethylthio)-1H-tetrazole

Fluorenylmethyl

meta-Chloroperoxybenzoic acid

Acetonitrile

Reverse phase high-performance liquid chromatography
High resolution mass spectrometry

Inorganic phosphate

Inorganic pyrophosphate

Quantitative NMR

Reverse phase medium pressure liquid chromatography
Strong anion exchange

Tetrabutylammonium
Tetrabutylammoniumfluoride
Triethylammonium

Triethylammonium acetate

Trimethylsilyl



1. General remarks

Reactions were carried out using glassware magnetically stirred, unless noted otherwise. Air-
and moisture-sensitive liquids and solutions were transferred via syringe or stainless steel

canula.

Reagents were purchased from commercial suppliers (Acros, Aldrich, Fluka, TCI) and used

without further purification, unless noted otherwise.

Solvents were obtained in analytical grade and used as received for extractions, precipitation
and solid washing.

Dry solvents for reactions were purchased in a dry form from Sigma and stored over molecular

sieves as well as under the atmosphere of dry No.

Deuterated solvents for NMR and reactions were obtained from Armar Chemicals,
Switzerland and euriso-top, Germany, in the indicated purity grade and used as received for

NMR spectroscopy.

Strong ion-exchange chromatography was performed using an automated Akta® — system.
Q-Sepharose was purchased from Aldrich. Buffer solutions were produced manually using
milliQ H20.

TBA-salt preparations were performed by either using DowexH* followed by TBA(OH)
addition or Chelex®100 (preloaded with TBA). In both cases, the TBA salts were obtained after
lyophilization.

Commercially available phosphates (e.g. phenylphosphate, phenylphosphonate) were

transformed into their corresponding TBA-salts as described above.

Commercially available aryne precursors (2-(trimethylsilyl)phenyl triflate, 2-Bromo-6-
(trimethylsilyl)phenyl triflate, Garg 4,5,-indolyne precursor) were purchased from Sigma and

used without further purification.
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Preparative RP-MPLC was performed using an automated Interchim® - system. The C18AQ-

solid phase was purchased from Interchim.

Lyophilizations were done with Christ Freeze Dryer Alpha 1-4 LDplus and Christ Freeze
Dryer Alpha 1-2 LDplus.

'H-NMR spectra were recorded on Bruker 300 MHz spectrometers, Bruker 400 MHz (with
cryoprobe) and Bruker 500 MHz spectrometers in the indicated deuterated solvent. Data are
reported as follows: chemical shift (8, ppm), multiplicity (s, singlet; d, doublet; t, triplet; g,
quartet; m, multiplet; br. s, broad signal), coupling constant(s) (J, Hz), integration. All signals
were referenced to the internal solvent signal as standard (D20, & 4.79; MeCN-ds, 6 1.94,
DMSO-ds, 6 2.50, CDCl3, & 7.26).

In some phosphate products there is still acetate (mostly as TBA-salt) present after RP-MPLC
followed by lyophilization. These buffer residues were considered for yield determination.
After NaClO4 — purification acetone residues were present in the products. These were also

considered for yield determination.

1BC{IH}-NMR spectra were recorded with *H-decoupling on Bruker 126 MHz, Bruker
101 MHz (with cryoprobe) spectrometers at 298K in the indicated deuterated solvent. If
possible, signals were referred to the internal solvent signal as standard (MeCN-ds, & 1.32,
DMSO-ds, 6 39.52, CDCls, 6 77.16).

31P{IH}-NMR spectra and 3'P-NMR spectra were recorded with *H-decoupling or H
coupling, respectively, on Bruker 202 MHz , 162 MHz (with cryoprobe) and Bruker 122 MHz
spectrometers in the indicated deuterated solvent. All signals were referenced to an internal
standard (PPP).

Mass spectra were recorded by C. Warth (Mass spectrometry service of the University of
Freiburg) on a Thermo LCQ Advantage [spray voltage: 2.5 — 4.0 kV, spray current: 5 A, ion
transfer tube: 250 (150) °C, evaporation temperature: 50 — 400°C.
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2. Screening overview

The TBA-salt of pyrophosphate and 2-(trimethylsilyl)phenyl trifluoromethanesulfonate were
used as a starting point for optimization of the aryne phosphate coupling (see supporting figure
1). The ratios between starting material and the arylated products was used as “reactivity”
parameter: the higher the arylation rate, the better the reaction conditions. The turnover was
determined by *!P-NMR analysis (see supporting figure 2). In summary, TBAF was the superior
fluoride source. MeCN proved the most efficient solvent. A slow addition of the fluoride source
was crucial for high turnover. A PP; concentration of 80 mM was suitable and TBAF excess

was not necessary. The optimized conditions are presented in table entry 12.

monoarylation bisarylation trisarylation
product product product
o Qo
O0-P-0-P-0 + F - source Cu) 9 o 9 9 9 O
@O‘ (‘)@ T™MS Ph*O*F"*O*E’*O + Ph*O*F"*O*FT’*O*Ph + Ph*O*I‘T’*O*F"*O*Ph
OTf solvent 09 006 e o )
1.7-2.0 TBA o0& 0 gh °

(1.7 eq.)

Supporting figure 1: model reaction used for optimizing F-source, solvent, temperature, addition time and concentration.

Supporting table 1: selected reaction conditions and corresponding turnover results: SM = starting material, PP;, 1 =
monoarylation product, 2 = bisarylation product, 3 = trisarylation product.

varied solvent F-Source 3 AdQItlon SM:1:2:3
Nr. Temp.[°C] time o
Parameters (conc.) (eq.) (F-source) [%]
MeCN o
! (80 mM) CsF (3eq) 25 - 54:42:4:0
: MeCN KF (3 eq.) i .
F-sources 2 (80 mM) 1crowna 25 50:50:0:0
MeCN ) .
3 (80 mM) TBAF (3 eq.) 25 1 min 36:54:10:0
Acetone ) o
4 (80 mM) TBAF (3 eq.) 25 1 min 41:53:6:0
DCM ' o
5 (80 mM) TBAF (3 eq.) 25 1 min 76:23:1:0
solvents
THF ) .
6 (80 mM) TBAF (3 eq.) 25 1 min 61:29:10:0
DME ) o
! (80 mM) TBAF (3 eq.) 25 1 min 93:4:3:0
iti MeCN ) o
addition speed 8 (80 mM) TBAF (3 eq.) 25 60 min 21:43:29:7
MeCN ) o
temperature 9 (80 mM) TBAF (3 eq.) 0 60 min 39:47:17:0
MeCN ) o
10 (110 mMm) TBAF (3eq.) 25 60 min 44:48:8:0
concentration
MeCN ) .
11 (40 mM) TBAF (3.0 eq.) 25 60 min 23:42:28:7
F-source 12 MeCN TBAF (1.7 eq.) - — 01.43:30:6

(equ.) (80 mM)
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Supporting figure 2: exemplified 3*P-NMR determination of starting material to product ratios during reaction optimization.
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3. Syntheses adapted from literature

Synthesis of 5’-Deoxy-5’-aminoadenosine (S1-1)

NH,
SH Ny
<)
HoN N7 N
)
OH OH

Compound SI-1 was synthesized according to Ugarkar et al. The analytical data are in
accordance with literature.?

Synthesis of 5’-Deoxy-5’-aminoguanosine (SI-2)

(0]
Sl-2 </N | )N\H
N ~
HN N NH,
(0]
OH OH

Compound SI-2 was synthesized according to Dean. The analytical data are in accordance with
literature.?

Synthesis of Pent-4-yn-1-ylphosphate (SI-3)

SI-3

0
i ®
= "T0-P-OH TBA

(0©)}

Compound SI-3 was synthesized according to Singh et al. The analytical data are in accordance
with literature.® Cations were changed to TBA as described above.
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Synthesis of (FMO)2P-N(iPr)2 (S1-4)

O\I';’/O
Sl-4 YNW/

Compound SI-4 was synthesized according to BIALY et al. The analytical data are in accordance
with literature.

d4T-monophosphate (SI-5)

d4T (500 mg, 2.32 mmol) and ETT (725 mg, 5.58 mmol, 2.5 eq.) were dissolved in DMF.
(FmMO)2P-NiPrz (1.51 g, 2.90 mmol, 1.3 eq.) was added as solution in DMF (10 mL) and the
resulting mixture was stirred for 1 h at rt. The solution was cooled to 0 °C and mCPBA (77%,
1.07 g, 4.35 mmol, 1.5 eq.) was added. The solution was stirred for 15 min at 0 °C and
piperidine (10 vol%) was added. The solution was stirred for 40 min at rt. The solvent was
removed under reduced pressure. The crude product was purified by RP-MPLC [C18-AQ,
dryload on celite, elution with Ho.O/MeCN/ TEAA (10 mM)]. The product (SI-5, 407 mg,
804 umol, 36%) was isolated as white solid. NMR and HRMS data were in accordance with

literature.®

IH-NMR (400 MHz, D0, 8/ppm): 7.63 (q, J = 1.2 Hz, 1H), 6.96 (ddd, J = 3.3, 1.9, 1.5 Hz,
1H), 6.49 (dt, J = 6.1, 1.7 Hz, 1H), 5.95 (ddd, J = 6.2, 2.4, 1.4 Hz, 1H), 5.13 — 5.07 (m, 1H),
4.05 (dd, J = 5.7, 3.2 Hz, 2H), 1.89 (d, J = 1.2 Hz, 3H).* 3!P{*H}-NMR (162 MHz, D0,
8/ppm): 0.41. HRMS (ESI) m/z for C10H1207N2P [M-H]": calcd. 303.0388, found 303.0388.
*piperidinium and TBA-signals are not reported.
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Synthesis of 4,5-dimethyl-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (S1-6)

Compound SI-6 was synthesized according to UETA et al. The analytical data matched the
previously published values.®

Synthesis of 3,6-dimethyl-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (S1-7)
oTf

SI-7

Compound SI-7 was synthesized according to WANG et al. The analytical data matched the
previously published values.’

Synthesis of 4,5-dimethoxy-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (SI-8)

Me0:©:OTf
MeO T™MS

Si-8

Compound SI-8 was synthesized according to Xu et al. The analytical data matched the
previously published values.®

Synthesis of 6-(trimethylsilyl)benzo[d][1,3]dioxol-5-yl trifluoromethanesulfonate (S1-9)
0 oTf
CTX
0 ™S
SI-9

Compound SI-9 was synthesized according to UETA et al. The analytical data matched the
previously published values.®
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Synthesis of 5-chloro-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (S1-10)

Compound SI-10 was synthesized according to PENA et al. The analytical data matched the
previously published values.®

Synthesis of 4-(trifluoromethyl)-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (SI-

11)
/©:0Tf
FsC ™S

1"

Compound SI-11 was synthesized according to GHOTEKAR et al. The analytical data matched
the previously published values.

Synthesis of 3-(trimethylsilyl)naphthalen-2-yl trifluoromethanesulfonate (S1-12)

OTf
T™MS

Si-12

Compound SI-12 was synthesized according to UETA et al. The analytical data matched the
previously published values.®
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4. Cluster 1. Synthesis of (Pyro-)phosphomonoesters

Preliminary experiments

When cluster | reactions were performed with comparable molarity in P; (17) and aryne -
precursor 15 (supporting figure 3), substantial overreaction towards diphenylphosphate 52 was
observed. This is underlined by the *!P{*H}-NMR spectrum of the corresponding crude product
mixture shown in supporting figure 4. The reason is a similar reactivity of P; (17) and
phosphomonoester 27 towards arynes. To suppress this overreaction and enable a coherent

product formation, cluster | reactions were performed with an excess of P or PP;.

15
o ™S o
n C) OTf (11 eq) ) n 9
HO-P-0 0-h-0 + @O—P—O@
|
17 OH  TBAF (1.5eq.)in THF ©0 ©0
MeCN 27 52
60°C, 1h

Supporting figure 3: reaction between P; (17) and a slight excess of aryne precursor 15.
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Supporting figure 4: 3*P-NMR spectrum of crude product mixture from reaction conditions according to supporting figure 3.
Substantial overreaction towards diester 52 is observed.
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General procedure A for the synthesis of phosphomonoesters:

The phosphate x TBA salt (900 umol, 3.0 eq) was dissolved in dry MeCN (67 mM) before the
aryne-precursor (300 umol) was added. Subsequently the mixture was heated to 60 °C and
TBAF (1 M in THF, 1.1 eq.) was added dropwise via syringe pump (1 h, 60°C, needle tip is
below solvent surface). After removing the oil bath, the reaction mixture was cooled to rt and
was then directly applied to a silica column (h =6 cm, d = 2 cm, preconditioned with acetone).
The column was washed with acetone (200 mL) and the product was eluted with acetone /
AcOH (9/1, 50 mL). The solvent was removed, and the crude product was further purified by
RP-MPLC [C18AQ, H.O/MeCN/TEAA (10 mM)]. The product containing fractions were
identified by LC-MS and the products were isolated after lyophilization.

Synthesis of phenyl phosphate (27)

0o
0-P-0
! 27

S}
2.63 TBA / 1.66 acetate

The compound was synthesized according to the general procedure A from
phosphate x 1.05 TBA (17, 316 mg, 900 pmol, 3.0eq) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 90 mg, 300 umol). The product (27, 241 mg, 265 umol, 88%)

was isolated as a colorless oil.

IH-NMR (400 MHz, D0, 8/ppm): 7.48 — 7.32 (m, 2H), 7.26 — 7.11 (m, 3H), 3.22 — 3.14 (m,
21H), 1.63 (ddd, J = 12.0, 10.0, 6.2 Hz, 21H), 1.35 (h, J = 7.4 Hz, 21H), 0.94 (t, J = 7.4 Hz,
32H). BC{!H}-NMR (101 MHz, D20, 8/ppm): 152.22 (d, J = 6.6 Hz), 129.64, 123.91, 120.45
(d, J = 4.3 Hz), 58.13 — 58.01 (m), 23.10, 19.12, 12.80. 3'P{!H}-NMR (162 MHz, D20, 5/ppm):
-3.53. HRMS (ESI) m/z for CsHsO4P [M-H]: calcd. 173.0009, found 173.0010.

Synthesis of 2-naphthalen-2-yl phosphate (28)

Oy ois
ods

(6]S)
2.41 TBA/ 1.33 acetate

The compound was synthesized according to the general procedure A from
phosphate x 1.05 TBA (17, 316 mg, 900 umol, 3.0 eq) and 3-(trimethylsilyl)naphthalen-2-yl
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trifluoromethanesulfonate (SI-12, 105 mg, 300 umol). The product (28, 173 mg, 195 pumol,

65%) was isolated as a colorless oil.

1H-NMR (400 MHz, D0, 8/ppm): 7.95 — 7.73 (m, 3H), 7.67 (t, J = 2.1 Hz, 1H), 7.60 — 7.33
(m, 3H), 3.12 — 2.89 (m, 19H), 1.66 — 1.44 (m, 19H), 1.29 (h, J = 7.4 Hz, 19H), 0.91 (t, J = 7.4
Hz, 29H). BC{!H}-NMR (101 MHz, D,0, &/ppm): 150.43 (d, J = 6.8 Hz), 133.88, 129.97,
129.45, 127.71, 127.32, 126.71, 125.09, 121.55 (d, J = 4.6 Hz), 116.11 (d, J = 4.6 Hz), 62.59 —
45.12 (m), 23.02, 19.08, 12.82. 31P{1H}-NMR (162 MHz, D20, 5/ppm): -3.43. HRMS (APCI)
m/z for C1oHgO4P [M-H]": calcd. 223.0166, found 223.0166.

Synthesis of 3,4-dimethylphenyl phosphate (29)

Qo

|
1.97 TBA

The compound was synthesized according to the general procedure A from
phosphate x 1.05 TBA (17, 316mg, 900 pumol, 3.0eq) and 4,5-dimethyl-2-
(trimethylsilyl)phenyl trifluoromethanesulfonate (SI-6, 98 mg, 300 pumol). The product (29,

204 mg, 277 umol, 92%) was isolated as a colorless oil.

IH-NMR (400 MHz, D0, 8/ppm): 7.17 — 7.10 (m, 1H), 7.01 (ddd, J = 2.4, 1.1, 0.5 Hz, 1H),
6.93 (dddd, J = 8.3, 2.6, 1.3, 0.6 Hz, 1H), 3.19 — 3.07 (m, 16H), 2.23 (s, 3H), 2.20 (s, 3H), 1.74
— 1.47 (m, 16H), 1.34 (h, J = 7.4 Hz, 16H), 1.07 — 0.78 (m, 24H). 3C{'H}-NMR (101 MHz,
D;0, 8/ppm): 150.19 (d, J = 6.8 Hz), 138.26, 132.23 (d, J = 1.3 Hz), 130.25, 121.46 (d, J = 4.3
Hz), 117.54 (d, J = 4.2 Hz), 64.51 — 53.21 (m), 23.08, 19.17 — 19.07 (m), 19.01, 18.13, 12.83.
3IP{IH}-NMR (162 MHz, D;O, &/ppm): -3.68. HRMS (APCl) m/z for
CsH1004P [M-H]": calcd. 201.0322, found 201.0323.

Synthesis of 1H-indol-5-yl phosphate (30)

=
O

4.60 TBA / 3.87 acetate

The compound was synthesized according to the general procedure A from
phosphate x 1.05 TBA (17, 316 mg, 900 pmol, 3.0 eq) and 4-(trimethylsilyl)-1H-indol-5-yl
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trifluoromethanesulfonate (101 mg, 300 pumol). The crude product was obtained as a 81:19
mixture (5-30:4-30). The product (30, 190 mg, 122 umol, 41%) was isolated as a 96:4 mixture
(5-30:4-30) as a light green solid. The NMR data are given for the major isomer.

1H-NMR (400 MHz, D20, &/ppm): 7.48 — 7.43 (m, 3H), 7.40 (s, 1H), 7.09 — 7.04 (m, 1H), 3.28
—2.98 (m, 37H), 1.80 — 1.51 (m, 37H), 1.34 (h, J = 7.4 Hz, 37H), 0.94 (t, J = 7.4 Hz, 55H).
BC{*H}-NMR (101 MHz, D20, 8/ppm): 145.54 (d, J=7.0 Hz), 132.73, 127.62, 126.69, 115.62
(d, J=3.8Hz),111.97,110.97 (d, J = 4.1 Hz), 100.98, 60.10 — 56.30 (m), 23.07, 19.10, 12.80.
SIP{IH}-NMR (122 MHz, D20, &/ppm): -3.28, -3.59. HRMS (ESI) m/z for CsH7O4NP [M-H]
: calcd. 212.0118, found 212.0118.

Synthesis of pyren-2-yl phosphate (31)

1
o33

oo 3

4.75 TBA / 2.87 acetate

The compound was synthesized according to the general procedure A from
phosphate x 1.05 TBA (17, 316 mg, 900 pmol, 3.0eq) and 2-(trimethylsilyl)pyren-1-yl
trifluoromethanesulfonate (SI1-19, 127 mg, 300 umol). The crude product was obtained as a
76:24 mixture (2-31:1-31). The product (31, 334 mg, 214 umol, 71%) was isolated as a 62:38
mixture (2-31:1-31) as a light green oil. The 'H NMR and 3P NMR data are given for the
mixture and the 3C NMR data are given for the major isomer.

!H-NMR (400 MHz, CDsCN, &/ppm): 8.53 (d, J = 9.2 Hz, 0.6H), 8.29 (dd, J = 8.5, 1.0 Hz,
0.6H), 8.20 - 8.13 (m, 4H), 8.13 (dd, J = 7.6, 1.2 Hz, 0.6H), 8.10 — 8.03 (m, 1.3H), 8.00 (s, 4H),
7.99 - 7.90 (m, 3.6H), 3.17 — 2.82 (m, 38H), 1.66 — 1.48 (m, 38H), 1.38 — 1.17 (m, 38H), 0.93
(t,J=7.3 Hz, 57H). ¥*C{*H}-NMR (101 MHz, CD3sCN, &/ppm): 153.51 (d, J = 7.1 Hz), 133.12,
131.35, 128.57, 127.97, 126.29, 126.03, 117.74 (d, J = 5.1 Hz), 62.39 — 57.17 (m), 24.16, 22.20
—18.70 (m), 13.70. 3P{*H}-NMR (122 MHz, CD3CN, &/ppm): -3.31, -3.75. HRMS (ESI) m/z
for C16H1004P [M-H]": calcd. 297.0322, found 297.0320.
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SI-13

Deuteration experiment using deuterated Pi (17-D)

O 17 1) dissolution in o 17-D general D

1]
HO-P-OH _ D20 DO-P-OD __Procedure A @’O g 9
00 00 water-free '

1,05 TBA 2.) lyophilization 105 TBA TBAF

Pix 1.05 TBA (500 mg) was dissolved in D20 (3.0 ml) and the resulting solution was incubated
for 30 min at room temperature. Subsequently the solution was lyophilized to dryness. The
resulting solid was applied as starting material in general procedure A. In this case, the TBAF-
solution was stored over molecular sieves (3 A) for 5 h before the reaction to reduce the water

content. The deuteration ratio of the product was determined by HRMS.

HRMS (ESI) m/z for CeHs?HO4P [M-H]: calcd. 174.0072, found 174.0072.



General procedure B for the synthesis of pyrophosphomonoesters:

The pyrophosphate x TBA salt (1.50 mmol, 5.0 eq) was dissolved in dry MeCN (67 mM) before
the aryne-precursor (300 umol) was added. Subsequently TBAF (1 M in THF, 1.1 eq.) was
added dropwise via syringe pump (1 h, rt, needle tip is below solvent surface). The reaction
mixture was stirred 15 min at rt and was then diluted with Et2O (15 mL) and H2O (15 mL) and
transferred to a separation funnel. The layers were separated, and the aqueous layer was washed
with Et2O (2 x 10 mL). Then, the combined organic layers were back-extracted with H20O
(5% 10mL) and the combined aqueous layers were lyophilized. The residue was further
purified by RP-MPLC [C18AQ, H.O/MeCN/TEAA (10 mM)]. The product containing

fractions were identified by LC-MS and the products were isolated after lyophilization.

Synthesis of phenyl diphosphate (32)

9§ Qo
O—IID—O—IID—O 32

0o 00
3.80 TBA/0.14 TEA/2.16 acetate

The compound was synthesized according to the general procedure B from
pyrophosphate x 2.39 TBA (18, 1.13g, 1.50 mmol, 5.0eq) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 90 mg, 300 umol). The product (32, 358 mg, 272 umol, 91%)
was isolated as a colorless oil.

'H-NMR (400 MHz, D0, 8/ppm): 7.50 — 7.36 (m, 2H), 7.32 — 7.15 (m, 3H), 3.51 — 2.96 (m,
27H), 1.98 (s, 5H), 1.81 — 1.57 (m, 31H), 1.37 (h, J = 7.7 Hz, 31H), 1.30 — 1.25 (m, 1H), 0.96
(t, J = 7.3 Hz, 46H). 3C{*H}-NMR (101 MHz, D20, &/ppm): 151.84 (d, J = 7.2 Hz), 129.64,
124.25 (d, J = 1.3 Hz), 120.60 (d, J = 4.4 Hz), 59.88 — 54.25 (m), 46.61, 23.10, 20.81 — 17.49
(m), 12.80, 8.20. 3!P{*H}-NMR (122 MHz, D20, &/ppm): -10.90 (d, J = 20.6 Hz), -15.80 (d,
J =20.7 Hz). HRMS (ESI) m/z for CsH707P> [M-H]™: calcd. 252.9672, found 252.9675.
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Synthesis of 2-naphthalen-2-yl diphosphate (33)

(0] (0]
C I\ 8,80
O O—I?—O—IID—O 33
0O 06
3.66 TBA / 1.63 acetate

The compound was synthesized according to the general procedure B from
pyrophosphate x 2.30 TBA (18, 1.10 g, 1.50 mmol, 5.0 eq) and 3-(trimethylsilyl)naphthalen-2-
yl trifluoromethanesulfonate (S1-12, 105 mg, 300 umol). The product (33, 239 mg, 186 pmol,
62%) was isolated as a colorless oil.

IH-NMR (400 MHz, D0, §/ppm): 8.03 — 7.90 (m, 3H), 7.75 (t, J = 2.1 Hz, 1H), 7.66 — 7.39
(m, 3H), 3.34 — 2.82 (m, 29H), 1.73 — 1.45 (m, 29H), 1.32 (h, J = 7.4 Hz, 29H), 0.92 (t, J = 7.4
Hz, 44H). BC{!H}-NMR (101 MHz, D20, &/ppm): 149.86 (d, J = 7.3 Hz), 133.81, 130.21,
129.52, 127.73, 127.49, 126.76, 125.31, 121.47 (d, J = 4.7 Hz), 116.54 (d, J = 4.7 Hz), 59.80 —
53.72 (m), 23.05, 19.10 (t, J = 1.6 Hz), 12.82. 3P{*H}-NMR (122 MHz, D0, 8/ppm): -10.84
(d, J = 20.7 Hz), -15.94 (d, J = 20.7 Hz). HRMS (ESI) m/z for C1HeO7P, [M-H]": calcd.
302.9829, found 302.9830.

Synthesis of 3,4-dimethylphenyl diphosphate (34)

ENE
34

| |
0 006
2.75 TBA

The compound was synthesized according to the general procedure B from
pyrophosphate x 2.39 TBA (18, 1.13g, 1.50mmol, 5.0eq) and 4,5-dimethyl-2-
(trimethylsilyl)phenyl trifluoromethanesulfonate (SI-6, 98 mg, 300 pmol). The product (34,

281 mg, 281 pmol, 94%) was isolated as a colorless oil.

'H-NMR (400 MHz, D0, &/ppm): 7.19 — 7.13 (m, 1H), 7.07 (ddd, J = 2.5, 1.5, 0.9 Hz, 1H),
6.99 (dddd, J=8.3, 2.7, 1.2, 0.6 Hz, 1H), 3.31 - 3.04 (m, 22H), 2.25 (s, 3H), 2.22 (s, 3H), 1.75
—1.51 (m, 22H), 1.35 (h, J = 7.4 Hz, 22H), 1.08 — 0.72 (m, 33H). 3C{*H}-NMR (101 MHz,
D,0, &/ppm): 149.84 (d, J = 7.2 Hz), 138.31, 132.59 (d, J = 1.4 Hz), 130.24, 121.56 (d, J = 4.5
Hz), 117.66 (d, J = 4.3 Hz), 59.22 — 56.56 (m), 23.09, 19.12 (t, J = 1.6 Hz), 18.99, 18.15, 12.83.
3IP{IH}-NMR (162 MHz, D20, &/ppm): -10.90 (d, J = 20.5 Hz), -15.72 (d, J = 21.1 Hz). HRMS
(ESI) m/z for CgH11:07P2 [M-H]: calcd. 280.9985, found 280.9987.
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Synthesis of 1H-indol-5-yl diphosphate (35)
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5.00 TBA/0.14 TEA/ 3.27 acetate

The compound was synthesized according to the general procedure B from
pyrophosphate x 2.30 TBA (18, 1.10 g, 1.50 mmol, 5.0 eq) and 4-(trimethylsilyl)-1H-indol-5-
yl trifluoromethanesulfonate (101 mg, 300 umol). The crude product was obtained as a 88:12
mixture (5-35:4-35). The product (35, 216 mg, 126 pumol, 42%) was isolated as a 96:4 mixture
(5-35:4-35) as a light green oil. The NMR data are given for the major isomer.

IH-NMR (300 MHz, D20, 8/ppm): 7.51 (ddd, J = 2.3, 1.6, 0.6 Hz, 1H), 7.50 — 7.45 (m, 1H),
7.45 - 7.39 (m, 1H), 7.14 (dddd, J = 8.8, 2.4, 1.2, 0.4 Hz, 1H), 6.58 (dd, J = 3.1, 0.9 Hz, 1H),
3.30-2.89 (m, 41H), 1.63 (dq, J = 11.7, 7.7 Hz, 40H), 1.36 (h, J = 7.4 Hz, 40H), 1.26 (t, J = 7.3
Hz, 1H), 0.95 (t, J = 7.3 Hz, 60H). 13C{*H}-NMR (101 MHz, D20, 8/ppm): 145.44 (d, J = 7.4
Hz), 132.80, 127.58, 126.62, 115.72 (d, J = 3.9 Hz), 111.92, 111.18 (d, J = 4.3 Hz), 101.30,
59.29 — 55.57 (m), 23.07, 19.11 (t, J = 1.5 Hz), 12.82. 3IP{ H}-NMR (162 MHz, D20, 8/ppm):
-10.74 (d, J = 20.5 Hz), -15.01 (d, J = 20.4 Hz). HRMS (ESI) m/z for CsH,2HO7P, [M-H]:
calcd. 292.9844, found 292.9845.

Synthesis of pyren-2-yl diphosphate (36)

C o\ 8.8
()~ )otoso
(=60 50 s

3.77 TBA / 1.21 acetate

The compound was synthesized according to the general procedure B from
pyrophosphate x 2.39 TBA (18, 1.13 g, 1.50 mmol, 5.0 eq) and 2-(trimethylsilyl)pyren-1-yl
trifluoromethanesulfonate (SI-19, 127 mg, 300 umol). The crude product was obtained as a
86:14 mixture (2-36:1-36). The product (36, 379 mg, 278 umol, 93%) was isolated as an 82:18

mixture (2-36:1-36) as a light green oil. The NMR data are given for the major isomer.

1H-NMR (400 MHz, D,0, 8/ppm): 8.17 —8.13 (m, 2H), 8.07 (d, J= 9.1 Hz, 2H), 7.91 (t, = 8.8
Hz, 4H), 7.71 (t, J = 7.6 Hz, 1H), 2.81 — 2.58 (m, 30H), 1.52 — 1.22 (m, 30H), 1.14 (h, J = 7.3
Hz, 30H), 0.81 (t, J = 7.3 Hz, 45H). 3C{!H}-NMR (101 MHz, D0, &/ppm): 150.68 (d, J = 6.8
Hz), 132.08, 130.20, 127.85, 127.46, 125.76, 125.27, 123.82, 120.80, 117.11 (d, J = 4.9 Hz),
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57.68 (t, J = 2.8 Hz), 22.83, 18.96, 12.80. *'P{*H}-NMR (162 MHz, D20, &/ppm): -10.63 (d, J
=19.4 Hz), -16.18 (d, J = 19.9 Hz). HRMS (ESI) m/z for C16H1107P2> [M-H]": calcd. 376.9985,
found 376.9987.

5. Cluster 2A: Synthesis of (Pyro-)phosphodiesters (aryne-Scope)

General procedure C for the synthesis of phosphodiesters:

The phosphate x TBA salt (150 - 500 pmol) was dissolved in dry MeCN (200 mM) before the
aryne-precursor (2.5 eq.) was added. Subsequently TBAF (1 M in THF, 2.5 eq.) was added
dropwise via syringe pump (1 h, rt, needle tip is below solvent surface). Subsequently the
reaction mixture is stirred for 15 min at rt and directly applied to a silica column (h=6 cm, d =
2 cm, preconditioned with acetone). The column was washed with acetone (200 mL) and the
product was eluted with acetone / AcOH (9/1, 50 mL). The solvent was removed, and the crude
product was further purified by RP-MPLC [C18AQ, H.O/MeCN/TEAA (10 mM)]. The product
containing fractions were identified by LC-MS and the products were isolated after
lyophilization.

5,5,5-Trifluoropentyl-phenylphosphate (40)

F3C
.
oFor

40 00

0.39 TBA/0.41 TEA

The compound was synthesized according to the general procedure C from 5,5,5,-
trifluoropentylphosphate x 1.5 TBA (38, 173 mg, 300 pumol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 182 ul, 223 mg, 750 pmol, 2.5 eq.). The product (40, 66.0 mg,
152 pmol, 51%) was isolated as colorless oil.

IH-NMR (400 MHz, CDsCN, 8/ppm): 7.32 — 7.24 (m, 2H), 7.22 — 7.16 (m, 2H), 7.08 — 7.01
(m, 1H), 3.91 (dt, J = 6.8, 6.0 Hz, 2H), 3.13 - 3.04 (m, 3H), 2.95 (q, J = 7.3 Hz, 2H), 2.21 — 2.07
(m, 2H), 1.69 — 1.52 (m, 7H), 1.40 — 1.29 (m, 3H), 1.19 (t, J = 7.3 Hz, 4H), 0.96 (t, J = 7.4 Hz,
4H). BC{*H}-NMR (101 MHz, CDsCN, &/ppm): 154.36 (d, J = 6.5 Hz), 130.12, 123.82, 121.14
(d, J = 5.0 Hz), 65.94 (d, J = 6.1 Hz), 59.31, 46.53, 33.58 (q, J = 28.0 Hz), 30.25 (d, J = 7.5
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Hz), 24.31, 20.34, 19.24 (q, J = 3.3 Hz), 13.79, 8.88. 1°F NMR (377 MHz, CD3CN, &/ppm): -
66.98 (t, J = 11.4 Hz). 3P{*H}-NMR (162 MHz, CD3CN, &/ppm): -6.72. HRMS (ESI) m/z for
C11H13F304P [M-H]: calcd. 297.0509, found 297.0507.

Synthesis of 3,4-dimethylphenyl (5,5,5-trifluoropentyl) phosphate (41)

0
cF
0-P-0" TS

o

1.43 TBA /0.5 acetate

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155 mg, 300 pmol) and 4,5-dimethyl-2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (SI1-6, 245 mg, 750 pumol, 2.5 eq). The product (41, 142 mg, 201

pmol, 67%) was isolated as a colorless oil.

IH-NMR (400 MHz, CDsCN, 8/ppm): 7.00 — 6.94 (m, 2H), 6.93 — 6.85 (m, 1H), 3.93 — 3.72
(m, 2H), 3.23 — 2.93 (M, 11H), 2.19 (s, 3H), 2.16 (s, 3H), 2.16 — 2.06 (M, 2H), 1.69 — 1.49 (m,
15H), 1.34 (h, J = 7.4 Hz, 11H), 0.96 (t, J = 7.3 Hz, 17H). 3C{!H}-NMR (101 MHz, CDsCN,
8/ppm): 153.58 (d, J = 6.6 Hz), 137.71, 130.47, 130.35, 128.74 (q, J = 275.5 Hz), 122.10 (d,
J=4.7 Hz), 118.16, 64.85 (d, J = 6.1 Hz), 60.82 — 54.61 (m), 33.58 (q, J = 27.9 Hz), 30.47 (d,
J = 7.3 Hz), 24.26, 21.63 — 19.39 (m), 19.90, 19.36 (g, J = 3.1 Hz), 18.90, 13.74. 19F NMR
(377 MHz, CDsCN, 8/ppm): -66.97 (t, J = 11.1 Hz). 3P{{H}-NMR (162 MHz, CDsCN,
8/ppm): -5.40. HRMS (ESI) m/z for C13H17F304P [M-H]: calcd. 325.0822, found 325.0820.

