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1. General Methods
L.1. Reagents, Solvents and Other Materials

All reactions and manipulations were performed under an N, atmosphere (< 0.1 ppm O, H,O) through
use of an MBraun Unilab and Glovebox Systemtechnik glovebox. All glassware was oven-dried (180 °C)
overnight prior to use or dried under vacuum using a heat gun three times. Benzene was dried over Na and
stored over molecular sieves (3 A). Tetraethylene glycol (TEG) was distilled successively over Ca and K
and stored over molecular sieves (3 A). Acetonitrile (MeCN), 1,2-dimethoxyethane (DME) and
dimethylformamide (DMF) were distilled from CaH, and stored over molecular sieves (3 A). Et,O,
tetrahydrofuran (THF), dichloromethane (DCM) and toluene were purified using an MBraun SPS-800
system and stored over molecular sieves (3 A) at least overnight prior to use. Benzene-dswas distilled from
potassium and stored over molecular sieves (3 A). Acetonitrile-d, THF-d and DCM-d; were stored over
molecular sieves (3 A). All other chemicals were purchased from major suppliers (Merck, TCIL, VWR).
Liquids (except NEt;-3(HF)) were purified by Kugelrohr distillation and freeze-pump-thaw degassed
three times before use; P4 and Ph;PO (TPPO) were purified by sublimation; KF was dried under vacuum

at 120 °C for three days; all other reagents were used as received.

Caution. P, is highly toxic and pyrophoric and must be handled strictly under an inert atmosphere. PF;
and related adducts are highly toxic and moisture-sensitive, hydrolyzing in air to release corrosive and toxic
HE Fluorophosphates and their esters are extremely toxic. DDQ can hydrolyze in the presence of water
to release highly poisonous HCN. All manipulations must be conducted under inert atmosphere or in a

well-ventilated fume hood while wearing appropriate protective laboratory clothing and safety equipment.

1.2. Analytical Instrumentation

Product analysis was conducted by 'H NMR (500.00 or 400.00 MHz), >H NMR (61.42 MHz), *C NMR
(125.78 MHz), "B NMR (160.42 or 128.38 MHz),F NMR (470.38 or 376.48 MHz) and *'P NMR
(202.40 or 161.97 MHz) spectroscopy (Bruker Avance neo 500 or Bruker Avance III 400). Chemical
shifts (3) are given in ppm. Multiplicity is described either as s=singlet, d = doublet, t = triplet,
q = quartet, p. = pentet, sex. = sextet, sept. = septet, m = multiplet). 'H NMR and *C NMR spectra were

referenced against tetramethylsilane (TMS, 8 0.00 ppm) and were calibrated internally to the residual
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solvent signals. ’F NMR spectra are referenced against trichlorofluoromethane (CFCls, 3 0.0 ppm) and
3'P NMR spectra against H;PO, (w = 85% in H,O, 8 0.0 ppm). ’H NMR spectra were recorded without
reference-lock. Quantitative 3P{'H} NMR spectroscopy, as described in section S2, was used to

determine product yield and substrate conversion unless noted otherwise.

Cyclic voltammetry was performed in a borosilicate glass single-compartment cell inside a nitrogen-filled
glovebox using a CH Instruments CHI600E potentiostat. A platinum disc working electrode (1.6 mm
diameter) was polished with 0.1 pm diamond paste, rinsed with acetone and water, then polished with
0.0S pm alumina paste, rinsed, and gently dried with a hot-air blower. The platinum wire counter electrode
was rinsed with water and acetone before use and then annealed with a propane torch until no orange
flame tail was observed, indicating complete combustion of organic residues. The silver wire pseudo-
reference electrode was polished sequentially with 7000- and 10000-grit sandpaper, wiped with a lint-free
tissue to remove residual solids, and rinsed with water and acetone. Residual solvent on the electrodes was
removed under vacuum in the glovebox antechamber. The working and counter electrodes shared the
same compartment, and the applied voltage was not corrected for IR drop. The supporting electrolyte,
["BusN]PFs (TBAPFs), was dried under vacuum (10~* mbar) at 110 °C for three days. All redox potentials
are referenced to the half wave potential of the ferrocene/ferrocenium (Fc/Fc") redox couple. CVs were

recorded at a scan rate of 100 mV/s.

UV-Vis spectra were recorded inside a nitrogen-filled glovebox on an Ocean Optics Flame Spectrometer
with a DH-2000 UV-NIR halogen-deuterium lamp light source coupled with UV/SR-Vis high-OH,
solarization-resistant optical fibers (50 pm core diameter, 0.22 numerical aperture, 25.4° full angle, 2 m

length). Measurements were performed in Hellma QS quartz glass cuvettes (d = 10.0 mm).

Spectroelectrochemical measurements were performed wusing a Varian Cary 100 UV-Vis
spectrophotometer coupled to a MetrOhm Autolab M204 potentiostat. Experiments were performed in
MeCN (Merck, HPLC grade), degassed with Argon, containing 0.1 M TBAPFsas supporting electrolyte.
A room temperature optically transparent thin-layer electrochemical (OTTLE) cell (Frantisek Hartl,
University of Reading, UK) was employed, featuring a path length of approx. 0.02 cm, Pt minigrid working

and counter electrodes (32 wires/cm?), an Ag microwire pseudo-reference electrode, and optically
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transparent CaF, windows. Prior to spectroelectrochemical measurements, CV (see above) was
performed to determine the approximate positions of the redox processes. Subsequently, the potential
window corresponding to the relevant electrode processes was stepped in 0.05 V increments, with a 10 s

holding time at each step. The UV-Vis spectrum was recorded at the end of each step.

For photochemical experiments, a TAK120 AC (air-cooled) photoreactor from HK-Testsysteme GmbH
(456 nm, 7W) with integrated temperature control and timer was used. The emission spectrum of the

light source is depicted in previous work.'

Electrospray ionization mass spectrometry (ESI-MS) was performed on an Agilent 6540 UHD Q-TOF

mass spectrometer, with the sample introduced offline, at the University of Regensburg.
Elemental analysis (C, H, N)) was performed at the University of Regensburg.

Elemental analysis (C, H, N, K, P, F) was carried out by the Mikroanalytisches Laboratorium Kolbe,
Oberhausen, Germany. Data was processed with JASPER v2.0 - JavaScript Percentage Elemental Results

Calculator (University of York, https://www.yorku.ca/pgpotvin/public/Jasper/jasper2.htm).

Diffusion ordered NMR spectroscopy (DOSY) experiments were performed using a Bruker® Avance I11-
HD 600 MHz operating at 600.25 MHz for protons and 564.55 MHz for fluorine, equipped with a TBI §
mm "H/"F-BB probe head with a BVT unit and with pulsed gradient units, capable of producing magnetic
field pulsed gradients in the z-direction. The measurements were performed at 298 K. The temperature
was certified by internal NMR calibration samples from Bruker®. NMR data were processed, evaluated,
and plotted using TopSpin 3.2. Further analysis of the measurements was performed with Microsoft Excel

and Spyder (Python 3.11).
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1.3. Calibration of Quantitative *'P{'H} NMR Spectroscopy

NMR tubes were charged with varying amounts of P, stock solution (0.10 M in benzene) and KPF¢ stock
solution (0.40 M in MeCN), as shown in Table S1. A fixed volume of the internal standard TPPO stock
solution (100 L, 0.10 M in MeCN) was added. Subsequently, *'P{'H} NMR spectra were recorded for
all samples at 298 K, 1 atm, using 256 scans, a relaxation delay of 2.0 s, a receiver gain of 208.7 and a pulse

width of 15.5 ps. All stock solutions were prepared in analytical flasks to minimize volume errors.

Figure S1 shows the normalized integrals against the mole fraction x; of KPF4 or P, in the different samples.
The relationship between x and the integrals was fitted using the equation f(xi) = Ry- x;, i.e., a linear fit
constrained to pass through the origin (0,0), corresponding to the proportionality between integral and
mole fraction (Pearson’s R* > 0.99). The resulting response factors R(KPFg) = 1.97506 and R{(P,) =
1.7043S were used for all subsequent calculations of yield and conversion unless noted otherwise. The
integrals of P, (8 —=522.3 ppm, s) and KPFq (8 —142.9 ppm, sept, "or = 707.0 Hz)? in the *'P{'H} NMR
spectra were normalized to the TPPO signal (§27.4 ppm, s). For an example spectrum for KPFs

quantification, see Figure S40.

Table S1. Samples prepared for 3'P{'H} NMR calibration of P, and KPF; to the

internal standard TPPO.
Entry  x(Ps) [%]  x(KPFQ)[%]  V(P)[uL]  V(KPEq)[uL]
1 9§ S 95.0 5.0
2 75 25 75.0 25.0
3 S0 S0 50.0 50.0
4 S 95 5.0 95.0
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Figure S1. Calibration for quantitative *P{'H} NMR spectroscopic analysis of KPFs and P,. Normalized integrals of KPFe
(bold line) and P4 (dashed line) against their mole fraction x; showing a linear fit with the respective Pearson’s R? correlation
coefficient. Response factors (Ry) obtained for the analytes: R, (KPFs) = 1.97506 and R/(P,) = 1.70435.
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2. Screening Experiments and Reaction Optimization

2.1. General Procedure

5.0 equiv. DDQ
7.5 equiv. KF

1 |
AN
e MeCN:benzene
(9:1,0.01 M),
65°C, 18 h, N,

F<
F/

M—"0=—"T

_I

-~
~

m M

o)

Cl CN
Cl CN
@)

DDQ

In a glovebox, a Schlenk-tube was charged with DDQ (45.5 mg, 200 pymol, 5.00 equiv.), KF (17.4 mg,

300 pmol, 7.50 equiv.), P, stock solution (0.1 M in benzene, 100 pL, 1.24 mg, 10 pmmol, 0.25 equiv.),
TPPO stock solution (0.1 M in MeCN 100 pL, 10 pmol, 0.25 equiv.), and MeCN (0.8 mL). The reaction
mixture was heated at 65 °C for 18 h. Conversion and yield were determined by quantitative

3'P{'H} NMR spectroscopy, as described in section S1.3.

Note: Control experiments showed that adding the TPPO internal standard, either before or after the

reaction, yielded identical results. Therefore, the TPPO stock solution was routinely added prior to

heating.
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2.2. Solvent Screening

Reactions were carried out according to the general procedure, with the solvent (1.0 mL) varied as listed
in Table S2.

Table S2. Solvent screening experiments for the DDQ-mediated fluorination of Py, including reaction conditions, conversion
of P4, yield of KPFq, phosphorus molar balance, and the corresponding YF and 3'P NMR resonances and coupling constants of
KPF,. Optimal conditions are highlighted in grey.

O
5.0 equiv. DDQ K Cl CN
7.5 equiv. KF II:
", /l\ . F<I_F
— solvent:benzene F/||:\F cl CN
(9:1,0.01 M),
65°C, 18 h, N, O
DDQ
31 19 1
Entry  Solvent Conversion P, [%]*  Yield KPF¢[%]* P KPFi F O KPFs [ oe | (KPEo)
[ppm] [ppm]¢ [Hz]
1 MeCN >99 95 - 1432 -72.3 706.7
24 EtOH 68 n.d. nd. nd. nd.
3 DMEF >99 63 - 143.5 -72.2 710.1
4 acetone >99 27 -142.8 -72.1 709.8
N THF >99 22 -143.3 -73.5 709.4
6° CHCl; 70 n.d. n.d. n.d. n.d.
7* DCM 97 nd. n.d. n.d. nd.
8 Et,O 922 n.d. n.d. n.d. n.d.
9 toluene 84 nd. nd. n.d. n.d.

* Yield of KPFs and conversion of P, was determined by quantitative *'P{'"H} NMR spectroscopy using TPPO as internal
standard (see section 1.3). ® multiplicity: sept. < multiplicity: d. ¢ OP(OEt); was identified as the major product by P NMR
spectroscopy (8 - 0.5 ppm, sept. *fn = 8.0 Hz)3. ¢ phosphoric acid/phosphate were identified as the major product by
3'P{'"H} NMR spectroscopy (8 — 0.4 ppm, s). { PFs was identified as the major product by *'P{'H} NMR spectroscopy (8 104.6
ppm, q, Ubr = 1400.9 Hz)>*5.

Using EtOH as the solvent resulted in the formation of OP(OEt);, which was identified by a septet
(8 - 0.5Sppm, /o = 8.0 Hz, sept., Figure S2) in the proton-coupled *'P NMR spectrum.*® As a result,

EtOH is unsuitable as a solvent for P, fluorination despite its higher fluoride solubility.
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Figure S2.*'P NMR (162.04 MHz, EtOH, C¢Ds) spectrum for the reaction in Table S2, entry 2, showing OP(OEt); as the
major product (§ -0.5 ppm, sept, > /o = 8.0 Hz). The inset highlights the septet splitting pattern arising from *n coupling.
Spectroscopic yield of O=P(OEt)5: 20 %.

The reaction in DCM (Table S2., entry 7) gave no KPFs but PF; (8 104.6 ppm, q, }br = 1400.9 Hz)>*s in
13% yield (89% conversion of P4, Figure S3). An unidentified singlet signal at § 136.5 ppm can presumably
be assigned to the phosphite-like species P(DDQH);, due to a similar chemical shift observed in other
phosphites, e.g. §(P(OEt)) 139.2, ppm and §(P(OPh);) 128.1 ppm.>” For details on the proposed species
P(DDQH);, see sections S3.11-S3.13.

