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Solvent-free photochemical decomposition of
sulfur hexafluoride by phosphines: formation of
difluorophosphoranes as versatile fluorination
reagents†

Philipp Rotering,a,b Christian Mück-Lichtenfeld c and Fabian Dielmann *a

The chemical activation of SF6 has garnered considerable attention because of its possible utilization as a

cheap and safe reagent in chemical synthesis. Such a process becomes particularly attractive when com-

bined with the disposal of the potent greenhouse gas after its technical application. Herein, we report on

the photochemical reaction of SF6 with phosphines, which selectively produces difluorophosphoranes

and phosphine sulfides. Computational and experimental studies show that the π(Ar) → σ*(SF6) charge-
transfer excitation of a preformed R3P⋯SF6 complex is the initial activation step. Using triphenyl-

phosphine, the decomposition of SF6 was carried out in a solvent-free, scalable process, giving a

3 : 1 mixture of difluorotriphenylphosphorane and triphenylphosphine sulfide (TPP-Fluor), which was uti-

lized for the deoxyfluorination of alcohols and carboxylic acids and for the preparation of common hex-

afluorophosphate salts.

Introduction

Sulfur hexafluoride (SF6) has been recognized as the most
potent greenhouse gas among the industrial gases with a
global warming potential of 23 500 relative to CO2 over a
100-year time horizon.1 It is therefore listed as one of the six
greenhouse gases in the 1997 Kyoto Protocol, which
implemented regulative measures for SF6 usage in various
industries.2 Today, technical uses of SF6 are largely limited to
a few industries, including the electrical industry, which
accounts for 80% of SF6 consumption, and other sectors such
as metal casting, semiconductor manufacturing, and medical
applications.3 The unique physical and chemical properties of
the gas make its use in these areas particularly attractive,
sometimes even indispensable.4 Despite all efforts to avoid
emissions by managing SF6 in closed cycles or by replacing the
greenhouse gas, the concentration of SF6 in the atmosphere is
still on the rise.5 The reasons for this trend are diverse, but

related to the fact that the disposal of used SF6 is challenging
due to the extreme chemical inertness of the gas.6

The common decomposition process at the end of life of
SF6 in electrical equipment is pyrolysis at temperatures above
1100 °C, whereby the sulfur and fluorine elements are con-
verted to CaSO4 and CaF2 by chemical reaction with CaCO3.

7

Because this process has high energy requirements and is not
suitable for all SF6 applications, the development of alternative
abatement methods is a current field of research.8 Particularly
worthwhile in this context would be to obtain value-added
compounds from the disposal process. Several different
approaches exist which we herein divide into two main cat-
egories according to the initial activation strategy.

The first class of methods involves the direct fragmentation
of SF6 under forcing conditions, e.g., via pyrolysis, photolysis
or by various plasma methods.8 Since the inertness of SF6
arises from kinetic barriers to dissociation rather than its high
thermodynamic stability, a clear advantage of the direct frag-
mentation strategy is that cheap reactants such as CaCO3, H2S,
H2O or O2 can be applied to capture the SF6 fragments and no
additional reagents or solvents are required. Notably, the use
of catalysts can significantly alleviate the harsh conditions, but
is associated with additional costs for catalyst replacement.9