Synthesis of 2,5-dimethylphenyl (5,5,5-trifluoropentyl) phosphate (42)

CF
o- P o/\/\/ 3
1.38 TBA / 0.47 acetate

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.47 TBA (38, 173 mg, 300 umol) and 3,6-dimethyl-2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (SI1-7, 245 mg, 750 pumol, 2.5 eq). The product (42, 124 mg, 180

pmol, 60%) was isolated as a colorless oil.

IH-NMR (400 MHz, CDsCN, 8/ppm): 7.22 (s, 1H), 6.96 (d, J = 7.5 Hz, 1H), 6.70 — 6.59 (m,
1H), 4.03 — 3.56 (m, 2H), 3.15 — 3.04 (m, 11H), 2.23 (d, J = 0.7 Hz, 3H), 2.22 — 2.07 (m, 5H),
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1.71-1.48 (m, 15H), 1.44 — 1.16 (m, 11H), 0.96 (t, J = 7.3 Hz, 17H). 3C{!H}-NMR (101 MHz,
CDsCN, &/ppm): 153.71 (d, J = 6.7 Hz), 136.61, 130.74, 130.13 (q), 126.44 (d, J = 6.4 Hz),
123.03, 121.45 (d, J = 2.5 Hz), 64.93 (d, J = 6.3 Hz), 60.62 — 54.40 (m), 33.62 (q, J = 27.9 Hz),
30.53 (d, J = 7.3 Hz), 24.25, 21.15, 20.64 — 19.62 (m), 19.41 (q, J = 3.2 Hz), 16.51, 13.74. 1°F
NMR (377 MHz, CDsCN, 8/ppm): -66.95 (t, J = 11.4 Hz). 3'P{!H}-NMR (162 MHz, CDsCN,
8/ppm): -5.26. HRMS (ESI) m/z for C13H17F304P [M-H]": calcd. 325.0822, found 325.0821.

Synthesis of 3,4-dimethoxyphenyl (5,5,5-trifluoropentyl) phosphate (43)
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1.26 TBA/0.06 TEA/0.61 acetate

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155 mg, 300 umol) and 4,5-dimethoxy-2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (SI1-8, 269 mg, 750 pumol, 2.5 eq). The product (43, 121 mg, 172
pmol, 57%) was isolated as a colorless oil.

IH-NMR (400 MHz, CDsCN, &/ppm): 6.87 (dd, J = 2.6, 0.9 Hz, 1H), 6.77 (d, J = 8.7 Hz, 1H),
6.70 (ddd, J =8.7, 2.6, 1.1 Hz, 1H), 3.84 — 3.76 (m, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 3.13 - 3.01
(m, 11H), 2.26 — 2.05 (m, 2H), 1.68 — 1.48 (m, 15H), 1.44 — 1.24 (m, 11H), 0.96 (t, J = 7.4 Hz,
15H), 0.89 (t, J = 7.2 Hz, 0.5H). 3C{*H}-NMR (101 MHz, CD3sCN, &/ppm): 150.26, 149.80
(d, J=6.5Hz), 145.07, 128.74 (q, J = 275.6 Hz), 113.15, 111.93 (d, J = 4.7 Hz), 106.22 (d, J
=4.9 Hz), 64.95 (d, J =6.3 Hz), 61.17 — 57.30 (m), 56.80, 56.16, 33.59 (q, J = 27.9 Hz), 30.48
(d, J =7.3 Hz), 24.25, 21.75 — 19.05 (m), 19.36 (q, J = 3.2 Hz), 13.73. 1%F NMR (377 MHz,
CDsCN, &/ppm): -66.95 (t, J = 11.4 Hz). 3'P{*H}-NMR (162 MHz, CDsCN, &/ppm): -5.36.
HRMS (ESI) m/z for C13H17F306P [M-H]": calcd. 357.0720, found 357.0721.
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Synthesis of 4-(trifluoromethyl)phenyl (5,5,5-trifluoropentyl) phosphate (44)
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The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155mg, 300umol) and 5-(trifluoromethyl)-2-
(trimethylsilyl)phenyl trifluoromethanesulfonate (SI-11, 275 mg, 750 pumol, 2.5 eq). The crude
product was obtained as a 68:32 mixture (para:meta). The product (44, 116 mg, 149 umol,
50%) was isolated as a 85:15 mixture (para:meta) as a colorless oil. The NMR data are given

for the major isomer.

IH-NMR (400 MHz, CDsCN, &/ppm): 7.60 — 7.52 (m, 2H), 7.48 — 7.33 (m, 2H), 3.92 — 3.77
(m, 2H), 3.17 —3.03 (m, 14H), 2.24 —2.04 (m, 2H), 1.70 — 1.47 (m, 18H), 1.46 — 1.23 (m, 14H),
0.96 (t, J = 7.3 Hz, 20H). ¥C{*H}-NMR (101 MHz, CD3CN, &/ppm): 158.46 (d, J = 6.1 Hz),
128.68 (g, J = 275.5 Hz), 127.27 — 127.10 (m), 125.74 (q, J = 270.4 Hz), 123.98 (q, J = 32.2
Hz), 121.10 (d, J = 5.0 Hz), 65.40 (d, J = 6.3 Hz), 59.79 — 54.70 (m), 35.90 — 32.26 (m), 30.29
(d, J = 7.4 Hz), 24.25, 21.09 — 19.13 (m), 19.26 (g, J = 3.3 Hz), 13.73. 1°F-NMR (377 MHz,
CD3CN, &/ppm): -61.94 (para), -62.98 (meta), -66.94 — -67.13 (m, both). 31P{*H}-NMR (162
MHz, CDsCN, 8/ppm): -1.32. HRMS (ESI) m/z for C12H12FsO4P [M-H]": calcd. 365.0383,
found 365.0381.

Synthesis of benzo[d][1,3]dioxol-5-yl (5,5,5-trifluoropentyl) phosphate (45)
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The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155 mg, 300 umol) and 6-(trimethylsilyl)benzo[d][1,3]dioxol-5-yI
trifluoromethanesulfonate (S1-9, 257 mg, 750 umol, 2.5 eq). The product (45, 89 mg, 184 umol,
61%) was isolated as a colorless oil.

IH-NMR (400 MHz, CDsCN, §/ppm): 6.79 (dd, J = 2.2, 0.8 Hz, 1H), 6.70 (d, J = 8.4 Hz, 1H),
6.64 (ddd, J = 8.4, 2.3, 1.1 Hz, 1H), 5.91 (5, 2H), 4.22 — 3.79 (M, 2H), 3.25 — 2.89 (M, 5H), 2.26
—2.03 (m, 2H), 1.71 — 1.49 (m, 9H), 1.46 — 1.27 (m, 5H), 0.96 (t, J = 7.3 Hz, 7H). BC{IH}-



NMR (101 MHz, CDsCN, 8/ppm): 148.76 (d, J = 6.7 Hz), 148.64, 144.11, 128.69 (q, J = 275.6
Hz), 113.20 (d, J = 4.9 Hz), 108.38, 103.50 (d, J = 4.5 Hz), 102.47, 66.01 (d, J = 6.0 Hz), 63.00
5455 (M), 33.52 (q, J = 28.0 Hz), 30.17 (d, J = 7.4 Hz), 24.24, 21.30 — 19.63 (m), 19.14 (q,
J = 3.3 Hz), 13.72. 1F NMR (377 MHz, CDsCN, &/ppm): -66.98 (t, J = 11.4 Hz). 31P{'H}-
NMR (162 MHz, CDsCN, 8/ppm): -6.49. HRMS (ESI) m/z for C12H1sFsOsP [M-H]": calcd.
341.0407, found 341.0403.

Synthesis of 4-ethynylphenyl (5,5,5-trifluoropentyl) phosphate (46)
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1.26 TBA / 0.49 acetate

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 122 TBA (38, 155mg, 300pmol) and 2-(trimethylsilyl)-4-
((trimethylsilyl)ethynyl)phenyl trifluoromethanesulfonate (SI-23, 253 mg, 750 umol, 2.5 eq).
The crude product was obtained as a 84:16 mixture (para:meta). The product (46, 127 mg, 193
pmol, 64%) was isolated as a 63:37 mixture (para:meta) as a colorless oil. The NMR data are

given for the mixture, an assignment to the isomers was made if possible.

IH-NMR (400 MHz, CDsCN, &/ppm): 7.39 — 7.31 (m, 1.5H, both), 7.22 — 7.16 (m, 1.9H, both),
7.11 — 7.04 (m, 0.4H, meta), 3.85 — 3.76 (m, 2H, both), 3.33 (s, 0.4H, meta), 3.26 (s, 0.6H,
para), 3.16 — 3.03 (m, 10H, both), 2.23 — 2.02 (m, 2H, both), 1.68 — 1.46 (m, 14H, both), 1.44
—1.24 (m, 10H, both), 1.05—0.90 (m, 15H, both). *C{*H}-NMR (101 MHz, CDsCN, /ppm):
156.48 (d, J = 6.4 Hz, para), 155.69 (d, J = 6.4 Hz, meta), 133.70 (para), 130.00 (meta), 128.73
(g, J = 275.6 Hz, both), 126.02 (para), 123.18 (meta), 122.02 (d, J = 5.1 Hz, meta), 120.94 (d,
J=5.2 Hz, para), 115.59, 84.50 (para), 84.23 (meta), 78.24 (meta), 77.21 (para), 65.06 (d, J =
6.3 Hz, both), 62.17 — 57.65 (m, both), 33.58 (qd, J = 28.0, 2.3 Hz, both), 30.42 (dd, J = 7.3,
3.1 Hz, both), 24.25 (both), 21.89 — 19.93 (m, both), 19.99 — 18.48 (m, both), 13.73 (both). 1°F
NMR (377 MHz, CDsCN, &/ppm): -66.84 — -67.09 (m, both). 3IP{ H}-NMR (162 MHz,
CD3CN, 6/ppm): -5.61 (meta), -5.77 (para). HRMS (ESI) m/z for C13H13F304P [M-H]: calcd.
321.0509, found 321.0507.
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Synthesis of 3-bromophenyl (5,5,5-trifluoropentyl) phosphate (47)

(0]
Il CF
o",’-o/\/\/ 3

Br
\©/ 00 47

1.35 TBA

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155mg, 300 umol) and 2-bromo-6-(trimethylsilyl)phenyl
trifluoromethanesulfonate (283 mg, 750 pumol, 2.5 eq). The crude product was obtained as a
88:12 mixture (meta:ortho). The product (47, 121 mg, 172 pmol, 57%) was isolated as a
colorless oil in a similar regioisomeric ratio. Redundant TBA counterions are assumed to be

hydroxide.

IH-NMR (400 MHz, CD3CN, &/ppm): 7.45 (ddd, J = 1.7, 1.7, 0.9 Hz, 1H), 7.22 — 7.08 (m, 3H),
3.90 - 3.66 (m, 2H), 3.25 — 2.96 (m, 11H), 2.26 — 2.05 (m, 2H), 1.70 — 1.48 (m, 15H), 1.41 —
1.28 (m, 11H), 0.96 (t, J = 7.3 Hz, 16H). 3C{*H}-NMR (101 MHz, CD3CN, &/ppm): 155.64
(d,J = 6.6 Hz), 130.29, 127.72 (q, J = 275.5 Hz), 124.48, 123.01 (d, J = 4.8 Hz), 121.33, 118.97
(d, J=5.2 Hz), 64.28 (d, J = 6.1 HZz), 64.21 — 49.20 (m), 32.64 (q, J = 28.0 Hz), 29.44 (d, J =
7.3 Hz), 23.31, 21.02 - 18.82 (m), 18.37 (g, J = 3.1 Hz), 12.79. 1°F-NMR (377 MHz, CD3CN,
8/ppm): -66.99 (t, J = 11.3 Hz). 3P{*H}-NMR (162 MHz, CDsCN, &/ppm): -6.02. HRMS
(ESI) m/z for C11H12BrF304P [M-H]": calcd. 374.9614, found 374.9613.

Synthesis of 4-chlorophenyl (5,5,5-trifluoropentyl) phosphate (48)
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The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155mg, 300 pmol) and 5-chloro-2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (S1-10, 250 mg, 750 pmol, 2.5 eq). The crude product was obtained
as a 78:22 mixture (para:meta). The product (48, 123 mg, 171 umol, 57%) was isolated as a
81:19 mixture (para:meta) as a colorless oil. The NMR data are given for the major isomer.
Redundant TBA-counterions are assumed to be hydroxide.

1H-NMR (400 MHz, CD3sCN, 8/ppm): 7.20 (s, 4H), 3.86 — 3.71 (m, 2H), 3.16 — 3.02 (m, 13H),
2.20 — 2.06 (m, 2H), 1.68 — 1.46 (m, 17H), 1.45 — 1.20 (m, 13H), 0.96 (t, J = 7.3 Hz, 19H).
BBC{!H}-NMR (101 MHz, CDsCN, 8/ppm): 154.67 (d, J = 6.6 Hz), 129.48, 128.73 (q, J = 275.6
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Hz), 122.37 (d, J = 5.0 Hz), 122.23, 65.03 (d, J = 6.3 Hz), 61.89 — 53.86 (m), 33.57 (q, J = 28.0
Hz), 30.41 (d, J = 7.3 Hz), 24.25, 21.72 — 19.36 (m), 19.31 (g, J = 3.2 Hz), 13.73. 1°F NMR
(377 MHz, CDsCN, 8/ppm): -66.99 (t, J = 11.4 Hz). 3P{'H}-NMR (162 MHz, CDsCN,
3/ppm): -5.53. HRMS (ESI) m/z for C11H12CIF304P [M-H]": calcd. 331.0119, found 331.0119.

Synthesis of naphthalen-2-yl (5,5,5-trifluoropentyl) phosphate (49)

O 49

1.48 TBA /0.54 acetate

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155 mg, 300 pmol) and 3-(trimethylsilyl)naphthalen-2-yl
trifluoromethanesulfonate (SI1-12, 261 mg, 750 umol, 2.5 eq). The product (49, 95 mg, 129

pmol, 43%) was isolated as a colorless oil.

IH-NMR (400 MHz, CDsCN, 8/ppm): 7.84 — 7.71 (m, 3H), 7.68 — 7.62 (m, 1H), 7.48 — 7.38
(m, 2H), 7.34 (ddd, J = 8.1, 6.8, 1.3 Hz, 1H), 3.90 — 3.82 (m, 2H), 3.13 — 3.03 (m, 12H), 2.20
~2.02 (M, 2H), 1.71 — 1.47 (m, 16H), 1.48 — 1.24 (m, 12H), 0.95 (t, J = 7.3 Hz, 18H). 3C{IH}-
NMR (101 MHz, CDsCN, &/ppm): 153.45 (d, J = 6.4 Hz), 135.30, 130.36, 129.34, 128.70 (g,
J=275.5 Hz), 128.34, 127.79, 126.81, 124.70, 122.71 (d, J = 5.4 Hz), 115.88 (d, J = 5.0 Hz),
65.07 (d, J = 6.3 Hz), 61.18 — 55.22 (m), 33.56 (q, J = 27.8 Hz), 30.45 (d, J = 7.5 Hz), 24.23,
21.85 —19.03 (M), 19.34 (g, J = 3.3 Hz), 13.73. 1°F NMR (377 MHz, CDsCN, &/ppm): -66.98
(t, J = 11.4 Hz). ¥P{!H}-NMR (162 MHz, CDsCN, &/ppm): -5.44. HRMS (ESI) m/z for
CisH1sF304P [M-H]": calcd. 347.0666, found 347.0666.

Synthesis of 1H-indol-5-yl (5,5,5-trifluoropentyl) phosphate (50)

0
CF
0-P-0" >3

(/j@/ 0o 50
N

H 2.14 TBA / 1.39 acetate

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155mg, 300 umol) and 4-(trimethylsilyl)-1H-indol-5-yl
trifluoromethanesulfonate (253 mg, 750 pumol, 2.5 eq). The crude product was obtained as a
85:15 mixture (5-50:4-50). The product (50, 107 mg, 114 umol, 38%) was isolated as a 92:8

mixture (5-50:4-50) as a light green solid. The NMR data are given for the major isomer.
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IH-NMR (400 MHz, CDsCN, 8/ppm): 9.78 (s, 1H), 7.35 (td, J = 1.4, 0.6 Hz, 1H), 7.25 (dd, J =
8.7,0.8 Hz, 1H), 7.18 (ddd, J = 3.0, 2.4, 0.4 Hz, 1H), 6.97 (dddd, J = 8.8, 2.3, 1.0, 0.4 Hz, 1H),
6.33 (ddd, J = 3.0, 2.0, 0.9 Hz, 1H), 3.89 — 3.77 (m, 2H), 3.17 — 2.96 (m, 17H), 2.24 — 2.05 (m,
2H), 1.66 — 1.49 (m, 21H), 1.42 — 1.24 (m, 17H), 0.96 (t, J = 7.3 Hz, 26H). BC{*H}-NMR (101
MHz, CDsCN, 8/ppm): 149.00 (d, J = 6.8 Hz), 133.03, 129.08, 128.78 (g, J = 275.5 Hz), 126.20,
116.55 (d, J = 4.9 Hz), 111.79, 110.93 (d, J = 4.3 Hz), 101.92, 64.81 (d, J = 6.1 Hz), 33.62 (q,
J=27.9 Hz), 30.58 (d, J = 7.3 Hz), 24.25, 21.45 — 18.68 (m), 19.38 (q, J = 3.3 Hz), 13.73. 1F
NMR (377 MHz, CDsCN, 8/ppm): -66.96 (t, J = 11.3 Hz). 3'P{{H}-NMR (162 MHz, CDsCN,
8/ppm): -4.70. HRMS (ESI) m/z for C13H14FsNO4P [M-H]: calcd. 336.0618, found 336.0617.

Synthesis of pyren-2-yl (5,5,5-trifluoropentyl) phosphate (51)

0]

I

O—FI’—O/\/\/
(LT e
O‘ 1.23 TBA

The compound was synthesized according to the general procedure C from 5,5,5-trifluoropentyl
phosphate x 1.22 TBA (38, 155mg, 300 umol) and 2-(trimethylsilyl)pyren-1-yl

trifluoromethanesulfonate (SI-19, 317 mg, 750 pumol, 2.5 eq). The crude product was obtained
as a 78:22 mixture (2-51:1-51). The product (51, 125 mg, 174 pmol, 58%) was isolated as a
78:22 mixture (2-51:1-51) as a light-yellow oil. The NMR data are given for the major isomer.
Redundant TBA counterions are assumed to be hydroxide.

'H-NMR (400 MHz, CD3CN, &/ppm): 8.27 — 7.88 (m, 9H), 4.11 — 3.84 (m, 2H), 3.26 — 2.92
(m, 10H), 2.21 — 2.02 (m, 2H), 1.72 — 1.50 (m, 14H), 1.42 — 1.22 (m, 10H), 0.96 (t, J = 7.3 Hz,
15H). B3C{*H}-NMR (101 MHz, CD3sCN, &/ppm): 153.66 (d, J = 6.4 Hz), 133.09, 131.35,
128.67 (q, J = 275.5 Hz), 128.47, 128.01, 126.20, 125.97, 117.55 (d, J = 5.1 Hz), 65.39 (d, J =
6.0 Hz), 60.51 - 53.67 (m), 35.11 — 32.44 (m), 30.42 (d, J = 7.4 Hz), 24.23, 22.07 — 18.77 (m),
19.33 (g, J = 3.2 Hz), 13.72. 2°F NMR (377 MHz, CDsCN, &/ppm): -67.05 (t, J = 11.3 Hz).
31P{IH}-NMR (162 MHz, CD3CN, 8/ppm): -5.93. HRMS (ESI) m/z for C21H17F304P [M-H]:
calcd. 421.0822, found 421.0819.
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6. Cluster 2B: Synthesis of (Pyro-)phosphodiesters (phosphate-Scope)

Diphenylphosphate (52)

0.44 TBA/0.48 TEA

The compound was synthesized according to the general procedure C from phenylphosphate x
1.0 TBA (200 mg, 467 pmol) and 2-(trimethylsilyl)phenyl trifluoromethanesulfonate (1,
2.5 eq.). The product (52, 102 mg, 254 pmol, 55%) was isolated as colorless oil.

IH-NMR (400 MHz, D,0, 8/ppm): & 7.45 — 7.38 (m, 4H), 7.27 — 7.20 (m, 6H), 3.27 — 3.12 (m,
6H), 1.71— 1.59 (m, 4H), 1.48 — 1.32 (m, 3H), 1.28 (t, J = 7.4 Hz, 4H), 0.95 (t, J = 7.4 Hz, 5H).
3C{H}-NMR (101 MHz, D20, §/ppm): 151.62 (d, J = 7.2 Hz), 129.80, 124.52 (d, J = 1.2 Hz),
120.22 (d, J = 4.6 Hz), 58.72 — 57.16 (m), 46.64, 23.10, 20.47 — 18.36 (m), 12.79, 8.19. 31P{!H}-
NMR (162 MHz, D;O, 5/ppm): -8.85. HRMS (ESI) m/z for Ci2H1004P [M-H]": calcd.
249.0322, found 249.0322.

Pentyl -phenylphosphate (53)

53 00
0.65 TBA

The compound was synthesized according to the general procedure C from
pentylphosphate x 1.0 TBA (67, 123 mg, 300 pmol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 2.5 eq.). The product (53, 0.65 TBA, 67.0 mg, 167 umol, 56%)

was isolated as colorless oil.
Alternative procedure (avoiding THF-side reaction):

TBAF (1 M in THF, 750 pL, 750 umol, 2.5 eq.) was dried under high vacuum and dissolved in
dry MeCN (750 pL). This was repeated twice and the resulting solution was then added to a
solution of Pentylphosphate x 1.1 TBA (67, 130 mg, 300 mmol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 182 pL, 750 pumol, 2.5 eq.) in MeCN (1.5 mL) with a syringe

pump (1 h, needle tip is below solvent surface). Purification was done according to the general
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procedure C. The product (53, 0.65 TEA, 67.2 mg, 216 pumol, 72%) was isolated as colorless
oil.

IH-NMR (400 MHz, CDsCN, 8/ppm): 7.29 — 7.23 (m, 2H), 7.22 — 7.17 (m, 2H), 7.06 — 6.99
(m, 1H), 3.87 (g, J = 6.6 Hz, 2H), 3.15 — 3.04 (m, 5H), 1.65 — 1.50 (m, 2H), 1.41 — 1.22 (m,
9H), 0.96 (t, J = 7.3 Hz, 7H), 0.89 — 0.84 (m, 3H). 3C{*H}-NMR (101 MHz, CDsCN, &/ppm):
154.47 (d, J = 6.5 Hz), 130.02, 123.61, 121.15 (d, J = 5.0 Hz), 66.66 (d, J = 6.3 Hz), 59.74 —
58.85 (m), 31.15 (d, J = 7.3 Hz), 28.74, 24.32, 23.09, 21.39 — 19.80 (m), 14.34, 13.82. 31P{'H}-
NMR (162 MHz, CDsCN, &/ppm): -6.80. HRMS (ESI) m/z for C11H1604P [M-H]": calcd.
243,0792, found 243,0791.

Phenyl-phenylphosphonate (54)

i
O
0]S)

54

1.17 TBA / 0.52 acetate

The compound was synthesized according to the general procedure C from phenylphosphonate
x 1.0 TBA (201 mg, 500 pmol) and 2-(trimethylsilyl)phenyl trifluoromethanesulfonate (1, 2.5
eq.). The product (54, 127 mg, 229 umol, 46%) was isolated as colorless oil.

IH-NMR (400 MHz, D,0, 8/ppm): 7.81 — 7.73 (m, 2H), 7.61 — 7.55 (m, 1H), 7.54 — 7.47 (m,
2H), 7.34 — 7.27 (m, 2H), 7.18 — 7.12 (m, 1H), 7.04 — 6.99 (m, 2H), 3.25 — 3.11 (m, 9H), 1.70
~ 157 (m, 9H), 1.36 (h, J = 7.4 Hz, 9H), 0.95 (t, J = 7.3 Hz, 14H). BC{'H}-NMR (101 MHz,
D20, 8/ppm): 151.51 (d, J = 7.1 Hz), 132.66 (d, J = 181.1 Hz), 131.39 (d, J = 3.0 Hz), 131.18
(d, J=9.5 Hz), 129.58, 128.38 (d, J = 14.1 Hz), 124.19 (d, J = 1.3 Hz), 121.02 (d, J = 3.8 H2),
58.69 — 57.62 (m), 23.09, 19.51 — 17.77 (m), 12.79. 3P{IH}-NMR (162 MHz, D0, 5/ppm):
12.99. HRMS (ESI) m/z for C12H1003P [M-H]: calcd. 233.0373, found 233.0373.



Pent-4-yn-1-yl-phenylphosphate (55)

\\_L

55 )
©0
1.19 TBA / 0.57 acetate

The compound was synthesized according to the general procedure C from pent-4-yn-1-
ylphosphate x 1.0 TBA (SI-3, 203 mg, 500 pmol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 2.5 eq.). The product (55, 136 mg, 242 umol, 48%) was isolated

as colorless oil.

IH-NMR (400 MHz, D,0/MeCN-d3, 8/ppm): 7.66 — 7.58 (m, 2H), 7.46 — 7.38 (m, 3H), 4.24
(g, J = 6.3 Hz, 2H), 3.46 — 3.33 (M, 10H), 2.58 (t, J = 2.7 Hz, 1H), 2.50 (td, J = 7.1, 2.7 Hz,
2H), 2.04 (ttd, J = 7.1, 6.1, 0.9 Hz, 2H), 1.85 (ddd, J = 11.8, 10.0, 6.3 Hz, 10H), 1.59 (h, J = 7.4
Hz, 10H), 1.19 (t, J = 7.4 Hz, 14H). BC{H}-NMR (101 MHz, D,O/MeCN-d3, 5/ppm): 152.43
(d, J = 6.8 Hz), 129.85, 124.09, 120.40 (d, J = 4.6 Hz), 84.85, 69.82, 65.00 (d, J = 5.9 Hz),
58.94 — 57.12 (m), 29.12 (d, J = 7.6 Hz), 23.36, 20.48 — 18.45 (m), 14.43, 13.09. 3'P{{H}-NMR
(162 MHz, D,O/MeCN-d3, 8/ppm): -4.34. HRMS (ESI) m/z for C11H1,04P [M-H]": calcd.
239.0479, found 239.0480.

Isoprenyl-phenylphosphate (56)

0.55 TEA

)\/\ 9
Fo0)
©
56 ©

The compound was synthesized according to the general procedure C from isoprenylphosphate
x 1.25 TBA (SI-15, 134 mg, 288 pumol) and 2-(trimethylsilyl)phenyl trifluoromethanesulfonate
(1, 2.5 eq.). The product (56, 33.3 mg, 112 pmol, 39%) was isolated as colorless oil.

IH-NMR (400 MHz, CDsCN, &/ppm): 7.33 — 7.27 (m, 2H), 7.22 — 7.17 (m, 2H), 7.12 — 7.06
(m, 1H), 4.77 (dqt, J = 2.2, 1.5, 0.7 Hz, 1H), 4.72 (dg, J = 2.2, 1.2 Hz, 1H), 4.04 (q, J = 6.8 Hz,
2H), 2.96 (qd, J = 7.3, 4.7 Hz, 3H), 2.32 (tdd, J = 6.8, 1.2, 0.6 Hz, 2H), 1.71 (td, J= 1.0, 0.5
Hz, 3H), 1.18 (t, J = 7.3 Hz, 5H). BC{:H}-NMR (101 MHz, CD3CN, &/ppm): 153.75 (d, J =
6.7 Hz), 143.49, 130.28, 124.40, 121.22 (d, J = 4.7 Hz), 112.50, 65.39 (d, J = 6.2 Hz), 46.75,
39.20 (d, J = 7.7 Hz), 22.56, 8.94. 3IP{!H}-NMR (162 MHz, CD3CN, &/ppm): -6.95. HRMS
(ESI) m/z for C11H1404P [M-H]": calcd. 241.0635, found 241.0636.
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Geranyl-phenylphosphate (57)

0.27 TEA

The compound was synthesized according to the general procedure C from geranylphosphate x
1.4 TBA (SI-14, 158 mg, 275 pmol) and 2-(trimethylsilyl)phenyl trifluoromethanesulfonate (1,
2.5 eq.). In this case the purification procedure required modification. After the reaction, the
solvent was removed, and the residue was dissolved in TEAA-buffer (10 mM). Insolubles were
removed and the solution was directly applied to RP-MPLC (see general procedure C). The

product (57, 25.1 mg, 74.7 umol, 27%) was isolated as colorless oil.

IH-NMR (400 MHz, CDsCN, 8/ppm): 7.30 — 7.24 (m, 2H), 7.21 — 7.16 (m, 2H), 7.07 — 7.01
(m, 1H), 5.32 (tg, J = 6.7, 1.3 Hz, 1H), 5.08 (tdt, J = 5.7, 2.9, 1.4 Hz, 1H), 4.41 (m, 2H), 2.96
(@, J = 7.3 Hz, 2H), 1.66 — 1.64 (m, 3H), 1.61 (d, J = 1.3 Hz, 3H), 1.59 — 1.57 (m, 3H), 1.19 (t,
J = 7.3 Hz, 3H). 8C{*H}-NMR (101 MHz, CD:CN, 8/ppm): 154.32 (d, J = 5.3 Hz), 140.90,
132.47,130.21, 124.94, 123.93, 121.87 (d, J = 6.7 Hz), 121.16 (d, J = 3.2 Hz), 63.48 (d, J = 3.6
Hz), 46.65, 40.14, 27.12, 25.82, 17.79, 16.53, 8.92. 31P{'H}-NMR (162 MHz, CDsCN, 5/ppm):
-5.83. HRMS (ESI) m/z for C1sH2204P [M-H]": calcd. 309.1261, found 309.1266.

6-Hydroxyhexyl-phenylphosphate (58)

(0]
H \/\/\/\ 1]

(0]S)
58
0.85 TBA

The compound was synthesized according to the general procedure C from 6-
hydroxyhexylphosphate x 1.20 TBA (SI-13, 183 mg, 377 pumol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 2.5 eq.). The product (58, 28.0 mg, 55.8 pumol, 15%) was isolated

as colorless oil.

IH-NMR (400 MHz, D20/MeCN-d3, 8/ppm): 7.58 — 7.51 (m, 2H), 7.38 — 7.31 (m, 3H), 4.09
(0, J = 6.5 Hz, 2H), 3.69 (t, J = 6.8 Hz, 2H), 3.34 — 3.26 (M, 7H), 1.83 — 1.71 (m, 9H), 1.65 (p,
J = 6.8 Hz, 2H), 1.57 — 1.44 (m, 11H), 1.41 (t, J = 7.3 Hz, 1H), 1.11 (t, J = 7.4 Hz, 10H).
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BC{*H}-NMR (101 MHz, D,O/MeCN-d3, &/ppm): 152.97 (d, J = 6.8 Hz), 130.54, 124.84,
120.99 (d, J = 4.6 Hz), 67.43 (d, J = 6.3 Hz), 62.52, 59.63 — 57.79 (M), 47.46, 32.23, 30.63 (d,
J=17.2Hz), 25.63 (d, J = 8.8 Hz), 23.99, 21.10 — 19.15 (m), 13.74. 31P{*H}-NMR (162 MHz,
D>0O/MeCN-d3, &/ppm): -4.22. HRMS (ESI) m/z for C12H180sP [M-H]": calcd. 273.0897,
found 273.0899.

D4T-phenylphosphate (59)

1.37 TEA / 1.43 acetate

The compound was synthesized according to the general procedure C from d4T-
monophosphate x 1.44 TBA (SI-5, 120 mg, 184 pumol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 2.5 eq.). The product (59, 45.4 mg, 74.5 pumol, 41%) was isolated
as colorless oil.

IH-NMR (400 MHz, D20, &/ppm): 7.33 (g, J = 1.2 Hz, 1H), 7.25 (dd, J = 8.4, 7.3 Hz, 2H),
7.12 — 7.02 (m, 3H), 6.90 (dt, J = 3.2, 1.7 Hz, 1H), 6.49 (dt, J = 6.2, 1.8 Hz, 1H), 5.90 (dt,
J=6.2,2.0Hz, 1H), 5.21 -5.12 (m, 1H), 4.25 (dt, J = 11.6, 2.8 Hz, 1H), 4.09 (dt, J = 11.6, 3.6
Hz, 1H), 3.21 (q, J = 7.3 Hz, 11H), 1.60 (d, J = 1.1 Hz, 3H), 1.29 (t, J = 7.3 Hz, 16H). 3C{*H}-
NMR (101 MHz, D20, &/ppm): & 166.43, 152.19, 151.42 (d, J = 7.2 Hz), 138.22, 134.22,
129.09, 125.04, 124.38, 120.21 (d, J = 4.4 Hz), 110.72, 89.95, 85.65 (d, J = 10.4 Hz), 66.19 (d,
J = 5.5 Hz), 46.63, 11.28, 8.20. 3!P{*H}-NMR (162 MHz, D20, &/ppm): -4.85. HRMS (ESI)
m/z for C16H16N207P [M-H]™: calcd. 379.0701, found 379.0706.



D4T-phenylpyrophosphate (60)

o

60
NH
-0- P O.

2.44 TEA / 0.44 acetate

The compound was synthesized according to the general procedure C from d4T-
monophosphate x 2.37 TBA (SI-17, 150 mg, 157 pmol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 2.5 eq.). In this case the purification procedure required
modification. After the reaction, the crude product was precipitated by the addition of
Et.O/pentene (1/1, 40 mL). The precipitate was separated by centrifugation, washed with
Et.O/pentane (1/1, 2 x 30 mL) and dried over high vac. The resulting crude product was
dissolved in TEAA-buffer (10 mM) and the solution was directly applied to RP-MPLC (see
general procedure C). The product (60, 38.8 mg, 52.1 umol, 33%) was isolated as colorless oil.

