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A fluorinated fragment directly bonded to a sulfur atom is a 
common pattern found in numerous bioactive molecules 
including approved drugs and agrochemicals.1–3  
Accordingly, methodology for the synthesis of fluorinated 
organosulfur compounds both as final targets and as reagents has 
gained great attention.4–14 Thiocyanates constitute an important 
class of compounds,15,16 which are interesting for medicinal 
chemistry17–19 and, at the same time, serving as valuable building 
blocks for the synthesis of variety of products.20–25 Despite the 

rapid growth of thiocyanation reactions,20–25 only few compounds 
containing the CF2SCN fragment were isolated and fully 
characterized. The existing approaches towards this fragment 
rely on benzylic halogen substitution26–28 (Scheme 1, part A). 
Moreover, due to the ambident nature of thiocyanate anion, 
mixtures of thiocyanate and isothiocyanate products were 
obtained.27

Recently, we have reported that gem-difluorinated 
phosphonium salts could be generated from various electrophilic 
species and difluorinated phosphorus ylide29–33 (see Scheme 1, 
part B). The carbon–phosphorus bond of phosphonium salts 
readily undergoes cleavage under photoredox conditions,32–38 
and we have exploited this property to effect substitution of the 
phosphonium fragment by halide anions.39 Herein, we report 
that this strategy can be applied for the synthesis of the CF2SCN 
fragment. As electrophilic component, N-methoxyiminium salts 
formed from methylation of nitrones were considered (part C). 

Nitrone 1a was selected as a model substrate, and its 
transformation into difluorinated thiocyanate 3a was evaluated 
(Scheme 2, Table 1). First, nitrone 1a (0.5 mmol) was converted 
into gem-difluorinated phosphonium salt 2a by methylation 
using methyl triflate followed by reaction with difluorinated 
phosphobetaine reagent, (triphenylphosphonio)difluoroacetate 
(PDFA),40 in acetonitrile. Intermediate salt 2a was formed 
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gem-Difluorinated phosphonium salts were generated 
from  nitrones by methylation and reaction with 
(triphenylphosphonio)difluoroacetate. The phosphonium 
salts were subjected to visible light-induced phosphonium–
thiocyanate exchange in the presence of ammonium 
thiocyanate, copper thiocyanate, and an iridium 
photocatalyst. The sequence of the reactions was performed 
in one pot affording thiocyanates attached to the 
difluoromethylene fragment.
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quantitatively, and in the reaction mixture it was characterized 
by NMR spectroscopy. The obtained solution of 2a was used 
further without purification for the visible light-promoted 
thiocyanation. Ammonium thiocyanate was used as a source of 
thiocyanate anion under irradiation with blue light emitting 
diodes (450 nm). Copper thiocyanate was needed for the reaction 
to occur, and its stoichiometric amount was found optimal (see 
Table 1, entries 1–3). Other sources of thiocyanate anion, as well 
as other copper salts, were less efficient. Lowering the 
temperature provided some increase in yield and gave cleaner 
reaction (entries 3 vs. 4). Also, the variation of the irradiation 
conditions (wavelength and light intensity) led to unsatisfying 
results (see entry 5 and Online Supplementary Materials for 
details). The reaction proceeded without photocatalyst (PC), but 
addition of Ir(ppy)3 (0.25 mol%), a typical catalyst used for the 
activation of phosphonium salts,34,36 increased the yield of the 
product (entries 6 vs. 7). It is worth noting that poor results 
obtained with catalytic amounts of copper cannot be improved 
by the addition of phenanthroline ligand (entry 9). Though 
compound 3a was formed in 70% yield determined by NMR 
spectroscopy, the reaction mixture contained small amounts of 
phosphine sulfide (Ph3PS), which complicates purification of the 
desired product. Finally, performing the reaction on 2 mmol 
scale of nitrone 1a allowed us to obtain pure product 3a via 
a  sequence of column chromatography and vacuum short-path 
distillation, albeit in only 56% yield (entry 8). 

Under the optimized conditions, a series of nitrones 1a–f 
were transformed into N-methoxyamines 3a–f bearing the 
CF2SCN motif (Scheme 3). Products 3 were generally obtained 
in moderate yields, which mostly reflected the step of 
thiocyanation reaction. Only in case of thienyl-containing 
product 3f, the decreased yield is in part associated with the 
reduced yield of generation of the corresponding phosphonium 
salt. Unfortunately, we have failed to obtain phosphonium salts 
derived from alkyl nitrones due to almost complete enolization, 

which impedes the formation of difluorinated phosphonium 
salts.