RESHe % T
gnEgh 2 8
Bn88g g

VoSS I

¥ T T T T T T T T T T T
00 450 400 350 300 250 200 150 100 50 0 -50 -100 -150 -200 -250 -300 -350 400 -450 -500 -550 -6

f1 (ppm)

T T T T T T T

Figure S3. *'P{'H} NMR (162.04 MHz, DCM, C¢Ds) spectrum corresponding to the reaction presented in Table S2., entry
7, showing PF; as the major product (§ 104.6 ppm, q, ks = 1400.9 Hz)*** and the proposed intermediate P(DDQH); as
minor signal (§ 136.5 ppm). Estimated yield of dissolved PF; gas: 13%.
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The reaction in CHCl; (Table S2, entry 6) gave H;PO, as the major product (8 *'P - 0.4 ppm, s, 32 %),
possibly due to hydrolysis. An unknown species containing a PF,-fragment (§ *'P 113.3 ppm, t,
Ubr = 1288.3Hz, 7 %) was observed as a minor product. The chlorine atom in the fluorinated side product

most likely originates from fluoride-induced chloride substitution of chloroform.®

o
=] @
o2 ] 4]
mmmmm % i

:

T T T T T T T T T T T T T T T T T T T T
00 450 400 350 300 250 200 150 100 50 0 -50  -100  -150 -200 -250 -300 -350 -400 -450 -500 550  -§
f1 (ppm)

Figure S4. 3'P{'H} NMR (162.04 MHz, CHCl;, CsDs): Reaction in CHCl; (Table S2., entry 6) showing phosphoric
acid/phosphate as major product (8§ -0.4 ppm, s, 32%) and a minor unknown product containing a PF,-fragemnt
(8113.3 ppm, t, “or = 1288.3 Hz, 7 %).
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2.3. Variation of Concentration and Temperature

Reactions were carried out according to the general procedure, with variation of concentration and

temperature as listed in Tables S3 and S$4.

Table S3. Variation of reaction concentration by changing the amount of MeCN, referenced to P, as
the limiting reagent. Optimal conditions highlighted in grey.

)
5.0 equiv. DDQ FIK Cl CN
1 | 7.5 equiv. KF Fol _F
i I\ - i<
—_ MeCN:benzene F” L °F cl CN
(9:1, concentration), F
65 °C, 18 h, N, o
DDQ

Entry V(total) [mL] ¢ (P4) [mM] Yield KPFs[%]  Conversion P, [%]

1 0.6 17.0 70 >99
2 0.9 11.0 90 >99
3 1.0 10.0 95 >99
4° 22 4.5 25 S0

* Solvent volume comprised of 1.1 ml MeCN, 1.0 ml THF and 0.1 mL benzene.

Table S4. Results of temperature screening for the DDQ-mediated fluorination of P, in
MeCN. Average yield over two runs, with the corresponding standard deviations.
Optimal conditions highlighted in grey.

O
5.0 equiv. DDQ K Cl CN
7.5 equiv. KF F
1/4 /l\ - F< I ~F
= MeCN:benzene F/||:\F o] CN
(9:1,0.01 M)
temperature, 18 h, N, o
DDQ
. Yield KPFs [%] Average yield
Entry Tlc] Runl Run2 KPFgtsd [%]
1 25 41 42 41.5+£0.7
2 SS 95 90 92.5+3.5
3 65 96 95 95.5+0.7
4 75 95 90 92.5+3.5
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2.4. Screening of Fluoride Sources

Reactions were carried out according to the general procedure, with the fluoride source (0.3 mmol,

7.5 equiv.) varied as listed in Table SS.

Table S5. Screening of the fluoride source with conversion of P, and yield of the corresponding hexafluorophosphate salt.

Optimal conditions highlighted in grey.

O
5.0 equiv. DDQ F M Cl CN
7.5 equiv. MF
", /:\ _ F<I_F
— MeCN:benzene F7IF cl CN
(9:1,0.01 M), F
65 °C, 18 h, N, o
DDQ
Entry MF and conditions n [mmol]/ m [mg] / V [pL] Conversion P, [%]  Yield MPFq [%]

1 LiF 03/7.8 >99 35
2 NaF 0.3/12.6 >99 57
3 KF 0.3/17.4 >99 95
4 CsF 0.3/45.6 >99 47
S CaF, 0.3/234 >99 n.d.
6 NH.,F 0.3/11.1 >99 68
7 NMe,F 0.3/27.9 >99 92
8 NEt;-3(HF) 0.3/ 48.4/ 48.9 >99 27
9 KHEF, 0.3/234 >99 n.d.
10 SFandKF (SF) 0.3/ 1063 ;(KF) 0.3/ 17.4 >99 50
11 SE KFandnoDDQ  (SF) 0.3/ 106.3; (KF)0.3/ 17.4 >99 92
12 NaBF, 0.3/32.9 >99 73
13° LiF, crypt-222 0.3/7.8;0.15,56.4 81 trace

@ Reaction was performed in MeCN-d:C¢Ds (9:1).

Hydrolysis under specific conditions during the DDQ-mediated fluorination of P, was evident from the

formation of fluorophosphate species and fluorinated boron- or silicon-containing byproducts, as revealed

by multinuclear NMR spectroscopy. In the *'P NMR spectrum of the reaction using NEt;-3(HF) as

fluoride source (Table S6, entry 8), the species PO,F,” was observed as the major product (§ *'P

~17.9 ppm, t, “Jor = 957.7 Hz) in 57% yield (Figure SS). The corresponding "’F{'"H} NMR spectrum

displayed the expected resonance for PO,F,™ (8 - 82.9 ppm, d, bz = 957.7 Hz)?S, along with additional

signals assignable to BF,and SiF¢>~ (Figure S6). The BF, anion appeared as an isotope mixture of '°BF,

(8-151.9 ppm, s) and '"BF,” (8§ — 151.8 ppm, s), while SiFs*" resonated at § — 136.8 ppm as a broad

signal.*®
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Note: Ref. 6 employs a non-standard chemical shift convention. In that work, positive "F NMR values
indicate upfield shifts; '’F NMR resonances were referenced to LiPFg at 65.00 ppm, and *'P NMR spectra
were referenced to LiPFg at — 145.0 ppm. In our measurements, LiPF4 was observed at § °F — 72.2 ppm
and & *'P — 142.9 ppm. Therefore, chemical shift values from Ref. 9 were adjusted by reversing their signs
and then subtracting 7.2 ppm for '°F and 2.1 ppm for *'P, aligning them with the referencing standards

outlined in the general information section S1.2

Note: Ref. 2 employs the same reference compounds for '°F and *'P NMR as this study. However, upfield
shifts are represented by positive values. To facilitate comparison, the signs of the shifts reported in Ref.

10 were inverted.

Table S6. Fluoride source screening for the DDQ-mediated fluorination of P4 in MeCN, including observed 3'P and "F NMR

resonances and coupling constants, for MPFsand MPO,F,. Optimal conditions highlighted in grey.

F atom Yield Yield MPFq MPO,F,
Entry source MF MPEq MPO:F, 8P §VF | e 8P SVF | o
[%] [%] [ppm]  [ppm] [Hz] | [ppm] [ppm]  [Hz]
12 LiF 35 7 -143.2 -72.1 707.0 -16.5 -83.9 929.1
20 NaF 57 33 -143.3 -72.1 707.3 -16.7 - 82.6 951.4
3 KFE 95 n.d. -143.3 -72.3 707.8 n.d. nd. nd.
4 CsF 47 trace -143.2 -717 7072 n.d. n.d. n.d.
S CaF, n.d. nd. nd. n.d. n.d. n.d. n.d. n.d.
6° NH,F 68 4 —-143.5 -72.5 707.5 -16.3 -82.9 944.7
7? NMe,F 92 6 -143.4 -722 707.4 -14.6 -81.5 949.0
8 NEt;-3(HF) 27 S7| -1435  -723 7113 | -179 -829 9577
9b KHEF, n.d. n.d. nd. n.d. n.d. n.d. nd. nd.
10 SE, KF 54 12 -143.9 -724 708.1 -16.4 -83.0 95S.5
11 IS;’) QKF’ ne 92 nd. | -150.5  -726  707.9 n.d. nd.  nd
12° KBE, 73 nd. -144.1 -73.1 706.7 n.d. n.d. nd.
13¢ ;;12 DPE traced nd. | -1441  -715 7067 nd. nd.  nd

@ Formation of BF,", as ®BF,;~ (§ — 151.8 ppm, s) and "'"BF, (8§ - 151.9 ppm, s) isotope mixture’, observed by YF{'H} NMR
spectroscopy. ® Formation of HBF,, as HBF, (8 - 143.1 ppm, d, /i = 7.2 Hz) and H"'BF, (8 - 143.1 ppm, d, i = 7.2 Hz)
isotope mixture, observed by ’F NMR spectroscopy. ‘Reaction was performed in MeCN-d;:CsDs (9:1) with addition of crypt-
222 (0.15 mmol, 15.0 equiv.).
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Figure SS. *'P NMR (162.04 MHz, MeCN, CsDs) Reaction with NEt;-3(HF) as fluorine source (Table S6, entry 8) showing
PO,F, (8 - 17.9 ppm, t, Upr = 957.7 Hz) as the major product in 57% spectroscopic yield.
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Figure S6. "F{'H} NMR (367.62 MHz, MeCN, C¢Ds) Reaction with NEt;-3(HF) as fluorine source (Table S6, entry 8)
showing PO,F, (8§ - 17.9 ppm, t, or=957.7Hz) as the major. Insert showing the formation of BF,, as a °BF,
(8§ F - 151.9 ppm, s) and ''BF, (8§ - 151.8 ppm, s) isotope mixture and SiF¢> (§ - 136.8 ppm, bs).
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2.5. Quinone Screening

O O 0 (0]
O O O 0
BQ o-Me-BQ TMeQ AQ
O O O (0]
l I i Cl Cl Br Br Cl CN
Cl Cl Br Br Cl CN
O O O (6]
2-Et-AQ TClQ TBrQ DDQ

Chart S1. Structures of the p-quinone oxidants used in this work, including their respective abbreviations.
According to the general procedure, various p-quinones (0.2 mmol, 5.0 equiv.) were screened in the P,
fluorination reaction using LiF (7.8 mg, 0.3 mmol, 7.5 equiv,, Table S7) or KF (17.4 mg, 0.3 mmol,
7.5 equiv., Tables S7-S9) as fluoride source.

Table S7. p-Quinone screening with LiF as nucleophile under thermal conditions. Optimal
conditions are highlighted in grey.

5.0 equiv. quinone L
7.5 equiv. LiF i
— MeCN:benzene F71F
(9:1, 0.01 M), F
65 °C, 18 h, N,

Entry  p-quinone m [mg] Yield KPFs [%] Conversion Py [%]
1 DDQ 45.4 37 >99
2 TBrQ 84.7 n.d. >99
3 TClQ 49.2 nd. >99
4 2-Et-AQ 47.3 n.d. 40
5 TMeQ 32.8 n.d. 2
6 0-Me-BQ_ 24.4 n.d. 11
7 BQ 21.6 n.d. 33
8 AQ 41.6 n.d. 30
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Table S8. Screening of p-quinones with KF as nucleophile under thermal conditions. Optimal
conditions are highlighted in grey.

5.0 equiv. quinone K
7.5 equiv. KF i
", /:\ _ FI\_F
— MeCN:benzene F7IF
(9:1,0.01 M), F
65 °C, 18 h, N,

Entry  p-quinone m [mg] Yield KPFq [% ] Conversion P4 [%]
1 DDQ. 45.4 95 >99
2 TBrQ 84.7 43 >99
3 TCIQ 492 20 >99
4 2EtAQ 47.3 nd. 90
S TMeQ_ 32.8 n.d. 15
6 o-Me-BQ_ 24.4 nd. n.d.
7 BQ 21.6 nd. >99
8  AQ 41.6 nd. 24

Table $9. Screening of p-quinones with KF as nucleophile under photochemical conditions

(see general information). Optimal conditions are highlighted in grey.

5.0 equiv. guinone . 1K
7.5 equiv. KF I
1/4 //l\\\ -~ F!_F
— MeCN:benzene F7IF
(9:1,0.01 M), F
blue LED
(456 nm, 7W),
25°C,18h, N,
Entry  p-quinone m[mg]  Yield KPFq[%] Conversion P, [%]
1 DDQ 45.4 42 >99
2 TBrQ 84.7 12 >99
3 TCIQ 49.2 15 78
4 2EtAQ 47.3 nd. 26
S TMeQ 32.8 n.d. n.d.
6 0-Me-BQ_ 24.4 n.d. 72
7 BQ 216 nd. >99
8 AQ 41.6 n.d. n.d.

S18

1ST19e¥099® [/)pd /£G£TEZS / uaus |ddns -8 |9 111e /yesoe [ /610 *soe "sqnd //:d 13y wo 14 papeo jumoq

920z AInc 1€ uo 1sanb Aq /T0OO



2.6. Screening of Oxidizing Agents

NC CN
(e}
Cl CN |
Cl CN
S |
NC CN
DD
Q TCNQ

@_l BF, (\ ] BFa,

- =N\
. >
= F
[Cp,Fe]BF, Selectfluor

Magic Blue

NC CN

I ,
N Cn |
Q

TCNE TEMPO
CN o)

CN tBu

DCA TTBP

) 06 ¢
) Q Q ¢
O 6}

PTCDA

Chart S2. Structures of some oxidants used in this work, including their respective abbreviations .

