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5. Other Important Fluorine-Containing Groups: SCF3, OCF3, SF5

5.1 General Introduction

While monofluorinated derivatives and trifluoromethylated compounds remain the most widely-used 
fluorinated derivatives for pharmaceuticals, other more exotic functional groups are attracting increasing 
attention.

Prevalence of fluorine-containing groups in pharmaceuticals:

Reviews: a) O’Hagan, J. Fluorine Chem. 2014, 167, 16. b) Gouverneur, Chem. Soc. Rev. 2008, 37, 320. c) Liu, Chem. Rev. 2014, 114, 2432. 
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These groups can allow for better tuning of the physical and biological properties of a drug (or agrochemical) 
and may offer improved activity or bioavailablility.

SF5OCF3SeCF3SCF3CF3FParameter

1.231.041.291.440.880.14Πa

0.680.350.450.500.540.06σp
b

a Hansch hydrophobicity parameter (measured from substituted benzene derivatives).  b Hammett parameter (measured from 4-substituted benzoic acids). 

Trifluoromethylthio
(SCF3) Group

Trifluoromethoxy
(OCF3) Group

Pentafluorosulfanyl
(SF5) Group

O

F

F

F

Reviews: a) O’Hagan, J. Fluorine Chem. 2014, 167, 16. b) Gouverneur, Chem. Soc. Rev. 2008, 37, 320. c) Liu, Chem. Rev. 2014, 114, 2432. 
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5.2 The Trifluoromethylthio (SCF3) Group

5.2.1 Introduction 

The Trifluoromethylthio

(SCF3) Group
Similar electron-withdrawing
properties to the CF3 group (σp = 
0.50, cf 0.54 for CF3)

But more lipophilic (π = 1.44, cf
0.88 for CF3)

Can lead to improved trans-
membrane permeation &
metabolic stability.

SF5OCF3SeCF3SCF3CF3FParameter

1.231.041.291.440.880.14Π

0.680.350.450.500.540.06σp

Reviews on the SCF3 group: a) Shibata, Chem. Rev. 2015, 115, 731. b) Postigo, Org. Biomol. Chem. 2016, 14, 7150. 
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Adenosine Analogue

Examples of SCF3-Substituted Parmaceuticals:
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Synthetic Approaches towards the SCF3 Group

The SCF3 group can be constructed via three different strategies:

a) Fluorination Approaches: Construction of three C−F bonds
b) S-Trifluoromethylation: Construction of the RS−CF3 bond
c) Direct Trifluoromethylthiolation: Construction of the R−SCF3 bond

Reviews on the SCF3 group: a) Shibata, Chem. Rev. 2015, 115, 731. b) Postigo, Org. Biomol. Chem. 2016, 14, 7150. 
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5.2.2 Fluorination Methods towards the SCF3 Group

SCF3-Substituted compounds can be prepared from the corresponding SCl3 species via halogen exchange 
(halex). Although this process is rather old and operates under relatively harsh conditions, it is still 
commercially significant. 

Saint-Jalmes, J. Fluorine Chem. 2006, 127, 85.

Examples:
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5.2.3 S-Trifluoromethylation

S-Trifluoromethylation can be achieved via nucleophilic, radical or electrophilic methods. 

Examples: Nucleophilic S-Trifluoromethylation

a) Langlois, Tetrahedron Lett. 1996, 37, 6865. b) Langlois, Tetrahedron Lett. 1997, 38, 65.

S
CF3( )5

80%

S
CF3

25%

Examples:

Examples:

S
CF3

Ph

87%

S
CF3

70%
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Example: Radical (Reductive) S-Trifluoromethylation of Disulfides

Example: Radical S-Trifluoromethylation of Thiols

a) Dolbier, Org. Lett. 2004, 6, 301. b) Shchupak, J. Fluorine Chem. 1994, 69, 207.

Via:

Thiolate by-product reacts with CF3-I to give yields
above 100%

Via:

Examples:
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Example: Electrophilic S-Trifluoromethylation

Umemoto, J. Am. Chem. Soc. 1993, 115, 2156.