We also briefly evaluated other difluorinated phosphonium 
salts obtained using PDFA (Scheme 4). Thus, salt 4 derived from 
N-methylimine gave the expected product 5 under standard 
conditions, although in low yield. After a series of experiments, 
we could improve this yield to 38% by performing the reaction 
with the reduced amount of the copper salt under irradiation with 
purple LED. Unfortunately, our attempts to similarly transform 
oxygen-containing phosphonium salts 6 derived from aromatic 
aldehydes failed.

The proposed mechanism for the light-induced displacement 
of phosphonium group by thiocyanate anion is shown in 
Scheme 5. In the presence of thiocyanate, copper(ii) ate complex 
is generated, which forms the ion pair with the difluorinated 
phosphonium salt. Then, under irradiation, the electron is 
transferred from the negatively charged ate complex to the 
positively charged phosphonium ion leading to the cleavage of 
the C–P bond and the formation of difluorinated radical and a 
copper(ii) species. At the final step, the thiocyano group is 
transferred from copper(ii) to the alkyl radical affording product 
3 and regenerating the copper(i) catalyst.

To demonstrate the synthetic potential of compounds 3, we 
subjected them to transformations involving thiocyano group 
(Scheme 6). For example, thiocyanate 3a was converted into 
tetrazol-5-yl sulfide 7 in reaction with sodium azide and zinc 
chloride. The reaction of thiocyanate 3c with phenyl magnesium 
chloride gave product 8 resulting from nucleophilic substitution 
of the cyano group. The structure of product 8 was supported by 
the X-ray diffraction analysis (Figure 1).†

Table  1  Optimization of intermediate phosphonium salt 2a conversion 
into difluoro thiocyanate 3a.a

Entry
NH4SCN
(equiv.)

CuSCN
(equiv.)

T/°C PC Yield (%)b

1 2.0 – 20 – <1
2 2.0 0.25 20 – 31
3 2.0 1.0 20 – 60
4 2.0 1.0   5 – 63
5c 2.0 1.0   5 – 35
6 1.3 1.0   5 – 63
7 1.3 1.0   5 Ir(ppy)3 70
8d 1.3 1.0   5 Ir(ppy)3 60 (56e)
9 f 1.3 0.25   5 Ir(ppy)3 18

a Conditions: i, 1a (0.5 mmol), MeOTf (1.05 equiv.), MeCN (0.5 m) 
at  0 ® 20 °C, 30 min; ii, PDFA (1.3 equiv.), 52 °C, 2 h. b Determined by 
19F NMR with internal standard (PhCF3). c 400 nm LED. d 2 mmol scale. 
e Isolated yield. f Phenanthroline (25 mol%) was added.
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†	 Crystal data for 8. Crystals were obtained by recrystallization from 
light petroleum. C17H19F2NO2S (M = 339.39), monoclinic, space group 
C2/c at 100.0 K, a = 21.3569(6), b = 7.3979(2) and c = 21.7330(6) Å,



Mendeleev Commun., 2023, 33, 491–493

–  493  –

In summary, a series of N-methoxyamines bearing the 
CF2SCN fragment were synthesized from nitrones via gem-
difluorinated phosphonium salts according to a one-pot three-
step protocol. The key step of the reaction proceeds via copper-
mediated phosphonium/thiocyanate exchange under visible-light 
irradiation.

This work was supported by the Russian Science Foundation 
(grant no. 23-43-00026).
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Supplementary data associated with this article can be found 

in the online version at doi: 10.1016/j.mencom.2023.06.016.
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V = 3270.69(16) Å3, Z = 8, dcalc = 1.378 g cm–3, µ(MoKα) = 0.227 mm–1, 
F(000) = 1424. Total of 56357 reflections were collected [6245 
independent reflections with I > 2s(I), Rint = 0.0698] and used in the 
refinement, which converged to wR2 = 0.0897, GOOF = 1.024 for all 
independent reflections [R1 = 0.0455 was calculated for 6245 reflections 
with I > 2s(I)].
	 X-ray diffraction data were collected at 100 K on a Bruker Quest D8 
diffractometer equipped with a Photon-III area-detector (shutterless 
f-  and w-scan technique), using graphite-monochromatized MoKα-
radiation. The intensity data were integrated by the SAINT program41 
and were corrected for absorption and decay using SADABS.42 The 
structure was solved by direct methods using SHELXT43 and refined on 
F2 using SHELXL-201844 in the OLEX2 program.45 All non-hydrogen 
atoms were refined with anisotropic displacement parameters. Hydrogen 
atoms were placed in ideal calculated positions and refined as riding 
atoms with relative isotropic displacement parameters. The Mercury 
program suite46 was used for molecular graphics.
	 CCDC 2250778 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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Figure  1  X-ray structure of compound 8. The anisotropic displacement 
ellipsoids are shown at 50% probability level.