IH-NMR (400 MHz, D0, &/ppm): 7.52 (g, J = 1.2 Hz, 1H), 7.35 — 7.26 (m, 2H), 7.18 — 7.09
(m, 3H), 6.97 —6.91 (m, 1H), 6.45 (dt, J = 6.1, 1.8 Hz, 1H), 5.88 (ddd, J = 6.2, 2.4, 1.4 Hz, 1H),
5.13 — 5.05 (m, 1H), 4.22 — 4.10 (m, 2H), 3.19 (q, J = 7.3 Hz, 15H), 1.78 (dd, J = 1.2, 0.4 Hz,
3H), 1.27 (t, J = 7.3 Hz, 23H). BC{*H}-NMR (101 MHz, D0, 8/ppm): 166.42, 152.09, 151.71
(d,J=7.2 Hz), 138.24, 134.06, 129.39, 125.34, 124.09 (d, J = 1.2 HZz), 120.19 (d, J = 4.8 H2),
111.31, 89.71, 85.89 (d, J = 9.7 Hz), 66.53 (d, J = 5.9 Hz), 46.61, 11.41, 8.20. 31P{*H}-NMR
(162 MHz, D20, 8/ppm): -11.95 (d, J = 22.0 Hz), -16.41 (d, J = 22.0 Hz). HRMS (ESI) m/z for
C16H17N2010P2 [M-H]': calcd. 459.0364, found 459.0365.
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Diphenylpyrophosphate (61)

61 41 52TBA/0.33 TEA

The compound was synthesized according to the general procedure C from
Phenylpyrophosphate x 2.4 TBA (SI1-16, 215 mg, 260 umol) and 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate (1, 2.5 eq.). In this case the purification procedure required
modification. After the reaction, the solvent was removed and the residue was dissolved in
TEAA-buffer (10 mM). Insolubles were removed and the solution was directly applied to RP-
MPLC (see general procedure C). The product (61, 89.4 mg, 123 pumol, 47%) was isolated as

colorless oil.

IH-NMR (400 MHz, D20, 8/ppm): 7.42 — 7.34 (m, 4H), 7.24 — 7.17 (m, 6H), 3.25 — 3.14 (m,
14H), 1.72 — 1.59 (m, 12H), 1.36 (h, J = 7.4 Hz, 12H), 1.28 (t, J = 7.3 Hz, 3H), 0.95 (t,
J=7.4Hz, 18H). BC{!H}-NMR (101 MHz, D20, &/ppm): 151.68 (t, J = 3.7 Hz), 129.63,
124.35, 120.55 (t, J = 2.2 Hz), 58.09, 46.63, 23.10, 19.12, 12.79, 8.19. 3P{IH}-NMR
(162 MHz, D0, &/ppm): -16.13. HRMS (ESI) m/z for CsH140sP [M-H]: calcd. 197.0584,
found 197.0584.
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7. Cluster 3: Synthesis of Arylpolyphosphates (cyclophosphate reactions)

7.1. Preparation of cyclic metaphosphate (n =4, 5, 7, 8) x TBA — salts:

Trimetaphosphate was commercially available. Tetrametaphosphate was synthesized as Na-salt
on gram-scale according to Bell et al.*!

A mixture of higher cyclic metaphosphates (n = 3 — 8) was prepared on multi-gram scale
according to Glonek et al.'? from crystalline orthophosphoric acid and DCC in TMU.
Preparative separation was possible by automated SAX (Akta-system, Q-Sepharose). Tri- to
heptametaphosphate were eluted with Triethylammoniumbicarbonate-buffer (0.1 - 1M,
pH 7.5). Octametaphosphate was eluted with NH4HCO3 — buffer. The sample qualities were
polished during a second run of automated SAX (Akta-system, Q-Sepharose, NH4sHCO3 —
buffer). The procedure delivered pentametaphosphate, heptametaphosphate and
octametaphosphate as NH4 — salts. Hexametaphosphate could not be isolated sufficient purity.

The different ring-sizes were assigned by HRMS.

HRMS - data:

HRMS (ESI) m/z for HsO1s5Ps [M-H]": calcd. 398.8244, found 398.8255.
HRMS (ESI) m/z for HsO21P7 [M-H]": calcd. 558.7570, found 558.7587.
HRMS (ESI) m/z for H7024Ps [M-H]": calcd. 638.7234, found 638.7238.

For solubility reasons the cations had to be changed to TBA before subsequent reactions. This
was achieved by using either DowexH* or Chelex®TBA* as described above. After
lyophilization, the TBA-salts were dissolved in MeCN, passed through a syringe filter and
evaporated to dryness. The isolated metaphosphate TBA — salts were isolated as white solids
and could be stored for months in the fridge.

The metaphosphate / TBA — ratios were determined by the addition of tetramethylphosphonium
bromide and gNMR measurements. The TBA-amounts were usually higher than expected
according to phosphate units present. We hypothesize the surplus TBA-ions are part of

hydroxide salts. Consequently, the following molecular weights were determined:
Trimetaphosphate (68, DowexH"): 3MP x 3.9 TBA (MW = 1194 g/mol)

Tetrametaphosphate (69, Chelex®TBA": 4MP x 6.0 TBA (MW = 1803 g/mol)

Sl -32



Sl-33

Pentametaphosphate (70, Chelex®TBAY: 5MP x 5.3 TBA (MW = 1683 g/mol)
Heptametaphosphate (71, Chelex®TBA": 7MP x 8.2 TBA (MW = 2559 g/mol)

Octametaphosphate (72, Chelex®TBA": 8MP x 11.3 TBA. (MW = 3424 g/mol)

7.2.  Synthesis of arylpolyphosphates

General procedure D for the synthesis of arylpolyphosphates:

The cyclophosphate x TBA salt (100 pmol) was dissolved in dry MeCN (ca. 70 mM) and the
corresponding aryne-precursor (4.0 — 5.0 eq.) was added. Subsequently, TBAF (1 M in THF,
5.0 eq.) was added dropwise via syringe pump (1 h, rt, needle tip is below solvent surface). The
reaction mixture was stirred for additional 15 min at rt before the amine-nucleophile (2.5 - 20
eq.) was added. The resulting solution was stirred 24 - 48 h, and the crude product was
precipitated by pipetting the reaction mixture into a NaClOs-solution (0.5 M in acetone, -20°C,
35 mL). The suspension was incubated for 20 min at -20°C and the precipitate was separated
by centrifugation. The resulting pellet was washed with acetone (30 mL) and dried over high

vacuum.
Purification method D1:

The crude product was purified by automated SAX (Akta system, Q-Sepharose, NaClO4-
buffer). Product containing fractions (80 — 150 mM) were combined and lyophilized. The
resulting solid was washed with acetone (3 x 30 mL), separated by centrifugation and dried
over high vacuum. The products were isolated as Na — salts.

Purification method D2:

The crude product was purified by automated RP-MPLC (Interchim system, C18-AQ,
H>O/MeCN/TEAA [10 mM]). The product containing fractions were combined and
lyophilized. The products were isolated as TEA — salts.



PhenylPs-propargylamidate (78)

OH OH

0.31 TEA

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 pmol) and 2-(Trimethylsilyl)phenyl-trifluoro-
methanesulfonate (1, 121 pL, 149 mg, 500 pmol, 5.0 eq.). Propargylamine (16.0 uL, 13.8 mg,
250 umol, 2.5 eq.) was applied for nucleophilic ring-opening (24 h). The crude product was
purified according to purification method D2. The product (78, 32.6 mg, 68.7 umol, 69%) was
isolated as colorless oil.

IH-NMR (400 MHz, D,0, 8/ppm): 7.45 — 7.39 (m, 2H), 7.33 — 7.27 (m, 2H), 7.25 — 7.19 (m,
1H), 3.66 (dd, J = 9.9, 2.5 Hz, 2H), 3.21 (g, J = 7.3 Hz, 2H), 2.55 (t, J = 2.5 Hz, 1H), 1.29 (t, J
= 7.4 Hz, 3H). BC{*H}-NMR (101 MHz, D0, 8/ppm): 151.75 (d, J = 7.2 Hz), 129.68, 124.33
(d, J=1.4 Hz), 120.59 (d, J = 4.6 Hz), 82.96 (d, J = 11.7 Hz), 71.35, 46.64, 30.96, 8.20. 31P{'H}-
NMR (162 MHz, D0, 8/ppm): -2.83 (d, J = 20.6 Hz), -15.91 (d, J = 19.8 Hz), -23.02 (t, J =
20.1 Hz). HRMS (ESI) m/z for CoH11NOoPs [M-H]: calcd. 369.9652, found 369.9652.

PhenylPs-amidate (79)

@ 9 %
@*O—FI’—O—IID—O—I?—NHZ
©0 ©0 ©0

79 ®
3 Na

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 umol) and 2-(Trimethylsilyl)phenyl-trifluoro-
methanesulfonate (1, 121 pL, 149 mg, 500 umol, 5.0 eq.). Aqu. NH3z (25%, 17.0 pL, 250 umol,
2.5 eq.) was applied for nucleophilic ring-opening (24 h). The crude product was purified
according to purification method D1. The product (79, 26.7 mg, 66.9 umol, 67%) was isolated

as white solid.

1H-NMR (400 MHz, D,0, 8/ppm): 7.47 — 7.40 (m, 2H), 7.33 — 7.28 (m, 2H), 7.27 — 7.21 (m,
1H). BC{!H}-NMR (101 MHz, D0, &/ppm): 151.70 (d, J = 7.2 Hz), 129.72, 124.44 (d, J = 1.5
Hz), 120.61 (d, J = 4.5 Hz). 31P{'H}-NMR (162 MHz, D,0, 8/ppm): -1.03 (d, J = 19.1 Hz), -
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15.76 (d, J = 19.9 Hz), -22.68 (t, J = 19.4 Hz). HRMS (ESI) m/z for CeHyNOgNP3 [M-H]":
calcd. 331.9496, found 331.9493.

PhenylPs-anthracen-9-ylmethanamidate (80)

|| ||
—P- —P—O—P—N
O@ O@ O

3Na

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 umol) and 2-(Trimethylsilyl)phenyl-trifluoro-

methanesulfonate (1, 121 pL, 149 mg, 500 pmol, 5.0 eq.). Anthracen-9-ylmethanamine
(51.3 mg, 250 pmol, 2.5 eq.) was applied for nucleophilic ring-opening (24 h). The crude
product was purified according to purification method D1. The product (80, 27.1 mg,

46.0 umol, 46%) was isolated as white solid.

IH-NMR (400 MHz, D20, 8/ppm): 8.56 (s, 1H), 8.51 (dd, J = 8.9, 1.0 Hz, 2H), 8.11 (ddd,
J=8.4,1.6,0.8 Hz, 2H), 7.63 (ddd, J = 8.9, 6.5, 1.5 Hz, 2H), 7.57 (ddd, J = 7.8, 6.6, 1.1 Hz,
2H), 7.29 - 7.22 (m, 2H), 7.20 — 7.13 (m, 2H), 6.96 — 6.89 (m, 1H), 4.98 (s, 2H). BC{{H}-NMR
(101 MHz, D,0, &/ppm): 151.76 (d, J = 7.2 Hz), 131.27 (d, J = 12.7 Hz), 131.27, 129.61,
129.49, 128.80, 127.28, 126.57, 125.41, 124.47, 123.99, 120.35 (d, J = 4.7 Hz), 37.82. 31P{H}-
NMR (162 MHz, D0, 8/ppm): -2.15 (d, J = 21.2 Hz), -15.91 (d, J = 19.4 Hz), -22.67 (t, J =
21.2 Hz). HRMS (ESI) m/z for Ca1H1sNOsPs [M-H.]*: calcd. 260.5102, found 260.5102.

PhenylPs3-5’-deoxyadenosyl-5’-amidate (81)

NH,
NN
Q 2 9 Qn <
O—P—O—P—O—P—N NN
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81 3 Na OH OH

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 umol) and 2-(Trimethylsilyl)phenyl-trifluoro-
methanesulfonate (1, 121 uL, 149 mg, 500 umol, 5.0 eq.). Nucleophilic ring-opening was
induced by dropping the reaction mixture into a solution of 5’-Deoxy-5’-aminoadenosine (SI-
1, 66.5 mg, 250 umol, 2.5 eq.) and DBU (74.5 uL, 76.0 mg, 500 pumol, 5.0 eq.) in DMF
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(1.5 mL). The resulting solution was stirred for 48 h. The crude product was purified according
to purification method D1. The product (81, 34.5 mg, 53.2 umol, 53%) was isolated as white
solid.

IH-NMR (400 MHz, D0, §/ppm): 8.33 (s, 1H), 8.23 (d, J = 0.5 Hz, 1H), 7.24 — 7.17 (m, 2H),
7.12 (dddd, J = 7.9, 1.9, 1.3, 0.5 Hz, 2H), 7.00 (dp, J = 7.0, 0.8 Hz, 1H), 5.98 (d, J = 6.4 Hz,
1H), 4.78 — 4.75 (m, 1H), 4.41 (dd, J = 5.4, 3.3 Hz, 1H), 4.22 (q, J = 3.4 Hz, 1H), 3.34 — 3.17
(m, 2H). BC{!H}-NMR (101 MHz, D0, &/ppm): 155.51, 152.79, 151.51 (d, J = 7.1 Hz),
148.87, 140.21, 129.32, 123.98, 120.27 (d, J = 4.6 Hz), 118.90, 87.11, 85.44 (d, J = 8.9 Hz),
73.27,70.79, 43.14. 3IP{!H}-NMR (162 MHz, D20, 8/ppm): -1.58 (d, J = 21.0 Hz), -15.79 (d,
J =19.0 Hz), -22.78 (t, J = 19.2 Hz). HRMS (ESI) m/z for C16Ha0NsO12P3 [M-H]": calcd.
581.0358, found 581.0361.

PhenylP3-5’-deoxyguanosyl-5’-amidate (82)

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 umol) and 2-(Trimethylsilyl)phenyl-trifluoro-
methanesulfonate (1, 121 pL, 149 mg, 500 pumol, 5.0 eq.). Nucleophilic ring-opening was
induced by dropping the reaction mixture into a solution of 5’-Deoxy-5’-aminoguanosine (SlI-
2, 56.4 mg, 200 pumol, 2.0 eq.) in DMSO/DMF (1/1, 1.5 mL) and stirring the resulting solution
for 48 h. The crude product was purified according to purification method D1. The product (82,
43.9 mg, 66.1 pmol, 66%) was isolated as white solid.

IH-NMR (400 MHz, D20, 8/ppm): 7.83 (s, 1H), 7.17 — 7.02 (m, 4H), 6.91 (ddt, J = 7.3, 6.3,
1.3 Hz, 1H), 5.73 (d, J = 8.1 Hz, 1H), 5.17 (dd, J = 8.0, 5.5 Hz, 1H), 4.45 (dd, J = 5.5, 1.4 Hz,
1H), 4.33 - 4.28 (m, 1H), 3.38 (ddd, J = 14.1, 5.0, 3.0 Hz, 1H), 3.25 (ddd, J = 14.1, 9.3, 2.5 Hz,
1H). BC{!H}-NMR (101 MHz, D,0, 8/ppm): 159.37, 153.76, 151.50 (d, J = 7.0 Hz), 151.26,
139.68, 129.07, 123.68, 120.16 (d, J = 4.5 Hz), 117.25, 88.70, 86.60 (d, J = 9.8 Hz), 71.47,
71.07, 43.36. 3P{!H}-NMR (162 MHz, D20, 8/ppm): -1.59 (d, J = 22.9 Hz), -15.76 (d, J =
19.2 Hz), -22.87 (dd, J = 22.6, 19.5 Hz). HRMS (ESI) m/z for C16H20NsO13P3 [M-H]" calcd.
597.0307, found 597.0309.



Napht-2-ylPs-5’-deoxyguanosyl-5’-amidate (83)

83 ® OH OH

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 umol) and 3-(Trimethylsilyl)naphthalen-2-yl
trifluoromethanesulfonate (SI1-12, 174 mg, 500 pmol, 5.0 eq.). Nucleophilic ring-opening was
induced by dropping the reaction mixture into a solution of 5’-Deoxy-5’-aminoguanosine (Sl1-
2,56.4 mg, 200 pmol, 2.0 eq.) in DMSO/DMF (1/1, 1.5 mL) and stirring the resulting solution
for 48 h. The crude product was purified according to purification method D2 and D1

subsequently. The product (83, 34.9 mg, 48.9 umol, 49%) was isolated as white solid.

IH-NMR (400 MHz, D0, 8/ppm): 7.69 (d, J = 9.1 Hz, 1H), 7.67 (s, 1H), 7.65 — 7.57 (m, 2H),
7.55 (d, J = 2.1 Hz, 1H), 7.34 — 7.30 (m, 1H), 7.29 — 7.22 (m, 2H), 5.64 (d, J = 8.0 Hz, 1H),
5.02 (dd, J = 7.9, 5.5 Hz, 1H), 4.40 (dd, J = 5.5, 1.5 Hz, 1H), 4.33 (t, J = 2.3 Hz, 1H), 3.48 (ddd,
J=14.0, 4.1, 2.9 Hz, 1H), 3.29 (ddd, J = 14.0, 9.1, 2.4 Hz, 1H). 3C{'H}-NMR (101 MHz,
D;0, 5/ppm): 158.22, 152.77, 150.69, 149.24 (d, J = 7.6 Hz), 139.30, 133.25, 129.81, 129.03,
127.10 (d, J = 3.3 Hz), 125.95, 124.87, 120.85, 120.81, 116.71, 116.37 (d, J = 4.8 Hz), 88.80,
86.52 (d, J = 10.5 Hz), 71.43, 71.07, 43.43. 3'P{!H}-NMR (162 MHz, D0, 3/ppm): -1.35 (d,
J =23.0 Hz), -15.81 (d, J = 20.1 Hz), -22.43 (dd, J = 23.0, 20.0 Hz). HRMS (ESI) m/z for
CaoH21NsNaO13Ps [M-H]: calcd. 669.0283, found 669.0285.
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Pyren-2-ylP3-5’-deoxyadenosyl-5’-amidate (84)
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pyren-2-yl-product ®
(= main regioisomer) 3 Na

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 pmol) and 1-(Trimethylsilyl)pyren-2-yl
trifluoromethanesulfonate (SI1-19, 212 mg, 500 pmol, 5.0 eq.). Nucleophilic ring-opening was
induced by dropping the reaction mixture into a solution of 5’-Deoxy-5’-aminoadenosine (SI-
1, 66.5 mg, 250 umol, 2.5 eq.) and DBU (74.5 uL, 76.0 mg, 500 umol, 5.0 eq.) in DMF
(1.5 mL). The resulting solution was stirred for 48 h. The crude product was purified according
to purification method D1. The product (84, 31.9 mg, 41.1 pumol, 41%) was isolated as white
solid.

The product is formed in an 88:12 (2-84:1-84) regioisomeric ratio. *H- and ®C{*H}-NMR

signals from the major product are given.

IH-NMR (400 MHz, D20, §/ppm): 8.10 (d, J = 7.7 Hz, 2H), 7.98 — 7.89 (m, 7H), 7.51 (s, 1H),
7.42 (s, 1H), 5.33 (d, J = 5.0 Hz, 1H), 4.16 — 4.05 (m, 3H), 3.32 (ddd, J = 14.0, 7.0, 4.0 z, 1H),
3.23 (ddd, J = 14.1, 9.5, 4.5 Hz, 1H). 3C{{H}-NMR (101 MHz, D20, 8/ppm): 153.85, 151.27,
149.50 (d, J = 6.8 Hz), 146.99, 138.55, 131.74, 129.95, 127.74, 126.72, 125.65, 125.21, 123.16,
120.48, 117.41, 116.28 (d, J = 4.9 Hz), 87.03, 84.38 (d, J = 9.7 Hz), 73.90, 70.36, 43.29.
3PLIH}-NMR (162 MHz, D20, 8/ppm): -1.62 (d, J = 22.0 Hz), -15.82 (d, J = 19.9 Hz), -22.75
(dd, J = 22.0, 19.2 Hz). HRMS (ESI) m/z for C2sH2sNsO12P3 [M-H]": calcd. 705.0671, found
705.0677.
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Benzo[1,3]dioxol-5-yIP4-((7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate (85)
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3 Na

The compound was synthesized according to the general procedure D from
trimetaphosphate x 3.9 TBA (68, 119 mg, 100 umol) and 6-(Trimethylsilyl)benzo[1,3]dioxol-
5-yl trifluoromethanesulfonate (SI-9, 171 mg, 500 umol, 5.0 eq.). Amino-DEACM (Sl1-26, 61.3
mg, 250 umol, 2.5 eq.) was applied for nucleophilic ring-opening (24 h). The crude product
was purified according to purification method D1. The product (85, 39.7 mg, 59.1 pumol, 59%)
was isolated as white solid.

!H-NMR (400 MHz, D20, &/ppm): 7.35 (d, J = 9.1 Hz, 1H), 6.69 (dd, J = 9.2, 2.5 Hz, 1H),
6.67 (ddd, J=2.4, 1.0, 0.5 Hz, 1H), 6.64 — 6.60 (m, 1H), 6.58 — 6.54 (m, 2H), 6.26 — 6.23 (M,
1H), 5.75 (s, 2H), 4.18 (dd, J = 8.6, 1.5 Hz, 2H), 3.44 (q, J = 7.1 Hz, 4H), 1.19 (t, J = 7.1 Hz,
6H). BC{*H}-NMR (101 MHz, D0, &/ppm): 166.19, 158.12 (d, J = 9.7 Hz), 155.16, 151.02,
146.98, 146.27 (d, J = 7.6 Hz), 143.09, 125.03, 112.67 (d, J = 4.9 Hz), 109.95, 107.82, 106.89,
103.25, 102.57 (d, J = 4.7 Hz), 101.36, 96.95, 44.43, 41.71, 11.55. 3'P{*H}-NMR (162 MHz,
D20, 6/ppm): -2.28 (d, J = 21.2 Hz), -15.87 (d, J = 20.0 Hz), -22.92 (t, J = 20.6 Hz). HRMS
(ESI) m/z for C21H24N2013P3 [M-H]": calcd. 605.0497, found 605.0500.

Synthesis of PhenylPs-propargylamidate (86)

©0 ©0 OH OH
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86 1.85 TEA

The compound was synthesized according to the general procedure D from tetrametaphosphate
X 6.0 TBA (69, 180 mg, 100 umol) and 2-(Trimethylsilyl)phenyl-trifluoromethanesulfonate (1,
121 uL, 149 mg, 500 umol, 5.0 eq.). Propargylamine (16.0 pL, 13.8 mg, 250 umol, 2.5 eq.)
was applied for nucleophilic ring-opening (24 h). The crude product was purified according to
purification method D2. The product (86, 35.1 mg, 40.9 pumol, 41%) was isolated as colorless
oil.
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'H-NMR (400 MHz, D0, 8/ppm): 7.48 — 7.38 (m, 2H), 7.30 (dq, J = 7.7, 1.2 Hz, 2H), 7.26 —
7.19 (m, 1H), 3.70 (dd, J = 10.2, 2.5 Hz, 2H), 3.21 (q, J = 7.3 Hz, 11H), 2.56 (t, J = 2.5 Hz,
1H), 1.29 (t, J = 7.3 Hz, 16H). 13C{H}-NMR (101 MHz, D20, 8/ppm): 151.73 (d, J = 7.1 Hz),
129.71, 124.36, 120.65 (d, J = 4.6 Hz), 83.11 (d, J = 11.4 Hz), 71.32, 46.64, 30.99, 8.21.
3IP{IH}-NMR (162 MHz, D20, 8/ppm): -2.52 (d, J = 19.4 Hz, 1P), -15.70 (d, J = 18.0 Hz, 1P),
-22.45 —-23.22 (m, 2P). HRMS (ESI) m/z for CoH11NO12P4 [M-H2]%" calcd. 224.4621, found
224.4623.

Pyren-2-ylPs-5’-deoxyguanosyl-5’-amidate (87)
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The compound was synthesized according to the general procedure D from tetrametaphosphate
x 6.0 TBA (69, 180 mg, 100 pmol) and 1-(Trimethylsilyl)pyren-2-yl trifluoromethanesulfonate
(S1-19, 212 mg, 500 umol, 5.0 eq.). Nucleophilic ring-opening was induced by dropping the
reaction mixture into a solution of 5’-Deoxy-5’-aminoguanosine (SI-2, 56.4 mg, 200 pumol, 2.0
eq.) in DMSO/DMF (1/1, 1.5 mL) and stirring the resulting solution for 48 h. The crude product
was purified according to purification method D1. The product (87, 40.5 mg, 45.1 pmol, 45%)
was isolated white solid.

The product is formed in an 88:12 (2-87:1:87) regioisomeric ratio. *H- and **C{*H}-NMR

signals from the major product are given.

IH-NMR (400 MHz, D20, 8/ppm): 8.10 —7.92 (m, 8H), 7.90 — 7.83 (m, 1H), 7.20 (s, 1H), 5.21
(d, J = 7.6 Hz, 1H), 4.55 (dd, J = 7.7, 5.4 Hz, 1H), 4.17 (dd, J = 5.5, 1.7 Hz, 1H), 4.12 (q, J =
2.5 Hz, 1H), 3.33 (dt, J = 14.0, 3.7 Hz, 1H), 3.15 (ddd, J = 14.0, 9.3, 2.5 Hz, 1H). 3C{tH}-
NMR (101 MHz, D20, &/ppm): 157.23, 151.96, 149.79, 149.67 (d, J = 7.4 Hz), 138.26, 131.98,
130.02, 127.95, 126.88, 125.63, 125.13, 123.25, 120.75, 116.61 (d, J = 4.6 Hz), 115.70, 88.34,
85.98 (d, J = 10.4 Hz), 71.49, 71.23, 43.01. 3!P{*H}-NMR (162 MHz, D0, §/ppm): -1.08 (d,
J=22.3 Hz), -15.45 (d, J = 18.0 Hz), -21.99 (dd, J = 22.2, 13.9 Hz), -22.59 (dd, J = 17.8, 13.8
Hz). HRMS (ESI) m/z for C2sH23NsO16P4 [M-H3]*": calcd. 266.3379, found 266.3379.



Synthesis of PhenylP4-5’-deoxyguanosyl-5’-amidate (88)
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The compound was synthesized according to the general procedure D from tetrametaphosphate
X 6.0 TBA (69, 180 mg, 100 umol) and 2-(Trimethylsilyl)phenyl-trifluoromethanesulfonate (1,
121 pL, 149 mg, 500 pmol, 5.0 eq.). Nucleophilic ring-opening was induced by dropping the
reaction mixture into a solution of 5’-Deoxy-5’-aminoguanosine (SI-2, 56.4 mg, 200 pumol, 2.0
eq.) in DMSO/DMF (1/1, 1.5 mL) and stirring the resulting solution for 48 h. The crude product
was purified according to purification method D2 and D1 subsequently. The product (88, 32.6
mg, 42.5 pmol, 43%) was isolated as white solid.

'H-NMR (400 MHz, D20, 8/ppm): 7.67 (s, 1H), 7.10 — 6.94 (m, 4H), 6.80 — 6.69 (m, 1H), 5.57
(d, J = 8.0 Hz, 1H), 4.97 (dd, J = 7.9, 5.5 Hz, 1H), 4.32 (dd, J = 5.5, 1.5 Hz, 1H), 4.17 — 4.09
(m, 1H), 3.23 — 3.04 (m, 2H). 3C{H}-NMR (101 MHz, D20, &/ppm): 158.96, 153.47, 151.51
(d, J =7.2 Hz), 151.27, 139.68, 129.29, 123.83, 120.36 (d, J = 4.3 Hz), 117.15, 88.68, 86.60
(d, J=9.7 Hz), 71.40, 71.23, 43.17. *'P{*H}-NMR (162 MHz, D0, 8/ppm): -1.22 (d, J = 21.1
Hz), -15.50 (d, J = 17.5 Hz), -22.29 (dd, J = 21.4, 15.2 Hz), -22.90 (dd, J = 17.9, 15.1 Hz).
HRMS (ESI) m/z for C16H19NsO16P4 [M-H3]*": calcd. 224.9941, found 224.9942.

3,4-DimethylphenylPs-(7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate (89)
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The compound was synthesized according to the general procedure D from tetrametaphosphate
X 6.0 TBA (69, 180 mg, 100 pmol) and 4,5-Dimethyl-2-(trimethylsilyl)phenyl-
trifluoromethanesulfonate (S1-6, 163 mg, 500 pmol, 5.0 eg.). Amino-DEACM (S1-26, 61.3 mg,
250 pmol, 2.5 eq.) was applied for nucleophilic ring-opening (24 h). The crude product was
purified according to purification method D1. The product (89, 16.6 mg, 22.0 pumol, 22%) was
isolated as white solid.
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'H-NMR (400 MHz, D20, 8/ppm): 7.34 (d, J = 9.1 Hz, 1H), 6.68 (d, J = 1.4 Hz, 2H), 6.66 (dd,
J=9.1, 2.6 Hz, 1H), 6.61 (s, 1H), 6.48 (d, J = 2.5 Hz, 1H), 6.05 (d, J = 1.2 Hz, 1H), 4.11 (d, J
= 8.9 Hz, 2H), 3.37 (q, J = 7.0 Hz, 4H), 1.85 (s, 3H), 1.82 (s, 3H), 1.12 (t, J = 7.1 Hz, 6H).
BC{*H}-NMR (101 MHz, D20, &/ppm): 166.32, 158.76 (d, J = 8.5 Hz), 155.03, 151.04, 149.33,
137.94, 132.15, 129.87, 125.31, 120.77 (d, J = 5.1 Hz), 116.92 (d, J = 4.2 Hz), 110.15, 107.07,
103.17, 96.95, 44.44, 41.79, 18.68, 17.87, 11.61. 3'P{*H}-NMR (162 MHz, D0, 8/ppm): -2.06
(d, J=21.8 Hz, 1P), -15.66 (d, J = 17.8 Hz, 1P), -22.06 — -23.01 (m, 2P). HRMS (ESI) m/z for
C22H20N2014P4 [M-H]': calcd. 669.0575, found 669.0579.

Synthesis of PhenylPs-propargylamidate (90)

The compound was synthesized according to the general procedure D from pentametaphosphate
x 5.3 TBA (70, 168 mg, 100 pumol) and 2-(Trimethylsilyl)phenyl-trifluoromethanesulfonate (1,
121 pL, 149 mg, 500 pmol, 5.0 eq.). Propargylamine (64.0 pL, 55.0 mg, 1.00 mmol, 10 eq.)
was applied for nucleophilic ring-opening (48 h). The crude product was purified according to

purification method D1. The product (90, 15.2 mg, 23.1 pumol, 23%) was isolated as white solid.

IH-NMR (400 MHz, D,0, 8/ppm): 7.47 — 7.39 (m, 2H), 7.34 — 7.27 (m, 2H), 7.26 — 7.20 (m,
1H), 3.73 (dd, J = 10.7, 2.4 Hz, 2H), 2.57 (td, J = 2.5, 0.5 Hz, 1H). 3C{*H}-NMR (101 MHz,
D20, 8/ppm): 151.70 (d, J = 7.2 Hz), 129.71, 124.39 (d, J = 1.4 Hz), 120.68 (d, J = 4.4 Hz),
68.14, 30.95. 3'P{!H}-NMR (162 MHz, D0, 8/ppm): -2.34 (d, J = 19.7 Hz, 1P), -15.55 (d, J =
16.9 Hz, 1P), -21.84 — -23.03 (m, 3P). HRMS (ESI) m/z for CoH1sNO1sPs [M-H]": calcd.
529.8979, found 529.8980.
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Synthesis of PhenylP7-propargylamidate (91)

®
91 7 Na

The compound was synthesized according to the general procedure D from heptametaphosphate
x 8.2 TBA (71, 255 mg, 100 umol) and 2-(Trimethylsilyl)phenyl-trifluoromethanesulfonate (1,
96.9 pL, 119 mg, 400 pmol, 4.0 eq.). Propargylamine (64.0 pL, 55.0 mg, 1.0 mmol, 10 eq.)
was applied for nucleophilic ring-opening (48 h). The crude product was purified according to
purification method D1. The product (91, 30.9 mg, 36.6 pumol, 37%) was isolated as white solid.

IH-NMR (400 MHz, D20, 8/ppm): 7.51 — 7.40 (m, 2H), 7.36 — 7.31 (m, 2H), 7.30 — 7.24 (m,
1H), 3.76 (dd, J = 10.8, 2.5 Hz, 2H), 2.64 (t, J = 2.5 Hz, 1H). *C{*H}-NMR (101 MHz, D0,
d/ppm): 151.66 (d, J = 7.3 Hz), 129.80, 124.56, 120.67 (d, J = 4.5 Hz), 83.09 (d, J = 10.6 Hz),
71.49, 30.30. 3'P{*H}-NMR (162 MHz, D20, &/ppm): -1.83 —-2.25 (m, 1P), -15.33 (d, J = 17.7
Hz, 1P), -21.62 — -22.03 (m, 4P), -22.20 (dd, J = 17.7, 13.7 Hz, 1P). HRMS (ESI) m/z for
CoH15NO21P7 [M-H]: calcd. 689.8305, found 689.8306.

Synthesis of PhenylPs-propargylamidate (92)

©0 ©0 ©0 ©0 ©0 ©0 60 60

@
92 8 Na
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The compound was synthesized according to the general procedure D from octametaphosphate
x 11.3 TBA (72, 342 mg, 100 pmol) and 2-(Trimethylsilyl)phenyl-trifluoromethanesulfonate
(1, 96.9 pL, 119 mg, 400 umol, 4.0 eq.). Propargylamine (64.0 pL, 55.0 mg, 1.0 mmol, 10 eq.)
was applied for nucleophilic ring-opening (48 h). The crude product was purified according to

purification method D1. The product (92, 21.2 mg, 22.4 umol, 22%) was isolated as white solid.