S
CF3

OTf

S( )9
Na+ S( )9 CF3THF, rt, 0.5 h, 47%

S
CF3

OTf

THF, 0 °C to rt, 1 h, 81%

Se
CF3

OTf

THF, rt, 0.5 h, 87%
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2000
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Shen
2013

5.2.4 Direct Trifluoromethythiolation

S-Trifluoromethylation can be achieved via nucleophilic, radical or electrophilic methods. 

5.2.4.1 Trifluoromethylthiolating Reagents

[Me4N]SCF3

NUCLEOPHILIC ELECTROPHILIC

RADICAL

Reviews on the SCF3 group: a) Shibata, Chem. Rev. 2015, 115, 731. b) Postigo, Org. Biomol. Chem. 2016, 14, 7150. 

AgSCF3: €15/mmol (TCI)
CuSCF3: €58/mmol (TCI)

[Me4N]SCF3: €99/mmol (Sigma)
Phthalimide-SCF3: €30/mmol (TCI)

Most reagents (nucleophilic and electrophilic) are either not commercially available or very expensive



5.2.4.2 Nucleophilic Trifluoromethythiolation

−SCF3 Anions can act as nucleophiles in SN2 and SNAr processes with a range of alkyl halides or 
pseudohalides or electron-deficient arenes. 

Examples: With NMe4SCF3

Tyrra, J. Fluorine Chem. 2003, 119, 101.
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The instability of the −SCF3 anions can be exploited to activate alcohols in situ. In these 
deoxytrifluoromethylthiolation processes, an excess of the nucleophilic reagent is required. 

Example:

Qing, Angew. Chem. Int. Ed. 2015, 54, 897.

Mechanism:
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Vicic, J. Am. Chem. Soc. 2012, 134, 183.

−SCF3 Sources can also be employed as coupling partners in transition metal-catalysed cross-coupling
reactions with aryl halides.

Example: Nickel-Catalysed Trifluoromethylthiolation of Aryl Halides

Mechanism:Examples:

SCF3 SCF3

MeO

SCF3

EtO2C

SCF3

Ph

SCF3

N

SCF3

90% 90%

45% 92%

55%83%
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5.2.4.3 Electrophilic Trifluoromethythiolation

The introduction of stable and easy-to-handle electrophilic trifluoromethylthiolating reagents has led to the 
development of many new transformations.

Example:

a) Xue, Cheng, Org. Lett. 2016, 18, 264. b) Shen, Angew. Chem. Int. Ed. 2013, 52, 3457.

More reactive

I O
SCF3

Me
Me
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Examples: Asymmetric Trifluoromethylthiolation of β-Ketoesters

Rueping, Angew. Chem. Int. Ed. 2013, 52, 12856.

Examples:

N

H
N

MeO
HO

Quinidine
(Cinchona Alkaloid)
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Aryl-SCF3 compounds can be prepared from the corresponding boronic acids or via C−H activation of the 
unfunctionalised arene.

Example: Electrophilic trifluoromethylthiolation of Arylboronic acids

Shen, Angew. Chem. Int. Ed. 2013, 52, 3457.

I O
SCF3

[CuI] Ar

[CuII] Ar

[CuIII] Ar

SCF3

[CuI]

Ar SCF3

Ar B(OH)2

Transmetallation

Reductive
Elimination

SET

Radical
Addition

Copper
Catalysis

I O
SCF3

I O

Likely Mechanism:
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5.2.4.4 Radical Trifluoromethythiolation

The SCF3 radical can be generated via single electron oxidation of AgSCF3 with the strong oxidant K2S2O8

(potassium peroxydisulfate) or via single electron reduction of some electrophilic reagents.

Example: Under Oxidative Conditions with AgSCF3

Wang, Org. Chem. Front. 2015, 2, 1511.