According to the general procedure, with the oxidizing agent (0.2 mmol, 5.0 equiv.) varied as listed in

Table S10.
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Table S10. Screening of oxidizing agents. Best conditions highlighted in grey.

5.0 equiv. oxidizing agent E K
7.5 equiv. KF
s /l\ F> |<F
— MeCN:benzene F™ I °F
(9:1,0.01 M), F
65 °C, 18 h, N,
Entry  Oxidizing Agent m [mg] Yield KPFs [%] Conversion P4 [%]
1 DDQ. 45.4 95 >99
2 TCNQ_ 40.8 86 >99
3 TCNE 25.6 52 80
4 TEMPO 31.3 n.d. >99
S [CpFe]BE, 54.6 10 58
6 Selectfluor 106.3 92 >99
7 DCA 45.7 n.d. 0
8 Magic Blue 163.3 n.d. 0
9 PTCDA 78.5 n.d. 0
10 TBPR 52.3 n.d. 0
11 FeCl; 32.4 n.d. 0

The oxidants ferrocenium tetrafluoroborate (10%) and Selectfluor (95%, Chart S2) successfully mediate

P, fluorination despite not having a p-quinonoid structure. SF, a formal “F*” source, gave excellent yields

of KPFs. However, the synthesis of SF requires F,, limiting its practicality as a stoichiometric fluoride

source in comparison with the simple fluorides used in this work.
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According to the general procedure, oxidizing agent (0.2 mmol, 5.0 equiv.), KF (17.4 mg, 0.3 mmol,
7.5.0 equiv.) and crypt-222 (99.8 mg, 0.3 mmol, 7.5 equiv.) were used (Table S11).

Table S11. Screening of selected oxidizing agents with crypt-222 as chelating agent.

5.0 equiv. oxidizing agent
7.5 equiv. KF -

. K
7.5 equiv. crypt[2.2.2 F
1 | q rypt[2.2.2]  F_LF
4 / A\ B I~
— MeCN:benzene F” 1 °F
(9:1,0.01 M), F
65 °C, 18 h, N,
Entry  Oxidizing Agent m [mg] Yield KPFs [%] Conversion P, [%]
1 Magic Blue 163.3 30 S1
2 TEMPO 31.3 n.d. >99

The reaction of P, with KF and Magic Blue in the presence of crypt-222 gave KPF4 in 30% NMR yield at
51% P, conversion (Figure S30). This was accompanied by the formation of additional phosphorus-
containing products such as K[HPFs]. A high loading of crypt-222 (7.5 equiv.) was necessary for the
formation of KPF4 with Magic Blue as the oxidant. In contrast, complete consumption of P, (>99%
conversion) but no detectable formation of KPF4 was observed when TEMPO was employed as the
oxidant (Figure $32). Instead, a complex mixture of products was obtained, including a proposed
(TEMPO)PF, species observed in 17% yield by 3'P{'H} NMR spectroscopy, alongside several
unidentified resonances. It is important to note that both Magic Blue and TEMPO have more positive
oxidation potentials than DD Q. Nevertheless, this does not improve selectivity or product yield of KPFg
with respect to using DDQ as an oxidant, indicating that the outstanding properties of DDQ are not

exclusively related to the oxidation potential.
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3. Additional Synthetic Experiments and Spectroscopic Monitoring Studies

3.1. Sensitivity to Water and Oxidation

According to the general procedure, the reaction was performed in the presence of different contaminants,

as listed in Table S12 and Table S13.

Table S12. Control reactions for the DDQ mediated fluorination of P, under different conditions.

o]
5.0 equiv. DDQ K Cl CN
7.5 equiv. KF Fol 0 1K
U, /|\ > FIF 1
— MeCN:benzene F/llz\F F~ \FO cl CN
0.01 mmol (9:1,0.01 M),
65 °C, 18 h, 0
conditions DDQ
Entry Conditions Yield KPF4 [%] Yield KPO,F, [%]
1 25°C 41 nd.
2 reaction opened to air 14 23
3 no DDQ. n.d. n.d.

The reaction performed on air gave a singlet at § — 0.8 ppm in the ¥P{'H} NMR spectrum as the major

product (Table S12, entry 2) , which was assigned to phosphoric acid or inorganic phosphates (see Figure

S34 and S35, for *'P{'H} and F{'H} NMR spectra with assignments).

Table S13. Screening reactions with varying water content.

(0]
5.0 equiv. DDQ K Cl CN
7.5 equiv. KF Pl Q1K
AVAN N U
— MeCN:benzene F/llz\F F~ \FO Cl CN
0.01 mmol (9:1,0.01 M),
65 °C, 18 h, 0
conditions DDQ
Entry V(H,0) [pL] c(H,0) [M]  Yield KPF[%] Yield KPO,F,[%] Conversion Py [%]
1 1 0.0S 18 32 >99
2 2 0.09 17 38 >99
3 S 0.23 n.d. 49 >99
4 10 0.46 n.d. 30 >99
S 25 1.13 n.d. 36 >99
6 50 2.22 n.d. 33 >99
7 100 4.27 n.d. 20 >99
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3.2. Reaction with Red Phosphorus

In a glovebox, a Schlenk flask was charged with DDQ_(455.4 mg, 2.0 mmol, 20 equiv.), KF (174.2 mg,
3.0 mmol, 30 equiv.), red phosphorus (12.4 mg, 0.1 mmol, 1.00 equiv.) and DMF (10 mL). The reaction
mixture was heated at 65 °C for 5 days under the conditions specified in Table S14. Conversion and yield

were determined by *'P{'"H} NMR spectroscopy, as described in section 1.3

Table S14. Reaction with red phosphorus as substrate under different conditions.

(@]
P—FP, 5.0 equiv. DDQ K cl CN
B e 7.5 equiv. KF Fol
PP ~ F<L-F
-P/P\P/P\ DMF, (001 M), F/llz\F Cl cN
0.1 mmol 65°C,5d o)
[P] atoms
DDQ
Entry  Conditions Yield KPFs [%] Yield KPO,F, [%]
1 Under N; atmosphere 11 2
2 Under Air 22 S

Alongside KPFg, several hydrolysis products, such as KPO,F, and K[HPFs], were observed (Figure S36-
$38).241° For KPF4 and K[HPF;], overlapping signals have been assigned with the corresponding
coupling constants reported. Similar *'P and '’F NMR spectra were observed for the reaction under air

(Table S14, entry 2).
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3.3. Scale-up

0
5.0 equiv. DDQ K Cl CN
1 | 7.5 equiv. KF . i .
AN >i<
— MeCN, (0.01 M), F” 1 °F cl CN
0.1 mmol 65°C, 18 h F 0
83 %
DDQ

In a glovebox, a Schlenk flask was charged with DDQ (455.4 mg, 2.00 mmol, 20 equiv.), KF (174.2 mg,
3.00 mmol, 30 equiv.), solid P4 (12.4 mg, 0.1 mmol, 1.00 equiv.) and MeCN (10 mL). The reaction
mixture was heated at 65 °C for 20 h. An aliquot (500 pL + 100 uL TPPO, 0.1 M in MeCN) was analyzed
by quantitative *'P{'"H} NMR spectroscopy. The analysis indicated complete conversion of P, and a

spectroscopic yield of KPF4 of 83% (Figure S39 — Figure S41).

3.4. Isolation of KPF¢

The reaction was performed according to the scale-up procedure (see section 3.3). *'P{'"H} NMR
spectroscopy indicated complete consumption of P, and the formation of KPFg in >80% spectroscopic
yield. The reaction mixture was allowed to cool to 25 °C and filtered by gravity through a 150 mm
Whatman GF/A glass microfiber filter. The solid residue from the filtration was washed with MeCN until
the filtrate ran colorless. The combined filtrates were evaporated to dryness under reduced pressure, and
the residue was dissolved in H,O (20 mL). Powdered activated charcoal (PAC, 1.5 g) was added, and the
suspension was stirred vigorously for 1 h. Then Celite (0.5 g) was added, and stirring continued for an
additional 15 min. The mixture was filtered by gravity through a 150 mm Whatman GF/A glass microfiber
filter. The filter cake was washed thoroughly with H,O. Evaporation of the combined filtrates under
reduced pressure afforded an off-white solid. The solid was extracted with hot MeCN (50 °C, 4 x 10 mL).
Subsequently, the combined extracts were filtered through a 0.2 yum PTFE syringe filter to remove residual
PAC particles. The solvent was removed under vacuum and the residual solid was dried in vacuo at 65°C
for 18h, to afford KPFq as a colorless powder in 62% (47 mg; yield corrected for impurities as described
below; uncorrected yield: 64%) yield. For *'P{'H} and 'F NMR spectra, see Figures $42-545.

3'P{*H} NMR (202.48 MHz, 298 K, D,O) § — 144.6 (sept., br = 706.4 Hz) ppm.

YENMR (470.59 MHz, 298 K, D,0) § - 72.9 (d, br = 706.4 Hz) ppm.
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Elemental Analysis found (calcd.) for KPFs - 0.2 H,O - 0.05 MeCN; C: 0.33 (0.63), H: 0.80 (0.29), N:
0.93 (0.37), F: 60.03 (60.08), P: 16.35 (16.33), K: 20.60 (20.61)

The amounts of residual water and MeCN in the sample were quantified by '"H NMR spectroscopy
(Figure S46) using 1,3,5-trimethoxybenzene (TMB) as internal standard. The integrals were normalized

to the aryl protons of TMB to determine the absolute molar amounts of H,O and MeCN according to:

Ry  Iyo/3
Np,0 = m "NrMB NpecN = m *NrMB

(eq.-1&2)
where 7/ denotes the respective signal integrals and n7s the known amount of internal standard. The
amount of KPF is estimated from the total mass of the sample by subtracting the contributions of residual

solvent:

Msample — nHZOMHZO - nMeCNMMeCN

TleFG = (eq. 3)

MgpF,
With Mpz0 = 18.02 g/mol, Myecy = 41.05 g/mol and Miprs = 184.06 g/mol. The stoichiometric
coefficients x and y in KPF¢ - xH,O - yMeCN are obtained as

Ny,0 _ NMecN

X =— y = (eq. 4 & S)
NKpF, NKpF, q

With nms = 0.0077 mmol (1.3 mg), Mumpe = 4.9 mg, Inzo = 2.82, Liecy = 1.09 the values amount to
x=0.18 and y=0.046, thus confirming the values of x and y obtained independently by solving the
elemental analysis for KPFs, H,O and MeCN by linear regression using JASPER v2.0 - JavaScript
Percentage Elemental Results Calculator (University of York,

https://wwwyorku.ca/pgpotvin/public/Jasper/jasper2.htm).

Note: The reaction solvents (MeCN and especially benzene, if reaction is performed according to the
general procedure using a P, stock solution (0.1 M in benzene) instead of solid P,) need to be completely
removed under vacuum to ensure that K[DDQ] is quantitatively absorbed by PAC. Residual organic
solvents significantly reduce KIDDQ'] uptake, resulting in a brown-colored filtrate after fine filtration (0.2
um PTFE) or necessitating the use of very large amounts of PAC, which in turn severely hampers filtration.
The addition of Celite to the PAC suspension is crucial for retaining ultrafine PAC particles that otherwise

pass through glass-microfiber filters (Whatman GF/A, approx. 1 pym pore size). The amount of Celite
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used in this procedure minimizes product loss while ensuring efficient removal of fine particulates. Upon
filtration through a Celite pad (by gravity or vacuum), KPFg is partially retained in the Celite, resulting in

areduced isolated yield.

3.5. Effect of TEG as a Co-Solvent

According to the general procedure, the reaction was performed in the presence of TEG as co-solvent

(10% v/v, 100 pL) in the solvents specified in Table S15.

Table S15. Reactions with TEG as additive under different conditions.

5.0 equiv. DDQ . LS
7.5 equiv. KF \/
1 I o o)
VAN > F—R<O H HO
— MeCN:benzene /\ 4 H
0.01 mmol (9:1, viv), "F )
' 25°C, 18 h, K[PF5TEG] TEG

TEG 10% viv

Entry Conditions Yield K[PFs TEG] [%] Yield K[HPFs] [%] ConversionP,[%] Yield KPFs[%]

1 MeCN 27 11 >99 n.d.
2 DCM 75 n.d. 75 n.d.

When the reaction is performed in the presence of TEG (10% v/vin MeCN), the *'P{'H} and '°’F NMR
spectra (Figures S47 and S48;Table S15, entry 1) indicate the formation of K[PFs-TEG] together with a
significant amount of K[HPF]', with nearly complete consumption of P, after 18 h at 25 °C. The
presence of K[HPF] suggests partial hydrolysis under these conditions.”® In contrast, when the reaction
is carried out in DCM/TEG (9:1) (Figures S49 and S50; Table S1S, entry 2), K[PFs TEG] is the
predominant fluorinated phosphorus species, with no detectable K[HPF;]. Minor additional resonances
observed in both solvent systems are attributed to hydrolysis and solvolysis involving TEG. One of these
side-products was tentatively assigned as a TEG ester of monofluorophosphoric acid K,LOP(O).(TEG).-
F] (x=0,1) (83P-8.3ppm, d, Jpr =972.9 Hz), based on coupling constants and chemical shifts of

related compounds reported in the literature.®
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Table §16. Reactions with TEG at 65 °C using varying amounts of glycol, showing formation of KPFg. Full
conversion of P, in all cases.