IH-NMR (400 MHz, D20, 8/ppm): 7.47 — 7.39 (m, 2H), 7.30 (dq, J = 7.8, 1.2 Hz, 2H), 7.26 —
7.20 (m, 1H), 3.73 (dd, J = 10.7, 2.5 Hz, 2H), 2.60 (t, J = 2.5 Hz, 1H). BC{!H}-NMR
(101 MHz, D20, é/ppm): 151.65 (d, J = 7.3 Hz), 129.73, 124.45, 120.65 (d, J = 4.6 Hz), 71.38,
30.93. 3'P{*H}-NMR (162 MHz, D0, &/ppm): -2.24 (d, J = 20.1 Hz, 1P), -15.49 (d, J = 17.8
Hz, 1P), -21.71 — -22.25 (m, 5P), -22.33 — -22.62 (m, 1P). HRMS (ESI) m/z for CoH1sNO24Psg
[M-H2]? calcd. 384.3948, found 384.3946.
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Phenyl-cyclotriphosphate as storable triphosphorylation reagent (73)

The cyclophosphate x TBA salt (68, 100 pumol) was dissolved in dry MeCN (ca. 70 mM) and
2-(Trimethylsilyl)phenyl-trifluoro-methanesulfonate (1, 121 pL, 149 mg, 500 pmol, 5.0 eq.)
(4.0 — 5.0 eq.) was added. Subsequently TBAF (1 M in THF, 5.0 eq.) was added dropwise via
syringe pump (1 h, rt, needle tip is below solvent surface). Then, the reaction mixture is stirred
for 15 min at rt. The product is precipitated with Et,O (40 mL) and the resulting oil is washed
with Et20 (2 x 30 mL). The phenyl-cyclotriphosphate 73 is dried over high vacuum and can be
stored as triphosphorylation reagent in the fridge for weeks without substantial decomposition.

Furthermore, storage as solution in MeCN at rt is possible for weeks.

3IP{IH}-NMR (162 MHz, CD3CN, &/ppm): -23.61 (d, J = 25.1 Hz), -26.19 (t, J = 24.4 Hz).
HRMS (ESI) m/z for CeHsOgP3 [M-H:]%: calcd. 156.9578, found 156.9579.

Phenyl-cyclotetraphosphate as storable tetraphosphorylation reagent (74)

©0
Ox
74 \/ F; —-0, /9
0 PO

| 1O
0 O-Py. TBA

The cyclophosphate x TBA salt (69, 100 pumol) was dissolved in dry MeCN (ca. 70 mM) and
2-(Trimethylsilyl)phenyl-trifluoro-methanesulfonate (1, 121 pL, 149 mg, 500 umol, 5.0 eq.)
was added. Subsequently TBAF (1 M in THF, 5.0 eq.) was added dropwise via syringe pump
(1 h, rt, needle tip is below solvent surface). Then, the reaction mixture is stirred for 15 min at
rt. The product is precipitated with Et2O (40 mL) and the resulting oil is washed with Et.O (2 x
30 mL). The phenyl-cyclotetraphosphate 74 is dried over high vacuum and can be stored as
tetraphosphorylation reagent in the fridge for weeks without substantial decomposition.
Furthermore, storage as solution in MeCN at rt is possible for weeks.

3IP{IH}-NMR (162 MHz, CDsCN, 8/ppm): -25.03 — -25.65 (m, 3P), -29.37 — -29.89 (m, 1P).
HRMS (ESI) m/z for CeH7012P4 [M-H]": calcd. 394.8893, found 394.8892.
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8. Synthesis of phosphate starting materials without literature precedence

General procedure E for the synthesis of mono- and diphosphates

Alcohol (or Monophosphate TBA-salt) and ETT were dissolved in DMF. (FmO)2P-NiPr2 (SI-
4) was added as solution in DMF and the resulting mixture was stirred for 1 h at rt. The solution
was cooled to 0 °C and mCPBA (77%, 1.2 eq.) was added. The solution was stirred for 15 min

at 0 °C and piperidine (10 vol%) was added. The solution was stirred for 40 min at rt.

Purification method E1:

The crude product was either precipitated with ether (40 mL) , washed with ether (40 mL) and
dried over high vac. Purification was performed by automated SAX (Akta-system, Q-
Sepharose, NH4sHCOs — buffer). The product containing fractions were identified by NMR and

the product was isolated after lyophilization.

Purification method E2:

The solvent was removed under reduced pressure. The crude product was purified by RP-MPLC
[C18-AQ, dryload on celite, elution with H.O/MeCN/ TEAA (10 mM)]. The product
containing fractions were identified by NMR or HPLC and the product was isolated after

lyophilization.

Afterwards cations were exchanged to TBA by Dowex or Chelex before application in

subsequent reactions.

Sl -45



6-Hydroxyhexylphosphate (S1-13)

The compound was synthesized according to the general procedure E with 1,6-hexanediol (849
mg, 7.19 mmol, 5.0 eq.), (FMO)2P-NiPrz (SI-14, 750 mg, 1.44 mmol, 1.0 eq.), ETT (340 mg,
2.88 mmol, 2.0 eq.) and mCPBA (77%, 386 mg, 1.72 mmol, 1.2 eq.) in DMF (4.0 mL).
Purification was performed by purification method E1 and the product (SI1-13, 225 mg,

970 umol, 67%) was isolated as white solid.

IH-NMR (400 MHz, D0, 8/ppm): 3.82 (dt, J = 6.6 Hz, 2H), 3.59 (t, J = 6.6 Hz, 2H), 1.68 —
1.50 (m, 4H), 1.44 — 1.30 (m, 4H). 3P{!H}-NMR (162 MHz, D0, 8/ppm): 1.34. BC{!H}-
NMR (101 MHz, D20, §/ppm): 65.48 (d, J = 5.4 Hz), 61.72, 31.15, 29.83 (d, J = 6.8 Hz), 24.68,
24.66. HRMS (ESI) m/z for CsH140sP [M-H]: calcd. 197.0584, found 197.0584.

Geranylphosphate (S1-14)

TBA

The compound was synthesized according to the general procedure E with Geraniol (210 mg,
236 pL, 1.36 mmol), (FmO)2P-NiPr, (SI1-4, 782 mg, 1.50 mmol, 1.1 eq.), ETT (355 mg,
2.73 mmol, 2.0 eq.) and mCPBA (77%, 402 mg, 1.63 mmol, 1.2 eq.) in DMF (10 mL).
Purification was performed by method E2 and the product (SI-14, 268 mg, 615 pumol, 45%)
was isolated as 2.0 TEAA salt.

As the TEAA-salt was not stable in solution (decomposition by phosphate elimination) the

cations were immediately changed to TBA by chelex.

IH-NMR (400 MHz, D20, 8/ppm): 5.50 — 5.39 (m, 1H), 5.22 (tdd, J = 5.5, 2.9, 1.4 Hz, 1H),
4.37 (ddd, J = 7.2, 6.2, 0.8 Hz, 2H), 3.25 — 3.16 (m, 11H), 2.23 — 2.08 (m, 4H), 1.74 — 1.59 (m,
20H), 1.37 (h, J = 7.4 Hz, 11H), 0.95 (t, J = 7.4 Hz, 17H). 3P{IH}-NMR (162 MHz, D0,
8/ppm): 1.61. BC{'H}-NMR (101 MHz, D0, §/ppm): 142.18, 133.69, 124.13, 120.13 (d, J =
7.8 Hz), 61.74 (d, J = 4.9 Hz), 59.15 — 56.63 (m), 38.75, 25.56, 24.79, 23.11, 19.87 — 18.66
(m), 16.93, 15.46, 12.80. HRMS (ESI) m/z for C1oH1s04P [M-H]" calcd. 233.0948, found
233.0946.
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Isoprenylphosphate (SI-15)

The compound was synthesized according to the general procedure E with Isoprenol (130 mg,
151 pL, 1.51 mmol), (FMO)2P-NiPrz (SI1-4, 1.02 g, 1.97 mmol, 1.3 eq.), ETT (491 mg,
3.78 mmol, 2.5 eq.) and mCPBA (77%, 724 mg, 2.95 mmol, 1.5 eq.) in DMF (5.0 mL).
Purification was performed by purification method E2. The product (S1-15, 175 mg, 573 pmol,

38%) was isolated as white solid.

IH-NMR (400 MHz, D20, &/ppm): 4.89 — 4.86 (m, 1H), 4.84 — 4.82 (m, 1H), 3.99 (td, J = 6.7,
6.6 Hz, 2H), 3.19 — 3.13 (m, 7H), 3.12 — 3.04 (m, 1H), 2.38 (d, J = 2549.5 Hz, 1H), 1.85 — 1.71
(m, 10H), 1.70 - 1.63 (m, 3H), 1.27 (t, J = 7.3 Hz, 1H). 3C{*H}-NMR (101 MHz, D0, &/ppm):
143.62,111.52, 63.71 (d, J = 5.2 Hz), 44.51, 37.92 (d, J = 7.2 Hz), 27.12, 22.18, 21.55, 21.45,
14.47. 3'P{1H}-NMR (162 MHz, D20, 8/ppm): 0.49. HRMS (ESI) m/z for CsH1004P [M-H]:
calcd. 165.0322, found 165.0323.

Pentylphosphate (67)

T\ 08
0-P-0

67 e)S)

2.1 TBA/0.76 TEA

The compound was synthesized according to the general procedure E with pentan-1-ol (309 mg,
380 pL, 3.52 mmol), (FmO)2P-NiPrz (SI-4, 2.02 g, 3.87 mmol, 1.1 eq.), ETT (916 mg,
7.04 mmol, 2.0 eq.) and mCPBA (77%, 1.13 g, 5.06 mmol, 1.4 eq.) in MeCN (15 mL).
Purification was performed by purification method E2. Cations were directly changed to TBA.
The product (67, 2.65 g, 3.52 mmol, quant) was isolated colorless oil. Redundant anions are

assumed to be hydroxide.

IH-NMR (400 MHz, D0, 8/ppm): 3.85 (4, J = 6.7 Hz, 2H), 3.23 — 3.04 (m, 21H), 1.69 — 1.53
(m, 19H), 1.42 — 1.25 (m, 26H), 0.92 (t, J = 7.4 Hz, 25H), 0.89 — 0.84 (M, 3H). BC{'H}-NMR
(101 MHz, D20, 8/ppm): 65.97 (d, J = 5.5 Hz), 58.58 — 56.88 (m), 46.49, 29.55 (d, J = 6.8 H2),
27.15, 26.98, 23.07, 21.67, 19.24 — 18.75 (m), 14.36, 13.29, 12.80. 3'P{!H}-NMR (162 MHz,
D20, 5/ppm): 0.46. HRMS (ESI) m/z for CsH1204P [M-H]": calcd. 167.0479, found 167.0480.
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5,5,5-Trifluorpentylphosphate (38)

0
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2.0 TBA/0.54 TEA / 0.5 acetate

The compound was synthesized according to the general procedure E with 5,5,5-
trifluoropentan-1-ol (500 mg, 370 pL, 3.52 mmol), (FmO)2P-NiPr; (SI-4, 2.02 g, 3.87 mmol,
1.1eq.), ETT (916 mg, 7.04 mmol, 2.0 eg.) and mCPBA (77%, 1.13 g, 5.06 mmol, 1.4 eq.) in
MeCN (15 mL). Purification was performed by purification method E2. Cations were directly
changed to TBA. The product (38, 2.28 g, 2.97 mmol, 84%) was isolated colorless oil.

IH-NMR (400 MHz, D0, 8/ppm): 3.88 (g, J = 6.3 Hz, 2H), 3.19 — 3.10 (m, 19H), 2.31 — 2.13
(m, 2H), 1.77 — 1.53 (m, 20H), 1.41 — 1.27 (m, 21H), 0.93 (t, J = 7.6 Hz, 24H). BC{*H}-NMR
(101 MHz, D,0, 8/ppm): 127.62 (g, J = 275.8 Hz), 65.11 (d, J = 5.4 Hz), 59.59 — 57.42 (m),
46.48, 32.32 (q, J = 27.9 Hz), 28.86 (d, J = 7.1 Hz), 26.99, 23.08, 17.82 (q, J = 3.3 Hz), 14.32,
12.79. F-NMR (377 MHz, D0, 8/ppm): -66.06 (t, J = 11.4 Hz). 3P{*H}-NMR (162 MHz,
D20, 8/ppm): 0.41. HRMS (ESI) m/z for CsHoF304P [M-H]: calcd. 221.0196, found 221.0196.

Phenylpyrophosphat (SI-16)

The compound was synthesized according to the general procedure E with
phenylphosphate x 1.0 TBA (800 mg, 1.93 mmol), (FmO)2P-NiPr; (SI-4, 1.11 g, 2.13 mmol,
1.1eq.), ETT (570 mg, 4.83 mmol, 2.5 eg.) and mCPBA (77%, 691 mg, 3.09 mmol, 1.6 eq.) in
DMF (10 mL). The compound was purified according to the general procedure E2. The product
(S1-16, 445 mg, 989 umol, 51%) was isolated as white solid.

IH-NMR (400 MHz, D20, 8/ppm): 7.45 — 7.38 (m, 2H), 7.29 — 7.25 (m, 2H), 7.24 — 7.20 (m,
1H), 3.21 — 3.11 (m, 10H), 1.83 — 1.73 (m, 10H), 1.73 — 1.59 (m, 5H). B3C{*H}-NMR
(101 MHz, D20, é/ppm): 151.79 (d, J = 7.2 Hz), 129.65, 124.30 (d, J = 1.4 Hz), 120.55 (d, J =
4.3 Hz), 44.50, 22.18, 21.45. 31P{'H}-NMR (162 MHz, D0, &/ppm): -10.80 (d, J = 21.0 Hz),
-15.71 (d, J = 20.9 Hz). HRMS (ESI) m/z for C¢H7O7P, [M-H]: calcd. 252.9672, found
252.9674.



D4T-diphosphate (S1-17)

2.9 TEA - salt

The compound was synthesized according to the general procedure E with d4T-
monophosphate x 1.4 TBA (SI-5, 275 mg, 426 pmol), (FmO)2P-NiPr; (SI-4, 288 mg,
554 pmol, 1.3 eq.), ETT (139 mg, 1.07 mmol, 2.5 eq.) and mCPBA (77%, 204 mg, 913 pmol,
2.1 eq.) in DMF (10 mL). The crude product was precipitated with ether and subsequently
purified according to the general procedure E2. The product (SI-17, 177 mg, 263 umol, 62%)

was isolated as white solid.

IH-NMR (400 MHz, D20, &/ppm): 7.62 (q, J = 1.4 Hz, 1H), 7.00 — 6.94 (m, 1H), 6.53 (df,
J=6.2,1.8Hz, 1H),5.94 (ddd, J=6.5, 2.6, 1.6 Hz, 1H), 5.15—5.09 (m, 1H), 4.14 (ddd, J = 6.2,
3.4, 1.9 Hz, 2H), 3.19 (q, J = 7.4 Hz, 18H), 1.90 (d, J = 1.3 Hz, 3H), 1.28 (t, J = 7.3 Hz, 27H).
BC{*H}-NMR (101 MHz, D0, &/ppm): 166.77, 152.26, 138.18, 134.33, 125.10, 111.52,
89.95, 85.97 (d, J = 8.5 Hz), 66.27 (d, J = 5.7 Hz), 46.63, 11.43, 8.19. 3'P{*H}-NMR (162
MHz, D20, &/ppm): -10.20 (d, J = 20.9 Hz), -11.42 (d, J = 20.7 Hz). HRMS (ESI) m/z for
C10H13N2010P2 [M-H]': calcd. 383.0051, found 383.0042.
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9. Synthesis of aryne precursors without literature precedence

2-bromopyrene-1-ol (S1-18)

Iy

SI-18

Compound SI-18 was synthesized according to GHOTEKAR et al. The analytical data matched
the previously published values.'3

2-(trimethylsilyl)pyren-1-yl trifluoromethanesulfonate (SI-19)

OTf

ooh

SI-19

A flame-dried, argon-filled 50 mL three-necked flask equipped with a magnetic stir bar and a
reflux condenser was charged with a solution of 2-bromopyrene-1-ol (SI-18, 1.52 g,
5.12 mmol) in THF (17 mL). Then HMDS (1.16 mL, 5.63 mmol, 1.1 eq) was added and the
mixture was heated to reflux for 5 h. After cooling to rt, the solvent was removed under reduced
pressure. The crude product was used in the next step without further purification.

A flame-dried, argon-filled 100 mL Schlenk flask equipped with a magnetic stir bar was
charged with a solution of the crude product [((2-bromopyren-1-yl)oxy)trimethylsilane] in THF
(23 mL). The solution was cooled to —78°C and n-BuLi was added dropwise. After stirring for
1h at -78°C, Tf2O was added dropwise and stirring was continued for 1h at
—78°C. An aqueous saturated NaHCOs3 solution (15 mL) was then added at —78°C and the
mixture was allowed to warm to rt. The layers were separated, and the aqueous layer was
extracted with Et.O (3 x 20 mL). The combined organic layers were dried over Na>SO4 and the
solvent was removed under reduced pressure. The product was purified by column
chromatography (cyclohexane/ ethyl acetate, 100:1) and obtained as a yellowish solid (SI-19,
1.37 g, 3.23 mmol, 63%). Crystallization from hot chloroform (50°C) at room temperature gave

single crystals suitable for a X-ray analysis (see below for the report).
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R+ (cyclohexane/ ethyl acetate, 100:1) = 0.45. *H-NMR (400 MHz, CDCls, &/ppm): 8.30 (s,
1H), 8.27 (d, J = 9.3 Hz, 1H), 8.20 — 8.11 (m, 3H), 8.07 — 7.90 (m, 3H), 0.66 (s, 9H). B*C{*H}-
NMR (101 MHz, CDCls, é/ppm): 145.59, 132.20, 132.17, 131.16, 130.78, 130.52, 129.09,
128.55, 127.10, 126.89, 126.61, 126.28, 125.97, 123.96, 123.91, 120.40 (q, J = 1.7 Hz), 119.02
(9, J = 320.2 Hz), 0.63. *%F NMR (377 MHz, CDCl3, 8/ppm): -72.59. HRMS (APCI) m/z for
C20H16F303SSi [M-H]: calcd. 421.0547, found 421.0550.

4-((trimethylsilylethynyl)phenol (SI-20)

TMS%@OH

SI1-20

Compound SI1-20 was synthesized according to HUDSON et al. The analytical data matched the
previously published values.'*

4-(trimethylsilyl)ethynyl)phenyl isopropylcarbamate (S1-21)

Si-21

A flame-dried, argon-filled 100 mL Schlenk flask equipped with a magnetic stir bar was
charged with a solution of 4-((trimethylsilyl)ethynyl)phenol (SI-20, 1.90 g, 10.0 mmol) in
CH2Cl> (33 mL). Subsequently i-PrNCO (1.28 g, 15.0 mmol, 1.5 eq) was added, followed by
NEts (274 pL, 2.00 mmol, 0.2 eq) and then the mixture was stirred for 2 h at rt. After that the
solvent was removed under reduced pressure. The residue was purified by column
chromatography (cyclohexane/ ethyl acetate, 5:1) and the product (SI-21, 2.60 g, 9.45 mmol,
95%) was obtained as a colorless solid.

Rt (cyclohexane/ ethyl acetate, 5:1) = 0.35. *H-NMR (400 MHz, CDCls, 6/ppm): 7.49 — 7.40
(m, 2H), 7.16 — 7.04 (m, 2H), 4.83 (d, J = 7.9 Hz, 1H), 4.01 - 3.79 (m, 1H), 1.23 (d, J = 6.6 Hz,
6H), 0.24 (s, 9H). BC{*H}-NMR (101 MHz, CDCls, 8/ppm): 153.28, 151.24, 133.16, 121.57,
120.13, 104.61, 94.04, 43.65, 23.05, 0.12. HRMS (ESI) m/z for C15sH22NO,Si [M+H]": calcd.
276.1414, found 276.1416.
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2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl isopropylcarbamate (SI-22)

TMS o

TMS%@OJ\ﬂJ\

Sli-22

A flame-dried, argon-filled 250 mL Schlenk flask equipped with a magnetic stir bar was
charged with 4-(trimethylsilyl)ethynyl)phenyl isopropylcarbamate (S1-21, 2.60 g, 9.45 mmol)
and Et,O (94.5 mL). After cooling to 0°C, TMEDA (1.56 mL, 10.4 mmol, 1.1 eq) was added,
followed by a solution of TBSOTT in n-pentane (8 mL, 1.3 M, 10.4 mmol, 1.1 eq) and then the
mixture was stirred for 5 min at 0°C and further 30 min at rt. Additional TMEDA (2.83 mL,
18.9 mmol, 2.0 eq) was added and the mixture was cooled to —78°C. Then n-BuL.i (7.60 mL,
2.48 M in n-hexane, 18.9 mmol, 2.0 eq) was added dropwise over 60 min. After an additional
hour at —78°C, TMSCI was added dropwise over 35 min and the mixture was stirred for a further
85 min at —78°C. An aqueous saturated NaHSO4 solution (40 mL) was then added at —78°C and
the mixture was allowed to warm to rt. The layers were separated, and the organic layer was
washed with aqueous saturated NaHSO4 solution (60 mL) and brine (60 mL). The organic layer
was dried over Na2SOs, and the solvent was removed under reduced pressure. The product was
purified by column chromatography (cyclohexane/ ethyl acetate, 50:1 to 20:1) and obtained as
a colorless solid (S1-22, 1.91 g, 5.50 mmol, 58%).

Rt (cyclohexane/ ethyl acetate, 10:1) = 0.20. *H-NMR (400 MHz, CDCls, &/ppm): 7.53 (d, J =
2.1 Hz, 1H), 7.46 (dd, J = 8.4, 2.1 Hz, 1H), 7.06 (d, J = 8.4 Hz, 1H), 4.86 (d, J = 8.0 Hz, 1H),
3.90 (dp, J = 8.0, 6.5 Hz, 1H), 1.22 (d, J = 6.6 Hz, 6H), 0.28 (s, 9H), 0.25 (s, 9H). 3C{tH}-
NMR (101 MHz, CDCls, 6/ppm): 155.66, 153.44, 138.64, 134.02, 132.08, 122.18, 119.97,
105.04, 93.82, 43.57, 23.01, 0.13, -0.87. HRMS (ESI) m/z for C1sH30NO2Siz [M+H]*: calcd.
348.1810, found 348.1808.



Synthesis of  2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl  trifluoromethane-
sulfonate (S1-23)

TMS

TMS%@OW

Sl1-23

A flame-dried, argon-filled 250 mL Schlenk flask equipped with a magnetic stir bar was
charged with a solution of  2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl
isopropylcarbamate (SI-22, 1.51 g, 4.36 mmol) in MeCN (44 mL). Then DBU (980 pL,
6.54 mmol, 1.5 eq), and EtoNH (540 pL, 5.23 mmol, 1.2 eq) were added, and the mixture was
heated to 40°C and stirred for 45 min. The reaction mixture was cooled to rt and a solution of
PhNTf, (2.34 g, 6.54 mmol, 1.5 eq) in MeCN (13 mL) was added dropwise and stirred for 2 h.
After that a saturated aqueous NaHSO4 solution (30 mL) was added and the mixture was diluted
with ethyl acetate (30 mL). The layers were separated, and the organic layer was washed with
saturated aqueous NaHSOs solution (30 mL) and aqueous NaOH (10%, 2 x 30 mL). The
organic layer was dried over Na,SO4 and the solvent was removed under reduced pressure. The
residue was purified by column chromatography (n-pentane) and the product (SI-23, 1.43 g,
3.62 mmol, 83%) was isolated as a colorless liquid.

IH-NMR (400 MHz, CDCls, 8/ppm): 7.59 (dd, J = 2.2, 0.4 Hz, 1H), 7.51 (dd, J = 8.6, 2.2 Hz,
1H), 7.28 (d, J = 8.6 Hz, 1H), 0.37 (s, 9H), 0.26 (s, 9H). 3C{*H}-NMR (101 MHz, CDCls,
8/ppm): 154.51, 139.87, 134.77, 133.08, 123.01, 119.51 (d, J = 1.7 Hz), 118.61 (q, J = 320 Hz),
103.46, 96.26, 0.00, -0.79. 19F NMR (377 MHz, CDCls, 8/ppm): -73.83. HRMS (APCI) m/z
for C1sH22F303SSi> [M+H]*: caled. 395.0775, found 395.0775.
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10. Synthesis of Amino-DEACM

The synthetic route towards amino-DEACM (SI-26) is shown in the supporting figure 5 below.
Mesylate S1-24 was synthesized according to Wong et al.*> Analytical data were in accordance

with literature.

0 o}
®
OMs KON N NH,
ethylenediamine
/@H:\AL ° /©\);1L ’ : /@\);AL
Et,N 0”0 DMF Et,N 0 Yo DCM/EtOH Et,N 0 Yo

40°C
SlI-24 SI-25 SI-26

56% yield (2 steps)

Supporting figure 5: Synthesis of Amino-DEACM SI-26 from Mesylate SI-24.

Step 1: 2-((7-(diethylamino)-2-oxo0-2H-chromen-4-yl)methyl)isoindoline-1,3-dione (S1-25)

Potassium phthalimide (990 mg, 5.30 mmol, 1.2 eq.) was added to a solution of (7-
(diethylamino)-2-oxo0-2H-chromen-4-yl)methyl methanesulfonate (S1-24, 1.50 g, 4.61 mmol,
1.0 eq.) in DMF (90 mL) and it was stirred for 2 h at 80 °C. Afterwards the reaction mixture
was poured into ice water (450 mL). The yellow precipitate was collected via Biichner funnel
and was dried in a desiccator, over CaCl, and under vacuum, for 3 days. The dry solid was
purified by recrystallization (toluene, 45 mL) and the title compound (SI-25, 950 mg,

2.52 mmol, 57%) was obtained as dark yellow crystals.

'H-NMR (400 MHz, CDCls, 8/ppm): 7.95 — 7.86 (m, 2H), 7.81 — 7.74 (m, 2H), 7.55 (d,
J=9.0 Hz, 1H), 6.62 (dd, J = 9.0, 2.6 Hz, 1H), 6.51 (d, J = 2.6 Hz, 1H), 5.86 (t, J = 1.2 Hz,
1H), 4.94 (d, J = 1.2 Hz, 2H), 3.42 (q, J = 7.1 Hz, 4H), 1.21 (t, J = 7.1 Hz, 6H). 3C{*H}-NMR
(101 MHz, CDCls, 6/ppm): 167.61, 161.79, 156.34, 150.76, 149.14, 134.47, 131.83, 124.66,
123.74, 108.73, 106.80, 106.57, 97.88, 44.78, 37.61, 12.45. HRMS (APCI) m/z for
[C22H21N204]": calcd. 377.1496, found 377.1491. Rf = 0.54 (silica gel, CH:EA 1:1).



Step 2: 4-(aminomethyl)-7-(diethylamino)-2H-chromen-2-one (Amino-DEACM) (S1-26)

NH,

/©\);/L
Et,N o” "0

S1-26

Ethylenediamine (220 pL, 198 mg, 3.3 mmol, 5.0 eq.) was added to a solution of 2-((7-
(diethylamino)-2-oxo-2H-chromen-4-yl)methyl)isoindoline-1,3-dione (S1-25, 250 mg,
664 ummol, 1.0 eq.) in DCM/EtOH (1:1, 25 mL). The solution was stirred for 5 h at 40 °C.
Afterwards, the reaction mixture was directly dry loaded on deactivated silica (ca. 4 spatulas)
and purified by flash chromatography (deactivated silica gel, DCM:MeOH 95:5). Attention:
Solvent removal should be carried out below 35°C. The title compound (SI-26, 160 mg,

650 pumol, 98%) was obtained as a yellow oil.

!H-NMR (300 MHz, CDCls, 8/ppm): 7.37 (d, J = 9.0 Hz, 1H), 6.57 (dd, J = 9.0, 2.6 Hz, 1H),
6.50 (d, J = 2.6 Hz, 1H), 6.18 (t, J = 1.3 Hz, 1H), 3.98 (d, J = 1.3 Hz, 2H), 3.40 (g, J = 7.1 Hz,
4H), 1.53 (br. s, 2H), 1.19 (t, J = 7.1 Hz, 6H). ¥*C{*H}-NMR (101 MHz, CDCls, 8/ppm):
162.51, 156.60, 156.24, 150.47, 124.39, 108.50, 107.10, 105.68, 97.87, 44.74, 42.27, 12.46.
HRMS (ESI) m/z for [C14H19N202]": calcd. 247.1441 found 247.1442. Rs = 0.10 (deactivated
silica gel, DCM:MeOH 95:5).
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12. NMR - spectra

(aligned according to molecule numbering)



Compound 27, phenyl phosphate, 'H - NMIR (D,0, 400 MHz)
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Compound 27, phenyl phosphate, *'P {'H} - NMR (D0, 162 MHz) Sl - 59
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Compound 27, phenyl phosphate, °C - NMR (D,0, 101 MHz) Sl -60
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Compound 28, 2-napthalen-2-yl phosphate, 'H - NMR (D,0, 400 MHz)

Sl - 61
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Compound 28, 2-napthalen-2-yl phosphate, *'P {'H} - NMR (D0, 162 MHz) Sl -62
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Compound 28, 2-napthalen-2-yl phosphate,

TBA salt

28
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acetate

13C - NMR (D0, 101 MHz)
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Compound 29, 3,4-dimethylphenyl phosphate, 'H - NVIR (D,0, 400 MHz)

Sl - 64

f1 (ppm)
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Compound 29, 3,4-dimethylphenyl phosphate, 3'P {'H} - NMR (D0, 162 MHz) SI-65
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Compound 29, 3,4-dimethylphenyl phosphate, >C - NMR (D,0, 101 MHz)

Sl -66
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Compound 30, 1H-indol-5-yl phosphate, 'H - NMR (D0, 400 MHz) Sl -67
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Compound 30, 1H-indol-5-yl phosphate, *'P {'H} - NVR (D0, 162 MHz) Sl - 68
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Compound 30, 1H-indol-5-yl phosphate, 'C - NMR (D;0, 101 MHz)

Sl -69
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Compound 31, pyren-2-yl phosphate, '"H - NMR (CD3;CN, 400 MHz) SI-70
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Compound 31, pyren-2-yl phosphate, 'P {'H} - NMIR (CDsCN, 122 MHz) SI-71
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Compound 31, pyren-2-yl phosphate,

TBA salt

31
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f1 (ppm)

Compound 32, phenyl diphosphate, 'H - NMR (D,0, 400 MHz) SI-73
B (m) E (m) H (V)
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Compound 32, phenyl diphosphate, *'P {'H} - NMIR (D,0, 122 MHz)

Sl-74
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Compound 32, phenyl diphosphate, '°C - NMR (D,0, 101 MHz)

SI-75
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Compound 33, 2-naphthalen-2-yl diphosphate, 'H - NMR (D,0, 400 MHz) S| -76
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Compound 33, 2-naphthalen-2-yl diphosphate, 3'P {'H} - NMR (D,0, 122 MHz)

SI-77
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Compound 33, 2-naphthalen-2-yl diphosphate, *C - NVIR (D,0, 101 MHz)
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Compound 34, 3,4-dimethylphenyl diphosphate, 'H - NMR (D,0, 400 MHz) SI-79
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Compound 34, 3,4-dimethylphenyl diphosphate, *'P {'H} - NMR (D,0, 162 MHz) Sl -80
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Compound 34, 3,4-dimethylphenyl diphosphate, *C - NMR (D0, 101 MHz) Sl - 81
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Compound 35, 1H-indol-5-yl diphosphate, 'H - NMR (D,0, 300 MHz) Sl - 82
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Compound 35, 1H-indol-5-yl diphosphate, 3'P {'H} - NMR (D,0, 162 MHz) Sl -83
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> | |
T
5 m
) (o))
A ™M
T T T T T T T T T T T T T T T T T T T T
-9 -10 -11 -12 -13 -14 -15 -16 -17 -1
f1 (ppm)
v_’——:—L—-l_'—J
r-r——T7 71 "7r——Trr—T"—r—Trr—rr—Trr—Trr—Trr—TrT" r~——Trr~—Trr—T"rrr~—Tr—rr—rr—rrr—rTrrrrrrrrrrrrr T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140  -160  -180  -20I

f1 (ppm)



Compound 35, 1H-indol-5-yl diphosphate, °C - NMR (D0, 101 MHz) S| - 84
C (s) F (s) Kl (t)
127.58| |111.92 19.11
= A(d) | B(s) E (d) H (s) I (m) J|(s
ﬁ ﬁ 145.44132.80| |115.72||101.30 58.03 23.07
NH N L
(0] P 0] P OH D(S) G(d) L(S)
O o 126.62 | [111.18 11.82
TBA/ TEA salt
35
acetate l l acetate
i , l —_— , \ ! J
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 10 -20

f1 (ppm)



Compound 36, pyren-2-yl diphosphate, "H - NMR (D0, 400 MHz) Sl -85
D (t)
7.71
B (d) G (h)
8.07 1.14
A (m) E (m) Fm|H®
8.15 2.76 1.28 | 0}81
c
7.91
O (0]
[ Il
o—r—o—p—oH
Q OH O-
TBA salt
36
acetate 'l
e T T Tr3
‘0 | 11I.5 11I.0 10I.5 10I.0 9I5 9I0 8I5 8:0 7I5 7IO | 6I5 6I0 | 515 | 510 | 4:5 410 315 320 | 215 | 210 | 1I5 | 1!0 | 0I5 -0I.5 | -1‘

f1 (ppm)



Compound 36, pyren-2-yl diphosphate, >'P {'H} - NMR (D0, 162 MHz) S| - 86

B (d)
-16.18
A (d)
-10.63
0] (0]
[ I
O—T—O—T—OH
Q OH O-
TBA salt
36
T T T T T T T T T T T T T T T T T T
-10 -11 -12 -13 -14 -15 -16 -17 -18
f1 (ppm)
|
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -201

f1 (ppm)



Compound 36, pyren-2-yl diphosphate, "*C - NMR (D,0, 101 MHz)

0 0
I I

O—P—0—P—OH

I(s)
120.80

G (s)
125.27

E (s)
127.46

C(s)
130.20

OH o}

A (d)
150.68

B (s)
132.08

J (d)
117.11

TBA salt

36

acetate

| L.