The decomposition products are usually toxic and corrosive
and require appropriate secondary treatment before they can
be released. Moreover, the utilization of the decomposition
products in fluorinations is hampered by the extreme reaction
conditions and the low selectivity of the methods.
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In the second class of methods, SF6 is chemically activated
in solution under mild conditions, which involves a single-
electron transfer or the nucleophilic attack on SF6 and there-
fore requires strongly reducing or highly nucleophilic sub-
stances, respectively. Compounds that react with SF6 at
ambient conditions include alkali metals in liquid
ammonia,10 strong organic reductants,11–13 electron-rich phos-
phines,14 N-heterocyclic carbenes,15,16 reactive anions,17,18 alu-
minium(I) compounds,19 transition metal complexes20–22 and
organic radicals generated photolytically.23 These transform-
ations are often highly selective and afford well-defined pro-
ducts which can be considered as potential fluorination
agents.11,13,15,18,22 A disadvantage, however, is the need to
conduct the reaction under inert gas due to the high reactivity
of the reductants. A milestone towards the use of less sensitive
and easier to handle stoichiometric reducing agents was the
rhodium-catalyzed degradation of SF6 using silanes as redu-
cing agents and phosphines as sulfur scavenger.20 Using
photosensitizers for the reductive activation of SF6, the reac-
tion was carried out in the presence of suitable substrates,
which enabled deoxyfluorination of alcohols and pentafluoro-
sulfanation of styrene derivatives.24–27 Despite the promising
achievements in using SF6 as a fluorination reagent, when it
comes to the disposal of surplus SF6 on a large scale in a cost-
effective manner, these solution-phase strategies have the
drawback of requiring expensive reagents, catalysts, and hazar-
dous organic solvents. Although only carried out on a small
scale, the electrochemical reduction of SF6 has the potential to
overcome some of these drawbacks.28 Given these consider-
ations, our intention was to combine the advantages of both
categories and develop a solvent-free process that would yield
well-defined products which could be used as fluorination
reagents in chemical synthesis.

We have recently shown that the electron-releasing charac-
ter of phosphines is significantly enhanced by attaching strong
π-donor substituents to the phosphorus atom.29 Phosphines
equipped with three substituents are ranked among the stron-
gest nonionic superbases and are characterized by extreme
reactivity towards electrophiles.30 Accordingly, unlike commer-
cially available alkyl or aryl phosphines, phosphines modified
in this way can activate SF6 at ambient conditions and convert
it into potential fluorinating reagents.14 The recent report by
Braun and coworkers on the photochemical activation of SF6
by N-heterocyclic carbenes inspired us to consider the reaction
of more simple phosphines with SF6 triggered by irradiation
with light, which we report herein.15

Results and discussion

Among commercially available phosphines, triphenyl-
phosphine has the most attractive properties for a scalable
degradation of SF6 because it is an inexpensive, nontoxic, air-
stable solid that is produced on a large scale. However, as
demonstrated previously, Ph3P is not nucleophilic enough to
activate SF6 even at elevated temperature.14 To investigate

whether light can induce the reaction, we first recorded the
UV-vis spectra of Ph3P in THF under an atmosphere of argon
or SF6. Both spectra were identical and only showed an absorp-
tion band at 240–310 nm (Fig. 1). Previous studies on the
photolysis of Ph3P showed that this absorption involves the n
→ π* excitation leading to the homolytic cleavage of a P–Ph
bond.31,32 We therefore irradiated 0.2 M solutions of Ph3P in
THF under an atmosphere of 1 bar SF6 using narrow-band
LED light sources (see the SI for details). Exposure of the solu-
tion to UV light at 310 nm gave several P–F species, including
Ph4P

+ and Ph2PF3, in agreement with the photolytic cleavage
of P–Ph bonds. However, the formation of P–F species likewise
indicates the successful activation of SF6 under these con-
ditions. Irradiation of the solution with light at 365 nm or
405 nm led to the clean conversion of Ph3P into a 3 : 1 mixture
of difluorotriphenylphosphorane and triphenylphosphine
sulfide within 6 hours or 16 hours, respectively. Note that the
reaction is significantly faster using light at 365 nm, despite
the lower relative irradiance (365 nm LED: 9 mW cm−2,
405 nm LED: 28 mW cm−2). No reaction between Ph3P and SF6
was observed with blue (450 nm) or orange (585 nm) light.