Mechanism:
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5.3 The Trifluoromethoxy (OCF3) Group

5.3.1 Introduction 

Reviews on the OCF3 group: a) Billard, Angew. Chem. Int. Ed. 2016, 55, 11726. b) Poisson, Org. Chem. Front. 2016, 3, 1004.

The Trifluoromethoxy

(OCF3) Group
Somewhat less electron-
withdrawing than the CF3
group (σp = 0.35, cf 0.54 for CF3)

But somewhat more lipophilic
(π = 1.04, cf 0.88 for CF3)

Displays interesting 
conformational preferences
that can affect receptor binding

SF5OCF3SeCF3SCF3CF3FParameter

1.231.041.291.440.880.14Π

0.680.350.450.500.540.06σp

S

N
NH2

F3CO

Riluzole
(amyotrophic lateral
sclerosis treament)

Electron-withdrawing effect of fluorine
and competition for hyperconjugation

decrease nO to π*(arene) overlap.

π(arene) to σ*(O−C) hyperconjugation
favours perpendicular geometry.
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Synthetic Approaches towards the OCF3 Group

The OCF3 group can be constructed via three different strategies:

a) Fluorination Approaches: Construction of three C−F bonds 
b) O-Trifluoromethylation: Construction of the RO−CF3 bond
c) Direct Trifluoromethoxylation: Construction of the R−OCF3 bond

Reviews on the OCF3 group: a) Billard, Angew. Chem. Int. Ed. 2016, 55, 11726. b) Poisson, Org. Chem. Front. 2016, 3, 1004.
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5.3.2 Fluorination Methods towards the OCF3 Group

The majority of OCF3-substituted compounds are still made in a de novo fashion in spite of the harsh 
reaction conditions required. 

Reviews on the OCF3 group: a) Billard, Angew. Chem. Int. Ed. 2016, 55, 11726. b) Poisson, Org. Chem. Front. 2016, 3, 1004.

Scheme based on one from: A. Tlili, F. Toulgoat, T. Billard, Angew. Chem. Int. Ed. 2016, 55, 11726. 168



5.3.3 O-Trifluoromethylation

The dominance of single electron transfer mechanisms with electrophilic trifluoromethylation reagents means 
O-trifluoromethylation is challenging (oxygen radicals are generally rather unstable).

Only the most reactive (and unstable) Umemoto-type reagent selectively reacts at oxygen.

Examples: 

a) Umemoto, J. Org. Chem. 2007, 72, 6905. b) Togni, Angew. Chem. Int. Ed. 2009, 48, 4332.

Lewis-Acid activation increases the
reactivity of the Togni II reagent and 

favours an ionic pathway.
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5.3.4 Direct Trifluoromethoxylation

5.3.4.1 Nucleophilic Trifluoromethoxylation

Until very recently direct trifluoromethoxylation methods were limited to nucleophilic processes involving the 
rather unstable OCF3 anion. The source reagent is mostly trifluoromethyl triflate (TFMT). 

Trifluoromethyl

Triflate (TFMT)

One of few commercially-available
OCF3-reagents

Very expensive and highly volatile

Reagent must be used quickly at 
low T to avoid elimination of fluoride

Reviews on the OCF3 group: a) Billard, Angew. Chem. Int. Ed. 2016, 55, 11726. b) Poisson, Org. Chem. Front. 2016, 3, 1004.
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Recently, more stable, cheaper and easier-to-handle reagents have been developed.

Example: Deoxytrifluoromethoxylation of Alcohols with TFMS

Tang, Angew. Chem. Int. Ed. 2018, 57, 292.

Mechanism:
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Example: Nucleophilic Trifluoromethoxylation with TFBz

Hu, J. Am. Chem. Soc. 2018, 140, 6801.