D (s)
127.85

F(s)
125.76

H (s)
123.82

[l

K (t)
57.68

acetate

"
o~
(V2]

Sl -87

— 71 - T T 1 T T T T T T T T T T T T
2490 230 220 210 200 190 180 170 160

—
150

—
140

—
130

T T T T
120 110
f1 (ppm)

—
100 9

0

80

70

60

50

40

30

20

10

—
-10

—
-20



Compound 38, 5,5,5-Trifluoropentylphosphate, "H - NMR (D0, 400 MHz)

Sl -88

E(m)
1.32
A(q) B (m) C(m)||{D(m) A (1)
3.88 3.15 2.21 1.62 093
i I
F—'—/_\—O—T—o
F o
TBA/TEA - salt
38
acetate
T T N T I I ¢
o 8 o 8 R 8
I~ a S T S o <
o ~— N O [\l o (o]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1

f1 (ppm)



Compound 38, 5,5,5-Trifluoropentylphosphate, ™°F - NMR (D20, 377 MHz) Sl - 89

A (t)
-66.06
F 0
[ —
F O—I|3—O
F o)
TBA/TEA - salt A (D)
38 -66.06
T T T T T
-65.5 -66.0 -66.5
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 .10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)



Compound 38, 5,5,5-Trifluoropentylphosphate, 3'P{'H} - NMR (D20, 162 MHz) Sl -90

A (s)
0.41
| I
F—'—/_\—o—lr—o
F o
TBA/TEA - salt
38
——— 1 —
rr——m 77T —r——TrrTrrr—r——r——r—r——Tr——Trr——rTr—r—rTrr—rr—r—r—rr—rrr—rrrrrrrrrrr T TrrT T T T T T T
200 180 160 140 120 100 80 60 40 20 0 20 -40  -60  -80  -100 -120  -140  -160  -180  -20l

f1 (ppm)



Compound 38, 5,5,5-Trifluoropentylphosphate, *C{'H} - NMR (D20, 101 MHz) Sl - 91
H (5)
23.08
C(m) F (d) K {s)
58.06 28.86 14)32
A (q) )| [pw]| [E@]| [1@
127.62 65.11 46.48 32.32 17.82
F (0]
/ \ [ Ggi) | | e
F O_T_O 26.99 12.79
F o)
TBA/TEA - salt
38
acetate l
L y l | ‘
acetate
| Z‘IIO | 2:130 | 250 | ZiO | 2(I)0 | 1F|30 | 1é0 | 1}0 | léO | 1%0 | l‘IlO | 1;’)0 | 150 | liO | 160 | 9I0 | 8I0 | 7I0 | 6I0 | 5I0 | 4I0 | 3I0 | ZIO | 1I0 | -1I0 | -ZIO |

f1 (ppm)



Compound 39, 5,5,5-Trifluoropentyl-phenylphosphate, 'H - NVIR (MeCN-d3, 400 MHz) S| -92

J(m) G (m) B (t)
7.19 3.08 1.19
I (m) H (dt) F(q) E(m){|D(m)| [A()
7.05 3.91 2.95 2.14 || 1.60 0.96
K (m) C (m)
7.28 1.35

i I
40
O_
TBA/ TEA - salt
39

acetate

7R T T ™ =Tr A
€88 = g% S Nl
NN O o MmN o~ N M s
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.0 11.5 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05

f1 (ppm)



Compound 39, 5,5,5-Trifluoropentyl-phenylphosphate, "°F - NMR (MeCN-d3, 377 MHz)

SI1-93

A
-66.98
F
F A(b)
o) -66.98
O—T—O
L
TBA/ TEA - salt
39
T T T T T T T T T T T T T T T T
-66.7 -66.8 -669 -67.0 -67.1 -67.2 -673 -67.4
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 .10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)



Compound 39, 5,5,5-Trifluoropentyl-phenylphosphate, *'P {'H} - NMR (MeCN-d3, 162 MHz) Sl -94

A(s)
-6.72
F
F
F i
o—F|>—o
2
TBA/ TEA - salt
39
| _
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140 -160  -180  -20

f1 (ppm)



Compound 39, 5,5,5-Trifluoropentyl-phenylphosphate, °C {'H} - NMR (MeCN-d3, 101 MHz) SI-95

N ()
20.34

C(s) G (s) K@ | |3

123.84 59.31 30.25 13.79

A (d) B (s) F (d) He) | [E@]| [M@|106)

154.36 130.12 65.94 46.53 | |33.58 19.24 |/ 8.88
- D (§) L (s)
121.014 24.31

i I
40
O_
TBA/ TEA - salt
39

tat
aceare m l.l I 1 |

acetate

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



f1 (ppm)

Compound 41, 3,4-dimethylphenyl (5,5,5-trifluoropentyl) phosphate, 'H - NMR (CDsCN, 400 MHz) Sl -96
B (m) F(s) I (h)
6.90 2.16 1.34
A (m) cm| [om) Es)| [Hm] 5o
F 6.96 3.78 3.10 2.19 1.59 0196
ﬁ /\/\XF
e G (m)
HyC 0 F|> 0 - ~
L
HsC
TBA salt
41
NA acetate
e i 7 A R
.0 | 11I.5 | 11I.0 | 10I.5 | 10I.0' 915 | 910 | 815 | 8:0 | 715 | 710 | 625 | 610 | 515 | 510 | 4:5 | 410 | 315 | 320 | 215 | 210 | 115 | 1!0 | 015 010 -0I.5 -1‘



Compound 41, 3,4-dimethylphenyl (5,5,5-trifluoropentyl) phosphate, 'F - NMR (CD;CN, 377 MHz) Sl -97

ﬁ /\/\X ]
HsC 0—P—0

H;C
TBA salt

41

A (1)
-66.97

W

——
-66.4

T T L e L LA B A B B B
-67.0 -67.2 -67.4 -67.6

f1 (ppm)

—r— —r—
-66.6 -66.8

; ; —_—
0 10 0 -10 -20

T T T T T T T T T T
-30 -40 -50 -60 -70

T T T T T T T
-100 -110 -120

T T T T T T T T T T T T T T T T T T
-130 -140 -150 -160 -170 -180 -190 -200 -210 -2



Compound 41, 3,4-dimethylphenyl (5,5,5-trifluoropentyl) phosphate, *'P {H} - NMR (CDsCN, 162 MHz) Sl - 98

A(s)
-5.40
F
ﬁ /\/\XF
HsC 0—P—O0
| F
o
H;C
TBA salt
41
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



SI-99

Compound 41, 3,4-dimethylphenyl (5,5,5-trifluoropentyl) phosphate, >C - NMR (CD3;CN, 101 MHz)
Q(s)
13.74
D (s) 0 (q)
130.35 19.36
B (s) F (d I(m) K (d) | N (s)
137.71| |122.10 59.21 30.47 | 19.90
A (d) E (q) H (d) J(@) | [M(m)
153.58 128.74 64.85 33.58| | 20.26
C(s) Li(s)
. 130.47 24.26
o F Gl(s) P (s)
I 118.16 18.90
| F
>
HyC
TBA salt
41
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -0 -20
f1 (ppm)



Compound 42, 2,5-dimethylphenyl (5,5,5-trifluoropentyl) phosphate, 'H - NMR (CDsCN, 400 MHz) Sl -100

B (d) G (m) I (m)
6.96 2.16 1.34
F
CH;, o F A(s)||C(m) D(m)| [E(m) F(| |[Hm) I
| 7.22 || 6.68 3.81 3.09 2.23| | 1.60 | |0}96
O0—P—O0
| F
o
CH;,
TBA salt
42

216 - —
)rtf
L

11.23 -1

T T T T T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1
f1 (ppm)

o’ 16574

: — : : :
.0 115 11.0 105 100 95 9.0



Sl -101

Compound 42, 2,5-dimethylphenyl (5,5,5-trifluoropentyl) phosphate, '°F - NVIR (CD3sCN, 377 MHz)

i (”) /\/\X " 6695
0—P—0

CHs
TBA salt

42

A ()

L

By

— T — T 1
-66.95 -67.05 -67.15

f1 (ppm)

T — T
-66.75 -66.85

T T T T T T T T T T
0 10 0 -10 -20 -30 -40

T T T T T T
-50 -60 -70

T T T T T T T T T T T T T T T T T T T T T T T T
-100 -110 -120 -140 -150 -160 -170 -180 -190 -200 -210 -2:



Compound 42, 2,5-dimethylphenyl (5,5,5-trifluoropentyl) phosphate, *'P {'H} - NMR (CD;CN, 162 MHz) Sl -102

F A (s)
e (||) /\/\XF =20
O—P—O
| F
o
CH,
TBA salt
42
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -20!

f1 (ppm)



Compound 42, 2,5-dimethylphenyl (5,5,5-trifluoropentyl) phosphats

b, 13C - NMR (CD;CN, 101 MHz) Sl -103
Q(s)
13.74
F E (d) N (m)
CHy (”) /\/\XF 126.44 20.26
0—P—0 C (@) I (m) K(d) | 0 (a)
| F 130.13 59.22 30.531( 19.41
© A (d) B(s) || F(s) H (d) J(@) [[M(s)
153.71| |136.61|123.0p 64.93 33.62 | |[21.15
D (s) L|(s)
CHs )
TBA sait 130.74 24.25
G(q) P (%)
42 121.45 16.5%1

acetate

. | Lt ' “ ‘

T 1 ' T ‘' T T T T T ‘T T T T T
240 230 220 210 200 190 180 170

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

—_—
0 -10  -20



Compound 43, 3,4-dimethoxyphenyl (5,5,5-trifluoropentyl) phosphate, H - NMR (CDsCN, 400 MHz) Sl -104
B (d) E|(s) J(m) |k ®
6.7 3|75 1.35 | .89
A (dd) pm)| [Gm) Hmm [t [do
- 6.87 380 | | 3.00 214 || 1.59 | |do6
0 F
[ /\/\X C (ddd) A s)
o 0—pP—o0 6.70 473
HsC | F
.
i
CHs
TBA/ TEA salt
43

A T o
ono oo = @ — A&
ik 844 0 o iR
— = N M ™M — o~ — -
T T

11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)



Compound 43, 3,4-dimethoxyphenyl (5,5,5-trifluoropentyl) phosphate, "°F - NMR (CD;CN, 377 MHz) SI-105

TBA/ TEA salt

43

A (1)
-66.95

UL

— T T T T T 1
-67.00 -67.10 -67.20

f1 (ppm)

— —
-66.80 -66.90

T T T T T T T T T
0 10 0 -10 -20 -30

T T T T T T T T
-40 -50 -60 -70

T T T T T T T T T
-100 -110 -120 ~-130

T T T T T T T T T T T T T T T T
-140 -150 -160 -170 -180 -190 -200 -210 -2:



Compound 43, 3,4-dimethoxyphenyl (5,5,5-trifluoropentyl) phosphate, *'P {'H} - NMIR (CDsCN, 162 MHz)

Sl - 106

A(s)
-5.36
0 F
I
o} O0—P—O0
He” | F
o)
i
CH,
TBA/ TEA salt
43
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140 -160  -180  -20

f1 (ppm)



Compound 43, 3,4-dimethoxyphenyl (5,5,5-trifluoropentyl) phosphlate, 3C - NMR (CD3CN, 101 MHz)

Sl-107
K (s) Q(s)
56.16 13.73
B (d) F (d) I (m) M(d)] P(a)
149.80 111.93 59.22 30.48]| 19.36
A(s) D (q) E (s) H (d) L(@) | |O(m)
150.26 128.74 113.15 64.95 33.59 20.26
C(s) G (d) 3 (s) N| (s)
145.07 106.22 56.80 24.25
F
O F
[
(0] O—P—O
~
HaC | F
0]
I
CHs
TBA/ TEA salt
43
acetate
A nh J Ilj A J A k LIIL Wond —~—
r— . 1 1 1 _ +~ 1 1 _* 1 * T * T ‘* T ‘* T ‘ T * T T T T T T — 1 T 1T T T T T T T T 1 — T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 60 50 40 30 20 10 -20
f1 (ppm)



Compound 44, 4-(trifluoromethyl)phenyl (5,5,5-trifluoropentyl) phosphate, "H - NMR (CD;CN, 400 MHz) Sl -108
B (m) G (m)
7.39 1.35
A (m) cem| [om Em|[Fm]| [Hwo
7.55 3.84 3.09 2.12 || 1.59 0{96
F
ﬁ /\/\XF
O—P—O
| F
F o
F
F
TBA salt
44
m Im‘gcetate *
e 7 T TR T T
| I I I | | I 0 715 | 710 | 625 | 610 | 515 | 510 | 4:5 | 410 | 315 | 320 | 215 | 210 | 115 | 1!0 | 015 010 -0I.5 -1‘

f1 (ppm)



Compound 44, 4-(trifluoromethyl)phenyl (5,5,5-trifluoropentyl) phosphate, '°F - NMIR (CDsCN, 377 MHz)

Sl-109

C (m)
-67.03
A (s)
-61.94
B (s)
-62.98
F
ﬁ /\/\XF
o—F|>—o
F o
F F
TBA salt
a4 JL I L
T T T T T T T T T T T T T T T T T T T T T T T T
-61.8 -62.0 -62.2 -62.4 -62.6 -62.8 -63.0 -63.2 -66.6 -66.8 -67.0 -67.2
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
) 10 0 .10 20 -30 -4 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 ~-150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)



Compound 44, 4-(trifluoromethyl)phenyl (5,5,5-trifluoropentyl) phosphate, *'P {'H} - NVIR (CDsCN, 162 MHz) Sl -110

e A(s)
O0—P—O
| F
F 0
F
F
TBA salt
44
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140 -160  -180  -20

f1 (ppm)



Compound 44, 4-(trifluoromethyl)phenyl (5,5,5-trifluoropentyl) phosphate, >C - NMR (CD3;CN, 101 MHz)

Sl-111

E (4) N[ (s)
121.110 ‘ 13.73
C (m) H (m) J(d) || M(a)
127.16 59.25 30.29(| 19.26
A (d) B (q) G (d) I(m)| |L(m)
158.46 128.68 65.40 33.46 | |20.26
D (q) Ki(s)
e 123.94 24.25
0 F
I F (a)
0—pP—0 125.74
| F
F o
F
F
TBA salt
44
N ml J L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30

f1 (ppm)



Compound 45, benzo[d][1,3]dioxol-5-yl (5,5,5-trifluoropentyl) phosphate, 'H - NMR (CDsCN, 400 MHz) Sl -112
B (d) I (m)
6.70 1.36
A (dd) D| (s) E (m) F (m) G(m)||[H (m) J(®)
F 6.79 5191 3.90 3.08 2.14 1.59 0L96
(0] F
[ X C (¢
o O—T—O 6.64
< o
(@]
TBA salt
45
S ! T ! DU S
| 11I.5 | 11I.0 | 10I.5 | 10I.0' 915 | 910 815 8:0 715 7IO | 6i5 | 610 | 515 | 510 | 4:5 | 410 | 3i0 | 210 | 1I5 1:0 | 0I5 010 -OI.5 | -1‘

f1 (ppm)



Compound 45, benzo[d][1,3]dioxol-5-yl (5,5,5-trifluoropentyl) phosphate, "°F - NMR (CDsCN, 377 MHz)

Sl-113

A(b)
-66.98
F
ﬁ /\/\XF
O—P—O
< 2
(e}
TBA salt
45
T T T T T T T T T T T T T T T T T T
-66.80 -66.90 -67.00 -67.10 -67.20
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)



Compound 45, benzo[d][1,3]dioxol-5-yl (5,5,5-trifluoropentyl) phosphate, 3'P {'H} - NMR (CD;CN, 162 MHz) Sl-114

A(s)
-6.49
F
ﬁ /\/\XF
0—P—0
( 0
(0]
TBA salt
45
; e .
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 45, benzo[d][1,3]dioxol-5-yl (5,5,5-trifluoropentyl) phosphate, *C - NMR (CD;CN, 101 MHz) SI-115
H (s) P((s)
102.47 13.72
B (s) F (s) J(m) L(d) |} O(a)
148.64 108.38 59.25 30.17| 19.14
F
O /\/\XF A (d) D (q) E (d) I(d) K(q)| [N (m)
I 148.76 128.69 | |113.20 66.01 33.52| |20.26
o 0—P—0
F
| C(s) G (d) M (s)
o 144.11 103.50 24.24
0
TBA salt
45
Ll | J l' | _“ ] ¢ A v

— T T T T T T T T T T T T
240 230 220 210 200 190

T T T T T T T T T T T T T T T T T
180 170 160 150 140 130

T T T T T T T T T T T T T T T T T T T
120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

—_——
0 -10  -20



Compound 46, 4-ethynylphenyl (5,5,5-trifluoropentyl) phosphate, 'H - NMR (CDsCN, 400 MHz) Sl-116

B (m) F(s) J (m)
7.20 3.26 1.35
A (m) C(m)|E(s) Hm)[[I(m)| |K]m)
7.35 3.79 |3.33 2.13 || 1.59 0f97
. D (m) G (m)
0 F | 7.08 3.08
] X
O—P—O
| F
o
Z
Hc?
TBA salt
46

190 7 B

036 = =
15.071

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11,5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
f1 (ppm)



Compound 46, 4-ethynylphenyl (5,5,5-trifluoropentyl) phosphate, "°F - NMR (CD;CN, 377 MHz) Sl -117

A (m)
-66.99

o—pP—
| F
o
/
<~ N
TBA salt
46
T T T T T T T T T T T T T T T T T T T T T T
-66.5 -66.6 -66.7 -66.8 -66.9 -67.0 -67.1 -67.2 -67.3 -67.4 -67.5
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 .10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)



Compound 46, 4-ethynylphenyl (5,5,5-trifluoropentyl) phosphate, 3'P {'H} - NMR (CD:CN, 162 MHz) SI-118

B (s)
-5.61
A (s)
-5.77
F
0 F
Il
0O—P—0O
| F
o
/
Hc?
TBA salt [ [
2 &
46 & &)
T T T T T T T T T T T
54 -55 -56 -57 -58 -59 -6.0
f1 (ppm)
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -20!

f1 (ppm)



Compound 46, 4-ethynylphenyl (5,5, 5-trifluoropentyl) phosphate, 'IC - NMR (CDsCN, 101 MHz) SI-119

S (d)
122.42
Q(s) V(s) N (m)
130.00 78.24 19.30
P (d) C(a) || [T (s) G (s) I (m) K (dd) O (s)
155.69 128.73|| 115.59 77.21 59.25 30.42 13.73
A (d) B(s) | E(q) F(s) H (d) J(qd) | | M (m)
156.48 133.70 | 12004 84.50 65.06 33.58 | [ 20.27
F D (s) U (s) L{(s)
ﬁ /\/\XF 126.02 84.23 24.25
0O—P—0O R (s)
| F 123.18
o
/
HC/
TBA salt
46

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



f1 (ppm)

Compound 47, 3-bromophenyl (5,5,5-trifluoropentyl) phosphate, 'H - NMR (CDsCN, 400 MHz) Sl -120
B (m) G (m)
7.14 1.36
F A (ddd) Cc(m) D (m) E(mM)||F(m) H (t)
ﬁ /\/\XF 7.45 3.81 3.08 2.13 || 1.59 | | 0|96
Br O—P—O
| F
L
TBA salt
47
o p A G o
0 11I5 1£0 10I5 10I.0' 9I5 9I0 8I5 8I0 715 | 710 | 6:5 | 610 | 515 | 510 | 4:5 | 410 | 315 | 3:0 | 215 | 210 | 115 1:0 | 015 010 -0I.5 -1‘



Compound 47, 3-bromophenyl (5,5,5-trifluoropentyl) phosphate, 'F - NMR (CDsCN, 377 MHz) Sl -121

ﬁ /\/\XF 6699
Br O—P—O

TBA salt

47

F A(t)

N

T T T T T T T T T T
-66.8 -66.9 -67.0 -67.1 -67.2 -67.3
f1 (ppm)

; ; —_—
0 10 0 -10 -20

T T T T T T T T T T
-30 -40 -50 -60 -70

T T T T T T T T T T T T T T T T T T T T T T T T
-100 -110 -120 -140 -150 -160 -170 -180 -190 -200 -210 -2:



Compound 47, 3-bromophenyl (5,5,5-trifluoropentyl) phosphate, *'P {'H} - NVIR (CD;CN, 162 MHz) Sl -122

F A (s)

Br O—P—0O

| F

o

TBA salt

47

r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 47, 3-bromophenyl (5,5,5-trifluoropentyl) phosphate, 1€ - NMR (CDsCN, 101 MHz) Sl -123

G (d)
11897
. E (d) 0(s)
o E 123.01 12.79
b C(s) I(m) K(d) || N(q)
Br © T © . 130.29 58.33 29.44 [ 18.37
0 A (d) B (q) H (d) 3@ | [M(m)
155.64 127.72 64.28 32.64| [ 19.33
D (s) L{(s)
TBA salt 124.48 23.31
a7 F (s
121.33

. L

S
=

4

\

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



f1 (ppm)

Compound 48, 4-chlorophenyl (5,5,5-trifluoropentyl) phosphate, 'H - NMR (CDsCN, 400 MHz) Sl -124
F (m)
1.35
A (s) B (m) Cc(m) D (m) || E (m) g ()
F 7.20 3.79 3.09 2.13 1.58 0{96
ﬁ /\/\XF
0—P—0
| F
L
Cl
TBA salt
48
A M M qu_,‘ A
" ! T ToTT T
0 11I5 1£.0 | 10I5 10IO 915 910 815 8!0 715 | 710 615 | 610 | 515 | 510 | 4!5 | 410 | 315 310 | 215 | 210 | 115 | 1!0 | 015 010 -0I.5 -1‘



Compound 48, 4-chlorophenyl (5,5,5-trifluoropentyl) phosphate, °F - NUR (CDsCN, 377 MHz) SI-125

A(t)
E -66.99
ﬁ /\/\XF
O0—P—0O
| F
>
o]
TBA salt
48
T T T T T T T T T T T T T T T T T T T
-66.80 -66.85 -66.90 -66.95 -67.00 -67.05 -67.10 -67.15 -67.20
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 .10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)



Compound 48, 4-chlorophenyl (5,5,5-trifluoropentyl) phosphate, 3'P {'H} - NMR (CDsCN, 162 MHz) Sl -126

A (s)
E -5.53
ﬁ /\/\XF
0—P—0
| F
o
Cl
TBA salt
48
r——T 1 1 ~r1 1~ 1 ~r 1 1 T 71 1 "7 "1 T "7 T T "~ 71T T T "~ T T T T " T T "~ T "~ T T "~ T "~ T "~ T "~ T "~ T *~ T T T T "1
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 48, 4-chlorophenyl (5,5,5-trifluoropentyl) phosphate, *¢ - NMR (CD;CN, 101 MHz) Sl -127
E (s M (s)
122.33 13.73
C(s) G (m) 1@ | L@
F 129.48 59.24 30.41 || 19.31
i "l A@ B (@) F (d) H (@) | [K (m)
0O—P—0 154.67 128.73 65.03 33.57| |20.26
F
é— D (d 3/(s)
122.37 24.25
Cl
TBA salt
48

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound 49, naphthalen-2-yl (5,5,5-trifluoropentyl) phosphate, 'H - NMIR (CD;CN, 400 MHz)

D (ddd)
7.34

B (m)

7.65

A (m)
7.76

C (m)
7.42

Sl-128

I(m)

1.34
E (m) F (m) G(m)|H((m) J®©
3.85 3.08 2.12 || 1.58 195

| F
o
TBA salt
49
acetate
TR A T T R R
2885 5 g g sz% R
MO —-HO o — o — —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.0 1.5 1.0 0.5 00 -05 -1

f1 (ppm)



Compound 49, naphthalen-2-yl (5,5,5-trifluoropentyl) phosphate, '°F - NMR (CD3;CN, 377 MHz)

Sl-129

A
-66.98
F
0] F
I
O—P—0O
| F
o
TBA salt
N JUUL
T T T T T T T T
-66.8 -66.9 -67.0 -67.1 -67.2
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2:

f1 (ppm)



Compound 49, naphthalen-2-yl (5,5,5-trifluoropentyl) phosphate, 'P {'H} - NVIR (CDsCN, 162 MHz) Sl -130

A (s)
-5.44
F
(”) /\/\XF
0—P—0
| F
o
TBA salt
49
|
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 49, naphthalen-2-yl (5,5, 5-trifluoropentyl) phosphate, "C - NMR (CDsCN, 101 MHz) Sl - 131

I(s)
124.70
G (s)
127.79
F
O F E(s) S|(s)
I 129.34 13.73
0—P—0

|_ F C() || K@) M (m) O] R(a)

0 128.70 || 115.88 59.20 30.45 | 10.34
A(d) B(s) | J(d L (d) N (q) | [Q|(m)
153.45| |135.30|122.71 65.07 33.56 | |20.25

TBA salt
D (s) Pl(s
49 130.36 2428
F(s)
128.34
H (s)
126.81

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 120 110 100 9 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140



f1 (ppm)

Compound 50, 1H-indol-5-yl (5,5,5-trifluoropentyl) phosphate, H - NMR (CDsCN, 400 MHz) Sl -132
E (dddd)
6.97
C (dd) K (m)
7.25 1.35
A (s) B (td) F (ddd) H (m) J (m) L (t)
9.78 7.35 6.33 3.08 1.59 0196
D (ddd)
7.18
F
ﬁ /\/\XF
0—P—0
4 | "
|
NH
TBA salt
50
. HMJ ] jﬁ .
- AN T T Sre L
| 11I.5 | 1£.0 | 10I.5 | 10I.0' 915 | 910 | 815 | 8:0 | 715 | 710 | 6:5 | 610 | 515 | 3:0 1:0 | -OI.5 | -1‘



Compound 50, 1H-indol-5-yl (5,5,5-trifluoropentyl) phosphate, '°F - NVIR (CD3;CN, 377 MHz)

Sl-133

A (t)
-66.96
F
ﬁ /\/\XF
O—P—0O
4 | "
o)
NH b
TBA salt A,J) L
50
T T T T T T T T T T
-66.7 -66.8 -66.9 -67.0 -67.1 -67.2
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 .10 -20 -30 -4 50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 ~-170 -180 -190 -200 -210 -2:

f1 (ppm)



Compound 50, 1H-indol-5-yl (5,5,5-trifluoropentyl) phosphate, 3'P {'H} - NMR (CDsCN, 162 MHz) Sl-134

A (s)
-4.70

1
. 'T:O
(@]
i
9220{5,(
7.80 - r-

NH
TBA salt
50 r— -~ T 1T - T~ T 1T 1T 1 1T 1 " 17
-3.8 -40 -42 -44 -46 -48 -50 -5.2 -54 -5.6 -5.8
f1 (ppm)
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -20I
f1 (ppm)



Compound 50, 1H-indol-5-yl (5,5,5-trifluoropentyl) phosphate, >*C { NVIR (CDsCN, 101 MHz)

Sl-135

E (s) P (s)
126.20 13.73
C(a) G(s) L (d) || O (a)
128.78 111.79 30.58 | 19.38
A (d) B (s) - (d) I(s) J(d) K(q) | |N(m)
149.00 133.03 16.55| | 101.92 64.81 33.62| | 20.26
D (s) H (d) M (s)
129.08 110.93 24.25
F
ﬁ /\/\XF
0—P—0
7 | "
(0]
NH
TBA salt
50
" | l .l |1Lllj Jrl _l; 1 1. A‘ “mav- e,
— 7t ~ 1 r 1 rr 1 T T T T r* 1T T T T T 7 — 1 T T T T T T — T —r T T T r 1T T T T T
240 230 220 210 200 190 180 170 160 150 130 120 110 100 60 30 20 10 -10  -20

f1 (ppm)



Compound 51, pyren-2-yl (5,5,5-trifluoropentyl) phosphate, 'H - NMR (CDsCN, 400 MHz) Sl -136
F (m)
1.35
A (m) Bm)| |cm) o [em]| [d
8.07 3.96 3.06 2.1 1.58 0196
F
ﬁ /\/\XF
0—P—0
| F
|
TBA salt
51
u MMUJ ! A
T T i AN A A
0 11I5 11IO IOIS 10I.0 9I5 9I0 815 | 8:0 | 715 | 710 | 625 | 610 | 515 | 510 | 4:5 | 410 | 315 | 320 | 215 | 210 | 115 | 1!0 | 0I5 010 -OIS -1

f1 (ppm)



Compound 51, pyren-2-yl (5,5,5-trifluoropentyl) phosphate, "°F - NMR (CD3;CN, 377 MHz) Sl -137

A )
-67.05
F
ﬁ /\/\XF
0—P—O0
| F
o
TBA salt
51
T T T T T T T T T T T T T T
-66.90 -66.95 -67.00 -67.05 -67.10 -67.15 -67.20
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)



Compound 51, pyren-2-yl (5,5,5-trifluoropentyl) phosphate, 3'P {'H} - NMR (CDsCN, 162 MHz)

Sl-138

F A (s)
0 F -5.93
|| /\/\X
O0—P—0O
| F
o
TBA salt
51
[ [
g K
N N
— 71 - T - 1T - 1T 1 1 1T 1T 1T °
50 -52 -54 -56 -58 -6.0 -6.2 -6.4 -6.6
f1 (ppm)
r o1 ~r 1 ~1r. 1. ~r1r 1 1 "1 "1 1 T "1 " T "™ T T T T T 1T 1 T T —r1r 1T T 1T T 1 T T
200 180 160 140 120 100 80 60 -20 -60 -80 -100  -120 -140 -160  -180  -20
f1 (ppm)



Compound 51, pyren-2-yl (5,5,5-trifluoropentyl) phosphate, '°C - Ml/IR (CDsCN, 101 MHz)

TBA salt

51

— T T T T T T T T T T T T
240 230 220 210 200 190

G (s)
126.20

E (s)
128.47

B (s) 1(d) K (m) M (d)
133.09| |117.55 59.24 30.42

A (d)
153.66

C(q) J(d) L (m)
128.67

65.39 33.40

D (s)

N
131.35 24

F(s)
128.01

H (s)
125.97

O O o A |

Sl-139

—
180

—
170

—
160

—
150

—
140

T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 120 110 100 90 8 70 60 50 40 30 20 10 0
f1 (ppm)

—
-10

—
-20



Compound 52, Diphenylphosphate, "H - NMR (D,0, 400 MHz)

Sl -140

B (m) E ()
7.23 1.36
A (m) C (m) D(m)|| (G
7.41 3.19 1.64 0195
F (1)
ﬁ 1{28
< >—O—I|3—O—< >
o
TBA/TEA - salt
52
acetate
7T T | Y A |
SR R Q Ang ]
< n (o) o Mmoo n
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 11,5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1

f1 (ppm)



Compound 52, Diphenylphosphate, *'P {'H} - NVIR (D20, 162 MHz) Sl -141

A(s)
-8.85
(0]
I
O_T_O
o
TBA/TEA - salt
52
1 A
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140 -160  -180  -20

f1 (ppm)



Compound 52, Phenylphenylphosphonate, 'C - NMR (D20, 101 MHz)

OO

0]

TBA/TEA - salt

52

Sl-142

H (m)
19.12

E (m)
58.08

F (s)
46.64

C(d)
124.52
A (d) B (s)
151.62 129.80
D (d)
120.22

e

G (s)
23.10

J(s)
8.19

I(s)
12.79

LWNWMWWMWW

— 71 - T T 1 T T T T T T T T T T T T
2490 230 220 210 200 190 180 170 160

—
150

—
130 120
f1 (ppm)

60

50

40

20

—_—
10 0 -10  -20



Compound 53, Pentyl-phenylphosphate, '"H - NMR (MeCN-d3, 400 MHz) Sl -143
H (m) E(m)
7.20 1.31
G (m) B (q) C(m) D(m)| [Aa(m)
7.27 3.87 3.09 1.58 0.87
I(m) A(t)
7.03 0{96
HyC
o]
O—I|3—O
o
TBA - salt
53
acetate
S { | ﬂ
EHW A A 4 e g
S oo S — N Y 9N
| 11|.5 | 11|.0 | 16.5 | 10|.0' 915 | 910 | 815 | 8!0 | 715 | 710 | 6:5 | 610 | 515 | 510 | 4!5 | 410 | 315 | 320 | 215 2|0 1l5 | 1|0 | 0|5 | oio -o|5 -1‘

f1 (ppm)



Compound 53, Pentyl-phenylphosphate, *'P {'H} - NMR (MeCN-d3, 162 MHz) Sl - 144

A (s)
-6.80
O
O—T—O
o
TBA - salt
53
e
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 53, Pentyl-phenylphosphate, "*C {'H} - NMIR (MeCN-d3, 101 MHz) Sl -145

J(s)
23.09
C(s) F (m) H (s) L (s)
123.61 59.28 28.74| |14.34
A (d) B (s) E (d) G (d) [K (m)
154.47 130.02 66.66 31.15(20.33
D (d) I(s)
121.15 24.32
HsC
o M (s)
[ 13.82
o—F|>—o
&
TBA - salt

53

acetate J J
\ | k _J Y I | | l

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound 54, Phenylphenylphosphonate, 'H - NVIR (D;0, 400 MHz) Sl - 146
D (m)
7.30
B (m) || F (m) I (h)
7.57 7.02 1.36
Am] [Em) G (m) Hm | [1o
7.77 7.15 3.18 1.64 0L95
C (m)
7.51
(0]
[
¢ >—||3—o—< >
L
TBA - salt
54
acetate
o o tomTor
S83388&% @ IS T A
| 11I.5 | 11I.0 | 10I.5 | 10I.0' 915 | 910 | 815 | 8:0 | 715 | 710 | 625 | 610 | 515 | 510 | 4:5 | 410 | 315 | 320 | 215 | 210 | 115 | 1:0 | 0I5 010 -OIS -1‘

f1 (ppm)



Compound 54, Phenylphenylphosphonate, 3'P {'H} - NMR (D20, 162 MHz) SI-147

A (s)
12.99
(0]
|
I|3—O
o
TBA - salt
54
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 54, Phenylphenylphosphonate, 'C - NMR (D20, 101 MHz) SI-148
H (d)
131.39
F(d) B (m)
124.19 19.12
J(d) E (d) D (m) Al(s)
151.51 121.02 58.08 12.79
ﬁ G (s) qes)
QP_O 129.58 23.09
. I(d)
o) 132.66
TBA - salt
54
acetate l l l A acetate

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Sl -149

Compound 55, Pent-4-yn-1-yl-phenylphosphate, "H - NMIR (D,0 / MeCN-d3, 400 MHz)
E(m) B (td) I(h)
7.42 2.50 1.59
D (m) G (q) F(m) A () || C (ttd) H (t)
7.61 4.24 3.37 2.58 || 2.04 1.19
J (ddd)
1.85
HC,
N\
0
O
o—F|>—o
o
TBA - salt
55
acetate
LA J |
H H H — HH HH H
™7 T T R R A |
SEN S & RENSBR <
'11|.5 | 11|.0 | 1o|.5 | 10|.0' 915 | 910 | 815 | 8!0 | 715 | 710 | 6i5 | 610 | 515 | 510 | 415 | 410 | 315 | 3i0 | 21 210 1.5 | 110 | 015 oio -o|.5 -1

f1 (ppm)



Compound 55, Pent-4-yn-1-yl-phenylphosphate, *'P {'H} - NMR (D20/MeCN-d3, 162 MHz) Sl -150

A (s)
-4.34
HC\\
O
O—T—O
o
TBA - salt
55
—
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 55, Pent-4-yn-1-yl-phenylphosphate, °C {'H} - NMR (D0 / MeCN-d3, 101 MHz) Sl - 151