We next irradiated solid Ph3P under an SF6 atmosphere for
24 hours using the 365 nm LEDs. Although the solid material
turned light brown at the solid–gas interface facing the light
source, the 31P and 19F NMR spectra of the dissolved solid
product revealed that less than 1% of the Ph3P had been con-
verted to fluorinated species. We then carried out the photo-
reaction using a Ph3P melt to increase the direct contact
between the reactants. Irradiation of a Ph3P melt at 80 °C
under 1 bar SF6 atmosphere resulted in the quantitative for-
mation of difluorotriphenylphosphorane and triphenyl-
phosphine sulfide in a ratio of 3 : 1 within 8 hours (Scheme 1).
The difluorophosphorane can be separated from the phos-
phine sulfide by recrystallization from α,α,α-trifluorotoluene in
81% yield. However, separation of the products proved
unnecessary for applications of Ph3PF2 in fluorination reac-
tions owing to the chemical inertness of Ph3PS (vide infra). The

Fig. 1 Experimental UV-vis spectra of selected triarylphosphines (c =
3.8 × 10–5 M in THF).
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obtained 3 : 1 mixture of Ph3PF2 and Ph3PS is therefore
referred to as TPP-Fluor in the following. To demonstrate the
scalability of the process, a flat-bottomed glass vessel contain-
ing 100 g of Ph3P under 1 bar SF6 pressure was placed above
an LED array (see the ESI for details†). Upon irradiation with
light at 365 nm, Ph3P started to melt in the vessel due to heat
uptake from the LED array, producing TPP-Fluor within
9 hours in quantitative yield. It is noteworthy that the reaction
time increases only slightly despite the tenfold scale of the
reaction, suggesting that the reaction rate is limited by the
solubility and diffusion of SF6 in Ph3P.

The scope of the photochemical reaction between phos-
phines and SF6 was investigated by irradiating THF solutions
of various phosphines under 1 bar SF6 atmosphere with light
at 365 nm (Scheme 2). Several phosphines were smoothly con-
verted into the difluorophosphorane derivatives in excellent
yield, while other phosphines did not react with SF6 under

these conditions. While this behaviour can be rationalized by
the electron-poor character of perfluorinated phosphines (12)
and phosphites (8, 9), it is unexpected for the alkylphosphines
and aminophosphines (5–7), because they are stronger redu-
cing agents than triphenylphosphine. In addition, electron-
rich arylphosphines were readily converted into the difluoro-
phosphoranes (13, 15, 16). An explanation for this behaviour
can be derived from the series of aminophosphines (2–5),
which show a trend of decreasing reactivity with the number of
phenyl groups and suggests that the photochemical reaction
with SF6 requires at least one phenyl group at the phosphorus
atom. Finally, ortho substituents appear to hamper the reac-
tion (14) or lead to decomposition reactions (10, 11). Note that
the decomposition of the sterically more encumbered phos-
phines (10, 11) was also observed upon irradiation with light
at 365 nm in the absence of SF6 and is attributed to the red-
shifted n(P) → π*(Mes) absorption band (Fig. 1).

Previous studies showed that the photoexcitation of Ph3P
with light at λ = 266 nm leads to the homolytic cleavage of a
phosphorus-phenyl bond to form the diphenylphosphinyl
radical Ph2P

• and phenyl radical Ph•.31–34 This P−C bond clea-
vage has been reported to occur either from the singlet
(1Ph3P*) or the triplet excited state (3Ph3P*).

33,34 However,
when Ph3P is irradiated in the presence of molecular oxygen,
an electron transfer to O2 occurs from the photoexcited state
of Ph3P to give the radical ion pair Ph3P

•+/O2
•−.35 The reaction

produces triphenylphosphine oxide in excellent yield upon
irradiation with light of wavelengths over 310 nm. However,
very sluggish oxidation of Ph3P was observed using light with
longer wavelength than 350 nm. By contrast, the reaction
between Ph3P and SF6 is triggered by light of λ > 350 nm and
produces only products with intact P−Ph bonds. We therefore
consider an initial n → π* excitation of Ph3P followed by sub-
sequent electron transfer to SF6 unlikely, especially since no
decomposition of Ph3P with light at 365 nm or 405 nm was
observed in the absence of SF6 (Fig. S58†).