O

OCF3

TFBz

Br

Br

AgF

Br

OCF3

78%

Ph

OCF3

i) KF, phase
transfer catalyst

ii) Ar-SnBu3, Selectfluor-PF6
AgPF6, NaHCO3

N

Br

OCF3

N

N

*

82%

69%
(e.r. = 89.5:10.5)

AgF (cat.)R

cinchona alkaloid
CsF, Dibromantin

O

OAc
AcO

AcO
AcO

OCF3

84%

O

OAc
AcO

AcO
AcO

Br

AgF
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5.3.4.2 Radical Trifluoromethoxylation

Recently, two new reagents have been introduced that can act as sources of the ∙OCF3 radical upon light 
irradiation. 

a) Liu, Ngai, ACIE 2018, 57, 9645. b) Togni. ACIE, 2018, 57, 13784. Highlight: Hopkinson, ACIE, 2018, 57, 7942.

N

10 W LED
(402 nm)

OCF3

Homolytic 
Cleavage

Ru2+

Ru2+*

Ru3+ h

N
RR

N
RR

Photocatalyst-mediated electron shuttling:

N

N

OCF3

NO2

CF3

CF3

CF3

N
OCF3

NO2

CF3

CF3

CF3

N

N

NO2

CF3

CF3

CF3

H

OCF3

H

OCF3

Excitation

*

Mechanism:Examples:

Light bulb photo: from Unknown Author, licence: CC BY-SA-NC 173



Very recently, the Riedel group has introduced bis(trifluoromethyl)peroxide (BTMP) a a cheaper alternative 
for radical trifluoromethoxylations. Notably, both photoredox and TEMPO catalysis are efficient in activating
BTMP.

a) S. Riedel, M. N. Hopkinson, Chem. Eur. J. 2021, 27, 11554; b) S. Riedel, M. N. Hopkinson Angew. Chem. Int. Ed. 2024, 63, e202317770

Examples:

Selectivity substrate-dependent, but 
influenced by reaction conditions!
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Further applications:



5.4 The Pentafluorosulfanyl (SF5) Group

5.4.1 Introduction 

Reviews on the SF5 Group: a) Zanda, J. Fluorine Chem. 2012, 143, 57. b) Welch, Chem. Rev. 2015, 115, 1130.

The Pentafluorosulfanyl

(SF5) Group
Very strongly electron-
withdrawing (σp = 0.68, cf 0.54 
for CF3)

And remarkably lipophilic (π = 
1.23, cf 0.88 for CF3)

Considered the “holy grail” or 
“missing link” in organofluorine
chemistry

SF5OCF3SeCF3SCF3CF3FParameter

1.231.041.291.440.880.14Π

0.680.350.450.500.540.06σp

N
SF5

CF3

HO
N
H

SF5-Mefloquine
(malaria treatment)

N

O2N NO2

SF5

SF5-Trifluralin
(herbicide)

Strongly electron-withdrawing nature 
of the SF5 group is beneficial for 

increasing the dipole of liquid crystal.

Image Credit: By LG전자 -세계명화가 LG 스마트 TV 속으로, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=17450806 175



5.4.1 Introduction

The Pentafluorosulfanyl (SF5) Group as Bioisostere

a) D. A. Colby, ChemMedChem 2017, 12, 1481; b)  N. A. Meanwell, J. Med. Chem. 2018, 61, 5822–5880; 
c) M. A. Phillips, Sci. Transl. Med. 2015, 7, 296ra111-296ra111(2015)

more electron-withdrawing
(σp = 0.68, cf 0.54 for CF3)

more lipophilic (π = 1.23, cf
0.88 for CF3)

much bigger (49.2 cm3 mol−1, 
cf. 20.49 cm3 mol−1 for CF3)

176

SF5 vs. CF3 

inverted polarity / dipole

less lipophilic (π = 1.23, cf
1.89 for tBu)

slightly smaller 
(49.2 cm3 mol−1, cf. 51 
cm3 mol−1 for tBu)

SF5 vs. tBu

similarly electron-withdrawing

muc more lipophilic (π = 
1.23, cf -0.28 for NO2)
→ lower aq. solubility

much bigger (49.2 cm3 mol−1, 
cf. ~25 cm3 mol−1 for NO2)

SF5 vs. NO2 

N

N

HN

CF3

N

N
H3CF2C

N

N

HN

SF5

N

N
H3CF2C

DMS-267 DMS-265

First compound bearing a SF5 group
that entered clinical trials. Phase I 
and Phase IIa completed as
antimalaria treatment.
Similar in vitro, but improved in vivo
activity compared to the CF3 analog.