M (s)
23.36
C(s) G (d) K (s)
124.09 65.00 14.43
A (d) B (s) E (s) F(s) ||[H(m) I(d) J(s)
152.43 129.85 84.85 69.82 || 58.31 29.12 13.09
D (d) L (m)
120.40 19.39
HC\\
O
O—I|3—O
o
TBA - salt
55
acetate | L I l l
acetate
H H HH H H H H H HH HH

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound 56, Isoprenyl-phenylphosphate, 'H - NIR (MeCN-d3, 400 MHz) Sl -152

B (m) E (dqt)
7.19 4.77
A (m) D(dg)| |J(a) G (qd) | [F (tdd) ([ I (td) [ |H (D)
7.30 4.72 4.04 2.96 2.32 ||| 1.71 || 1}18
C (m)
7.09

TEA- salt
56

2.04 -1
3.05=
5.26 =<

| 200~
2.05-=
0.96 *
1,00~
1.01~
2.07-1

o7 3511

25 20 15 10 05 00 -05

: — : : : : : : — :
.0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.
f1 (ppm)



Compound 56, Isoprenyl-phenylphosphate, *'P {'H} - NIR (MeCN-d3, 162 MHz) SI-153

A (s)
-6.95
CH,
0
H,C o—F|>—o
o
TEA- salt
56
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -20!

f1 (ppm)



Compound 56, Isoprenyl-phenylphosphate, '3C {'H} - NMR (MeCN-d3, 101 MHz) Sl -154

B (s) D (s) J(s)
143.49 124.40 46.75
A (d) C(s) F (s) K (d) I(d) H(s)| [G(s)
153.75 130.28 112.50 65.39 39.20 22.56 8.94
E(q)
CH, 121.p2
)\/\ ﬁ
H,C O_T_O@
o
TEA- salt
56

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound 57, Geranyl-phenylphosphate, '"H - NMR (MeCN-d3, 400 MHz) Sl -155

K (m)
1.65
B (m) F (tq) I (m)
7.18 5.32 1.58
A (m) E (tdt)| |D (m) G (q) H (t)
7.26 5.08 4.41 2.96 119
e o C (m) 3 (d)
N I @ 7.04 1.61
o—F|>—o
s
HC™ oh
TEA - salt
57

7R T T T T ST
885 g & & R gea %
AN —= O — o — — M MmN o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.0 11.5 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05

f1 (ppm)



Compound 57, Geranyl-phenylphosphate, *'P {'H} - NMR (MeCN-d3, 162 MHz) Sl -156

A (s)

CH, -5.83
-0
o—||=—o
o
HyC CH,
TEA - salt
57

—— —
100 80 60 40 20 0 -20
f1 (ppm)

T T T T 1T T 1 T L B B e e e e L A L A L A
200 180 160 140 120 -40 -60 -80 -100 -120 -140 -160 -180 -20



Compound 57, Geranyl-phenylphosphate, 3'P - NUIR (MeCN-d3, 162 MHz) Sl -157

A (t)
-5.83
CH,
(0]
-0
o—T—o
5
|
HyC CH,
TEA - salt
57

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
42 -43 -4.4 -4.5 -4.6 -4.7 -4.8 -49 -5.0 -5.1 -5.2 -5.3 -5.4 -5.5 -5.6 -5.7 -5.8 -5.9 -6.0 -6.1 -6.2 -6.3 -6.4 -6.5 -6.6 -6.7 -6.8 -6.9 -7.0 -7.1 -7.2 -7.3 -7.4 -7.5 -7.6 -7.7 -7.8
f1 (ppm)



Compound 57, Geranyl-phenylphosphate, "*C {'H} - NMR (MeCN-dL, 101 MHz) Sl -158

I(d)
12116
G (s)
123.9
D (s) K(s) M (s) P (s)
132.47 40.14| |25.82 8.92
ik . B() || C(s) | | Fs) A | |30 L(s) | 0(s)
X [ @ 154.32 | 140.90 | |124.94 63.48| |46.65 27.1216.53
0—P—0
(l)- E (s) N (s)
130.21 17.79
H (d)
H,C CH, 121.87
TEA - salt
57

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



f1 (ppm)

Compound 58, 6-Hydroxyhexyl-phenylphosphate, 'H - NMR (D20 / MeCN-d3, 490 MHz) Sl -159
1
1.41
B (m) p@| |Em) G (p)
7.35 4.09 3.29 1.65
A (m) @ Fm| [1o
7.54 3.69 1.77 1.11
H (m)
1.49
O
N P N I @
o—r—0
L
TBA- salt
58
acetate
T H Tonow |
g5 s 8 8 5 gafg R
.0 | 11I.5 | 11I.0 | 10I.5 | 10I.0' 915 | 910 | 815 | 8:0 | 715 | 710 | 625 | 610 | 515 | 510 | 4:5 | 4. | 315 | 320 | 215 | 210 | 115 | 1. 015 010 -OI.5 -1‘



Compound 58, 6-Hydroxyhexyl-phenylphosphate, *'P {'H} - NMR (D20/MeCN-d3, 162 MHz) Sl - 160

A (s)
-4.22
O
O—I|3—O
o
TBA- salt
58
| A
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 58, 6-Hydroxyhexyl-phenylphosphate, 'H - 3'P - HMBC (D,O/MeCN-d3) Sl -161

M. M u N

—-25

—-20

—-15

" —-10
. N
£
S
&
b

-5

“ .' (]
0
O
NG NG NPZaN I K
o—F|>—o
o L
TBA- salt 10
58
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

f2 (ppm)



Compound 58, 6-Hydroxyhexyl-phenylphosphate, "*C {'H} - NUR (D;0/MeCN-d3, 101 MHz) Sl -162

L (s)
23.99
C(s) F(s) J(d) N (s)
124.84 62.52 30.63 13.74
A (d) B (s) E (d) H (s) I(s) |[M(m)
152.97 130.54 67.43 47.46 32.23| 20.02
D (d) G (m) K (d)
120.99 58.94 25.63

o}
o— T_O

TBA- salt
58

tat
acetate | | | , k _ ‘ l J

acetate

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound 59, D4T-phenylphosphate, 'H - NMR (D,0, 400 MHz) Sl -163

D (dt)
6.90
B (dd) I(dt) L (d)
7.25 4.25 1.60
A(a) E (dt)| | G (dt) F(m) H (dt) J(9) K (1)
7.33 6.49 5.90 5.15 4.09 3.21 1129
C(m)
7.06
(0]
| NH
0 NN
O—||°—O
O' O
TEA - salt
59

acetate

AR i T T T T ! rr

SSaa S = S 29 5 I B

— NN O — — — — — < [aV] —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T !
11,5 11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1

f1 (ppm)



Compound 59, D4T-phenylphosphate, *'P {H} - NMR (D,0, 162 MHz)

Sl - 164

A (s)
-4.85
0]
H,C
| NH
(0]
| N
O—I|3—O
O' O
TEA - salt
59
r-r——+—7/ ' '71 "7 —r—7r—7rr—TrrrT" 7T 7r 7 —r—rT7r T rr—r~—TrrrTr T Tr T T 7" 7T —r—rr—rrrrrT1rrTr T T T 1T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 =201

f1 (ppm)



Compound 59, D4T-phenylphosphate, *C {'"H} - NMIR (D,0, 101 MHz)

Sl -165

f1 (ppm)

H (s)
124.38
C(d) E (s) I(d) L (d) P (9
151.42 134.22 | |120.21 85.65 11.28
A(s) B (s) D(s) || G(s) J(s) K(s) M (d) N| (s) 0| (s)
166.43 | | 152.19 || 138.22 || 125.04 | | 110.72 89.95 66.19 46.63 820
F (s)
129.09
(0]
HsC
| NH
ﬁ N (@]
o—||=—o
O_ O
TEA - salt
59
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 -10  -20



f1 (ppm)

Compound 60, D4T-phenylpyrophosphate, "H - NMR (D20, 400 MHz) Sl - 166
B (m) E (dt)
7.30 6.45
A @] D m) Fadd)| [eem]  [Hm) (a) K (dd)|[ 1o
7.52 6.94 5.88 5.08 4.16 3.19 1.78 || 1127
C(m)
7.13
H,C
NH
(6] (0]
Q 1 0
0—P—0—P—o0,
o OH 0
TEA - salt
60
JUJ [ [ | .
A T T 7 i T T
.0 | 11I.5 | 11I.0 | 10I.5 | 10I.0' 915 910 815 8:0 715 710 625 | 610 | 515 | 510 | 4:5 | 410 315 | 3.0 | 2I5 | 210 | 115 | 1:0 015 010 -OI.5 -1‘



Compound 60, D4T-phenylpyrophosphate, *'P {'H} - NMIR (D0, 162 MHz)

Sl -167

B (d)

-11.95
A(d) B (d) A(d)
-16.41 -11.95 -16.41

(6]
H3C
| NH
(0] 0O
O_T_O_T_O
) OH :O:
TEA - salt
60 P kmmmmmﬁm,mmmwukm«mwmw
T T
& &
T 'C>I T T T T T IC)' T T
11 -12  -13  -14 -15 -16 -17 -18
f1 (ppm)

A

88

o o

r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120  -140  -160  -180  -20
f1 (ppm)



Compound 60, D4T-phenylpyrophosphate, *C {'H} - NMR (D,0, 101 MHz) Sl -168

H (d)

124.09
C(d) E(s) I(d) L (d) P (s)
151.71 134.06 || 120.19 85.89 8.20
A(s) B (s) D(s) || G(s) J(s) K (s) M (d) N (s) 0(9)
166.42 | | 152.09 || 138.24 || 125.34 || 111.31 89.71 66.53 46.61 11.41

F(s)

129.39

0
HyC
| NH

0 o)

[ [ N 0

o—||°—0—||=—o
o OH o
TEA - salt
60

~ L

acetate

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound 61, Diphenylpyrophosphate, 'H - NMR (D,0, 400 MHz) Sl -169
B (m) F (1)
7.20 1.28
A (m) C (m) pm| [da
7.37 3.19 1.64 0195
G (h)
1.36
(0] (@]
OO
o—p—o—p—o0
o o
TBA/ TEA - salt
61
acetate
M i J A
T T TNy
| 11I.5 | 11I.0 | 10I.5 | 10I.0' 915 | 910 | 815 | 8:0 7I5 | 710 625 610 | 515 | 510 4:5 410 | 315 | 320 215 | 21 | 115 | 1:0 | 015 010 -OI.5 | -1‘

f1 (ppm)



Compound 61, Diphenylpyrophosphate, 'P {'H} - NMR (D20, 162 MHz) SI-170

A(s)
-16.13
0 o
| |
O_T_O_T_O
o o
TBA/ TEA - salt
61
rr——m 77T —r——TrrTrrr—r——r——r—r——Tr——Trr——rTr—r—rTrr—rr—r—r—rr—rrr—rrrrrrrrrrr T TrrT T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -201

f1 (ppm)



Compound 61, Diphenylpyrophosphate, "*C - NMIR (D20, 101 MHz) SI-171

C(s) I(s) ||H(s)
o o 124.35 19.12 | 8.19
Qo—ﬂ—o—!—o@ A (t) B (s) E(s) || F(s) G (s)
(I)_ CI) 151.68 129.63 58.09 || 46.63 12.79
D (t) J(s)
TBA/ TEA- salt 1205 2310

61

acetate ‘ l | J ]

acetate

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound 67, Pentylphosphate, "H - NMR (D0, 400 MHz)

TBA/TEA - salt
67

A(q)
3.85

B (m)
3.12

acetate

Sl-172

D (m)
1.31

m

C (m)
1.59

()

()
O
N

Hi (m)
.87

T 7 f A

S & N =2 ¥ Rg

I~ =] = o O s <2

I I3 IS} - ~ N &
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2. 1.5 1.0 0.5 00 -05 -1

f1 (ppm)



Compound 67, Pentylphosphate, *'P{'H} - NMR (D20, 162 MHz) SI-173

A (s)
0.46
N
H,C o—F|>—o
o
TBA/TEA - salt
67
-
S
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140 -160  -180  -20

f1 (ppm)



Compound 67, Pentylphosphate, "*C{'H} - NMIR (D20, 101 MHz)

Sl-174

G (s)
23.07
B (m) E(s) | | K(s)
58.04 27.15 13.29
A (d) C(s) D (d) J(s)
65.97 46.49 29.55 14.36
F (s) L|(s)
ﬂ ” 26.98 12.80
H3C O_T_O H(S)
- 21.67
0]
TBA/TEA - salt
67
acetate
I
acetate
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2490 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10  -20

f1 (ppm)



Compound 73, Phenylcyclotriphosphate, 3'P {TH} - NMR (MeCN-d3, 162 MHz) SI-175

B (t)
-26.19
A (d) A (d) B (1)
22361
?\ / -23.61 -26.19
0
Ot
o _0O
P
//\O_
73

WM

U — N
8 R
o o
T T T T T T T
-23.5 -24.0 -26.0 -26.5
f1 (ppm)
A
SE
N O
r~r——r+—n T 7T 7 —rr—T7rr—Trr—Trr 7T T T 7T T rr—T"rr—TrrrT T r 7T r—Trr—Trr~—rr1Trrrr 1717171711 1T 71T 1T TT1T 71T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140  -160  -180 -20I

f1 (ppm)



Compound 74, Phenylcyclotetraphosphate, *'P {'H} - NIR (MeCN-d3, 162 MHz)

B (m)
-25.44

Sl-176

A (m)
-29.63

o
O\P/—o P
O/ \P//
N -
| | "o
o—P (0]
/2R /
0] O_P\
Tetrametaphosphate / (0]
(unreacted) )
74
I
! 8 a
o™ ™M o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-23.0 -23.4 -23.8 -24.2 -24.6 -25.0 -25.4 -25.8 -26.2 -26.6 -28.8 -29.0 -29.2 -29.4 -29.6 -29.8 -30.0 -30.2 -30.4 -30.6 -30.8 -31.
f1 (ppm)



Compound 74, Phenylcyclotetraphosphate, *'P {'H} - NIR (MeCN-d3, 162 MHz)

Compound 74, Phenylcyclotetraphosphate, *'P {TH} - NMR (spinsimulator)

B(2)

Rl

Sl-177

T T T T T T T T T T T T T T v T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-26.3 -26.5 -28.8 -29.0 -29.2 -29.4 -29.6 -29.8 -30.0

f1 (ppm)

— 7T T 1 1 1 T T 1T 1 1 "~ T "~ T 1T T
-24.9 -25.1 -25.3 -25.5 -25.7 -25.9 -26.1



Compound 78, PhenylPs-propargylamidate, '"H - NMR (D,0, 400 MHz)

B (m)
7.22

A (m)
7.29

C(m)
7.43

io;

o,—-l =0
]

o) —-l =0
]

o) —'c|1 =0
]

-

TEA - salt
78

E (q)
3.21

D (dd)
3.66

o

F (©)
2.55

acetate

0.74 =

TZZ

229
=

G (t)
1.29

Sl-178

6.0

] 200~
1.95
1.01

—
5.5
f1 (ppm)

5.0

4.5

4.0

1 1.79=

3.5

1 1.88—1

3.0

2.0

| 276X



Compound 78, PhenylPs-propargylamidate, *'P {'H} - NVIR (D20, 162 MHz)

SI-179
B (d)
-15.91
A (d) C(t)
-2.83 | [-23.02
A(d) B (d) C ()
-2.83 -15.91 -23.02
0 0 o)
Q [ [ [
o—T—o—T—o—T—NH\
o OH OH
N
TEA - salt
78
e e g
2 4 -4 -6 -18 -2 24  -26
f1 (ppm)

f i
8 88
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140  -160  -180
f1 (ppm)

™
-20



Compound 78, PhenylPs-propargylamidate, 'H - 3'P - HUBC (D20 MHz|

N

o0
QO_T_O_T_O_T_NH\
(o} OH OH \
\CH
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Compound 78, PhenylPs-propargylamidate, "*C{'H} - NMR (D20, 101 MHz) SI- 181
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Compound 79, PhenylPs-amidate, "H - NVIR (D20, 400 MHz) Sl -182
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Compound 79, PhenylPs-amidate, *'P {H} - NMR (D20, 162 MHz) SI-183
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Compound 79, PhenylPs-amidate, ">*C{'H} - NMR (D20, 101 MHz) SI-184
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Compound 80, PhenylPs- anthracen-9-ylmethanamidate, '"H - NMR (D20, 400 MH:

Sl-185
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Compound 80, PhenylPs- anthracen-9-ylmethanamidate, 3'P {'H} - NMR (D20, 162 MHz)
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Compound 80, PhenylPs- anthracen-9-ylmethanamidate, "*C{'H} - NMIR (D20, 101 MHz) SI-187
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Compound 81, PhenylP3-5"-deoxyadenosyl-5-amidate, '"H - NMR (D;0, 400 MHz)
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Compound 81, PhenylPs-5-deoxyadenosyl-5-amidate, *'P {'H} - NMIR (D20, 162 MHz) SI-189
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Compound 81, PhenylPs+5[-deoxyadenosyl-5-amidate; DQF-COSY (D20)
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Compound 81, PhenylP;-
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Compound 81, PhenylP3-5-deoxyadenaosyl-5-amidate, 'H - 3'R- HMBC (D20)
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Compound 81, PhenylPs-5-deoxyadenosyl-5-amidate, "*C{'H} - NMIR (D20, 101 MHz)
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Sl-194

Compound 82, PhenylP3-5"-deoxyguanosyl-5-amidate, '"H - NMR (D;0, 400 MHz)
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Compound 82, PhenylPs-5-deoxyguanosyl-5-amidate, *'P {'H} - NMIR (D20, 162 MHz) SI-195
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Compound 82, PhenylPs-5'-deoxyguanosyl-5"-amidate, DQF-COSY (D20)
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Compound 82, PhenylPs-5'-deoxyguanosyl-5'-amidate, HSQC (D20)
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Compound 82, PhenylP3-5-deoxyguanosyl-5-amidate, 'H - 3'P - HMBC (D20)
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Compound 82, PhenylPs-5-deoxyguanosyl-5-amidate, "*C{'H} - NMIR (D20, 101 MHz)
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Compound 83, Napht-2-ylIP3-5’-deoxyguanosyl-5’-amidate, "H - NMR (D20, 400 LVIHz) SI-200
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Compound 83, Napht-2-ylIP3-5’-deoxyguanosyl-5’-amidate, 3'P {'H} - NMR (D20, 162 MHz) Sl - 201
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Compound 83, Napht-2-ylPs;-5’-deoxyguanosyl-5’-amidate, HSQC (D20) Sl -203
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Compound 83, Napht-2-ylP3-5’-deoxyguanosyl-5’-amidate, 'H - *'P - HMBC (D20) Sl -204
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Compound 83, Napht-2-ylIP3;-5’-deoxyguanosyl-5’-amidate, >C{'H}s)NMR (D20, 101 MHz) SI-205
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Compound 84, PyrenylPs-5’-deoxyadenosyl-5’-amidate, "H - NVIR (D20, 400 MI“’Z)
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Compound 84, PyrenylPs-5’-deoxyadenosyl-5’-amidate, 3'P {TH} - NMR (D20, 162 MHz)
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Compound 84, PyrenylPs-5’-deoxyadenosyl-5’-amidate, HSQC (D20)
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Compound 84, PyrenylPs-5’-deoxyadenosyl-5’-amidate, 'H - 3'P - HMBC (D20) 2'-H
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Compound 84, PyrenylPs-5’-deoxyadenosyl-5’-amidate, *C{'H} - NMR (D20, 101 MHz)
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Compound 85, Benzo[1,3]dioxol-5-yIP4((7-(diethylamino)-2-oxo-2H-chromen-41yl)methylamidate , "H - NMIR (D20, 400 MHz) SI-212
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Compound 85, Benzo[1,3]dioxol-5-yIP,-((7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate, 3'P {'H} - NMR (D20, 162 MHz) SI-213
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Compound 85, Benzo[ 1,3]dioxol-5-yIP4-((7-(diethylamino)-2-oxo-2|H-chromen-4-yl)methylamidate, DQF-COSY (D20)
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Compound 85, Benzo[1,3]dioxol-5-yIP «((7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate, HSQC (D20) SI-215
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Compound 85, Benzo[1,3]dioxol-5-ylP((7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate, 'H - 3'P - HMBC (D20) Sl -216
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Compound 85, Benzo[1,3]dioxol-5-yIP,((7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate, >*C{'H} - NMR (D20, 101 MHz) SI-217
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Compound 86, PhenylP,-propargylamidate, "H - NMR (D20, 400 MHz) SI-218
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Compound 86, PhenylP,-propargylamidate, *'P {'H} - NVIR (D20, 162 MHz)
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Compound 86, PhenylP,-propargylamidate, 'H - *'P - HMBC (D20) Sl -220
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Compound 86, PhenylP,-propargylamidate, "*C{'H} - NMR (D20, 101 MHz) SI - 221
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Compound 87, PyrenylP,-5’-deoxyguanosyl-5’-amidate, "H - NVIR (D20, 400 MHz)
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Compound 87, PyrenylP,-5’-deoxyguanosyl-5’-amidate, 3'P {TH} - NMR (D20, 162 MHz)
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Compound 87, PyrenylP,-5’-deoxyguanosyl-5’-amidate, DQF-COSY (D20)
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Compound 87, PyrenylP,-5’-deoxyguanosyl-5’-amidate, HSQC (D20) Sl -225
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Compound 87, PyrenylP,-5’-deoxyguanosyl-5’-amidate, 'H - 3'P - HMBC (D20)
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Compound 87, PyrenylP-5’-deoxyguanosyl-5’-amidate, *C{'H} - NMR (D20, 101 MHz) SI-227
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Compound 88, PhenylP,-5’-deoxyguanosyl-5’-amidate, "H - NMIR (D20, 400 MHz) SI-228
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Compound 88, PhenylP,-5’-deoxyguanosyl-5’-amidate, *'P {'H} - NMIR (D20, 162 MHz)
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Compound 88, PhenylP,-5’-deoxyguanosyl-5’-amidate, DQF-COSY (D20)
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Compound 88, PhenylR,-5’-deoxyguanosyl-5’-amidate, HSQC (D20) SI - 231
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Compound 88, PhenylP,-5’-deoxyguanosyl-5’-amidate, 'H - 3'P - HMBC (D20)
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Compound 88, PhenylP,-5’-deoxyguanosyl-5’-amidate, *'P - 3'P - COSY (D20)
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Compound 88, PhenylP,-5’-deoxyguanosyl-5’-amidate, ">*C{'H} - NMR (D20, 101 MHz)
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Compound 89, 3,4-DimethylphenyIP4-(7-(diethyIamino)-2-oxo-2H-chromen-4-yI)JL1ethylamidate, '"H - NMR (D20, 400 MHz) SI-235
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Compound 89, 3,4-DimethylphenylP4(7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate, *'P {'H} - NVIR (D20, 162 MHz)
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Compound 89, 3,4-DimethylphenylP4-(7-(diethylamino)-2-oxo-2H-chromgn-4-yl)methylamidate, 'H - 3'P - HMBC (D20) Sl - 237
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Compound 89, 3,4-DimethylphenylP4(7-(diethylamino)-2-oxo-2H-chromen-4-yl)methylamidate, "*C{'H} - NMIR (D20, 101 MHz) SI-238
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Compound 90, PhenylPs-propargylamidate, '"H - NMR (D20, 400 MHz)
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Compound 90, PhenylPs-propargylamidate, 3'P {'H} - NMR (D20, 162 MHz) Sl -240
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Compound 90, PhenylPs-propargylamidate, 'H - *'P - HMBC (D20) S| - 241
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Compound 90, PhenylPs-propargylamidate, "*C{'H} - NMR (D20, 101 MHz)
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Compound 91, PhenylP;-propargylamidate, "H - NMR (D20, 400 MHz)
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Compound 91, PhenylP;-propargylamidate, *'P {'H} - NVIR (D20, 162 MHz) Sl - 244
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Compound 91, PhenylP-propargylamidate, 'H - *'P - HMBC (D20) Sl -245
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Compound 91, PhenylP;-propargylamidate, PP-COSY (D20) S| -246
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Compound 91, PhenylP;-propargylamidate, "*C{'H} - NMIR (D20, 101 MHz)

Sl - 247
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Compound 92, PhenylPs-propargylamidate, '"H - NMR (D20, 400 MHz)

Sl -248
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Compound 92, PhenylPg-propargylamidate, *'P {'H} - NVIR (D20, 162 MHz)
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Compound 92, PhenylPs-propargylamidate, 'H - *'P - HMBC (D20) SI-250
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Compound 92, PhenylPs-propargylamidate, PP-COSY (D20) S| - 251
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Compound 92, PhenylPs-propargylamidate, "*C{'H} - NMR (D20, 101 MHz) SI-252
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f1 (ppm)

Compound SI-5, D4T-monophosphate, "H - NMR (D,0, 400 MHz) Sl -253
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Compound SI-5, D4T-monophosphate, *'P{'H} - NMR (D20, 162 MHz)
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Compound SI-5, D4T-monophosphate, 3'P - NMR (D20, 162 MHz) SI-255
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Compound SI-5, D4T-monophosphate, *C{'H} - NVIR (D20, 101 MHz) Sl - 256
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Compound SI-13, Hydroxyhexylphosphate, '"H - NMR (D;0, 400 MHz)
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Compound SI-13, Hydroxyhexylphosphate, *'P {TH} - NMIR (D20, 162 MHz) Sl -258
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Compound SI-13, Hydroxyhexylphosphate, *'P - NMR (D20, 162 MHz)
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Sl - 260

Compound SI-13, Hydroxyhexylphosphate, '*C - NMR (D20, 101 MHz) "o
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Compound SI-14, Geranylphosphate, 'H - NMR (D0, 400 MHz) Sl -261
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Compound SI-14, Geranylphosphate, 3'P{'H} - NMR (D20, 162 MHz) Sl -262
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Compound SI-14, Geranylphosphate, "*C{'H} - NMR (D20, 101 MHz)

Sl - 263
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Compound SI-15, Isoprenylphosphate, 'H - NMR (D0, 400 MHz) Sl - 264
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Compound SI-15, Isoprenylphosphate, *'P{'H} - NMR (D20, 162 MHz) Sl -265
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Compound SI-15, Isoprenylphosphate, *'P - NVIR (D20, 162 MHz) Sl - 266
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Compound SI-15, Isoprenylphosphate, *C{'H} - NMR (D20, 101 MHz) Sl - 267
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240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound SI-16, Phenyldiphosphate, 'H - NMR (D0, 400 MHz) Sl -268

E (m) B (m)
7.26 1.77
D (m) C (m) A (m)
7.41 3.15 1.66
F(m)
7.22
0] 0]
| [E—
O—P—0—P—0
| ~ |_ acetate
0) )

piperidinium salt

SI-16

1

10.17 4
10.07
5.13

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
f1 (ppm)

11,5 11.0 105 100 95 90 85 80 7



Compound SI-16, Phenyldiphosphate, 3'P{'"H} - NVIR (D20, 162 MHz)

Sl - 269
B (d)
-10.80
A (d)
-15.71
(0] O
I |-
o—T—o—T—o
o o
piperidinium salt
SI-16
l
ft
85
r-r——T7 71 "7r——Trr—T"—r—Trr—rr—Trr—Trr—Trr—TrT" r~——Trr~—Trr—T"rrr~—Tr—rr—rr—rrr—rTrrrrrrrrrrrrr T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -20!
f1 (ppm)



Compound SI-16, Phenyldiphosphate, "*C{'H} - NVIR (D20, 101 MHz)

Sl -270

f1 (ppm)

C (d) G (s)
124.30 21.45
A (d) B (s) E(s) F(s)
151.79 129.65 44.50 22.18
D (d)
o o 120.55
I |-
o—T—o—T—o
o o
piperidinium salt
SI-16
|
\ | J 1 L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 130 120 40 20 10 -10  -20



f1 (ppm)

Compound SI-17, D4T-diphosphate, 'H - NMR (D0, 400 MHz) SI-271
C (dt)
6.53
A (q) B (m) D (ddd) E(m) F (ddd) G (q) J(d) H ()
7.62 6.97 5.94 5.11 4.14 319 1.90 1§28
(0]
HsC
| NH
o} o} /K
| | N o
O—P—0—F—0
o) o) 0
TEA - salt
SI-17
acetate
i oo 7 i T AT
.0 | 11I.5 | 11I.0 | 10I.5 | 10I.0' 915 910 815 8:0 | 715 710 | 6:5 | 610 | 515 | 510 4:5 | 410 315 | 3:0 | 215 210 | 115 | 1:0 015 010 -OI.5 -1‘



Compound SI-17, D4T-diphosphate, 3'P{'H} - NVIR (D20, 162 MHz) SI-272
B (d)
-11.42
A (d)
-10.20
0
H,C
| NH A (d) B (d)
o o /K -10.20 11.42
| | N O
O—||3—O—||3—O
o) o) o
TEA - salt
SI-17
——— DAL
9 10 41 12 13
f1 (ppm)
o)
00 180 160 140 120 100 80 60 ' 20  -40  -60  -80  -100  -120  -140  -160  -180  -201



Compound SI-17, D4T-diphosphate, *'P - NMR (D20, 162 MHz) Sl -273

A (d) B (dt)
-10.20| |-11.42
(0]
HsC
| NH
0 o} /K
| | N O
O—||3—O—||3—O
o) o) O
TEA - salt
SI-17
|
]
|—|—| |—|—|
S S
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -20 -21 -22 -23

f1 (ppm)



Compound SI-17, D4T-diphosphate, *C{'H} - NVIR (D20, 101 MHz) Sl -274
o D (s) H (d) L (9)
HaC 134.33 85.97 11.43
NH eRERNE R G (s) 1(d) s K(s)
| /K 166.77| | 152.26 || 138.18 || 125.10|| 111.52 89.95 66.27 46.63 8,19
(0] O
| | N o
0—P—0—P—0
o) o) 0
TEA - salt
SI-17
I |
acetate
acetate
" i iy - - MMJML‘ — bl ‘LT
'2210'2é0'2£0'2i0'2(l)0'léolléoll}olléolléoll‘llolléolléollioll(l)ol 9I0 | 80 | 70 | 60 | 50 | 40 | 3I0 | ZIO | 1I0 '-1I0'-2IO'

f1 (ppm)



Compound SI-19, 2-(trimethylsilyl)pyren-1-yl trifluoromethanesulfonate, 'H - NMR (CDCls, 400 MHz) SI-275

D (m)
8.00

B (d)
8.27

OTf A (s) (s)

‘ G TS 8.30 66
C(m)
8.14

sI-19

o m

L

S f
oo T [e2)
oo oo o
——mm (<))

11,5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
f1 (ppm)



Compound SI-19, 2-(trimethylsilyl)pyren-1-yl trifluoromethanesulfonate, "°F - NMR (CDCls, 377 MHz) Sl -276

A (s)
) ) -72.59
OTf
I l TS
s1-19
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 .10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)



Compound SI-19, 2-(trimethylsilyl)pyren-1-yl trifluoromethanesulfonate, '*C - NMR (CDCls, 101 MHz) SI-277

K (s)
126.61

I(s)
127.10

i Ny G (s)
OTr 129.09

TS
E(s)
130.78
G‘ C(s)

132.17
sl-19

g , A(s) || B(s) || O(a)
145.59 (| 132.20|| 119.02

(s)
63

o9

D (s)
131.16

F (s)
130.52

H (s)
128.55

I

Li(s)
2b.28

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound SI-21, 4-(trimethylsilyl)ethynyl)phenyl isopropylcarbamate, 'H - NMR (CDCls, 400 MHz) Sl -278
B (m)
7.07
A (m) C(d) D (m) E (d) Fls)
7.44 4.83 3.89 1.23 0{24
0
TMS %QA:JJLH ’L\
S1421
A ‘ l
Tl T T T !