To gain an insight into the reaction pathway of arylpho-
sphines with SF6 focussing on the initial activation step, we
performed DFT calculations at the PW6B95-D3//TPSS-D3/def2-
TZVP level of theory using the COSMO-RS solvation model
with THF for 298 K (see the ESI†). The proposed mechanism
for the formation of Ph3PF2 from Ph3P and SF6 is illustrated in
Fig. 2. Starting from an endergonic encounter complex
[Ph3P⋯SF6], electronic excitation occurs with a calculated
wavelength of 360 nm (step A in Fig. 2) and corresponds to a
charge-transfer state in which one electron is transferred from
a π orbital of the arene (HOMO−1, Fig. 4a) to the delocalized
σ* orbital of SF6 (LUMO, Fig. 4b). According to the TD-DFT
result, the n(P) → σ*(SF6) transition occurs at a higher wave-
length (525 nm) with low oscillator strength, and thus it is not
expected to be involved in the reaction (Fig. 3). This conclusion
agrees with the experimental observation that light at 585 nm
does not induce the photochemical reaction and that phos-
phines lacking aryl substituents do not react with SF6.

To get a qualitative insight into the photochemical pro-
cesses that may occur after the charge transfer excitation, we

Scheme 1 Photoreduction of SF6 with triphenylphosphine affording a
3 : 1 mixture of difluorotriphenylphosphorane and triphenylphosphine
sulfide.

Scheme 2 Scope of the photochemical activation of SF6 by phosphines
affording a mixture of phosphine sulfides and difluorophosphoranes, of
which only the latter are depicted. Yields determined by 31P NMR spec-
troscopy. aPhosphine present in reaction mixture. bDecomposition of
the phosphine upon irradiation.
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have located the conical intersection that connects the S0 and
S* state of the complex using the range-separated hybrid func-
tional CAM-B3LYP36 and the def2-SVP basis set.37 In the ionic
complex, the distance between the two ions (d(P⋯S) = 3.74 Å)
is significantly smaller than in the ground state complex
(d(P⋯S) = 4.81 Å), while the SF bonds are elongated by about
0.07 Å. This indicates that the charge-transfer excitation pro-
motes the reaction by driving the reactants to a distance short
enough for electron and/or fluorine transfer.

In agreement with this observation, we were not able to
locate a transition structure for F transfer with our (ground
state) DFT calculations. Only when we optimized the triplet
state of the complex (3[Ph3P⋯SF6]), which could be formed by
intersystem crossing from the charge transfer state (S*), we
observed immediate fluoride ion transfer to give the radical
ion pair 3[Ph3PF⋯SF5] (step B). Therein, the spin density is
evenly distributed over both fragments of the triplet complex

(Fig. 4c), and the unpaired electron in (Ph3PF)
• occupies the σ*

orbital of the P–F bond, partially delocalized in one phenyl
ring. The radical ion pair 3[Ph3PF⋯SF5] can either dissociate
or instantaneously transfer an electron after ISC to form the
ion pair [Ph3PF]

+/[SF5]
− (step C). Note that the radical ion pair

[Ph3P]
•+/[SF6]

•− representing the “dissociated” charge-transfer
state, has a relative free energy of 49.5 kcal mol−1, which is
well below the photoexcited state. We therefore cannot dis-
tinguish whether a consecutive fluoride (B/B′) and electron
transfer (C) or a direct fluorine atom transfer (D) occurs after
photoexcitation. These processes are presumably fast and
involve closely associated ion pairs. Overall, the first reaction
step is exergonic (−32.7 kcal mol−1) and involves a formal “F+

transfer” resulting in the ion pair [Ph3PF]
+/[SF5]