5.0 equiv. DDQ

. K
7.5 equiv. KF Fol
1 | | )
14 / \ F<l-F
—= MeCN:benzene F7IF HO H
. F 4
0.01 mmol (9:1, vhv),
65 °C, 18 h, TEG
10 vol% TEG
Entry  equiv. TEG  ¢(TEG) [mM] V(TEG) [uL]  Yield Phosphates [%]  Yield KPF¢ [%]
1 0.10 0.004 0.54 0 91
2 0.25 0.010 1.40 4 89
3 0.50 0.020 2.80 11 74
4 1.00 0.040 5.60 9 89
S 2.00 0.080 11.2 42 55
6 16.00 0.640 22.4 72 23

Reactions performed at 65 °C resulted in the formation of PF", suggesting that the process is kinetically
controlled (see Figure S51-Figure $52). Notably, K[PFs.-TEG] was not observed upon cooling down the
reaction mixture, neither after extended storage at room temperature, as confirmed by NMR spectroscopy.
In addition, reactions conducted at 65 °C with increasing amounts of TEG (Table S16) exhibited
progressively greater formation of hydrolysis and solvolysis products as the TEG loading increased.
Showing the delicate balance between solvent, temperature and TEG amount required for selective

formation of K[PFs TEG].

o 25°C
—|K>< (\ N further
+

|
FF 0.1 0 reaction
\/ o) K
F—P <0 H I\ — - TEG
/\ 4 / K
H

\
F F O O ||=
F<!_F
KIPF5 TEG Ho - = >PC
[PFeTEC] F° 65°C F/'lz\F
TEGKF

Scheme S3. Irreversible formation of KPFq at elevated temperature (65 °C). The selective conversion is attributed to a
kinetically favored pathway.
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3.6. Spectroelectrochemistry of DDQ

O 0] o}
cl CcN e cl CcN ‘e cl cN
Cl CN -€ Cl CN -e Cl CN
0 E01/2 =023V (.) E01/2 = -064V O_
DDQ DDQ™ DDQ?-

Scheme S4. Reversible single electron reductions of DDQ towards DDQ~ and DD Q >~ with corresponding half wave potentials
(mV vs. Fc/Fc*)

DDQ (4.5 mg, 0.01 mmol) and "BuuNBF, (TBABF) supporting electrolyte (32.9 mg, 0.1 mmol) were
dissolved in MeCN (1.0 mL), transferred into an OTTLE cell, and subjected to electrolysis while being
simultaneously analyzed by UV-Vis spectroscopy. Stepwise electrolysis was performed as shown in
Figure S8, where each square represents an electrolysis step (AE = S0 mV) with a duration of £= 10 s,
followed by the acquisition of a UV-Vis spectrum. The procedure was automated using the MetrOhm

NOVA 2.1.6 software.

T ] 1 T
- —-DDQ Ox.
20 - —a—DDQ "SEC

—=—DDQ * SEC -—

I[pA]

40 F Red. |

—-1500 —1000 =500 0 500 1000
E vs Fe/Fe™ [mV]

Figure S7. Cyclic Voltammogram of DDQ (black dashed line ---, scan rate 0.1 V/s). Applied potential (vs. Fc/Fc*) plotted vs.
measured current in the SEC experiment; blue line first reduction to DDQ~ (E% > =0.23 V); red line second reduction of
DDQ? (E%,,=—0.64 V). UV-Vis spectra were recorded at each square (step size and duration AE = 0.05V, t = 105), color
corresponds to spectral traces shown in FiguresFigure S8 and Figure $10. Conditions: OTTLE cell, DDQ (0.01 M) in MeCN
with TBABF, (0.1 M) as supporting electrolyte.
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First Reduction of DDQ to DDQ -
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6.0 6222

A=223 nm 3.0/ 5723
- 5224
Ea 472.4

2 \/-’H' =

0.4 -

—
-
Il
-
%
S
=
3
I[nA]

3223

272.1
h=346 nm —12.0 2222

~200 0 200 400 600 800 1723

T _ E vs Fe/Fe' [mV] 1226
A=y mlf A=3547 nm 724

T T?L =590 nm e

9.0

0.3 +

0.2 -

ABS [A.U.]

278
-778
~127.8
1778
2278
-177.8
A, ~1278
77.8

E vs Fe/Fet [mV]

0.1+

0.0

i I ! 1 ' I ! I ' I i 1
200 300 400 500 600 700 800
A [nm]

Figure $8. UV-Vis spectra obtained by following the gradual electrolytic reduction from DDQ_to DDQ. Inset showing
measured voltage and current during SEC experiment.

‘.n‘ﬁ“-

formation of DDQ™

Ecell [V]

ABS [A.U/]

400 600 800 1000
A [nm]

Figure S9. Spectroelectrochemistry of the reduction from DDQ to DDQ, displayed as a contour plot. (Dark red: 0.30 A.U,,
purple: 0.00 [A.U.].
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Second Reduction of DDQ -~ to DDQ*

ABS [A.U.]
=
e
L

=1
8]
1

0.0

800 600

A=483 nm E [mV]

1 A=548 nm

200

Figure S10. UV-Vis spectra obtained by following the gradual electrolytic reduction from DDQ~ to DDQ*~.
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Figure S11. Spectroelectrochemistry of the reduction from DDQ to DDQ?", displayed as a contour plot. (Dark red: 0.30,

purple: 0.00 [A.U.].
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3.7. UV-Vis Studies on the Reactivity of DDQ Towards Fluoride

A 10 mM DDQ stock solution was prepared by dissolving DDQ (22.7 mg, 10.0 umol) in MeCN (10.0
mL). Similarly, a 10 mM NMe,F stock solution was prepared by dissolving NMe,F (9.3 mg, 10.0 pmol)
in MeCN (10.0 mL). Analytical flasks were used to minimize volumetric error. Samples of variable

concentrations were obtained by combining the two solutions with MeCN (2.0 mL), as shown in Table

S17.

Note: NMe,F was used here as the poor solubility of KF did not allow the preparation of a stock solution
of the desired concentration. Use of NMe,F as a stoichiometric flouride source gave a high yield of

NMe,PFs (92%) which is comparable to the yield of KPFs obained using KF (95%, Table SS, entrys 3

and 7).

o) O  |NMe,
Cl CN Cl CN
NMe,F
cl CN MeCN, 25 °C Cl CN
@] @]
DDQ
NMe,[DDQ']

Scheme SS. Reaction conditions for UV-Vis studies of the reaction between DDQ and NMe,F.

Table S17. Prepared UV-Vis samples for the investigation of the reaction between DDQ and NMe,F.

Eintry V(NMe,F V(DDQ) V total c«DDQ)  c(NMe;F) NMe,F:DDQ
stock) [pL] [uL] [uL] [uM] [uM] [%]
1 - 200 2200 909.1 -
2 35 200 2235 894.9 156.6 17.5
3 45 200 2245 890.9 2004 22.5
4 55 200 2255 886.9 243.9 27.5
5 65 200 2265 883.0 287.0 32.5
6 80 200 2280 8772 3509 40.0
7 90 200 2290 873.4 393.0 45.0
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Figure S12. (top) UV-Vis absorption spectrum of DD Q with varying concentration of NMe,F (from 0.0 to 45.0 pM) showing
the formation of DDQ. (bottom) Difference absorption spectrum with absorbance of DDQ_(Table S17, entry 1) set as

reference.
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3.8. UV-Vis Studies on the Reactivity of DDQ Towards P 4

cl
Q N N OH
Cl CN /_\
> DDQH7; g CN
cl N MeCN, 25 °C DDQH NG
O 5 3P 136.1 ppm
P(DDQH
DD ( +Q )3

unidentified P species

Scheme S6. Reaction conditions for UV-Vis studies of the reaction between DDQ and P4, with formation of proposed
phosphite P(DDQH);.

To a quartz cuvette filled with MeCN (2.0 mL), DDQ_(50.0 pL, 0.01 M stock solution in MeCN) and
P, (100.0 uL, 0.01 M stock solution in benzene) were added. The reaction was monitored by UV-Vis

spectroscopy for four days.

— A= 242 nm —— 0 min

15— —— 10min A
— 40 min
— 64 min
4 days
----- DDQ

_____ DDQ™

ABS [A.U.]

s \ T /am,(: 341 nm
b \ et

i R = 386 nm

- P L

1

_IP
0.0 E. , .
200 400 600 800

A [nm]
Figure S13. Reaction of DDQ (0.23 mM) and P, (0.47 mM), absorption monitoring over four days.
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0.4 .

0.2 . -‘; .;‘. —

0.0 E&‘

= V
<
75)
—0.2 H i
% —— (0 min
< . —— 10 min
—0.4 4 | | ——40min|
| — 64 min 4
—0.6 l 4 days i
V87T T T T T 711

200 250 300 350 400 450 500 550 600 650 700 750 800
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Figure S14. Reaction of DDQ (0.23 mM) and P, (0.47 mM), relative absorption (A(to) = 0 min) monitoring over four days.

DDQ (22.7 mg, 10.0 pmol) was dissolved in MeCN (10.0 mL) to afford a 10 mM solution. To a quartz
cuvette containing MeCN (2.0 mL), DDQ (1.0, 11.0, or 31.0 pL) and solid P, (2.4 mg) were added. The
cuvette was closed and shaken vigourusly. After the remaining solid P, setteled the reaction was monitored

per UV-Vis spectroscopy for a total of three days.

This experiment was performed to determine whether the UV-Vis profiles remain consistent in the
absence of benzene and to examine the UV region that was obscured by the absorption of benzene in the

preceding experiment.
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I I 1 I I 1 1 I I I
after three days
—-—-50uM DDQ
1,25 - ----550uM DDQ
—— 1526 UM DDQ (1=0)
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Figure S1S. Reaction of DDQ (152.6 pM) and P, (solid, excess): Absorption monitoring over three days. Dashed lines:

A [nm]

different concentrations of DDQ (5.0 pM, 55.0 uM) with excess Ps.

0,34
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Figure S16. Reaction of DDQ (152.6 uM) and P, (solid, excess): Relative absorption monitoring (tomn=0) over three days.
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3.9. Synthesis of K[DDQ'] via Reduction of DDQ with KI

o) 0 Tk
Cl CN Cl CN
1.7 equiv. Ki

MeCN, 20 °C, 12 h

o] CN cl CN
o) o)
DDQ K[DDQ]

Scheme S7. Reaction conditions for the synthesis of K{DDQ']

The procedure was adapted from Miller et al."!

DDQ (5.00 g,22.03 mmol, 1.0 equiv.) and KI (6.22 g, 37.4 mmol, 1.7 equiv.) were dissolved in dry MeCN
(100 mL) and stirred at 20 °C for 12 h. As the reaction mixture formed a thick slurry during the reaction,
additional MeCN (50 mL) was added to maintain efficient stirring. The suspension was filtered and the
residue washed with MeCN (3 X ca. 100 mL). Removal of the solvent in vacuo at 65 °C afforded a purple-
brown solid, during which sublimation of elemental iodine was observed. The residue was further dried
under dynamic vacuum at 65 °C for 4 h and subsequently washed with toluene until the filtrate ran clear.
The remaining solid was redissolved in a minimal amount of MeCN. Storage of the solution at — 30 °C for
3 d afforded dark crystals. The supernatant was decanted, and the crystals were washed with precooled

MeCN (3 x 50 mL, - 30 °C). K[DDQ'] was obtained in the form of dark green crystals in 19% yield
(.19 g).

Elemental Analysis found (calcd.) for KCsH,O,N,CL: C 34.17 (36.11), H0.61 (0.00), N 10.02 (10.53).
The deviations in the elemental analysis values may arise from trace contamination by MeCN and iodine-

containing byproducts such as I, or KI; formed during the reaction."

Notes: Formation of elemental iodine during the reaction and drying process was confirmed qualitatively
by rapid discoloration upon treatment with aqueous sodium thiosulfate solution. Care must be taken to
keep both the crystal suspension and washing solvent below — 30 °C during workup, as significant

amounts of K{[DDQ] dissolve at higher temperatures, resulting in substantial product loss.
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3.10. Synthesis of DDQH ; via Reduction of DDQ with Na ,S;04

O OH 4N
7
o CN cl 23 C*
1.8 equiv. Nay,S,0, 1
toluene/H,O -
Cl CN 25 °C, 30 min Cl CN
O OH
DDQ DDQH,

Scheme S8. Reaction conditions for the synthesis of DDQH,. Carbon atoms are numbered for the NMR signals assignment.

The procedure was adapted from al-Raqa et al."*

At room temperature, a solution of sodium dithionite (3.375 g, 0.021 mol, 1.8 equiv.) in water (42.5 mL)
was added slowly to a solution of DDQ (2.5 g, 0.012 mol, 1.0 equiv.) in toluene (50 mL). The mixture
was filtered, and the remaining solid was washed with small portions of cold water (2 x 10 mL), followed
by toluene (20 mL) and hexane (3 x 20 mL). The collected filtrate was evaporated to dryness. The
obtained residue was further dried under vacuum at 65 °C overnight, giving DDQHS, as an off-white solid
in 71% yield (1.786 g). For 'H and "*C{"H} NMR spectra with signal assignments, see Figure S53 Figure
SSS

'H NMR (500.18 MHz, 298 K, THE-d%) § 10.26 (bs, OH) ppm.

BC{'H} NMR (125.78 MHz, 298 K, THF-d;) § 101.99 (s, C(3)-CN), 112.27 (s, C(4)N), 127.91 (s,
C(1)-Cl,), 150.58 (s, C(2)-OH) ppm.