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1
f1 (ppm)



Compound SI-21, 4-(trimethylsilyl)ethynyl)phenyl isopropylcarbamate, "*C - NUR (CDCls,|101 MHz) Sl -279

B (s) D (s) G (s)

151.24 121.57 94.04
A (s) C(s) || E(s) F(s) H (s) I(s) J{(s)
153.28 133.16 || 120.13 | |104.61 43.65 23.05 0112

I=

o )

s1-21

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
50 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound SI-22, 2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl isopropylcarbamate, "H - NMR (CDCls, 400 MHz) Sl -280

B (dd) H (s)
7.46 0,25
A(d)]C(d) D (d) E (dp) F (d) G|(s)
7.53 | 7.06 4.86 3.90 1.22 0{28
™S o
TMS%@DJ\NJ\
H
S1-22
T i ) . R
25 T T I oA

—
11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)



Compound SI-22, 2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl isopropylcarbamate, >C - NMR (CDCl;, 101 MHz)

Sl - 281

B (s) D (s) G (s) I(s) M (s)

153.44 134.02 | | 119.97 93.82 -0.87
A (s) C(s) F(s) H (s) J(s) K(s) L(s)
155.66 138.64| |[122.18 105.04 43.57 23.01 0.13

E (s)

132.08

TMS
TS —— D)J\NJ\
H
5122
H l l l " »JL #
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound SI-23, 2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl trifluoromethanesulfonate, 'H - NMR (CDCls, 400 MHz) Sl -282

B (dd) E (s)
7.51 0.26
A (dd) D (p)
7.59 0.37
L C(d)
TS 7.28
TMS%@—DW
S1-23
L 1
p )
888 83
— - [e) )]

T T T T T T T T T T T T T T T T T T
. ) . ) ) 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)



Compound SI-23, 2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl trifluoromethanesulfonate, "°F - NVIR (CDCls, 377 MHz) Sl -283

A(s)
-73.83
ThS
TMS%@—DH
sl-23
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2:
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Compound SI-23, 2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl trifluoromethanesulfonate, "C - NMR (CDCls, 101 MHz) Sl -284

F(s)
123.01
C (s) G (d) I(s) K (s)
134.77| |119.51 96.26 -0.79
A (s) B (s) E(9) H (s) Ji(s)
r 154.51 | | 139.87 118.61| |103.46 0100
TS
_ < § D (s)
TS — Qe 133.08
51-23

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Compound SI-25, 2-((7-(diethylamino)-2-oxo-2H-chromen-4-yl)methyl)isoindoline-1,3-dione, 'H - NVR (D,0, 400 MHz) Sl -285

B (m) E (d)
o 7.78 6.51
A (m) D (dd) F () G (d) H (9) I(t)
N 7.90 6.62 5.86 4,94 3.42 1.21
| c()
cH, A 7.55
kN O O
N
SI-25
| J Ll .
P ) i) i) i\ T

(0]
w
o
N
(0]
N
o
[y
(03]
-
o
o
(0]
o
o
1
o
(05 ]
1
—

.0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 3.
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Compound SI-25, 2-((7-(diethylamino)-2-oxo-2H-chromen-4-yI)methyI)isoindoline-1,3-di¢]ne, BC{'H} - NMR (D20, 101 MHz) S| -286

0O I(s) M (s)
123.87 98.00
N B(s) | E(s) G (s) K(s) 0 (s)
161.911149.27| |131.95 106.93 37.74
(@]
cH AN A (s) D (s) F (s) J(s) N (s) P (s)
( 167.74| [150.89| |134.60 108.86 44.91 12.58
N o) o) C(s) H (s) L(s)
k 156.47 124.79| |106.70
CH3
SI-25

O AN RSAI ——

—7r . 1 T 1 T 1 T 1 1 1 1 1. 1 1 T 1 T 71 71 1 1 1 1~ T 1T 1T * T * T * T * T "~ T 7
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
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Compound SI-26, 4-(aminomethyl)-7-(diethylamino)-2H-chromen-2-one, 'H - NMR (D0, 400 MHz) Sl - 287

E (dd)
6.57
G (d) D (t) C(d)| [B(a) A (1)
7.37 6.18 3.98 | | 3.40 1.19
F (d)
6.50
NH,
CH, N
kI\L o~ o
CH,

SI-26

091 —mm8M

0.98-J

4 2.00-
410—1

- 2.42—1
6.18—

L T T T T T T T T T T T
.0 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
ppm



Compound SI-26, 4-(aminomethyl)-7-(diethylamino)-2H-chromen-2-one, "*C{'H} - NMIR (D20, 101 MHz) S| -288

D (s) I(s)
150.60 98.00
B (s) G (s) K (s)
156.73 107.23 42.40
A(s) E(s) F (s) J(s) L (s)
NH 162.64 124.52| |108.63 44.87 12.59
2
C(s) H (s)
156.37 105.81
CH, N
kr\L o o
CH;,
SI-26

1 [N | A SR | B

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)



Sl - 289

13. MS — spectra

(aligned according to molecule numbering)



Sl -290

HRMS (ESI) Analysis of compound 27: phenyl phosphate

wejea76shrl #1 RT: 0.02 AV:1 NL: 1.16E8
T: FTMS - p ESI Full lock ms [50.00-600.00]
173.0010
CesHe O4 P =173.0009

0.5121 ppm
100 PP

95
90
85

80

Formula: CgHgO4P"
Mass: 173,0009

75

70
65
60

59,0134
50

45

35
30

25

15 78.9588

10

360.3122




wejead2thr4 #1 RT:0.02 AV:1 NL:4.43E7

HRMS (APCI) Analysis of compound 28: 2-naphthalen-2-yl phosphate

T: FTMS - p APCI corona Full ms [80.00-700.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

89.0241
|

143.0502
C10H70=143.0502

-0.5772 ppm

158.0373
C10He 02=158.0373
-0.4165 ppm

223.0166
C10Hg O4 P =223.0166
-0.0572 ppm

DN
Q 0-P-OH
O
28

Formula: C;oHgO4P~
Mass: 223,0166

80

Sl - 291



Sl -292

HRMS (APCI) Analysis of compound 29: 3,4-dimethylphenyl phosphate

wejead3thr6 #1 RT: 0.02 AV: 1 NL: 2.16E7
T: FTMS - p APCI corona Full ms [80.00-700.00]
201.0323
CgH1004 P =201.0322

3432
100 0.3432 ppm

95
90
85
80

75

Formula: CgH,(O04P"
Mass: 201,0322

70

65
60
55
50
45

40
121.0659
35 CgHe O=121.0659

-0.0068 ppm
30

25

20

15 143.0502
C10H7 0 =143.0502

10 -0.2572 ppm
103.0035

C3H304=103.0037

-1.3031 ppm
2 PP I 205.1597 287.0089 264.0278
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miz

5 89.0241




Sl -293

HRMS (ESI) Analysis of compound 30: 1H-indol-5-yl phosphate

wejea58shr2 #1 RT:0.02 AV:1 NL:2.15E8
T: FTMS - p ESI Full lock ms [100.00-1000.00]
212.0118
CgH704NP=212.0118

100 0.0380 ppm

95

i}
90 HN O-P-OH
%o
85 30
Formula: CgH;NO,4P"
Mass: 212,0118

80

75

70

65

60

55

50

45

40

35

30

25

20

15

425.0309
10

638.0504
284.0693
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HRMS (ESI) Analysis of compound 31: pyren-2-yl phosphate

wejeab5shr2 #1 RT:0.02 AV:1 NL: 3.40E8
T: FTMS - p ESI Full lock ms [100.00-700.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

217.0659
C16 Hg 0 =217.0659

-0.0038 ppm

297.0320
C16H10 O4 P =297.0322

-0.7951 ppm

360.3119

N o8
O Q O-F-on
31

Formula: CgH1oO4P"
Mass: 297,0322

Sl -294



HRMS (ESI) Analysis of compound 32:

Sl - 295

phenyl diphosphate

wejea57shr2 #1 RT:0.02 AV:1 NL:7.89E7

T: FTMS - p ESI Full lock ms [100.00-700.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

252.9675
CeH707P2=252.9672
0.9278 ppm

263.9520

32
Formula: C4H;0,P,
Mass: 252,9672

L0 o e o
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wejea65shr4 #1 RT: 0.02 AV:1 NL: 1.23E8

T: FTMS - p ESI Full ms [80.00-1000.00]

100
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10

0

Sl - 296

HRMS (ESI) Analysis of compound 33: 2-naphthalen-2-yl diphosphate

302.9830
C10H9 O7 P2=302.9829
0.4401 ppm

303.9863

|
OH Og

33

DN
I Yo odon

Formula: C4yHgO7P,
Mass: 302,9829
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306
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316
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Sl - 297

HRMS (ESI) Analysis of compound 34: 3,4-dimethylphenyl diphosphate

wejeab8shr3 #1 RT:0.02 AV:1 NL:7.96E7
T: FTMS - p ESI Full ms [50.00-800.00]
280.9987
CgH1107P2=280.9985

6026
100 0.6026 ppm

95

90 1l 1l
O—-P-0O—-P-OH
85 | |
OH Og
34
Formula: CgH4,0,P5”
75 Mass: 280,9985
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wejea67shr2 #1 RT: 0.02 AV:1 NL:5.76E7

T: FTMS - p ESI Full lock ms [80.00-1000.00]

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

267.1237
C14H19 O5=267.1238
-0.1804 ppm

HRMS (ESI) Analysis of compound 35: 1H-indol-5-yl diphosphate

292.9845
CgH72H O7 N P2=292.9844
0.1432 ppm

HN 0-P-0-P-OH

35
Formula: CgHgNO,P,”
Mass: 291,9781

346.2961
C19Ha0 O4 N =346.2963

-0.4026 ppm

265 270
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Sl -298



HRMS (ESI) Analysis of compound 36: pyren-2-yl diphosphate

wejea69shr2 #1 RT: 0.02 AV: 1 NL: 1.99E7
T: FTMS - p ESI Full lock ms [50.00-800.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

0

336.4723

360.3121

376.9987
Ci6H11 O7 P2 =376.9985
0.2873 ppm

36

(0]
I I

0-P-0-P-OH
OH Og

Formula: CgH1O/P5"
Mass: 376,9985
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Sl -299



Sl -300

HRMS (ESI) Analysis of compound 37: deutero-phenylphosphate

hejecd9shri #1 RT: 0.02 AV:1 ML: 1.73E7
T: FTMS - p ESI Full ms [50.00-500.00]
173.0010
CeHg 04 P=173.0009
0.3357 ppm

8

prpaleveaborenlvonalonpr bonpa oo borve b reabveng bewpnlnvpabovpebo e lienr bvenalvnnnlpronboeaalornnl

&

8

&

g

9 (0]
Qo—lln—OH Q—O—B—OH
|
174.0072 %o Oo
CoHs2H 04 P = 174.0072 27 D

-0.1356 ppm

=4
o

Formula: CgHgO4P” Formula: CqHsDO4P"
Mass: 173,0009 Mass: 174,0072

=1
o

ratio (27 : 38) = 57% : 43%

Relative Abundance
m B B B & & & 8 B OE B

-
(=]

wm

175.0104

(=1
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miz



Sl -301

HRMS (ESI) Analysis of compound 38: 5,5,5-trifluoropentyl phosphate

wejeal3shr3 #1 RT: 0.02 AV:1 NL:8.15E7
T: FTMS - p ESI Full ms [50.00-700.00]
221.0196
Cs5H9O4F3P =221.0196

-0.1873 ppm
100 PP

95

O
i
90 F3C—/_\—O—l?—OH

00
85 38
80 Formula: C5HgF;04P"

Mass: 221,02
75

70

65

60

55

50

45

40
129.0241
C2Hs 03N F2=129.0243

-1.2273 ppm

35
30
25

20 75.0088
C2H303=75.0088
15 -0.0149 ppm

10

167.0479

5 CsH12 04 P =167.0479
101.0179 0171'7 ppm

0 n L s
| L L L L L —r o g r 1t rJ1rrrr 1 1 7T LI B B —rror o1 1 1. 1.1 r 1 T r7T — 1 1 r 1 r T T 7T
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HRMS (ESI) Analysis of compound 40: phenyl (5,5,5-trifluoropentyl) phosphate

hsjec25shrl #1 RT:0.02 AV: 1 NL: 6.44E7
T: FTMS - p ESI Full lock ms [100.00-1000.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

&

157.1234

297.0507
C11H13 04 F3 P =297.0509
-0.6163 ppm

180.0667

355.0096

617.0914

40

Formula: C44H3F304P"
Mass: 297,0509

0

|
100

"y
L

1

L A
| L L L L

50 200 250 300

350

400

450

500

550
m/z

600

650 700 750

800

850

900

950

1000
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Sl -303

HRMS (ESI) Analysis of compound 41: 3,4-dimethylphenyl (5,5,5-trifluoropentyl) phosphate

wejea26shr2 #1 RT: 0.02 AV:1 NL: 3.00E6
T: FTMS - p ESI Full ms [100.00-800.00]
325.0820
C13H17 O4 F3 P =325.0822

-0.5296
100 ppm

95
F
Oi%fo/\/\/c 3
90
:©/ %
85 41

Formula: C43H,7F30,4P"
Mass: 325,0822

80

75
70
65
60
55
50
45
40
35
30
25
20

15

357.0718
10 283.2642 341.0404 C13H17 O6 F3 P = 357.0720
Cig Has O = 283.2643 310.9936 C12H13 Os F3 P =341.0407 -0.5440 ppm
5 103301 ppm C10H7 Og F3 P =310.9938 -0.8700 ppm
‘ l -0.6142 ppm 330'?997 379.0902
G||||||||‘||‘|||||‘|‘|||i||‘||||||||‘||||||||||||‘||‘|||||||||||||'||||||||||||‘|||‘|||||‘||||||‘||"||f|||||||||‘||‘|:|||i||||||||||||||
270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385

m/z




Sl - 304

HRMS (ESI) Analysis of compound 42: 2,5-dimethylphenyl (5,5,5-trifluoropentyl) phosphate

wejea24shrl #1 RT: 0.02 AV:1 NL: 3.65E7
T: FTMS - p ESI Full lock ms [100.00-700.00]
325.0821
C13H17 04 F3 P =325.0822

-0.2480 ppm
100 PP

95

(@]

1l F
90 O*F"*O/\/\/C 3
%

42

85

80 Formula: C3H;F304P"

s Mass: 325,08

70

65

60

55

50

45

40

35

30

25

20

201.0323
CgH1004P =201.0322
0.4191 ppm

15

10 121.0659
CgHg O =121.0659

5 0.2453 ppm 383.0408 6731542
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HRMS (ESI) Analysis of compound 43: 3,4-dimethoxyphenyl (5,5,5-trifluoropentyl) phosphate

wejea27shr2 #1 RT: 0.02 AV:1 NL: 2.64E6

T: FTMS - p ESI Full ms [100.00-800.00]

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
310.9933

5 C10H7 O F3 P =310.9938
-1.3992 ppm

341.0406
C12H13 O F3 P = 341.0407
-0.4226 ppm

357.0721
C13H17 Os F3 P =357.0720
0.1398 ppm

43

Formula: C43H4;F306P"
Mass: 357,0720

387.0825

411.0801

0 N L | " L
LA INL TN L ALLL LLL LLLL ILLLL NLLLL HLLLL FLJL L

300 305 310 315

320

325

330

335 340 345

|
350 355 360 365
m/z

370

375

380

385 390 395 400 405

410

415

L " " n L .l L
LI I I I I

420
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Sl - 306

HRMS (ESI) Analysis of compound 44: 4-(trifluoromethyl)phenyl (5,5,5-trifluoropentyl) phosphate

wejea32shr2 #1 RT: 0.02 AV:1 NL:5.03E8
T: FTMS - p ESI Full ms [100.00-1000.00]
365.0381
Ci12H1204Fs P =365.0383

-0.6368 ppm
100 PP

95

90 9

O*F"*O
85 Q %
F;C

80 44

Formula: C4,H4,FgO4P"
Mass: 365,0383

/\/\/CF3

75

70
65
60
55
50
45
40
35
30
25
20
15
10

277.0822
5 CoH1704F3P =277.0822 731.0844 972.3614

-0.0706 ppm

O|||||||||||||||||||||||||||||||||||||||||||||||||||||||‘||||||||||||||||||||||||||||||||||||

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
m/z




Sl - 307

HRMS (ESI) Analysis of compound 45: benzo[d][1,3]dioxol-5-yl (5,5,5-trifluoropentyl) phosphate

wejea28shr2 #1 RT: 0.02 AV:1 NL:5.78E8
T: FTMS - p ESI Full ms [100.00-800.00]
341.0403
C12H13 06 F3 P =341.0407

-1.4069 ppm
100 PP

95

90

O
F
g oy L
4 o)
80 o S)
45

Formula: C,H43F306P"
70 Mass: 341,0407

75

65
60
55
50
45
40
35
30
25
20
15
10

216.9906
5 C12 O F3=216.9907

-0.4022 ppm
1

0 r—rr T+ ... r. .. 1111 111 r+,.o~n |+~ .. r. .~ r. ..\~ 1 1 1.1 T T
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
m/z




HRMS (ESI) Analysis of compound 46

wejeab4shr2 #1 RT: 0.02 AV:1 NL: 3.53E8

T: FTMS - p ESI Full lock ms [100.00-1000.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10 154.9906

CeHa O3 P =154.9904
5 1.6906 ppm

277.0634
C14H14 04 P =277.0635

-0.2623 ppm

321.0507
C13H13 04 F3P =321.0509
-0.7603 ppm

. 4-ethynylphenyl (5,5,5-trifluoropentyl) phosphate

Q
o-h
%

.

46

Formula: Cy3H43F304P"
Mass: 321,0509

70/\/\/CF3

~

884.3865

O||||||||||||||||||||||

100 150 200 250

300 350

400

450

500

550
m/z

600

650

700 750 800

850

900

950

1000
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Sl -309

HRMS (ESI) Analysis of compound 47: 3-bromophenyl (5,5,5-trifluoropentyl) phosphate

wejea50shr2 #1 RT:0.02 AV:1 NL: 1.58E8
T: FTMS - p ESI Full ms [100.00-1000.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

250.9115

CeHs 04 BrP =250.9114

0.2101 ppm

374.9613

C11H1204BrF3 P =374.9614

-0.3805 ppm

0

Br 0-P-0 >
T %
a7

Formula: C41H,BrF;0,4P"
Mass: 374,9614

0||||||||“|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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Sl -310

HRMS (ESI) Analysis of compound 48:4-chlorophenyl (5,5,5-trifluoropentyl) phosphate

wejea30shrl #1 RT: 0.02 AV:1 NL: 6.22E8
T: FTMS - p ESI Full ms [100.00-1000.00]
331.0119
C11H1204CIF3 P =331.0119

0.0043 ppm
100 PP

95

o
90 O*IQ*O/\/\/CFa
[ j |
(o)
©
85 cl
48

Formula: C41H,CIF;04P"
75 Mass: 331,0119

80

70

65

60

55

50

45

40

35

30

25

20

15

10 904.3088

5

G||||||||||||||||||||||| ||||||||||||||||||||||||||||||'|||||||||||||||||||||||||||||||||||||

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
miz



Sl-311

HRMS (ESI) Analysis of compound 49, naphthalen-2-yl (5,5,5-trifluoropentyl) phosphate

wejea25shrl #1 RT: 0.02 AV:1 NL: 3.27E8
T: FTMS - p ESI Full ms [100.00-1000.00]
347.0666
C15H15 04 F3 P =347.0666

0.0158 ppm
100 PP

95

i cF
90 O,E,O/\/\/ 3
%
85
49
80 . -
Formula: Cy5H5F304P

Mass: 347,0666
75

70

65

60

55

50

45

40

35

30

25

20

15

10

223.0152
5

0 r—rr+rrrrrrrprrrrrrr 11T L rrrrrorgrrrorrgrrrrgrrrrrprrrrrrrrrprrrnprrrrprnrrrprrrrrprrrrrrrrrrrrr1]
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
m/z



HRMS (ESI) Analysis of compound 50: 1H-indol-5-yl (5,5,5-trifluoropentyl) phosphate

wejea51lshr2 #1 RT: 0.02 AV:1 NL: 2.63E8

T: FTMS - p ESI Full lock ms [100.00-1000.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10 212.0119

CgH704NP=212.0118

5 0.5418 ppm

336.0617
C13H14 O4N F3 P =336.0618
-0.2850 ppm

\\70/\/\/CF3

o-F
(/\/©/ %o
N
H
50

Formula: C3H4F3NO4P”
Mass: 336,0618

G|||||||||||||||||||||||||‘||I'||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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Sl -313

HRMS (ESI) Analysis of compound 51: pyren-2-yl (5,5,5-trifluoropentyl) phosphate

wejea31lshr2 #1 RT: 0.02 AV:1 NL:5.51E8
T: FTMS - p ESI Full ms [155.00-1200.00]
421.0819
C21H17 O4 F3 P =421.0822
-0.6263 ppm

95 O*E’
(T &

” 9@
51

Formula: CyH4;F304P"
80 Mass: 421,0822

85

75

70

65

60

55

50

45

40

35

30

25

20

10

5 1084.4485

G|||||||||||||||||||||||||| |||||||||||||||||||||||||||I|||||||||||||||'||||||||||||||||||||||||||||||||||||
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miz
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HRMS (ESI) Analysis of compound 52: Diphenylphosphate

hsjeb95shrl #1 RT:0.02 AV:1 NL:4.07E7
T: FTMS - p ESI Full lock ms [100.00-800.00]
249.0322
Ci12H10 04 P =249.0322

0.0320 ppm
100 PP

95

90 ?
Ot
85 0o

80 52

75 Formula: C4,Hq04P"
Mass: 249,0322

70
65
60
55
50
45
40
35
30
25

20

137.0275
CeHeN2P =137.0274

5
0.9782 ppm 205.1598

P I IS RS I E——
100 150 200 250 300

321.0898
1




hsjec23shrl #1 RT:0.02 AV:1 NL: 2.18E8
T: FTMS - p ESI Full lock ms [100.00-600.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

173.0010
CeHe O4 P=173.0009

0.3357 ppm

HRMS (ESI) Analysis of compound 53: Pentyl-phenylphosphate

2430791
C11H1s 04 P = 2430792
-0.1510 ppm

ot

©0
53

Formula: C1H504P"
Mass: 243,0792

509.1477

or-r--r-r--r—r—r—r—rrr—r-r----rrr---r--r-r-r-r-r—rrr---r----r--e-T---Trr---r------ - - - - -

100

120

140

160

180

200

220 240 260

280

300

320

340

m/z

360

380

400 420 440

460

480

500

520

540

560

580

600
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Sl -316

HRMS (ESI) Analysis of compound 54: Phenyl-phenylphosphonate

hsjeb96shrl #1 RT: 0.02 AV:1 NL:1.41E8
T: FTMS - p ESI Full lock ms [100.00-800.00]
233.0373
C12H1003 P =233.0373

0.0160 ppm
100 PP

95

9
. Ot
00

80 54

75 Formula: C4,H,03P"
Mass: 233,0373

70

65

60

55

50

45

40

35

30

25

20

15

10

550.3306

510.2910
|
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m/z



Sl-317

HRMS (ESI) Analysis of compound 55: Pent-4-yn-1-yl-phenylphosphate

hsjecO2shrl #1 RT:0.02 AV:1 NL:4.64E8
T: FTMS - p ESI Full ms [100.00-700.00]
239.0480
C11H12 04 P =239.0479

0.6945 ppm
100 PP

95 s N

\\_L
%0 o}
cg(‘n;‘—o%i >

85

80
55

75
Formula: C41H,0,4P"

70 Mass: 239,0479

65

60

55

50

45

40

35

30

25

20

15

10

516.3018

|
500



Sl-318

HRMS (ESI) Analysis of compound 56: Isoprenol-phenylphosphate

hsjec24shrl #1 RT:0.02 AV:1 NL:3.16E7
T: FTMS - p ESI Full lock ms [100.00-600.00]
241.0636
C11H14 04 P =241.0635

1331
100 0.3315 ppm

95

% }\/\ c“)
fe D

85 00

56
Formula: C41H4,04P"
75 Mass: 241,06

80

70

65

60

55

50

45

40
173.0009

CsHe O4 P =173.0009

35 0.1593 ppm

30

25

20

15

10

505.1165
299.0220

0 T =T rrrr|rrrryrrrrrrrrr | I| T [ 1T T t rrrrrrrrrrrrjrrrrrrrrrrrrrrrrr T J T T rr 1 rrrrrrrrrrr1]
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
m/z



hsjec39shrl #1 RT:0.02 AV:1 NL: 2.25E8

T: FTMS - p ESI Full ms [100.00-800.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

148.9527

173.0002
1

HRMS (ESI) Analysis of compound 57: Geranyl-phenylphosphate

235.0905

309.1266
Ci16 H22 04 P =309.1261

1.5138 ppm

360.3118

57

Formula: C16H2204P_

Mass: 309,1261

540.1896

610.4238

700.3634

786.5029
1,

I
700

1
800
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Sl -320

HRMS (ESI) Analysis of compound 58: D4T-phenylpyrophosphate

hsjecO6shrl #1 RT:0.02 AV:1 NL: 4.35E8
T: FTMS - p ESI Full lock ms [100.00-600.00]
273.0899
C12H1s Os P =273.0897

0.5157 ppm
100 PP

95
90
85
80

75 0o
HO_~
70 ‘

58 0o

65 Formula: C4,H305P"

Mass: 273,0897
60

55

50

45

40

35

30

20

15

10

112.9856 L
G|||||||||||'ll||||||||||||||‘||‘||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||II|||||
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

m/z




hsjec15shr3 #1 RT:0.02 AV:1 NL:2.31E8
T: FTMS - p ESI Full lock ms [100.00-1000.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

125.0351

148.9522

253.0273

HRMS (ESI) Analysis of compound 59: D4T-phenylphosphate

379.0706
C16H16 O7 N2 P =379.0701
1.5501 ppm

59

Formula: C;gHgN,O,P"
Mass: 379,07

759.1482

781.1304
|

150

|
700 750

I
800
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hsjec20shr4 #1 RT: 0.02 AV:1 NL: 8.26E6
T: FTMS - p ESI Full lock ms [100.00-1000.00]

100
95
229.0145
90 =2
85
80
75
70
65
60
55
50
45
40

35

125.0357
z=?

25

20 205.1598

z=1
15

148.9526
z=?
158.9254
_z=?

10

HRMS (ESI) Analysis of compound 60

459.0365
z=1

C16 H17 O10 N2 P2 = 459.0364

332.9935
z=1
C11H11 0Og P2=332.9935
0.2004 ppm

379.0700
z=1

283.2642
z=1

0.2355 ppm

503.0006
z=1

535.0680
z=1

579.0166
z=1

: DAT-phenylpyrophosphate

60
Formula: C;gH7N,0P5”
Mass: 459,04

985.0265
z=1

0 IAlm4 v ‘:l !

(AFTORE N ¥
LI B I B B T
100 150 200 250

e
1000



Sl -323

HRMS (ESI) Analysis of compound 61: Diphenylpyrophosphate

hsjec18shrl #1 RT:0.02 AV:1 NL:6.23E8
T: FTMS - p ESI Full ms [100.00-700.00]

163.9959

z=2
100

95

? ¢
©0 OH
61

85

80 Formula: C,H4,0,P5y"

s Mass: 328,9985

70
65
60
55
50
45
40
35
30

25

20 328.9985

z=1

15 234.9575 C12H11 07 P2 = 328.9985
=1 -0.0419 ppm

10
570.2758

5 z=1
148.9527

z=?
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HRMS (ESI) Analysis of compound 67: Pentylphosphate

hsjecO4shrd #1 RT:0.02 AV:1 NL:3.78E7
T: FTMS - p ESI Full lock ms [60.00-400.00]
167.0480
CsHi1204P =167.0479

0.6284 ppm
100 PP

95

90

o}

Il
85 _/_\—O—FI’—OH
80 00
67
75 Formula: C5H,04P"

20 Mass: 167,05

65
60
55
50
45

78.9587
40

129.0242
35
30
25
20

15

10

249.0512

101.0177 3351033  357.0853
|
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HRMS (ESI) Analysis of compound 70: Pentametaphosphate

x10°

9.57
9.257

8.757

-ESI Scan (rt: 37.994 min) Frag=100.0V TH-STA-072-c1-F40-47 DF2 001.d

398.8255

4D(].T3281

70
Formula: H,O45P5
Mass: 398,82

390

T
391

T
392

T
393

T
394

T
395

T
396

T
397

T T T
398 399 400
Counts vs. Mass-to-Charge (m/z)

T
401

T
402

T T
403 404 405

T
406

T
407

408
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HRMS (ESI) Analysis of compound 71: Heptametaphosphate

x10°
7.2

6.8
6.6
6.4
6.2

6_
5.87

5.4
5.2

487
461
4.4
4.2

]
3.8
3.6
3.4
3.2

.
2.8
2.6
2.4
2.2

>
1.8
1.6
1.4
1.2

N
0.81
0.67
0.4
0.21

o~

-ESI Scan (rt: 37.712 min) Frag=100.0V TH-STA-072-c1--TEABr DF2 001.d

558.7587

560.r613

71
Formula: HzO,1P;
Mass: 558,76

T T T T T T T T T
545 546 547 548 549 550 551 552 553

T
554

T T T T T
555 556 557 558 559
Counts vs. Mass-to-Charge (m/z)

T
560

T
561

T
562

T T T
563 564 565

T
566

—
567

T
568

T
569
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HRMS (ESI) Analysis of compound 72: Octametaphosphate

x10°

3.8
3.7
3.6
3.57
3.4
3.3
3.29
3.17

3_
2.9
2.8
2.7
2,67
2.5
2.4
2.3
2.2
2.1

2
1.9
1.8
1.79
1.67
1.5
1.4
1.3
1.2
1.1

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

-ESI Scan (rt: 37.561 min) Frag=100.0V TH-STA-072-c1--ABCr DF2 001.d

638.7238

640. rEB?

72
Formula: H;0,,4Pg
Mass: 638,72

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
631.5 632 632.5 633 633.5 634 6345 635 6355 636 6365 637 637.5 638 6385 639 639.5 640 6405 641 6415 H42 6425 643 6435 644 6445 B45 6455 646

Counts vs. Mass-to-Charge (m/z)
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hsjec42shr2 #1 RT:0.02 AV:1 NL: 1.14E8
T: FTMS - p ESI Full lock ms [50.00-800.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

H Og F2 P3=129.9432
-0.0289 ppm
|

129.9432

z=?

HRMS (ESI) Analysis of compound 73: Phenylcyclotriphosphate

148.9527

z=?

Triflate

156.9579
z=2

Ce Hs5 09 P3=156.9579

0.4960 ppm

166.9611

z=2

73 O
Exact Mass: 0,00
Formula: CgH504P32
Mass: 313,9157
m/z: 156.9578

T
130

Sl -328



hsjec44shr3 #1 RT:0.02 AV:1 NL: 9.46E4

T: FTMS - p ESI Full lock ms [70.00-800.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

i
o

357.1893

340.8275

Sl -329

HRMS (ESI) Analysis of compound 74: Phenylcyclotetraphosphate

394.8892
CeH7012P4=394.8893
-0.4676 ppm

74
Formula: CgH;0,P4
Mass: 394,89

405.0298

416.8587

450.9520

432.8361

370.9854

386.9802

369.2679 4309341

390.9544

359.4658

362.2907

401.0561

406.2281

411.3475

425.3353
418.8564

434.8692

4488852

340 345 350 355

360 365 370

375 380

385

390

395

LENLEN B I L B B
400
m/z

405

410 415

420 425 430

435

440

445 450

455



hsjecO3shr4 #1 RT: 0.02 AV:1 NL: 8.48E6
T: FTMS - p ESI Full lock ms [100.00-700.00]

100
95
90
85
80
75
70
65

184.4789
60 z=2
55
50
45
40
35

30

25 195

0— 115.9907
z=1

N

15 173.0009
z=1
10 158.9253

z=7?

145.0519

HRMS (ESI) Analysis of compound 78

369.9652
z=1
CoH11 09N P3=369.9652
0.0726 ppm

: PhenylPs-propargylamidate

9570
z=1

252.9674
z=7?
C2H10 07N P3=252.9676
-0.7825 ppm

202.8438
z=
234.9567

314.9231
z=1

z=? CeHe O9 P3=314.9230

0.2579 ppm

Formula: CgH{{NOgP3"
Mass: 369,9652

407.9211
z=?

427.9112 458.9686
z=1 =1

501.8629
=1

559.8215
523.8445 1

z=?

z=1
o , b N[..JIJA.IM.IL.. o |

1
100 150 200 250

T
| AAAALRARAS AR RARA RAAMY RAMAE AL
400 450
m/z
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HRMS (ESI) Analysis of compound 79: PhenylPs-amidate

hsjec4lshr7 #1 RT:0.02 AV:1 NL: 7.73E6
T: FTMS - p ESI Full ms [100.00-800.00]
252.9676
C2H1007N P3=252.9676

0.0016
100 ppm

95

200.9423
CH206N Naz2 P =200.9421

%0 1.1461 9 9 9
. ppm
85 165.4705 QO—?—O—?—O_?_NHZ
©0

OH OH

8o 331.9493 79
CsHoOg N P3=331.9496
75 -0.6710 ppm Formula: CgHgNOgP;

Mass: 331,9496

70

65
60
55
50
45
40
35
30

25
157.9410

20 375.9127
173.0000

10 148.9525
4401821

280.9830 . 425.9888
2630 307.0142 | i 473.9114 730.8519 7748171
f

o] IIII.JI.. ||'||l"'|"' b |..IJ Il Illlllllllllll - Illll R L P .II |'|| |'||| T ——

|
100 150 200 250 300 350 400 450 500 550
m/z

| 325.0247 385.9443
[P IAIII
T T T

121.0295 l

L .IA.l |"




HRMS (ESI) Analysis of compound 80: PhenylPs-anthracen-9-yImethanamidate

hsjec26shr2 #1 RT: 0.06 AV:1 NL:4.20E7

T: FTMS - p ESI Full ms [100.00-700.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

121.0295

148.9526

,‘.I.l'.

209.0609

252.9674

2605102
C21 H18 O9 N P3=260.5103
-0.1736 ppm

271.5013

287.5081

295.4967
317.4868

.I. Wy BoA )
L T T 1 T T T

355.6687

11 1
T T T T

0] 0] 0]

80

Formula: Cy(H;gNOgP3%

Mass: 521,0205
m/z: 260.5102

520.0123

544.0101

565.9920
576.0239

100

150

200

250

300

350

400
m/z

MR NS Y |
LAARALRAASY RAARE RARA ]

I
500 550

600
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HRMS (ESI) Analysis of compound 81: PhenylP3-5’-deoxyadenosyl-5’-amidate

hsjec34shrl #1 RT:0.02 AV:1 NL: 4.04E6
T: FTMS - p ESI Full lock ms [100.00-1200.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

581.0361

C16 H20 012 Ng P3=581.0358

0.5492 ppm

625.0001

603.0182
C16H19 O12 N6 Na P3=603.0177
0.9156 ppm

604.9943

614.0101 621.9916

593.0152 611.0007 | | |
i N

C16 H18 O12 Ng Naz2 P3 = 624.9996
0.6704 ppm

627.0057

O-

Il
0-P-0-P-0-P-

(@) o)
Il Il

zT
AR

0© OH OH 0

81 OH OH

Formula: C;gHyoNgO2P5”
Mass: 581,0358

646.9822

635.9912

642.9498

651.2928 6649153 5708474

686.2638

694.4065

N M !
N RAAS RARY LA

I
590 600 610 620
m/z

- .".'.M,l'. .

650 660 670

| |
Tt

680

690
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HRMS (ESI) Analysis of compound 82: PhenylPs-5’-deoxyguanosyl-5’-amidate

hsjec30shrl #1 RT:0.02 AV:1 NL: 1.63E6
T: FTMS - p ESI Full lock ms [100.00-1300.00]

100
95
90
308.9963
85 =2
C12H9Os N P2 =308.9961
80 0.4310 ppm

75

148.9525

70 z=?

65

60

55

50

45

40

597.0309

z=1

C16 H20 013 Ng P3=597.0307

0.46:

48 ppm

| | |
0© OH OH 0
82 OH OH

Formula: C;gHyoNgO13P3
Mass: 597,0307

0]

35 619.0129
z=1
30
25
20
446.0131
15 z=2
C11H16 013 N2 P2 =446.0133
227.2016 -0.4195 ppm
10 =1 640.9949
180.9894 =1
5 =? l 563.2601 662.9778 797.4148 8908216
z=? z=? =? z=?
0 M‘Ll m ||l L l“lll N [T i alb ol b 1 A Wl g Jl. NPT
o LR RS AR BN IS IR IR RS AR A R | LALLM R A R AR MR RN AR IS RIS AN IS R AN AR MRS IS I IR R R R I R I I R |
100 200 300 600 700 800 900 1000 1100 1200

miz
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HRMS (ESI) Analysis of compound 83: Napht-2-ylP3-5’-deoxyguanosyl-5’-amidate

hsjec36shr2 #1 RT:0.02 AV:1 NL: 2.39E7
T: FTMS - p ESI Full lock ms [100.00-1200.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

323.0192
Ci17H12N P3=323.0188
1.2966 ppm
N
302.9827 o o o </ NH
1] I i H P
O—P-0O-P-O—-P—N N NH,
| | | o
0© 0O OH
®
Na OH OH
83 Formula: C,yH,1NgNaO43P3”
Mass: 669,0283
171.0244
211.0075
223.0166
158.9254 669.0285
C20H21 013 Ne Na P3=669.0283
2811002 0.3608 ppm
250.9907
423.0222
C20H14 O3 N2 P3=423.0223
-0.0657 ppm 567.0799
712 .9926
| 852. 2722 910. 7827 948.8860
i L . |.|l | | (- FE.
| L ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150

m/z

1200

Sl -335



HRMS (ESI) Analysis of compound 84: Pyren-2-ylP3-5’-deoxyadenosyl-5’-amidate

hsjec43shr3 #1 RT:0.02 AV:1 NL: 1.76E7
T: FTMS - p ESI Full lock ms [100.00-1000.00]

352.0299
z=2

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

327.0612
z=1

134.0473
z=?