−, which is
strongly stabilized by solvation in THF. The subsequent fluor-
ide transfer (step E) is exergonic by more than −20 kcal mol−1

and expected to have a low energy barrier.14

The UV-vis spectra of the free phosphines Ph3P, Mes3P,
(2-OMe-C6H4)3P, (4-OMe-C6H4)3P and of the corresponding
noncovalent SF6 complexes were calculated using TD-DFT at
the B3LYP/def2-TZVP level of theory and the implicit solvation
model CPCM for THF. The free phosphines exhibit a strong
absorption band of the n(P) → π*(Ar) excitation (Fig. S63†). In
agreement with the experimental spectra (Fig. 1), the absorp-
tion band appears at 290 nm for Ph3P and is blue-shifted for
(4-OMe-C6H4)3P, but red-shifted for the arylphosphines with
substituted ortho positions. The n → π* excitation of Mes3P
covers the region of irradiation (365 nm), which explains the
observed decomposition reaction. Although we tend to be cau-
tious with the interpretation of the excitation spectra obtained
with the hybrid functional B3LYP, a comparison of the UV

Fig. 2 Energy diagram of the proposed mechanism for the photoche-
mical reaction of Ph3P with SF6. ΔG: PW6B95-D3//TPSS-D3/def2-TZVP
+ COSMO-RS(THF). TDDFT: B3LYP/def2-TZVP + CPCM(THF). Free ener-
gies are reported with respect to isolated Ph3P and SF6 and include
implicit solvation energies in THF.

Fig. 3 Calculated absorption spectrum of [Ph3P⋯SF6] using TD-DFT at
the B3LYP/def2-TZVP level of theory and the implicit solvation model
CPCM(THF).

Fig. 4 (a and b) Frontier orbitals of the encounter complex [Ph3P⋯SF6].
Orbital energies calculated with B3LYP/def2-TZVP + CPCM(THF).
Isosurface value 0.05 a.u. (c) Spin density ρα–ρβ (isosurface value =
0.005 a.u.) and (d) electrostatic potential (isodensity value 0.02 a.u.) of
the optimized triplet state 3[Ph3PF⋯SF5] (PW6B95//TPSS-D3/def2-
TZVP).
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region of the noncovalent SF6 complexes is qualitatively in
good agreement with the experimental observations
(Fig. S64†): only [Ph3P⋯SF6] and [(4-OMe-C6H4)3P⋯SF6]
absorb with significant intensity at 365 nm due to the π(Ar) →
σ*(SF6) charge transfer excitation. The ortho-substituted aryl
phosphines either have a different absorption maximum ((2-
OMe-C6H4)3P: 385 nm), or the n(P) → π*(Ar) band is extended
into the region of the charge-transfer excitation (Mes3P).
Irradiation of THF solutions of Mes3P, (o-tol)3P or (2-OMe-
C6H4)3P for 3 hours under an SF6 atmosphere with light at
405 nm did not cause the phosphines to decompose or react
with SF6. For Mes3P, this is consistent with the computational
results. However, the lack of reactivity in the case of (2-OMe-
C6H4)3P suggests that the steric bulk of the phosphine prevent-
ing the formation of the encounter complex must also be
considered.

Since our experimental and computational results suggest
that the initial SF6 activation step corresponds to a π(Ar) → σ*
(SF6) charge transfer excitation, we further investigated the ver-
satility of our approach by using an external π system as photo-
sensitizer combined with an alkyl phosphine as reductant. Tri-
n-butylphosphine does not react with SF6 upon irradiation with
light at 365 nm (cf. Scheme 2). However, when the reaction is
performed in the presence of stochiometric amounts of benzo-
phenone or acetophenone as photosensitizer, (nBu)3P reacts
with SF6 within 24 h to give a mixture of tri-n-butylphosphine
sulfide and tri-n-butyldifluorophosphorane (Scheme 3). The
reaction is more selective with acetophenone than with benzo-
phenone. With catalytic amounts of the photosensitizer
(20 mol%), the reaction rate is significantly lower (Table S1†).
No reaction with SF6 was observed when THF solutions of
triethyl phosphite or triphenyl phosphite were irradiated under
the same conditions using acetophenone as photosensitizer.