Elemental Analysis found (calcd.) for CsH,O.N,Cl: C 4.83 (41.96), H 1.00 (0.88), N 12.14 (12.23).
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3.11. Synthesis of P(DDQH); from PCl; and DDQH,

OH I OH
Cl CN 1) 1.0 equiv. NaH ¢l
2) 0.33 equiv. PCl, _ DDQH— "~ CN
cl CN THF, 20 °C, 18 h DDQH NG
OH
5 3'P 136.1 ppm
DDQH, P(DDQH);

Scheme S9. Reaction conditions for the attempted synthesis of P(DDQH);
In a Schlenk flask, DDQH, (see section $3.10; SO0 mg, 2.18 mmol, 1.0 equiv.) was dissolved dry THF

(10 mL) the mixture was stirred ensuring complete dissolution. NaH (104.8 mg, 4.37 mmol, 1.0 equiv.)
was added portion-wise. The mixture was stirred until gas evolution stopped and a bright orange
precipitate formed (presumably Na[DDQH])"'". PCl; (1.45 mL, 0.5 M in THF 0.73 mmol, 0.33 equiv.)
was added dropwise. The mixture was stirred at 25 °C for 18 h. After this the suspension was filtered by
canula and washed with THF (3x10mL). The filtrate was concentrated and dried in vacuo. A

concentrated solution of the crude mixture in THF- & was prepared for NMR analysis (see section $4.9).

The reaction showed two new signals in the *'P{'H} NMR spectrum, assigned to P(DDQH);
(136.1 ppm,s) and one of the corresponding chlorophosphites (C;PDDQH or CIP(DDQH),,
171.7 ppm) as a minor side product.'>'* The 'H NMR spectrum showed two broad resonances, which
were assigned to the respective OH resonances of DDQH, (10.28 ppm; see Figure $53) and P(DDQH);.
The *C{'H} NMR spectrum showed the expected eight distinct carbon resonances expected for
P(DDQH);, in addition to the signals associated with DDQH, (see Figure S55). These results indicate
the formation of P(DDQH);; however, the presence of large amounts of DDQHS has thus far prevented

isolation of the product.
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3.12. Comments on the Proposed Structure of P(DDQH) ;

To gain insight into the nature of this phosphite-like species—specifically whether it s closed-shell and/or
protonated—we attempted its synthesis via an independent route (see section $3.11). DDQ was first
reduced using Na,S,0, in a toluene/water mixture to form the corresponding hydroquinone DDQH,.
The isolated product was then reacted with PCl; (0.33 equiv.) after deprotonation with NaH (1.0 equiv.)
in THF for 18 h at 20 °C. The resulting mixture displayed the same *'P NMR signal at § 136.1 ppm as
observed in the reaction of DDQ with P, in MeCN, as well as in the reaction of DDQ, P,, and KF in DCM
(Figures SS8, S61 and S3) These observations support the conclusion that the same phosphorus-
containing species is formed in all three reactions. The species was assigned as an aryl phosphite based on

its 'P{'H} NMR chemical shift, as discussed in section $3.13 and in the main manuscript.

In principle, each reduced quinone unit can exist in one of three electronic states, namely as a negatively
charged species, a neutral radical, or a protonated hydroquinone fragment. For a phosphite containing
three such units, the total number of distinct compositions depends on the possible distributions of these
states, irrespective of their positional arrangement. This corresponds to a combinatorial problem of

distributing n indistinguishable units among 4 distinguishable states, which is given by the expression

n+k-1
N = ( ) ) In the present case, n = 3 reduced quinone units and k = 3 possible states are

considered, yielding N = (3+3_1) = G) = 10. Thus, ten distinct compositions of phosphites with

3-1
three reduced quinone units are possible in principle, encompassing all mixed combinations of negatively

charged, radical, and protonated states (see Scheme S10)

possible reduced, DDQ-derived units

L o N o
Cl CN Cl CN Cl CN Cl ©
R= R o CN
Cl CN Cl CN Cl CN R NC
OH O o

DDQH- DDQ™ DDQ?*- 10 possible combinations

Scheme S10. Schematic representation of the possible reduced quinone units (anionic, radical, and protonated hydroquinone)
and the conceivable phosphites formed from these building blocks.
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However, the observation of a sharp *'P{’"H} NMR resonance (8 136.1 ppm, s, Figure S61) renders open-
shell species unlikely. The remaining question is therefore whether the species is anionic (formal charge
—1 to —3) or protonated (formal charge 0 to —2). As isolation of the phosphite has not yet been achieved,
we pursued its synthesis via a traditional pathway by deprotonating DDQH, with NaH and reacting the
mixture with PCls. A new major *'P{'"H} NMR resonance was observed (8 136.1 ppm, s, Figure S58) and
the '"H NMR spectrum showed a broad resonance at § 11.11 ppm which we assigned to the OH protons
of the phosphite (Figure $56). This provides evidence that the species is best described as a protonated
tris(hydroquinonyl) phosphite, P(DDQH); (Scheme S11). The protons in the reaction between P, and

DDQ presumably originate from traces of moisture in the reaction mixture or reagents (see section

$3.13).
OH ol o)
. OH 0.2 equiv. /I\
Cl CN 1) 1.0 equiv. NaH — Cl CN
2)0.33 eqtuv. PCls DDQH—, ~o CN trace mc?sture
o oN THF, 20 °C, 18h DDQH NG MeCN, 65 °C, 18h o oN
OH 0
5 %'P 136.1 ppm
DDQH, P(DDQH), DDQ

Scheme S11. Convergent formation of P(DDQH);: direct reaction of P, with DDQ and a base-mediated reaction of DDQH,
with PCl; both lead to the same major phosphite species, P(DDQH)s, as identified by *'P{'H} NMR spectroscopy (&
136.1 ppm, s).

Based on our results, the formation of alternative species containing negatively charged or radical quinone
units cannot be excluded. However, such species would likely not be detectable by *'P NMR spectroscopy
owing to their open-shell character and/or poor solubility. Accordingly, the observed *'P{'H} NMR signal
is attributed to P(DDQH)s.
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3.13. Studies on the Formation of P(DDQH) 3

Cl cl
1 2
Cl O'H cl O°H
20.0 equiv. DDQ DDQ'H-N, CN  ° DDQ?H— N CN
Uy /lx q _ poar ] Do o7
- MeCN-d3:C5D6
(9:1,0.01M),
65°C, 18h P(DDQ'H); P(DDQ2H)
5% n.d.

Scheme S12. Reaction of P, with DDQ in deuterated solvents to identify the proton source in P(DDQH); formation using,
showing no deuterium incorporation by >2H NMR spectroscopy.

According to general procedure, P,and DDQ in MeCN-d:CsDs (9:1, 1.0 mL) were heated for 18 h at

65 °C. The mixture was then filtered and analyzed by NMR.

To investigate the origin of the protons incorporated into P(DDQH)s, reactions were conducted in
deuterated solvents. DDQ and P, were heated in a MeCN-d5:C¢Ds (9:1) mixture at 65 °C for 18 h in the
presence of TPPO as an internal standard. ' P{'"H} NMR shows a new resonance at § 136.1 ppm (s), which
we assign to a phosphite-like adduct, P(DDQH);. This assignment is supported by literature data for
related phosphite species, which exhibit comparable chemical shifts (e.g, P(OEt);: § 139.2 ppm;
P(OPh);: § 128.1 ppm)>”. Similar signals observed in the solvent-screening experiments (DCM, Table
S2, entry 7) were likewise attributed to this phosphite-like species. P(DDQH); was formed in 5% yield
alongside 58% conversion of P, (Figure S61, by *'P{'H} NMR integration against TPPO). 'H NMR
analysis showed two broad resonances (Figure $59), assigned to O-H protons of the phosphite species
(89.34 ppm) and DDQH, (§ 8.53 ppm; confirmed by dissolving DDQH, (section $3.10) in MeCN-d
which also gives a broad signal at 8.34 ppm, Figure $54) Importantly, ’H NMR analysis did not show any
corresponding O-D resonance, indicating that no detectable deuterium incorporation had occurred
during the reaction (Figure S60). The observed spectroscopic data are consistent with independently
synthesized P(DDQH);, obtained by deprotonating DDQH, (1.0 equiv.) in situ with NaH (1.0 equiv.)
and reacting this mixture with PCl; (0.33 equiv;; see section $S3.11). Taken together, these experiments
demonstrate that the proton incorporated into P(DDQH); does not seem to originate from the solvent.
Instead, we believe that traces of water in the reaction mixture represent the most plausible proton source,
despite the use of thoroughly dried solvents, KF, and P,. Moisture is most likely associated with DDQ.

Traces of water do not have a noticeable effect on the fluorination of Ps.
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3.14. Studies on Reactivity of P 4/ DDQ Reaction Mixture with KF

Cl
cl OH
DDQ7, g CN FIK
5.0 equiv. DDQ DDQ 7.5 equiv. KF F! _F
Yy /L > NC d - 82% =Pl
—_— MeCN—d3:CGD6 5 31p 136.1 ppm MeCN-d3ICGD6 F é F
(9:1, 0.01M), P(DDQH (9:1, 0.01M),
18 h, 65 °C ( 5o, )3 18 h, 65 °C >99% P, conversion
0

58% P4 conversion
KF (17.4 mg, 0.3 mmol, 7.5 equiv.) was added to the crude reaction mixture from section $3.13 and the

mixture was heated at 65 °C for 18 h. The mixture was then filtered and analyzed by NMR.

This experiment was conducted to probe the fate of the missing phosphorus intensity in the reaction
between P4 and DDQ (section S3.13) as determined by quantitative *'P{'H} NMR. While P(DDQH);
was only observed in 5% yield, 58% conversion of P, occurred, leaving 53% of the phosphorus intensity
unaccounted for. Addition of KF (7.5 equiv.) to the crude reaction mixture (section $3.13) followed by
heating at 65 °C for 18 h afforded KPFs in 85% yield alongside some minor unidentified fluorination
products, as determined by *'P{'H} and “F{'H} NMR analysis (Figures S62 and S63). These results
indicate that the remaining phosphorus-containing species are largely NMR-silent but remain chemically
active intermediates in the fluorination reaction, with P(DDQH); representing only the fraction

observable by 3P{'H} NMR (see section S3.12 for comments on possible intermediates).
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3.15. Reaction of K[DDQ | with P4

According to the general procedure, K[DDQ] (0.2 mmol, 5.0 equiv.) was treated with P, under

conditions specified in Table S18.

Table S18. Reaction of K{[DDQ'] with P,

> canditions | FoIK
F<!_F
VAN - P
— MeCN:benzene F ||: F
(9:1,0.01 M),
0.01 mmol 65°C. 18 h
Entry  conditions Conversion P4 [%]
1 - >99
2 7.5 equiv. KF 48

Treatment of K{[DDQ] (5.0 equiv.) with P, (0.25 equiv.) in MeCN/benzene at 65 °C for 18 h resulted in
an NMR silent reaction mixture. No signals were detected in this mixture by *'P{'"H} NMR spectroscopy.
Performing the same reaction in the presence of KF resulted in only 48% conversion of P4, but only traces
of unidentified fluorinated phosphorus compounds were observed (Figure S64-Figure S66). These

results show that K[DD Q'] is capable of oxidizing Py, but is largely inactive in the fluorination reaction.
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3.16. Variation of the DDQ/P 4Ratio

According to the general procedure, Y. Joung NMR tubes were charged with different volumes of the DDQ_
stock solution (0.213 M in MeCN, see Table S19). MeCN was then added to bring the total volume to

1.2 mL in each sample.

Table $19. Screening of different P,:DDQ stoichiometries in MeCN by varying the amount of DDQ_

75 squiv. KF Ik
s /lk F<!_F , -
—= MeCN:benzene F~ ||:\F E” \FF
0.01 mmol 6(59-"1C’2,V4\El3)’h

Entry equiv. P, vs. V(DDQ) <(DDQ) Yield KPFs Yield PF; Conversion
equiv. DDQ (uL] [mM] [%] [%]* P, [%)]

1 1:2 92.2 16.7 n.d. n.d. 41
2 1:4 184.3 33.3 n.d. trace S5
3 1:6 276.5 50.0 n.d. 8 71
4 1:8 368.7 66.7 trace 7 88
S 1:10 460.8 83.3 trace trace 98
6 1:12 553.0 100.0 trace trace >99
7 1:14 645.2 116.7 64 n.d. >99
8 1:16 737.3 133.3 84 n.d. >99
9 1:20 921.7 166.7 95 n.d. >99
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3.17. UV-Vis Studies on the Solvent-Dependent Reactivity of DDQ

0 o T
Cl CN
excess KF Cl CN

cl CN Solvent, 25 °C o oN

0 0

DDQ K[DDQ]

Scheme S13. Reaction conditions for UV-Vis studies of the reaction between DDQ and KF in different solvent mixtures.

Solutions of DDQ_ (10 mM) were prepared in MeCN and DCM (see previous UV-Vis experiments,
section $3.6 — $3.8). Aliquots of these solutions were titrated into a quartz cuvette containing 2 mL of the
respective solvent until a suitable absorbance was achieved. The solvents used were MeCN, DCM, or a
mixture of the chosen solvent and TEG (10% v/v). To investigate the effect of fluoride, an excess of
anhydrous KF (10 mg, 0.17 mmol) was added to the cuvette, which was then capped, vigorously shaken,
and allowed to react for S min before recording the spectra. The formation of the DDQ~ was confirmed

by comparison with SEC data (section S3.6).