158.9254 297.0321
z=? z=1

376.9985
z=1

407.0274
z=1 482.3579
438.9541 z=3

570.0129

z=1

pyren-2-yl-product
(= main regioisomer)

0O OH OH 0

84 OH OH

Formula: CyqH,4NgO4,P5
Mass: 705,0671

705.0677
z=1
C26H24 012 Ne P3=705.0671
0.9009 ppm

727.0496
625.1013 7=

z=1
749.0319
z=1

nhbl

150 200 250 300 350

1

T 1T 1
400 450 500

550
m/z

600 650 700 750 800 850
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HRMS (ESI) Analysis of compound 85

hsjec31shr2 #1 RT:0.02 AV:1 NL: 1.21E8
T: FTMS - p ESI Full lock ms [100.00-1300.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

20

15

302.0211
z=2

415.6796
z=3

400

methylamidate

605.0500
z=1
C21H24 O13 N2 P3=605.0497
0.5229 ppm

525.0834
z=1

624.0234
=2

642.9969
584.0400 z=2
=2

: Benzo[1,3]dioxol-5-yIPs-((7-(diethylamino)-2-oxo-2H-chromen-4-yl)

500 600 700

O
O
° 0
5 1 1] i H
0-P-0-P-0-P-N
©0 OH OH
85
Formula: CyH,4N,043P5
Mass: 605,0497
| SRR AL AR SAMLARAL ML AL RS ML AR AR !
800 900 1000 1100
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HRMS (ESI) Analysis of compound 86: PhenylPs-propargylamidate

hsjecO5shrl #1 RT: 0.02 AV:1 NL:2.57E7
T: FTMS - p ESI Full lock ms [100.00-900.00]
224.4623
z=2
CoH11 012N P4 =224.4621
0.6532 ppm

100
95

90
86

85
Formula: CqH;NO,P,%

Mass: 448.9243
miz: 224.4621

80

75

70

65

149.3056
z=3

60

55 235.4471

z=2
50

45
40
35

30

173.0010

25 z=1

20 369.9654

243.4357  300.0260 =1
15 _z=2 z=1
493.8958

319.5948 =2

206.9442 z=3 449.9319

z=2 354.9157 z1 \‘
bub | I |

.".H“l' l .I.lll.ll.lzz\?l L

" P " | I il 1
rrtrrr rr+r | r~.r+r.prvrrprnrrrgrrrrrr -+~ rr.~r.rrr.r.r.[rrt 11 1111

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900

10

—




HRMS (ESI) Analysis of compound 87: Pyren-2-ylPs-5’-deoxyguanosyl-5’-amidate

hsjec23shr3 #1 RT: 0.02 AV: 1 NL: 3.95E7
T: FTMS - p ESI Full lock ms [100.00-1200.00]
266.3379
z=3
C26 H23 O16 N6 P4 =266.3379

.0237
100 0.0237 ppm

95
20
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

239.6826
201.0323 =3

=1 1

150

200 250 300

350

Nﬁ
7

$) ° o o o, NP
0-P-0-P-0-P-0-P-N
Q (0]

©0 ©0 60 OH

m/z

410.9954
=2 OH OH
87
Formula: CygH23NgO16P4>
Mass: 799,0137
m/z: 266.3379
400.0105
=2
430.9673 553.6549
376.9986 > s 786.2236
= [ z=?
.hl . | L
L I B B B N I rrr|prrrr|frrrtrJj+rrrryrrrr[rrrr|yrrrryrrrrrrrrrrrryrrrrrrrr|rrrrrj
400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150

1200
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HRMS (ESI) Analysis of compound 88: PhenylPs-5’-deoxyguanosyl-5’-amidate

hsjec32shr4 #1 RT:0.02 AV:1 NL: 2.14E7
T: FTMS - p ESI Full lock ms [80.00-1000.00]
224.9942
z=3
Ci16H19 O16 N6 P4 =224.9941

0.3736 ppm
100 PP

95
N
NH
. &1
e 9 9 o, N~ NP
0—-P-0-P-0-P-0O-P-N. 2
85 | | | | o

80 OH OH
88

Formula: CgH1gNgOgP4>
Mass: 674,9824
m/z: 224.9941

75

70

65
60
55
50
45

40
337.9951

z=2
35

30

209.0949

25 =1

89.0242
20 _z=?

15

121'_0295 157.1235
10 z=1

- 368.9515
1711392 252.9673 2980117 z2
LLI .LJA_. "
T LI

‘ z=1 z=? =2
0 ||n.|n..." " ll | -l b L
T LI LIS LI N S B N B N D B O B I D N N S D D B L B B B B B T T

..I.Il A I|
o LI B B T T ™
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
m/z




HRMS (ESI) Analysis of compound 89: 3,4-DimethylphenylPas-(7-(diethylamino)-2-oxo-2H-chromen-4-yl)

methylamidate

hsjec35shrl #1 RT:0.02 AV:1 NL:2.11E7
T: FTMS - p ESI Full ms [100.00-1200.00]

100

95

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

262.9880
(0]
(6] —
158.9254 (0] (0] \ N
Il Il I 1 H N—
O—?—O—?—O—?—O—?—N
307.0852 0o oH OH OH
89
Formula: C,,H9N,014P4
Mass: 669,0575
345.0096
387.0515
589.0914
669.0579
C22H29 014 N2 P4=669.0575
0.5809 ppm
691.0399
238.8918 627.0383
707.0049
429.1582 4670178
121.0658 201.0323
P 509.1248
735.0039
” l 807.1645 00,0920 9543541
A bbbl | l ll ba
III| |IIII|II|II
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100

miz

1150

1200
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x10%
6.2

5.8
5.67
5.4
5.2

5—
4.8
4.67
4.4
4.2

4
3.87
3.67
3.47
3.2

2.87
2.67
2.4
2.2

1.8
1.67
1.4
1.2

11
0.87
0.67
0.4
0.2

HRMS (ESI) Analysis of compound 90: PhenylPs-propargylamidate

-ESI Scan (rt: 2.426 min) Frag=100.0V TH-STA-077 001.d

A

524.9864
) 522.?948 f X 526.??01

530.5047

529.8980

531.9066

2 92 92 9 9w
Qo—ﬁ—o—ﬁ—o—&ofﬁ—ofﬁw
0© OH OH OH OH 4\\
90

Formula: CgH3NO5P5
Mass: 529,8979

§ 9 9 9 Quw
QO*E*O*?*O*I"*O*F"*O*I‘D*N
0O OH OH OH OH \
90-D D
Formula: CgH4,DNO45P5
Mass: 530,9042

The sample was stored in D;0 (for NMR) one
day before HRMS-measurement. This led to a
partial H/D-scrambling of the acetylenic
proton.

532.9078

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 545 546

Counts vs. Mass-to-Charge (m/z)
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HRMS (ESI) Analysis of compound 91: PhenylP7-propargylamidate

x105 |ESIScan (rt: 2.402 min) Frag=100.0V TH-STA-078 001.d

3.7
3.6
3.5

689.8306

. (0] o o (@] (@] (0] (0]
ER I I I i i i i H
H o—P—o—P—o—Pfo—P—o—P—o—P—o—P—N~\

5.0 0O OH OH OH OH OH OH
2.87 91

B690.8365 Formula: CgH{5sNO4P;
Mass: 689,83

0.8

0.57 691.8375
0.4

0.31

0.27 692.8408
0.1 \
J - A

T T T T T T T T T - T T T T T
682 683 684 685 686 687 6E88 689 690 691 692 693 694 695 696 697 698 699 700
Counts vs. Mass-to-Charge (m/z)




HRMS (ESI) Analysis of compound 92: PhenylPs-propargylamidate

x10°_
1.257
1.2
1.154
1.17
1.05

0.957
0.9
0.85
0.8
0.757
0.7
0.657
0.6
0.55
0.57
0.457
0.4
0.357
0.3
0.257
0.2
0.157
0.1
0.057

-ESI Scan (rt: 2.425 min) Frag=100.0V TH-STA-081 001.d

384.3946

00 ©0 OH
92

Mass: 768,7896
m/z: 384.3948

2 2 9 9 @
<Cj>—OPOPOPOPOPOPOPOPNﬂ\\

OH OH OH OH OH

Formula: CgH5NO,4Pg%

I (\? 9H

o e

384.8961

385.3968

.

A,

T T T T T
378.5 379 379.5 380 380.5 381 381.5

T T T T T T
382 3B2.5 383 383.5 384
Counts vs. Mass-to-Charge {m/z)

384.5

T T T
385 385.5 386 386.5

T
387

T
387.5

T
388

T
388.5

S| - 344



HRMS (ESI) Analysis of compound SI-5: DAT - monophosphate

hsjecl2shr5 #1 RT:0.02 AV:1 NL:4.55E7
T: FTMS - p ESI Full ms [100.00-800.00]

100

95

90

85

80

75

70

65

60

55

50

40

35

30

25

20

15

151.0152

CeH303N2=151.0149

1.9715 ppm

265.1475

205.1587 227.2014

I

283.2642

303.0388
C10H12 07 N2 P =303.0388

0.0904

ppm

347.0021
Ci10H10 07 N2 Naz P =347.0026
-1.6559 ppm

Formula: C4oH,N,07P"
Mass: 303,0388

0

100

il L1 | |JII L,

150

1]
|
200

-
LI B R N |
25!

0

LI
300
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HRMS (ESI) Analysis of compound SI-13: 6-Hydroxyhexylphosphate

hsjeb97shrl #1 RT:0.02 AV:1 NL: 2.00E8
T: FTMS - p ESI Full lock ms [100.00-600.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

145.0189

197.0584
CeH14 O5 P =197.0584
-0.1151 ppm

(o}
Ho\/\/\/\O*%*OH
SI-13 6]S)

Formula: CgH4,05P"
Mass: 197,0584

395.1241

417.1062

{ i o e e

100

120

140

LN I B B B B B B ‘| Tr T [ 1T rrrrrrrrrrrrr T T T T T rrr1 rr [+ rrrrr
160 180 200 220 240 260 280 300 320 340 360 380
m/z

400

420 440 460 480 500

520

540

560

580

600
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HRMS (ESI) Analysis of compound SI-14: Geranylmonophosphate

hsjecl7shr2 #1 RT:0.02 AV:1 NL: 6.92E7
T: FTMS - p ESI Full ms [100.00-600.00]
233.0946
C10H1s O4 P =233.0948

-1.0505 ppm
100 PP

95

90

O
85 ™ I
|
80 0o
75
SI-14

70 Formula: C4gH50,4P"
Mass: 233,09

65 N

60
55
50
45
40
35
30
25
20
15

148.9518
10

117.0184 269.0704 467.1960

0 T T |||‘ T |I L f=r |‘“| =1 T T =TT |"| L T et T T T | L L t rrirr+rrrrrrrrrrrrrr 111 rrrJ T T 1 A Trrrrrrryprrrrrrrrrrr1
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
m/z



HRMS (ESI) Analysis of compound SI-15: Isoprenylmonophosphate

hsjec21lshr2 #1 RT:0.02 AV:1 NL: 1.40E7
T: FTMS - p ESI Full lock ms [70.00-400.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

83.0252

165.0323
Cs5H1004 P =165.0322
0.4181 ppm
129.0242
}\/\ 9
O*?*OH
(6JC)]
SI-15
Formula: C5H1oO04P"
Mass: 165,03
106.0412
145.0190
111.0200
161.0139
123.9807
198.0299
| 134.0360 155.0462 186.0439 I 222.9907 331.0716
1 ”lllnlnl..n TR AW m A | l|| | . | |
LI S B S S R B S S B S S S p L —— T T T T 71 T T T T T
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
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HRMS (ESI) Analysis of compound SI-16: phenyldiphosphate

hsjec28shr2 #1 RT:0.02 AV:1 NL:7.33E7
T: FTMS - p ESI Full lock ms [50.00-600.00]
252.9674
CeH707P2=252.9672

0.6262
100 ppm

95

50 o 9
0-P-0-P-OH

85 0© OH
SI-16
Formula: C4H,0,P,
Mass: 252,97

80

75

70
65
60
55

50

40
35
30
25
20

15

61.9879
10 173.0010

76.9877 106.0411 CeHe O4 P =173.0009
0.2475 ppm

(4

83.0248
N | A | b
I B L L I R B LA LA R RN LARAE L) RAAR RARAS MRS LAARS ASR

0
|
50 100 150 200 250 300 350 400 450 500 550 600




HRMS (ESI) Analysis of compound SI-17: DAT - diphosphate

hsjec40shr2 #1 RT:0.02 AV:1 NL: 1.50E7
T: FTMS - p ESI Full lock ms [100.00-800.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

383.0042
-1.4054 ppm
(o]
SI-17
[ X
2 9 N o
HO-P-0-P-0
OH 0© o
Formula: C4oH3N,04oP5”
Mass: 383,0051
.
303.0389
C10H1207N2 P =303.0388
0.3925 ppm
148.9525
256.9624
209.0936 g H7 08 P, = 256.9622 4049863
0.8111 ppm M
l | 767.0180
ol b u L — | [ N | —_ \ Lobos | J
| L L L L L L L L L L L L L L L L L L L L | T T | L L L L L L T T 17
100 150 200 250 300 350 400 450 500 550 600 650 700 750
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HRMS (APCI) Analysis of compound SI-19: 2-(trimethylsilyl)pyren-1-yl trifluoromethanesulfonate

wejea09thr7 #1 RT: 0.02 AV: 1 NL: 9.52E5
T: FTMS - p APCI corona Full ms [150.00-800.00]

100

95

90

85

80

75

70

65

60

55

50

45

40

35
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25

20

15

10

349

.0148

C17Hg O3 F3 S =349.0152

-1.1525 ppm

337.0897
C17H19 OF2 S Si =337.0899
-0.7446 ppm

325.0815

327.0786 344.9788

365.0099

C20H703F2S =365.0089

2.6676 ppm

373.0667

I | l 379.9716
i |I PR || 1l

421.0550
C20H16 O3 F3 S Si =421.0547
0.6239 ppm

423.0511

‘ 437.0494

452.0363

467.5433

OTf

o8

S1-19

Formula: CygH,7F303SSi
Mass: 422,0620

J

473.0253

507.0304

|
I
360 370 380
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HRMS (ESI) Analysis of compound SI-21: 4-(trimethylsilyl)ethynyl)phenyl isopropylcarbamate

wistb74shrl #1 RT: 0.02 AV: 1 NL:5.93E6
T: FTMS + p ESI Full lock ms [100.00-900.00]
276.1416
C15H22 02N Si=276.1414

0.6142 ppm
100 PP

) X

Sli-21

Formula: C;5H,1NO,Si
80 Mass: 275,1342

85

75
70
65
60
55
50

128.1072
45
40
35
30
25
20
15
10 191.0888 317.1682

C11H15 O Si=191.0887

5 0.5625 ppm 348.1811
267.1721 | 585 9840

0 1 | |. |~ |I|| I .419'31.59 . , .
LIRS S B R B B B B B L N N B B S B B B B B B E B S B B N B S B R N B R

| | I
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HRMS (ESI) Analysis of compound SI-22: 2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl isopropylcarbamate

wistb76shrl #1 RT: 0.02 AV:1 NL:5.60E7
T: FTMS + p ESI Full lock ms [100.00-900.00]

100

95

90

85

80

75

70

65

60

55

50

45

35

30

25 263.1282

C14 H23 O Si2 =263.1282

20 -0.0800 ppm

216.0838
C12H14 O N Si=216.0839
5 ‘ -0.4655 ppm
| /! 1

348.1808
C1s8H3002 N Si2 =348.1810
-0.3203 ppm

l381./1699
|

466.2228

483.2492

623.3148

T™MS o

TMS%@OXH

Sl-22

Formula: CgH,9NO,Si,
Mass: 347,1737

A

712.3809
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1 T
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HRMS (APCI) Analysis of compound SI-23: 2-(trimethylsilyl)-4-((trimethylsilyl)ethynyl)phenyl
trifluoromethanesulfonate

. Agilent

Analysis Report

ag® [+ EIC(412.1000-412.2000) Scan wish7Bagcd3.d
. G 4,108 1
T™MS
5_
] TMS——= OTf
En S1-23
P Formula: C45H,1F303SSi,
- Mass: 394,0702
G 'l i 1 1 i 1 L 1
T

[ T T T T T T T T T T T T T T T T T T T I T T T T T T T T T [ T T T T T T T T
0 020406 08 1 1.2 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 456 48 5 5254 L6 58 6 62 64 66 68 7 72 74 76 7.8

Counts vs. Acguisition Time (min)

Chromatogram Peaks
Peak Start RT End Haight Arca Arca % SNR
1 4,092 4.108 4.125 6027 4360 100.00

Sample Spectra

+ Scan (rt: 3.984-4.319 min) Sub (2)

A0 | #APCE Sean (rt: 3.964-4.319 min, 411 scans) Frag=50.0 wisth7Tiage03.d Subtact (2)
N 4121041
P
1.5 50,0733
-
0.5
o L || Ll L T L " Al - J_. Jda
T T ) T I T | I T T T | I I | T | T | T T | T |
&0 80 100 120 140 160 180 200 20 240 260 28D 300 320 40 30 |0 400 4200 &40 460 480 500
Connis vs, Mass-to-Chargs (mfz)
Spectrum Peaks
mfz Z Abund Abund %% m/z (Calc) Diff (ppm) Ion Spedes Formula Ton Type
3950075 1 13 9544 3950775 0,10 (M+H CISHR03s52
4121 1 223 100.00 412.1040 0.07  (M+NHE) CISHM R 03552
90.0733 133 .71
Spectrum Identification Tabls
Best ID Source Name Formula i miz D CAS Soore Lib/ DB
= o W
Mo MFG CISHM FIOZSS2 (M+H 3950775 0,19 96,82 o082
Mo MFG CISHM FI03552 (M+Nbdh 412.1041 0.07 96.58 56.58

MassHunter Qual 10.0
(End of Report)
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HRMS (ESI) Analysis of compound SI-25: 2-((7-(diethylamino)-2-oxo0-2H-chromen-4-yl)methyl)isoindoline-1,3-dione

sejea07thr3 #1 RT:0.02 AV: 1 NL: 4.41E7
T: FTMS + p APCI corona Full ms [110.00-800.00]
377.1491
C22H21 04 N2=377.1496

-1.1779 ppm
100 pp

95

90

85 O

80

[¢]
75 N

®
Et,HN o0 Yo
SI-25
65 Formula: Cy,H,1N,0,4*
Mass: 377,15

70

60

55
50
45
40
35
30
25
20
15

10 232.1332

C14H18 02 N =232.1332

5 466.1526
0.0825 ppm
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HRMS (ESI) Analysis of compound SI-26: 4-(aminomethyl)-7-(diethylamino)-2H-chromen-2-one (Amino-DEACM)

sejea09shrl #1 RT:0.02 AV:1 NL:6.17E7
T: FTMS + p ESI Full ms [100.00-700.00]
247.1442
C14 H19 O2 N2 =247.1441

100 0.4924 ppm

95

20 NH3
85 N

80 Et,N o o

75 SI-26
Formula: C4HgN,0,*
70 Mass: 247,14

65
60
55
50
45
40
35
30
25

20

10
202.1228
5 C13H16 ON =202.1226
0.7263 ppm 288'|17°7 493.|2809
[l " " "

| | I I 1
100 150 200 250 300 450 500 550



14. Structure Tables (X-ray data)

OTf

Si-19

- Frab = 50
emp = 100

(51220)

38:38 2021

9 09:

™ PLATON-Feb

74 Jessen WS 47.a P 21/n A = 0.03 RES= 0 -17 X

Crystals were obtained from a solvent mixture of
dichloromethane and chloroform in which the
compound was dissolved at 40 °C. The solution was first
cooled down to room temperature, and slow evaoration
of the solvent caused the formation of crystals. The data
for Jessen_WS_47_a were collected from a shock-
cooled single crystal at 100(2) K on a Bruker SMART
APEX2 QUAZAR three-circle diffractometer with a
microfocus sealed X-ray tube using mirror optics as
monochromator and a Bruker APEXIl detector. The
diffractometer was equipped with an Oxford
Cryostream 800 low temperature device and used MoKx«
radiation (A = 0.71073 A). All data were integrated with
SAINT and a multi-scan absorption correction using
SADABS was applied.l*? The structure were solved by
direct methods using SHELXT and refined by full-matrix
least-squares methods against F2 by SHELXL-2018/3.34
All non-hydrogen atoms were refined with anisotropic
displacement parameters. The hydrogen atoms were
refined isotropically on calculated positions using a
riding model with their Uiso values constrained to 1.5
times the Ueq of their pivot atoms for terminal sp3
carbon atoms and 1.2 times for all other carbon atoms.
Crystallographic data for the structures reported in this
paper have been deposited with the Cambridge
Crystallographic Data Centre.l®) CCDC 2062089 contain
the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The
Cambridge  Crystallographic Data Centre via
www.ccdc.cam.ac.uk/structures. This report and the CIF
file were generated using FinalCif.[®!
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Table 1. Crystal data and structure refinement

for Jessen_WS_47 a

CCDC number
Empirical formula
Formula weight
Temperature [K]
Crystal system
Space group (number)
a [A]

b [A]

c[A]

al’]

B[]

v [’

Volume [A3]

V4

pealc [gecm™]

p [mm™]

F(000)

Crystal size [mm?]
Crystal colour
Crystal shape
Radiation

206 range [°]
Index ranges

Reflections collected
Independent reflections

Completeness to

© =25.242°

Data / Restraints /
Parameters
Goodness-of-fit on F2
Final R indexes

[1=20(1)]

Final R indexes

[all data]

Largest peak/hole [eA3]

2062089
C20H17F303SSi
422.48

100(2)

monoclinic

P2, /n (14)
8.9023(7)
16.4839(12)
13.5475(10)

90

107.9570(10)

90

1891.2(2)

4

1.484

0.282

872
0.170x0.150%0.100
colourless

block

MoKa (A=0.71073 A)
4.01t055.11 (0.77 A)
-11<h<11
-21<k<21
-17<1<17

39111

4368

Rint = 0.0298

Rsigma =0.0160
99.9%

4368/0/256

1.062
R1=0.0290
wR2 =0.0780
R1=0.0341
wR2 =0.0814
0.47/-0.37



Table 2. Atomic coordinates and Ueq [A?] for Jessen_WS_47_a

Atom X y z Ueq

S1 0.30474(4) 0.35973(2) 0.81748(2) 0.01550(9)
Sil 0.29667(4) 0.17974(2) 0.61769(3) 0.01555(9)
F1 0.06123(11) 0.30635(6) 0.86700(7) 0.0295(2)
F2 0.22234(11) 0.38224(6) 0.98151(7) 0.0311(2)
F3 0.06171(11) 0.43591(6) 0.84399(7) 0.0285(2)
01 0.18751(11) 0.34506(6) 0.70625(7) 0.01582(19)
02 0.38573(12) 0.43487(6) 0.82526(8) 0.0215(2)
03 0.38844(12) 0.28781(6) 0.85899(8) 0.0230(2)
C1 0.24254(15) 0.35737(8) 0.61689(10) 0.0144(3)
C2 0.29429(15) 0.28991(8) 0.57493(10) 0.0152(3)
Cc3 0.34438(15) 0.30589(8) 0.48816(10) 0.0163(3)
H3 0.382620 0.261986 0.457278 0.020

c4 0.34077(15) 0.38317(8) 0.44499(10) 0.0150(3)
c5 0.39467(15) 0.39853(9) 0.35686(10) 0.0178(3)
H5 0.437703 0.355154 0.328064 0.021

cé6 0.38552(15) 0.47321(9) 0.31410(11) 0.0188(3)
H6 0.422691 0.481374 0.256218 0.023

c7 0.32021(15) 0.54065(8) 0.35500(10) 0.0169(3)
c8 0.26746(14) 0.52759(8) 0.44262(10) 0.0147(3)
c9 0.27939(14) 0.44887(8) 0.48850(10) 0.0136(2)
c10 0.22802(14) 0.43633(8) 0.57686(10) 0.0140(2)
C11 0.16150(15) 0.50339(8) 0.61727(10) 0.0161(3)
H11 0.125846 0.495479 0.675832 0.019
C12 0.14924(15) 0.57750(8) 0.57274(10) 0.0168(3)
H12 0.104224 0.620686 0.600560 0.020
C13 0.20222(15) 0.59273(8) 0.48479(10) 0.0161(3)
ci14 0.18988(16) 0.66940(8) 0.43789(11) 0.0198(3)
H14 0.145873 0.713327 0.465080 0.024
C15 0.24139(17) 0.68170(9) 0.35211(11) 0.0222(3)
H15 0.231951 0.733909 0.321101 0.027
Cile 0.30659(16) 0.61836(9) 0.31123(11) 0.0207(3)
H16 0.342294 0.627859 0.253003 0.025
Cc17 0.26384(18) 0.11607(9) 0.49861(12) 0.0239(3)
H17A 0.171902 0.136479 0.443748 0.036
H17B 0.245014 0.059708 0.514593 0.036
H17C 0.357394 0.118652 0.475107 0.036
C18 0.49555(16) 0.15408(9) 0.70861(11) 0.0207(3)
H18A 0.574641 0.158348 0.672075 0.031
H18B 0.494352 0.098537 0.734161 0.031
H18C 0.522058 0.191870 0.767300 0.031
Cc19 0.13349(16) 0.15804(9) 0.67359(12) 0.0213(3)
H19A 0.033441 0.177887 0.626151 0.032
H19B 0.155093 0.185437 0.740723 0.032
H19C 0.126339 0.099400 0.683205 0.032
Cc20 0.15111(17) 0.37193(9) 0.88066(11) 0.0209(3)

Ueq is defined as 1/3 of the trace of the orthogonalized Uj tensor.

Table 3. Bond lengths and angles for Jessen_WS 47 a
Length [A]

Atom-Atom

51-02

1.4206(10)

$1-03
S1-01

1.4208(10)
1.5648(10)
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S$1-C20 1.8345(15)
Si1-C18 1.8671(14)
Si1-C19 1.8682(14)
Si1-C17 1.8705(15)
Si1-C2 1.9041(14)
F1-C20 1.3235(17)
F2-C20 1.3279(17)
F3—-C20 1.3224(17)
01-C1 1.4534(15)
Cc1-C2 1.3905(18)
C1-C10 1.4005(18)
C2-C3 1.4048(18)
C3-C4 1.3980(18)
C3-H3 0.9500
C4-C9 1.4204(18)
C4—-C5 1.4398(18)
C5-C6 1.352(2)
C5-H5 0.9500
C6—C7 1.4421(19)
C6—-H6 0.9500
C7-C16 1.4010(19)
Cc7-C8 1.4210(18)
C8-C13 1.4218(18)
C8-C9 1.4285(18)
C9-C10 1.4220(18)
Cc10-C11 1.4395(18)
C11-C12 1.3520(19)
Cl1-H11 0.9500
C12-C13 1.4324(19)
C12-H12 0.9500
C13-Ci14 1.4035(19)
C14-C15 1.389(2)
Cl14-H14 0.9500
C15-C16 1.390(2)
C15-H15 0.9500
Cl6-H16 0.9500
C17-H17A 0.9800
C17-H178B 0.9800
C17-H17C 0.9800
C18-H18A 0.9800
C18-H18B 0.9800
C18-H18C 0.9800
C19-H19A 0.9800
C19-H19B 0.9800
C19-H19C 0.9800
Atom-Atom—-Atom Angle [°]
02-51-03 120.39(6)
02-51-01 112.26(6)
03-51-01 111.39(6)
02-51-C20 107.71(6)
03-51-C20 106.39(6)
01-51-C20 95.42(6)
C18-Si1-C19 112.76(7)

C18-Si1-C17
C19-Si1-C17
C18-Si1-C2
C19-Si1-C2
C17-Si1-C2
C1-01-s1
C2-C1-C10
C2-C1-01
C10-C1-01
C1-C2-C3
C1-C2-Si1
C3-C2-Si1
C4-C3-C2
C4-C3-H3
C2-C3-H3
C3-C4-C9
C3-C4-C5
C9-C4-C5
C6-C5-C4
C6—C5-H5
C4-C5-H5
C5-C6—C7
C5-C6-H6
C7-C6-H6
C16-C7-C8
C16—C7-Cé6
C8-C7-C6
C7-C8-C13
C7-C8-C9
C13-C8-C9
C4-C9-C10
C4-C9-C8
C10-C9-C8
C1-C10-C9
C1-C10-C11
C9-C10-C11
C12-C11-C10
C12—-C11-H11
C10-C11-H11
C11-C12-C13
C11-C12-H12
C13-C12-H12
C14-C13-C8
C14-C13-C12
C8-C13-C12
C15-C14-C13
C15-C14-H14
C13-C14-H14
C14-C15-C16
C14-C15-H15
C16—C15-H15
C15-C16-C7
C15-C16-H16
C7-Cl6-H16

107.82(7)
107.93(7)
109.64(6)
111.64(6)
106.78(6)
118.98(8)
125.99(12)
117.90(11)
115.96(11)
115.01(12)
127.76(10)
117.18(10)
123.28(12)
118.4
118.4
118.90(12
122.46(12
118.63(12
121.60(13
119.2
119.2
121.01(12)
119.5
119.5
118.97(13)
122.32(13)
118.71(12)
120.15(12)
120.12(12)
119.73(12)
120.21(12)
)
)
)
)
)
)

—_— — — —

119.90(12
119.89(12
116.48(11
124.47(12
119.03(12
120.69(12
119.7
119.7
121.84(12)
119.1
119.1
118.87(13)
122.31(13)
118.81(12)
120.67(13)
119.7
119.7
120.64(13)
119.7
119.7
120.69(13)
119.7
119.7
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Si1-C17-H17A 109.5 Si1-C19-H19A 109.5
Si1-C17-H17B 109.5 Si1-C19-H198B 109.5
H17A-C17-H178B 109.5 H19A-C19-H198B 109.5
Si1-C17-H17C 109.5 Si1-C19-H19C 109.5
H17A-C17-H17C 109.5 H19A-C19-H19C 109.5
H17B—C17-H17C 109.5 H19B—C19-H19C 109.5
Si1-C18-H18A 109.5 F3-C20-F1 109.33(12)
Si1-C18-H18B 109.5 F3-C20-F2 109.00(12)
H18A-C18-H18B 109.5 F1-C20-F2 108.96(11)
Si1-C18-H18C 109.5 F3-C20-S1 111.16(9)
H18A-C18-H18C 109.5 F1-C20-S1 110.53(10)
H18B-C18-H18C 109.5 F2-C20-S1 107.81(10)
Table 4. Torsion angles for Jessen_WS_47_a
Atom-Atom-Atom—Atom Torsion Angle [°] C2-C1-C10-C9 -3.7(2)
02-51-01-C1 48.43(11) 01-C1-C10-C9 -179.13(10)
03-51-01-C1 -89.94(10) C2-C1-C10-C11 174.50(12)
C20-S1-01-C1 160.08(10) 01-C1-C10-C11 -0.95(18)
$1-01-C1-C2 96.23(12) C4-C9-C10-C1 0.32(18)
$1-01-C1-C10 -87.93(12) C8-C9-C10-C1 179.57(11)
C10-C1-C2—C3 4.0(2) C4-C9-C10-C11 -177.97(11)
01-C1-C2-C3 179.40(11) C8-C9-C10-C11 1.28(18)
C10-C1-C2-Si1 -173.22(10) C1-C10-C11-C12 -178.78(12)
01-C1-C2-Si1 2.16(18) C9-C10-C11-C12 -0.64(19)
C1-C2-C3-C4 -1.08(19) C10-C11-C12-C13 -0.4(2)
Si1-C2-C3-C4 176.47(10) C7-C8-C13-Cl14 0.53(19)
C2-C3-C4-C9 -1.9(2) C9-C8-C13-C14 -179.30(12)
C2-C3-C4-C5 179.13(12) C7-C8-C13-C12 179.62(12)
C3-C4-C5-C6 177.83(13) C9-C8-C13—-C12 -0.21(18)
C9-C4-C5-C6 -1.16(19) C11-C12-C13-C14 179.92(13)
C4-C5-C6-C7 -0.4(2) C11-C12-C13-C8 0.9(2)
C5-C6-C7-C16 -178.84(13) C8-C13-C14-C15 -0.4(2)
C5-C6-C7-C8 1.0(2) C12-C13-C14-C15 -179.46(13)
C16-C7-C8-C13 -0.08(19) C13-C14-C15-C16 -0.2(2)
C6-C7-C8—C13 -179.90(12) C14-C15-C16-C7 0.7(2)
C16-C7-C8-C9 179.75(12) C8-C7-C16—C15 -0.5(2)
C6-C7-C8-C9 -0.07(18) C6-C7—-C16—C15 179.29(13)
C3-C4-C9-C10 2.25(19) 02-51-C20-F3 52.21(12)
C5-C4-C9-C10 -178.72(11) 03-51-C20-F3 -177.44(10)
C3-C4-C9-C8 -176.99(12) 01-S1-C20-F3 -63.24(11)
C5-C4-C9-C8 2.03(18) 02-51-C20-F1 173.81(10)
C7-C8-C9-C4 -1.44(18) 03-51-C20-F1 -55.84(11)
C13-C8-C9-C4 178.39(11) 01-S1-C20-F1 58.36(11)
C7-C8-C9-C10 179.32(12) 02-51-C20-F2 -67.20(11)
C13-C8-C9-C10 -0.85(18) 03-51-C20-F2 63.16(11)
01-S1-C20-F2 177.35(10)
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