Collectively, the photochemical reaction of SF6 with phos-
phines proves to be general enough to afford alkyl-, aryl-, and
heteroaryl-substituted phosphine sulphides and difluoropho-
sphoranes. The latter are important starting materials in the
context of Lewis acid-catalyzed transformations38 or CO2

sequestration.39 They are usually synthesized by oxidation of
the phosphines using harsh reagents such as XeF2, SF4, HgF2
or N2F4,

40 but more convenient protocols have been recently
developed.41

Owing to the straight-forward synthetic access, the utiliz-
ation of TPP-Fluor as reagent in chemical synthesis is particu-
larly interesting in terms of a chemical valorization of SF6 after
its technical application. In fact, difluorotriphenylphosphor-

ane has been successfully applied as deoxyfluorination reagent
to convert primary and secondary alcohols into fluoroalkanes
at reaction temperatures above 140 °C.42 As a proof of prin-
ciple, the deoxyfluorination of 1-hexanol was performed with
the TPP-Fluor reagent and gave 1-fluorohexane in 22% yield.
We also used TPP-Fluor for the preparation of acyl fluorides
directly from carboxylic acids. Acyl fluorides are versatile
reagents in chemical synthesis that can be prepared from car-
boxylic acids using cyanuric fluoride,43 BrF3,

44 SeF4,
45 (Me4N)

SCF3
46 or sulfur-based fluorination reagents.47 Recently,

Prakash and co-workers disclosed a protocol for the stepwise
conversion of carboxylic acids into acyl fluorides using Ph3P/
NBS for the activation of the carboxylic acid and Et3N-3HF as
fluoride ion source.48

Lauric acid was selected as model substrate to optimize the
reaction conditions (Table 1). The progress of the deoxyfluori-
nation was monitored by 31P and 19F NMR spectroscopy, con-
firming the formation of Ph3PO, lauroyl fluoride and HF/
FHF−. We suspect that the liberation of HF during the reaction
is the reason why three equivalents of difluorophosphorane (1
eq. TPP-Fluor) are required to achieve good conversion
(Table 1, entries 1–4), albeit the addition of 2,6-lutidinium tri-
flate as proton source had little influence on the yield (Table 1,
entry 7). The reaction was inhibited under Brønsted basic con-
ditions by using sodium carboxylate as substrate or by adding
CsF as an additional nucleophile (Table 1, entries 6 and 8).

Application of the optimized conditions to the deoxyfluori-
nation of various carboxylic acids illustrates its synthetic capa-
bilities (Scheme 4). Aliphatic carboxylic (17, 19, 20) acids were
readily converted to the corresponding products independent
of the steric bulk of the alkyl group. Among the aromatic car-
boxylic acids only the electron-rich benzoic acids (22, 23)
underwent the desired transformation, while the reaction is
sluggish for benzoic acids bearing electron-neutral (18, 21) or
electron-withdrawing functionalities (25, 26). Ester functions
(24) were not tolerated because the liberated HF/FHF cleaves
the ester bond, concomitant with further deoxyfluorinations.

Scheme 3 Photochemical reaction of SF6 with an alkylphosphine using
photosensitizers.

Table 1 Optimization of the reaction conditions for the deoxyfluorina-
tion of lauric acid using TPP-Fluor

Entry Conditions R Additive
TPP-Fluor
(equiv.)

Yielda

(%)

1 80 °C, 16 h H — 0.17 21
2 80 °C, 16 h H — 0.33 36
3 80 °C, 16 h H — 0.66 69
4 80 °C, 16 h H — 1 88
5 60 °C, 16 h H — 1 19
6 80 °C, 16 h H 2 CsF 0.33 <5
7 80 °C, 16 h H 2 Lut·HOTf 0.33 44
8 80 °C, 16 h Na — 1 <5

a As determined by quantitative 19F NMR spectroscopy using
α,α,α-trifluorotoluene as internal standard.