N — DCM
S ./ \X e KF, DCM

= —— DCM:TEG (9:1)
o | o\ e KF, DCM:TEG (9:1)
S
© |
o

Absorbance
0.2 0.4 0.6
|

0.0

400 500 600 700
Wavelength [nm]

Figure S17. UV-Vis spectra of DDQ_in DCM and in a DCM/TEG mixture (9:1). No fluoride interactions are observed in
pure DCM, whereas pronounced interactions appear upon addition of TEG, highlighting the critical role of fluoride solubility.
In line with this observation, the fluorination of P, in the DCM/TEG mixture proceeds selectively to K[PF;TEG] (Table S15),
whereas in DCM it halts at PF; (Figure S3).
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1.0

Absorbance
0.4

0.2

400

Figure S18. UV-Vis spectra of DDQ_in MeCN and DCM. Upon addition of KF, clear fluoride interactions are observed in

500 600

Wavelength [nm]

MeCN, whereas no spectral changes occur in DCM due to the absence of such interactions.

1.0

Absorbance
0.6

0.4

0.2

0.0
|

—— MeCN
------ KF, MeCN
. —— MeCN:TEG (9:1)
. e KF, MeCN:TEG (

rl L d
N [}

9:1)

400

Figure $19. UV-Vis spectra of DDQ in MeCN and in a MeCN/TEG (9:1) mixture. Fluoride interactions are observed in both

500 600

Wavelength [nm]

solvents, although the concentration of the resulting DDQ "~ is significantly higher in MeCN/TEG, reflecting more facile

interactions due to enhanced fluoride solubility.
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2 —— MeCN/KF
O . . e MeCN:TEG/KF
o X ‘i —— DCMIKF
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Figure $20. UV-Vis spectra of DDQ with excess fluoride added in all previously discussed solvent systems, demonstrating that

fluoride solubility governs fluoride interactions. Only in DCM, where fluoride solubility is low, are no interactions observed.
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3.18. In-situ UV-Vis Reaction Monitoring

o)
5.0 equiv. DDQ K Cl CN
7.5 equiv. KF F
1/4 /l\ > F\ -~ F
— MeCN:benzene F7IF cl CN
(91,001 M), F
25°C, 16 h 0
DDQ

Scheme S14. Reaction conditions for in-situ UV-Vis monitoring of the DDQ-mediated fluorination of P;.

The reaction mixture was prepared according to the general procedure, except that no internal standard
was used. The mixture was diluted 200-fold with a MeCN/benzene (9:1) solution and filtered into a

quartz-glass thin-layer cuvette (d = 1.0 mm). The reaction was monitored by UV-Vis spectroscopy over

16 h.
| I I I I I I LA L R B 16 h
. Anax = 280 nm
) Aoy = 346 N
< =,
2! e = 449 nm =
as)
< 031 g M =3850m [ s49nm
A hae = 588 nm
0,2 -
Apin = 666 Nm
0,1 -
Oh
0,0

=1 - 1 1 -1 T T T d —T
300 350 400 450 500 550 600 630 700 75 800
A [nm]

Figure S21. UV-Vis reaction monitoring of the DDQ-mediated fluorination of P, over 16 h.
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— T T T " I
300 350 400 450 500 550 600 650 700 750 800
A [nm]

Figure $22. Difference UV-Vis reaction monitoring (absorbance at to = 0) of the DDQ mediated fluorination of P, over 16 h.
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3.19. Insitu NMR Reaction Monitoring Experiments

o)
5.0 equiv. DDQ K Cl CN
7.5 equiv. KF 'f

1/4 /l\ _ F\ <F

— MeCN:benzene F7IF cl CN
(9:1, 0.01 M), F
25/65 °C, 21 h 0
DDQ

Scheme S15. Reaction conditions for the in-situ NMR monitoring of the DDQ-mediated fluorination of P,.

According to the general procedure, a sample was prepared in a screw-cap NMR tube and measured on a
Bruker Avance 400 NMR spectrometer equipped with a S mm PABBO BB/'’F-'H probe head with
Z-gradient. The specific experimental parameters are summarized in the table below. Integral traces
obtained under different conditions are shown for the NMR monitoring experiments, with the relevant

species marked. The resulting NMR spectra are displayed in Figure S68-Figure S72

Table $20. NMR Spectrometer settings for the reaction monitoring.

Nucleus YF 3p
Experiment YE{'H} SIp{'H}
Spectrometer Frequency | 37646 MHz  161.98 MHz
Temperature 25/65°C 25/65°C
Reciever Gain 208.1 208.1
Acquisition Time 1.2583s 0.2490's
Relaxation Delay 1.0000 s 2.0000s
Pulse Width 16.5000 ps 15.5000 ps
Number of Scans 32 128
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Figure $23. *'P{'H} NMR Yield of KPFplotted against time. Data points fitted with first order rate law. For details see Figure
S68.
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Figure S24. "F{'H} NMR integrals of relevant species plotted over time, showing that the partially overlapping signals
associated with the PFs~LB species exhibit two independent curves evolving over time, indicating that at least two distinct
species contribute to these signals. Total fluorine intensity increases as the reaction progresses, indicating a gradual
transformation from insoluble KF'* to soluble fluorophosphates. For details, see Figure S71.
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3.20. Diffusion Ordered Spectroscopy (DOSY) Studies of K[PF s TEG]

The DOSY measurements were performed using the convection-suppressing DSTE (double stimulated
echo) pulse sequence developed by Jerschow and Miiller in a pseudo-2D mode.” No TMS was used
because of possible reactions with the measured mixture. Therefore, the volume measurements are

qualitative rather than quantitative. Referencing was done with the dynamic viscosity of acetonitrile as a

solvent (0.334E-03 kg/(m:s))."®

The signal intensities of these groups in the DOSY spectra were classically analyzed as a function of the
gradient strength by the software in the Bruker TopSpin 3.2 T,/ T, relaxation package by employing the

Stejskal-Tanner equation (eq. 6)."”
6
=1, exp [—y26262 (A - 5) D] (eq.6)

where /is the signal with the gradient, 7, is the signal intensity without diffusion weighting, y is the
gyromagnetic ratio, G is the strength of the gradient pulse, &'is the duration of the pulse, 4 is the time

interval between the two pulses and D the diffusion coefticient.

estimated following the Stokes-Einstein equation (eq.7), with D;=self-diffusion coefficient
kp=Boltzmann constant, 7'= temperature, 7= viscosity of the sample, c= correcting factor, F= shape
factor:'®

kgT

D; = eq.7
"' Femmry (ea.7)

The shape factor Fwas set to 1 for a spherical shape. The semi-empirical modification by Chen (eq. 8)

was used to calculate the correction factor c. The value for the solvent radius (rvecn = 2.12 A) was taken

from literature.!*-2!

6F

Cchen = 2.234 eq. 8
1+ 0.695 (erﬂ) (q-8)
H

The viscosity values for the solvent were taken from the literature.'®

S52

1ST19e¥099® [/)pd /£G£TEZS / uaus |ddns -8 |9 111e /yesoe [ /610 *soe "sqnd //:d 13y wo 14 papeo jumoq

9z0z Anc 1€ uo 1senb Aq /T00



n [kg/sm] = 0.332 - 103

After including all correction and calibration equations in the Stokes equation (eq. 9), the hydrodynamic
radii ru can be iteratively calculated. The corresponding volumes Vwere calculated with the assumption

of a spherical shape.

kT (1 + 0.695 (rMﬂ)z'234
D= ' TH (eq.9)

6mMTY

The experimental self-diffusion coefficients D, the viscosity corrected hydrodynamic radii zz and the
resulting volumes V; of all samples are depicted in the following tables. The average D, values were derived

by using all baseline separated signals that were referring to the same species.

5.0 equiv. DDQ cF L
7.5 equiv. KF \/
1 | o 0
/N - F— «o{/\/ ]‘H H
— MeCN:benzene /\ 4 © H
. FF 4
0.01 mmol (9:1,0.01 M),
25°C, 18 h, KIPF5TEG] TEG
10 vol% TEG

Scheme S16. Reaction conditions for DOSY Sample 1.

DOSY Sample 1 was prepared according to the general procedure, with the addition of tetraethylene
glycol (10 vol%, 100 pL) to give a total volume of 1.0 mL and a final composition of 8:1:1 MeCN-dg /
benzene / TEG (v/v). The sample was allowed to react for one hour at 25 °C and was then analyzed by
'H and F DOSY NMR. The diffusion coefficients, hydrodynamic volumes, and all additional DOSY-
derived parameters for this sample are reported in tables S21 and S22. For the measurement a set of 4

dummy scans was used for every sample.
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Table S21. Experimental self-diffusion coefficients Dj, viscosity corrected hydrodynamic radii ry and resulting volumes V of

TEG with errors calculated from the standard deviation of the diffusion coefficients (conditions: DOSY sample 1, vide supra).

Acetonitrile was used as viscosity reference for the experimental self-diffusion coefficients D; to allow for a qualitative
comparison of hydrodynamic radii ry and resulting volumes Va. '"H-DOSY with SW =10 ppm, O1P = 4.75 ppm, gradient
strength 10-95% linear (SMSQ 10.100 pulse shape). ns: 8; d1 = 1 s; d20 = 0.04; p30 = 1750 us.

Hydro-
Standard ydro ) Error
Species . dynamic Volume
Solvent (ppm) deviation radius A) Volume ,
ppm Va(A . R
D; (m?s™ Vai(A®
(m’s™) 1 (A) 4 (A%)
Acetonitrile  3.35 4.38x10"2 6.831 1335 +16 0.99
1
H-NMR
MeCN
benzene
I T T T T T T T T T T T T T T T 1
9.0 8.0 7.0 5.0 3.0 2.0 1.0 ppm

Figure S25. '"H-NMR (600.4 MHz, MeCN-d;, CéHs, TEG) spectrum with signals used for DOSY evaluation of TEG in the
presence of benzene and MeCN as solvent at 298K. A qualitative volume of TEG of 1335 + 15 A3could be determined.

With DOSY, the hydrodynamic volume of predominantly (or completely) free TEG under the applied

sample conditions (10 vol% TEG in MeCN) was determined to be 1335 + 15 A
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Table S$22. Experimental self-diffusion coefficients D;, viscosity corrected hydrodynamic radii ry and resulting volumes V of
the K[PFs. TEG] adduct (conditions: DOSY sample 1, vide supra) with errors calculated from the standard deviation of the
diffusion coefficients. Acetonitrile was used as viscosity reference for the experimental self-diffusion coefficients D; to allow for
a qualitative comparison of hydrodynamic radii ry and resulting volumes V. ?F-DOSY with SW = 10 ppm, O1P = -68.0 ppm,
gradient strength 10-95% linear (SMSQ10.100 pulse shape). ns: 64; d1 = 1 s; d20 = 0.035; p30 = 1750 us.

Hydro-
Proposed Diffusion Standard Y ro' Error
. . dynamic Volume
Solvent species coefficient deviation ) Volume
radius Vi (A%) R2
(ppm) Di(m2s?) Di(m2s?) Vi (A%)
I}{(ZX)
-69.7
Acetonitrile 710 9.52x101° 6.61x101'2 7.178 1550 +44 0.99
19
F-NMR
F ©
F, | F
«_P'.\
F” ) F

V(PF,LB) = 1550 + 44 A®

WWJWL._MMWL.J._.

T T T T T
-64 -65 -66 -67 -68 -69 =70 =71 =72 ppm

Figure $26. "F-NMR (564.5 MHz, MeCN-d, CsHg, TEG) spectrum with signals used for DOSY evaluation of the proposed
PFs. TEG Lewis base adduct in the presence of benzene and MeCN as solvent at 298K (conditions: DOSY sample 1, vide
supra). A qualitative volume of TEG of 1550 A® could be determined. These corresponding two blue signals were used for
DOSY evaluation.

SSS

1ST19e¥099® [/)pd /£G£TEZS / uaus |ddns -8 |9 111e /yesoe [ /610 *soe "sqnd //:d 13y wo 14 papeo jumoq

920z AInc 1€ uo 1sanb Aq /T0OO



When examining the same sample, the hydrodynamic volume of the PFs-LB was found to be 1550 + 44 A®,
which lies within the same range as that of free TEG but is approximately 200 A? larger. This increase is

consistent with the formation of a K[PFs- TEG] complex.

DOSY Sample 2 was prepared by dissolving KPF4 (5.0 mg, 0.027 mmol) in a 1.0 mL mixture of 8:1:1
MeCN-d4:benzene:TEG (v:v); the sample was then analyzed by DOSY NMR. The diffusion coefficients,
hydrodynamic volumes, and all additional DOSY-derived parameters for this sample are reported in Table

S23.

Table S23. Experimental self-diffusion coefficients D, viscosity corrected hydrodynamic radii ru and resulting volumes V for
PFs as a reference with errors calculated from the standard deviation of the diffusion coefficients. Acetonitrile was used as
viscosity reference for the experimental self-diffusion coefficients D; to allow for a qualitative comparison of hydrodynamic
radii ry and resulting volumes Va. YF-DOSY with SW =10 ppm, OIP = -78.1 ppm, gradient strength 10-95% linear
(SMSQ10.100 pulse shape). ns: 32; d1 = 1s; d20 = 0.035; p30 = 1500 us.