Synthetic Approaches towards the SF5 Group

The SF5 group can be constructed via two different strategies:

a) Fluorination Approaches: Construction of five S−F bonds 
b) Direct Pentafluorosulfanylation: Construction of the R−SF5 bond

5.4.2 Fluorination Methods towards the SF5 Group

De novo methods are by far the most commonly-employed approaches to prepare SF5-substituted 
compounds. Due to the harsh conditions required, building blocks are usually prepared, which are then 
further functionalised or coupled onto more complex compounds. 

Alkyl-SF5 Compounds:

Haszeldine, J. Chem. Soc. 1956, 2684. Reviews on the SF5 Group: a) Zanda, J. Fluorine Chem. 2012, 143, 57. b) Welch, Chem. Rev. 2015, 115, 1130.

Very low yields of
perfluorinated compounds

obtained using HF 
(electrolysis) or F2. 
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Aryl-SF5 Compounds: Via Ar−SF4Cl Compound 

Umemoto, Beilstein J. Org. Chem. 2012, 8, 461.

Examples:

Mechanism:
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The final halex process is more challenging due to the presence of 4 fluorine atoms already bound to sulfur. 
Lewis acids are required to help abstract the chloride leaving group. 

Reviews on the SF5 Group: a) Zanda, J. Fluorine Chem. 2012, 143, 57. b) Welch, Chem. Rev. 2015, 115, 1130.
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5.4.3 Radical Pentafluorosulfanylation

Direct pentafluorosulfanylation is limited to radical methods. The ∙SF5 radical can be generated upon 
homolysis or single electron reduction of the gaseous and highly toxic compounds F5S−Cl, F5S−Br and 
F5S−SF5.

Examples:

F5S

F5S

SF5

R F5S X

Chain 
Propagation

Radical
Addition

Atom 
Transfer

F5S X

Initiation
h , heat or BEt3

or X- X

R

R

X

General Mechanism:

Reviews on the SF5 Group: a) Zanda, J. Fluorine Chem. 2012, 143, 57. b) Welch, Chem. Rev. 2015, 115, 1130.
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Pentafluorosulfanylated arenes can be obtained upon further functionalisation of the radical addition products 
to cyclohexene derivatives.

Examples:

Reviews on the SF5 Group: a) Zanda, J. Fluorine Chem. 2012, 143, 57. b) Welch, Chem. Rev. 2015, 115, 1130.

F5SBr

CH2Cl2
196 °C

ATRA

SF5
AcO

OAc

Br

AcO

OAc

K2CO3

acetone, 

Elimination

SF5AcO

OAc

270 °C

Ph2O

2 x Elimination

SF5Cl
S

Cl

O

CCl4, rt Cl

Cl

Chlorination

F5SCl
BEt3

CH2Cl2
20 °C

ATRA

Cl

Cl

Cl
SF5

3 x Elimination

tBuOK

Et2O

NaOEt

EtOH, rt

F5SCl
BEt3

hexane
30 °C

ATRA

Cl
SF5

Elimination

SF5 NBS

CCl4
reflux

SF5Br

Br

tBuOK

Et2O

2 x EliminationBromination
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Recently, a photoredox catalysis method was introduced that enabled generation of the ∙SF5 radical from 
sulfur hexafluoride (SF6). This is very stable bulk compound and would serve as a much more attractive 
reagent.

Wagenknecht, ChemCatChem 2018, 10, 2955. 

S
F
F F

F

F

F
Bulk Material, Greenhouse Gas

Electrical Insulator

Sulfur Hexafluoride

Light bulb photo: from Unknown Author, licence: CC BY-SA-NC
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Mechanism:

Wagenknecht, ChemCatChem 2018, 10, 2955. Light bulb photo: from Unknown Author, licence: CC BY-SA-NC
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