Paper Green Chemistry

8058 | Green Chem., 2022, 24, 8054–8061 This journal is © The Royal Society of Chemistry 2022

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
Se

pt
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 1

0/
26

/2
02

5 
10

:1
3:

56
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2gc02172b


We also considered using TPP-Fluor for the fluorination of
inorganic substrates (Scheme 5). Treatment of phosphorus
pentachloride with TPP-Fluor resulted in complete exchange
of fluoride and chloride atoms to give a mixture of chlorotri-
phenylphosphonium chloride and hexafluorophosphate salts.
As already observed in the deoxyfluorination reactions, Ph3PS
did not participate in the reaction. The hexafluorophosphate
ion can be readily precipitated from the mixture in good yield
as Bu4NPF6 after aqueous workup and addition of Bu4NBr.
Furthermore, [PPN]PF6 was assembled from the chlorotriphe-
nylphosphonium ions following the [PPN]+ cation synthesis of
Ruff and Schlientz by treating the reaction mixture with
hydroxylamine hydrochloride and additional Ph3P.

49 Both
reactions demonstrate novel, straightforward routes to salts
consisting of weakly coordinating ions, of which Bu4NPF6 is a
common electrolyte in electrochemistry. It is noteworthy that
chlorotriphenyl-phosphonium salts are the key intermediates
in the large-scale industrial recycling process of triphenyl-
phosphine oxide, which is based on the chlorination of Ph3PO
with phosgene and subsequent reduction with aluminium
powder.50 Moreover, there are several elegant methods for the
recycling of Ph3PO and Ph3PS to Ph3P,

51 including electro-
chemical methods50,52 and methods based on the use of dihy-
drogen gas as reducing agent.53

Conclusions

In conclusion, this report discloses a user-friendly, scalable
protocol for the photochemical degradation of SF6. The
solvent-free process produces a well-defined solid fluorinating
reagent consisting of a 3 : 1 mixture of difluorotriphenylpho-
sphorane and triphenylphosphine sulfide, referred to as
TPP-Fluor. Utilization of TPP-Fluor for the deoxyfluorination
of alcohols and carboxylic acids and for the preparation of
common hexafluorophosphate salts from PCl5 was established.
Both reactions highlight possibilities to generate value-added
products from the decomposition of the greenhouse gas SF6
after its technical application by using inexpensive commodity
chemicals.

The photochemical reaction between phosphines and SF6
can also be performed in solution providing a convenient
approach to various difluorophosphoranes without the need
for hazardous fluorination reagents. Reaction screening with
phosphines bearing different substitution patterns revealed
that at least one aryl substituent is required for the photoche-
mical SF6 activation. Alternatively, acetophenone can be used
as photosensitizer to drive the fragmentation of SF6 with alkyl
phosphines. Computational studies indicate that the reaction
proceeds through a π(Ar) → σ*(SF6) charge-transfer excitation
as the initial activation step, followed by a fluorine/electron or
a direct fluoride transfer. While it is generally assumed that
the photochemical activation of SF6 occurs via excitation of the
reductant, which then facilitates the electron transfer to
SF6,

15,24–27 our study suggests that direct charge-transfer exci-
tation of a preformed SF6 complex must also be considered.
This result implies that substances susceptible to decompo-
sition upon irradiation with short wavelength light can still
react with SF6 upon charge-transfer excitation by light with a
longer wavelength and thus opens new avenues for the photo-
chemical derivatization of SF6, which is under current investi-
gation in our laboratory.
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Scheme 4 Direct deoxyfluorination of carboxylic acids using
TPP-Fluor. Yields determined by quantitative 19F NMR spectroscopy
using α,α,α-trifluorotoluene as internal standard.

Scheme 5 Direct conversion of PCl5 into PF6 salts using TPP-Fluor.
Isolated yields are reported.
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