Hydro-

Diffusion Standard ) Error
Species . . dynamic Volume
Solvent ( ) coefficient deviation radius . Volume ,
m
PP Dims’)  Di(ms') A ey R
I'y (A)
-77.5
Acetonitrile 8.7 2.02x107 6.23x10"2 3.843 237.9 +10.0 0.99
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“F-NMR

V(PF,) = 237.9 + 10.0 A®

-54 -56 -58 -60 -62 -64 -66 -68 -70 -72 -74 -76 -78 -80 ppm

Figure S27. ’F-NMR (564.5 MHz, MeCN-d, CsHs, TEG) spectrum with signals used for DOSY evaluation of PF¢ with
MeCN as solvent at 298K. A qualitative volume of PFs of 238 + 10 A® could be determined. Thes corresponding two violet
signals were used for DOSY evaluation.

The sum of the hydrodynamic volumes of KPFs and TEG closely matches the volume measured for

K[PF;.TEG], providing additional evidence for the presence of this adduct in solution.
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4. NMR Spectra

4.1. Screening of Fluoride Sources

31P NMR (162.04 MHz, CD3CN, 298.0 K, 256 scans)
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Figure S28. 3'P{'H} NMR (162.04 MHz, MeCN-d,, CsDs) corresponding to Table SS, entry 13 (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. LiF, 3.75 equiv. crypt[2.2.2] , MeCN-
:CsDs (9:1,0.01 M) 18 h, 65 °C, N,). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no

direct precedent exists, by analogy to closely related species.>*
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19F NMR (376.62 MHz, CD3CN, 298.0 K, 16 scans)
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Figure $29. F{'H} NMR (376.46 MHz, MeCN-d,, CsDs) corresponding to Table S5, entry 13 (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. LiF, 3.75 equiv. crypt[2.2.2], MeCN-d: CsDs

(9:1,0.01 M) 18 h, 65 °C, N). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no direct

precedent exists, by analogy to closely related species. Signals marked (#,¢) correspond to unidentified species.>?>
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4.2. Screening of Oxidizing Agents

*1p NMR (162.04 MHz, CD3CN, 298.0 K, 256 scans)
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Figure $30. 3'P{'H} NMR (162.04 MHz, MeCN-d;, C¢Ds) corresponding to Table S11, entry 1 (conditions: 0.25 equiv. P4, 5.0 equiv. magic blue, 7.5 equiv. KF, 7.5 equiv. crypt[2.2.2], MeCN-
d:CsDs (9:1,0.01 M) 18 h, 65 °C, N,). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no
direct precedent exists, by analogy to closely related species.>!°

S60

1sTT9g¥099¢e [/4pd /€5€TEZS /aus |ddns -8 |0 11Je /1esoe [ /6 1o "soe "sqnd //:d 11y wo I} papeo |juwog

9z0z AInc TE uo 1senb Ag /100



19F NMR (376.62 MHz, CD3CN, 298.0 K, 16 scans)
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Figure S31. "F{'H} NMR (376.46 MHz, MeCN-d,, C¢Ds) corresponding to Table SS, entry 13 (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, 3.75 equiv. crypt[2.2.2], MeCN-ds: CsDs
(9:1,0.01 M) 18 h, 65 °C, N). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no direct
precedent exists, by analogy to closely related species. 210
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3p{'H} NMR (162.04 MHz, CD3CN, 298.0 K, 256 scans)
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Figure $32.3'P{'H} NMR (162.04 MHz, MeCN-d,, CsDs) corresponding to Table S11, entry 2 (conditions: 0.25 equiv. P4, 5.0 equiv. TEMPO, 7.5 equiv. KF, 7.5 equiv. crypt[2.2.2], MeCN-
d:CsDg (9:1,0.01 M) 18 h, 65 °C, N,). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no
direct precedent exists, by analogy to closely related species. The formation of the proposed (TEMPO)PF, species is supported by its characteristic coupling pattern and is observed in 17% yield
by 3'P{'H} NMR integration (see Section S1.3). Signals marked (+) correspond to unidentified species.>
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19F NMR (376.62 MHz, CD3CN, 298.0 K, 16 scans)
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Figure S33. “F{'H} NMR (376.46 MHz, MeCN-d, CsDs) corresponding to Table S11, entry 2 (conditions: 0.25 equiv. P4, 5.0 equiv. TEMPO, 7.5 equiv. KF, 7 .5 equiv. crypt[2.2.2], MeCN-
:CeDs (9:1,0.01 M) 18 h, 65 °C, N,). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no
direct precedent exists, by analogy to closely related species. The formation of the proposed (TEMPO)PF, species is supported by its characteristic coupling pattern and is observed in 17% yield
by *'P{'H} NMR integration (see Section S1.3). Signals marked (+) correspond to unidentified species.>?*
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4.3. Sensitivity to Water and Oxidation

1D ¥'P NMR (161.97 MHz, 298.2 K, C¢Dg, 256 scans)
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Figure S34. 3'P{'H} NMR (161.97 MHz, MeCN, CDs) corresponding to Table S12, entry 2 (conditions: 0.25 equiv. P, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN-d:CsDs (9:1,0.01 M), 18 h, 65 °C,
air). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no direct precedent exists, by analogy
to closely related species.?
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1D "°F NMR (376.46 MHz, 297.6 K, C4Ds, 16 scans)
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Figure $3S. F{'H} NMR (376.46 MHz, MeCN, CsDs) corresponding to Table S12, entry 2 (conditions: 0.25 equiv. Ps, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN-d:CsDs (9:1,0.01 M), 18 h, 65 °C,
air). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no direct precedent exists, by analogy

to closely related species.>**
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4.4. Reaction with Red Phosphorus
1D 3'P NMR (161.97 MHz, 298.1 K, C¢Dy, 256 scans)
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Figure $36. *'P{'H} NMR (161.97 MHz, DMF C¢Ds) corresponding to Table S14, entry 1 (conditions: 0.25 equiv. P.q, 5.0 equiv. DDQ, 7.5 equiv. KF, DMF (0.01 M), 18 h, 65 °C, N). Signal
assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no direct precedent exists, by analogy to closely
related species.>!
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1D 31P NMR (161.97 MHz, 298.1 K, C6D6, 256 scans)
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Figure $37. *'P{'H} NMR (161.97 MHz, DMF, CsDs) magnified section of Figure $36, showing the 3'P resonances and_J coupling constants associated with KPF (red) and K[HPFs] (blue).
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1D "°F NMR (376.46 MHz, 298.3 K, C¢Dg, 16 scans)
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Figure $38. F{'H} NMR (376.46 MHz, DMF, C¢Ds) corresponding to Table S14, entry 1 (conditions: 0.25 equiv. Py.q, 5.0 equiv. DDQ, 7.5 equiv. KF, DMF (0.01 M), 18 h, 65 °C, N,). Signal
assignments are based on chemical shifts, coupling constants, and coupling patterns, either by comparison with reported literature data or, where no direct precedent exists, by analogy to closely
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4.5. Reaction Scale-Up

1D '"H NMR (400.30 MHz, 298.0 K, C¢Ds, 16 scans)
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Figure $39. 'H NMR (400.30 MHz, MeCN, C¢Ds) Large scale reaction using 0.1 mmol solid P, (see section 3.3; conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M), 18 h,
65°C,N,).
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1D 3'P NMR (162.04 MHz, 298.0 K, C¢D;, 256 scans)
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Figure S40. 3p{1H} NMR (161.97 MHz, MeCN, CsDs) Large scale reaction using 0.1 mmol solid P4 with internal standard TPPO added, showing the formation of KPFs in 83% by NMR

integration. (see section 3.3; conditions: 0.25 equiv. Py, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M), 18 h, 65 °C, N).
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1D 19F NMR (376.62 MHz, 298.0 K, C6D6, 16 scans)
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Figure S41. “F{'H} NMR (376.46 MHz, MeCN, CsDs) Large scale reaction using 0.1 mmol solid P, (see section 3.3; conditions: 0.25 equiv. P,, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M),
18 h,65°C,N,).
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4.6. Isolation of KPFs

'H NMR (500.18 MHz, D,0, 298.0 K, 16 scans)
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Figure $42. '"H NMR (500.18 MHz, D,0) of isolated KPF; (see sections 3.3 and 3.4; conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M), 18 h, 65 °C, N>).
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3C NMR (125.78 MHz, DZO, 298.0 K, 512 scans)
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Figure $43. °C NMR (125.78 MHz, MeCN, C4Ds) of isolated KPFs (see sections 3.3 and 3.4; conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M), 18 h, 65 °C, N,).
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F NMR (470.59 MHz, D,0, 298.0 K, 8 scans)
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Figure $44. “F{'H} NMR (470.59 MHz, D,O) of isolated KPF; (see sections 3.3 and 3.4; conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M), 18 h, 65 °C, N).
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*'P NMR (202.46 MHz, D0, 298.0 K, 128 scans)
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Figure $45. *'P{'H} NMR (202.46 MHz, D,0) of isolated KPF; (see sections 3.3 and 3.4; conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M), 18 h, 65 °C, N>).
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'H NMR (400.13 MHz, DMF-d_, 298.9 K, 16 scans)
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Figure S46. 'H NMR (500.18 MHz, DMF-d,) of isolated KPF; (see sections 3.3 and 3.4; conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN (0.01 M), 18 h, 65 °C, N,) in DMF-d7
with TMB added as internal standard to quantify residual water and MeCN in the sample.
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4.7. Effect of TEG as a Co-Solvent
1D 3P NMR (162.04 MHz, 298.0 K, C,Ds, 256 scans)
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Figure S47. *'P{'H} NMR (161.97 MHz, MeCN, TEG C4Ds) corresponding to Table S15, entry 1 (conditions: 0.25 equiv. Py, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN:TEG:C¢Hs (8:1:1,0.01 M),
18 h, 25 °C, N,) with internal standard TPPO (§ 29.1 ppm, s) added, showing the formation of K[PFs TEG] and K[HPF;], with almost complete conversion of P,. For details on chemical shifts
and coupling pattern see main manuscript Figure 3.>10

S77

1STT9ev099% [/4pd /£GeTEZS /uaus |ddns -8 |2 11Je /1esoe [ /6 1o "soe "sqnd //:d 11y wo J} papeo jumog

9z0z AInc TE uo 1senb Ag /100



1D °F NMR (376.62 MHz, 298.0 K, C,Ds, 16 scans) o
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Figure $48. ’F{'H} NMR (376.46 MHz, MeCN, TEG, CsDs) corresponding to Table S15, entry 1 (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN:TEG:CsHs (8:1:1, 0.01 M),
18 h, 25 °C, N,), showing the formation of K[PFs TEG] and K[HPF;]. For details on chemical shifts and coupling pattern see main manuscript Figure 3. Integrals normalized to 100, to estimate
K[PFs. TEG]/K[HPF;] ratio based on respective signals for equatorial fluorine atoms.>'°
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1D 31P NMR (162.04 MHz, CD,Cl,, 298.0 K, 512 scans)
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Figure $49.3'P{'H} NMR (161.97 MHz, CD,CL, TEG) corresponding to Table S15, entry 2 (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, DCM-d:TEG:C¢Hs (8:1:1,0.01 M), 18 h,
25 °C, N»), showing the selective formation of K[PFs-TEG]. For further details on chemical shifts and coupling pattern see main manuscript Figure 3. (*) Unidentified species attributed to
hydrolysis. (=) Species attributed to solvolysis of the form K,[OP(O,)(TEG),~F] (x=0, 1; § - 8.3,d, 972.9 Hz), due to similar chemical shift and coupling constants of related species.’
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1D "°F NMR (376.62 MHz, 298.0 K, CD,Cl,, 16 scans)
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Figure S50. "F{'H} NMR (376.46 MHz, CD,Cl,, TEG) corresponding to Table S15, entry 2 (conditions: 0.25 equiv. Ps, 5.0 equiv. DDQ, 7.5 equiv. KF, DCM-dy:TEG:C¢Hs (8:1:1,0.01 M), 18 b,

25°C, N,), showing the selective formation of K[PFs TEG]. For further details on chemical shifts and coupling pattern see main manuscript Figure 3.
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1D 3'"P NMR (162.04 MHz, 298.0 K, CgDg, 256 scans)
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Figure SS1. *'P{'H} NMR (161.97 MHz, MeCN, TEG, C¢Ds) corresponding to Table S16, entry S (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, DCM-dy:TEG:CsHg (8:1:1, 0.01

M), 18 h, 65 °C, N,), showing formation of KPF¢ alongside hydrolysis products PO4*~and KPO,F,.
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1D "°F NMR (376.62 MHz, 298.0 K, C4Ds, 16 scans)
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Figure $52. "F{'H} NMR (376.46 MHz, MeCN, TEG, C¢Ds) corresponding to Table S16, entry S (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, DCM-&:TEG: CsHs (8:1:1, 0.01

M), 18h, 65 °C, N,), showing formation of KPFs alongside hydrolysis products PO4*- KPO,F,, HPO,F, and HF.
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4.8. Synthesis of DDQH.

1D "H NMR (500.18 MHz, THF, 298.0 K, 16 scans)
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Figure $53. '"H NMR (500.18 MHz, THF-d;) of DDQH, (section $3.11). Residual solvent signals (*). Unidentified impurity (=).
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'H NMR (500.18 MHz, CD,CN, 298.0 K, 16 scans)
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Figure $54. "H NMR (500.18 MHz, MeCN-d;) of DDQH, (section $3.11). Unidentified impurities (*).
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1D "*C NMR (125.78 MHz, THF, 298.0 K, 512 scans)
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Figure S5S. *C{'H} NMR (125.87 MHz, THF-d) of DDQHS, (section $3.10). Residual solvent signals (*).
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4.9. Synthesis of P(DDQH); from PCl; and DDQH,
'H NMR (500.18 MHz, THF-d,, 298.0 K, 16 scans)
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Figure $56. 'H NMR (500.18 MHz, THF-d) of the reaction of PCl; with NaH and DDQH, (s[eisior]l §3.11; conditions: 1) 1.0 equiv. DDQH,, 1.0 equiv. NaH, DME (100 mL), 20 °C, 19 h; 2)
0.33 equiv. PCl; (0.97 M in DCM), 20 °C, 18 h), showing OH-resonances of DDQH, (see Figure $53) and P(DDQH);. Residual solvent signals of THF-d; ( A ). DME (*). Unidentified impurities
OF
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3C NMR (125.78 MHz, THF-d_, 298.0 K, 512 scans)
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Figure S57. *C{'H} NMR (125.78 MHz, THF-d) of the reaction of PCl; with NaH and DDQH, (section $3.11; conditions: 1) 1.0 equiv. DDQHS,, 1.0 equiv. NaH, DME (100 mL), 20 °C, 19 h;
2) 0.33 equiv. PCl; (0.97 M in DCM), 20 °C, 18 h), with carbon atoms and !Jcp coupling constants assigned for P(DDQH)3 (for assignment of DDQH, see Figure SS5). Assignment of carbon
atoms in P(DDQH)3 is derived from relative chemical shift with respect to the carbon resonances in DDQH, and the observation of ! Jcp coupling. Residual solvent signals of THF-d (*). DME
(A).
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*'P NMR (162.04 MHz, THF-d_, 298.0 K, 256 scans)
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Figure S58 *'P{'H} NMR (162.04 MHz, THEF-d) of the reaction of PCl; with NaH and DDQH, (section $3.11; conditions: 1) 1.0 equiv. DDQHo, 1.0 equiv. NaH, DME (100 mL), 20 °C, 19 h;
2) 0.33 equiv. PCl; (0.97 M in DCM), 20 °C, 18 h). Impurity assigned as CLP(DDQH) or CIP(DDQH); (+) according to chemical shifts reported for similar chlorophosphites.!'4
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4.10. Studies on the Formation of P(DDQH);

"H NMR (400.30 MHz, CD,CN, C,D,, 298.0 K, 16 scans)
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Figure S59. '"H NMR (500.18 MHz, MeCN-d;, CsDs) of the reaction between DDQ and P, in fully deuterated solvents with TPPO as internal standard. (conditions: 0.25 equiv. Py, 5.0 equiv.
DDQ, MeCN-d:CeDs (9:1, 0.01 M), 18 h, 65 °C, N), showing two distinct broad resonances at 8.53 and 9.34 ppm attributed to the O-H resonances of P(DDQ); and DDQHo,. Residual solvent

signals (*). Aryl-protons of internal standard TPPO (A ).
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2H NMR (61.42 MHz, CD3CN, CsDe’ 298.0 K, 1024 scans)
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Figure S60. 2H NMR (61.42 MHz, MeCN-d, C¢Ds) of the reaction between DDQ and P,in fully deuterated solvents with TPPO as internal standard. (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ,
MeCN-d;:CeDs (9:1,0.01 M), 18 h, 65 °C, N,), showing no signals besides the resonances of the solvents MeCN-d; and CeDs indicating that no deuterium incorporation into P(DDQH); from
the solvents took place.
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3'p NMR (162.04 MHz, CD,CN, CD, 298.0 K, 256 scans)
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Figure S61.*'P{'H} NMR (162.04 MHz, MeCN-d;, CsDs) of the reaction between DDQ and P, in fully deuterated solvents with TPPO as internal standard. (conditions: 0.25 equiv. P4, 5.0 equiv.

DDQ, MeCN-ds:C¢Ds (9:1,0.01 M), 18 h, 65 °C, N»).

5 °'P [ppm]

. T
0 -100

1STT9ev099% [/4pd /£GeTEZS /uaus |ddns -8 |2 11Je /1esoe [ /6 1o "soe "sqnd //:d 11y wo J} papeo jumog

9z0z AInc TE uo 1senb Ag /100



4.11. Studies on Reactivity of P,/DDQ Reaction Mixture with KF

31P NMR (202.46 MHz, CD3CN,CsDs, 298.0 K, 128 scans)
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Figure S62. *P{'H} NMR (162.04 MHz, MeCN-d, CsDs) of the reaction mixture shown in Figure S61 after addition of KF and further heating for 18 h. (conditions: initial reaction: 0.25 equiv.
P,, 5.0 equiv. DDQ, MeCN-d;:CsDs (9:1, 0.01 M), 18 h, 65 °C, N,; subsequent addition: 7.5 equiv. KF, 18 h, 65 °C, N). The spectrum shows formation of KPFs from the initially NMR-silent
phosphorus-containing species, alongside KPO,F, (+) and an unidentified “PF,™species (*). Signal assignments are based on chemical shifts, coupling constants, and coupling patterns, either by
comparison with reported literature data or, where no direct precedent exists, by analogy to closely related species.>!
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19F NMR (470.59 MHz, CD3CN, Cst' 298.0 K, 8 scans)
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Figure S63. YE{'H} NMR (376.46 MHz, MeCN, C¢Ds) of the reaction mixture shown in Figure S61 after addition of KF and further heating for 18 h. (conditions: initial reaction: 0.25 equiv. Py,
5.0 equiv. DDQ, MeCN-d3:CsDs (9:1, 0.01 M), 18 h, 65 °C, Ny; subsequent addition: 7.5 equiv. KF, 18 h, 65 °C, N,). The spectrum shows formation of KPF¢ from the initially NMR-silent
phosphorus-containing species, alongside KPO,F; (+) and an unidentified “PF,™species (*) and multiple unidentified fluorinated side products. Where relevant, resonances are annotated with
multiplicities and coupling constants.
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4.12. Reaction of K[DDQ'] with P,
3'p NMR (162.04 MHz, CD,CN, 298.0 K, 256 scans)
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Figure S64. *'P{'H} NMR (161.97 MHz, MeCN-d;, CsDs) corresponding to Table S18, entry 1 (conditions: 0.25 equiv. P4, 5.0 equiv. K[DDQ ], MeCN-d:CsDs (9:1, 0.01 M), 18 h, 65 °C, N,).
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“*F NMR (376.62 MHz, CD,CN, 298.0 K, 16 scans)
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Figure $S65. "F{'H} NMR (376.46 MHz, MeCN, CsDs) corresponding to Table S18, entry 2 (conditions: 0.25 equiv. P, 5.0 equiv. K[DDQ7], 7.5 equiv. KF, MeCN-d5:CsDs (9:1, 0.01 M), 18 h,
65 °C, N), showing the formation of two unidentified fluorinated phosphorus species (=, A ). The observed coupling constants are assigned as ! or couplings, consistent with values typically
observed for direct P(V)-F bonds.?
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*'P NMR (162.04 MHz, CD,CN, 298.0 K, 256 scans)
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Figure $66. *'P{'H} NMR (161.97 MHz, MeCN-d,, CsDs) corresponding to Table S18, entry 2 (conditions: 0.25 equiv. P4, 5.0 equiv. K[DDQ], 7.5 equiv. KF, MeCN-d:CsDs (9:1,0.01 M), 18 h,
65°C,Ns).
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4.13. Reaction of DDQ with KF

19F NMR (470.59 MHz, C,D,, 298.0 K, 8 scans)

Downl oaded from http://pubs. acs.org/jacsat/article-suppl enent/ 5231353/ pdf/ja6c04361_si _001/ by guest on 31 July 2026
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Figure S67. "F{'H} NMR (376.62 MHz, MeCN, C¢Ds) of the reaction between DDQ and KF (conditions 1.0 equiv. DDQ, 1.5 equiv. KF, MeCN (0.2 M), 18 h, 65 °C).
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4.14. Insitu NMR Reaction Monitoring Experiments
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1D 31P NMR (161.98 MHz, C6D6, 338.0 K, 256 scans)
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Figure $68. In situ *'P{'H} NMR (161.98 MHz, MeCN, CsDs) monitoring of the reaction at 65 °C using TPPO (8 27.3 ppm, s) as an internal standard over 21 h (conditions: 0.25 equiv. P4, 5.0
equiv. DDQ, 7.5 equiv. KF, MeCN:CsHs (9:1,0.01 M), 18 h, 65 °C, Ny; At =1 huntil t =S h, then At =2 h). The inset highlights the formation of perfluorinated P(V) species, among them
PFs-MeCN (8 - 145.1 ppm, dp, Ybr(eq) = 755.3, Ypr(x) = 710.8 Hz) KPFs (8 - 146.0 ppm, sept., , b = 707.1 Hz). Due to low signal to noise ratio other P(V) species could not be assigned
unambiguously.
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Figure $69. In situ “F{'H} NMR (376.48 MHz, MeCN, CsDs) monitoring of the reaction at 65 °C over 21 h (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN:CsHs (9:1, 0.01
M),18 h, 65 °C, Ny; At=1 huntil t = S h, then At = 2 h). The inset highlights the formation of perfluorinated P(V) species, among them KPFs and PFs-MeCN (8 — 64.6 ppm, dd, ‘e = 755.3, k=
=51.0 Hz, F®). Unidentified PFs Lewis-base adducts PFs-LB (*) appear as overlapping signals and could not be further resolved. Minor unidentified PFs-LB adduct (=) which is quickly consumed
(8- 65.5 ppm, dd, er = 753.1, e = 49.5 Hz, Flea)),
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1D 31P NMR (161.98 MHz, C6D6, 298.0 K, 256 scans)
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Figure S70. In situ ¥P{'H} NMR (161.98 MHz, MeCN, CsDs) monitoring of the reaction at 25 °C using TPPO as an internal standard (§ 27.3 ppm, s) over 21 h (conditions: 0.25 equiv. P4, 5.0
equiv. DDQ, 7.5 equiv. KF, MeCN:C¢Hs (9:1,0.01 M), 18 b, 25 °C, Ny; At =1 huntil t = § h, then At =2 h), showing formation of traces of PF;, PFs-MeCN and KPFe.
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Figure S71. In situ '’F{'H} NMR (376.48 MHz, MeCN, CsDs) monitoring of the reaction at 25 ° over 21 h (conditions: 0.25 equiv. P, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN:CgHs (9:1, 0.01 M),
18h, 25 °C, Ny; At=1huntil t = § h, then At=2h), showing formation of PF; (§ 34.5 ppm, d, "kr = 1400.9 Hz), PFs-MeCN (8 - 64.6 ppm, dd, Jp = 755.3, 2 = 51.0 Hz, F¢2)) and KPFe

(8 -73.2 ppm, d, oz = 707.0 Hz).

5 19F NMR [ppm]
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Figure $72. Section of the in situ YE{IH} NMR (376.48 MHz, MeCN, CsDs) monitoring of the reaction at 25 ° over 21 h (conditions: 0.25 equiv. P4, 5.0 equiv. DDQ, 7.5 equiv. KF, MeCN:CsHs
(9:1,0.01 M), 18 h, 25 °C, Ny; At =1 huntil t = § h, then At = 2 h), showing formation of PF; (§ 34.5 ppm, d, s> =1400.9 Hz), PFs-MeCN (§ - 64.6 ppm, dd, kp = 755.3, 2/ = 51.0 Hz, Fea))
and KPFs (8 - 73.2 ppm, d, e = 707.0 Hz). * Multiplet atrrtibuted to PFs:-DDQ adducts, where DDQ is either neutral, the protonated hydroquinone DDQH-, or DDQ *~.
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5. ESI-MS
Spectra

Spectrum Source Fragmentor Voltage Collision Energy Ionization Mode
Peak (1) in "- TIC Scan - falg178037_n.d" 120 0 ESI

x10 7 |-ESI Scan (rt: 0.074-0.157 min, 6 scans) Frag=120.0V falg178037_n.d

1.44 * 225.9298
1.2

1
0.8
0.6
0.4

0.2 319.0649
0 126.9691 l | 404.0887 492.8205 638.1355 760.7240

100 150 200 250 300 350 400 450 500 550 600 650 700 750
Counts vs. Mass-to-Charge (m/z)

Figure $73. Off-line ESI-MS spectrum of crude reaction mixture under the conditions specified in Table S17, entry 1 (negative ion mode).
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Sample Name TEG Position Instrument Name LC-QTOF User Name
Inj Vol Unknown / Injection InjPosition SampleType Sample IRM Calibration Status All Ions Missed
Data Filename falg178037_n.d ACQ Method offline_neg_250915.m Comment Offline ESI (ACN) Acquired Time 9/15/2025 4:13:35 PM (

x10 7 |-ESI Scan (rt: 0.074-0.157 min, 6 scans) Frag=120.0V talg1/78037_n.d

1.45 |
1.4
1.35
1.8 ~ 225.0208
1.25 ]
1.2
1.15
1.1
1.05
14
0.95 |
0.9-
0.85 |
0.8
0.75
0.7
0.65 |
0.6 __]._
0.55 |
0.5 F F
O

0.45 \/
0.4 F—P <0 H
0.351 / 4
0.3
0.25 F F
0.2
0.15- 319.0649
0.1+
0.051
o

126.9691 166.9831 209.9557 x 251.9293 275.0391

120 140 160 180 200 220 240 260 280 300 320 340 360
Counts vs. Mass-to-Charge (Im/z)

Figure S74. Section of the off-line ESI-MS spectrum of crude reaction mixture under the conditions specified in Table S17, entry 1, showing M peaks for DDQ "~ (calculated: 225.9136 m/z; found:
225.9298 m/z) and PFs-TEG™ (calculated: 319.0733 m/z; found: 319.0619 m/z).
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