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Why Fluorine Chemistry?

Fluorine 
in Health

18F-Radio-
Chemistry

19F-Pharma-
ceuticals

Pharmaceuticals
Molecular Imaging [19F MR and 18F PET]
Biomedical Materials

Metabolic Stability
pKa, log P
Conformation 
Affinity
Bioavailability
Racemisation
Mechanism-based Inhibition

Drug Discovery
Diagnosis
Response to Therapy

Synthesis: Fluorinated Building Blocks and Fluorination

CF
CF2
CF3
SF5

        “Fluorine in Health” Edited by Alain Tressaud and Günter Haufe Elsevier 2008
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Fluorine and Medicinal Chemistry
 Metabolic Stability, Affinity, Conformation, pKa, log P, Racemisation,

Mechanism-based Inhibition

        Tutorial Review with S. Purser in Chem. Soc. Rev. 2008, 37, 320
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Fluorination of Less Activated Substrates
When possible, late fluorination for application in PET ….

N

N

N

OH
H
N

Ph
OH

OCONHtBu F

OH

OHF

OH

HO

Et

Et

OH

FHO

A

DC

C13H27

F

NH2

OH

N

HO
F

F

O
HO

N

NH2

O

O

O

F

OR

RO

OH

OHO

O

MeO

OH

O

O

COOH

OH

F

OHAcNH

HO OH

HO

F-Vitamin D3
F-HIV-Protease Inhibitor

F-Cyclitols F-Sphingosine

gemcitabineF-Daunomycinone F-Sialic acid



5

Electrophilic Fluorination of Organosilanes
A Highly Versatile Reaction to Access F-Building Blocks

   Chem. Commun. 2006 4113-4116 

Chem. Eur. J. 2002 766-771 

Chem. Commun. 2001 233-234

Org. Lett. 2005 1267-1270  
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Full Transfer of Chirality

Full Double Bond Transposition

N

N

F

Cl
+

+

2 BF4
-

Selectfluor

N-Fluorosulfonimide [NFSI]

Ph

Ph
S
O2

N

SO2

F

with M. Pacheco and S. Purser in Chem. Rev. 2008, 108, 1943
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Electrophilic Fluorodesilylation of Allenylsilanes
Solving the Problem of Erosion of Enantiomeric Excess

                            with L. Carroll Chem. Commun 2006 4113.
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H
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H
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H
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Electrophilic Fluorodesilylation of Allenylsilanes
Solving the Problem of Erosion of Enantiomeric Excesses

                                                   Chem. Commun 2006 4113

H

O
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OH

Zn(OTf)2, Et3N, toluene

60oC, 20h

R1H

R1

OH

R1 = SiMe3 99% ee 97%
R1 = Bu      99% ee 94%

1. MsCl, Et3N, DCM

THF, -78oC

2. R2Li, CuCN, LiCl

H

R1
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R1 = SiMe3 R2 = Bu     60%
R1 = Bu R2 = SiMe2Ph 71%

Synthesis of enantioenriched allenylsilanes:
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Electrophilic Fluorodesilylation of Allenylsilanes
Solving the Problem of Erosion of Enantiomeric Excesses

 with L. Carroll in  Chem. Commun 2006 4113 & in OBC 2008 1731

H

Bu

SiMe2Ph

Selectfluor

MeCN, rt

F

Bu

1. MsCl, Et3N, DCM

2.Me2PhSiLi, 
CuCN, LiCl

47%

RETENTION

1. MsCl, Et3N, DCM

2. BuLi, CuCN, LiCl

H

SiMe3
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MeCN, rt
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70%
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70%

INVERSION

94% ee97% ee

95% ee 95% ee~ 30% ee

13C NMR  Chiral Liquid Crystal
[poly(γ−benzyl-L-glutamate)]  (PBLG)
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 Metathesis & Electrophilic Fluorodesilylation
Solving the Problem of Double Transposition for the Synthesis of Allylic Fluorides
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F

R

F
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F
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F
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N
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PhCOO

CF3

F

PhCOO Et

O

F

PhCOO NMetBoc

O

69% yield
E/Z  > 95/5

70% yield
E/Z  > 95/5

35% yield
E/Z > 95/5

53% yield
E/Z > 95/5

87% yield
E/Z > 95/5

F

PhCOO
Br

85% yield
E/Z 9/1

With S. Thibaudeau & M. Tredwell Org. Lett.  2003, 4891-4893; Org. & Biomol. Chem. 2004 1110.

Fluorination: 1.2 eq. Selectfluor, 1.2 eq. NaHCO3; CM: 5 mol % Grubbs II, DCM, sealed tube 
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Enantioselective Electrophilic Fluorodesilylation
with in-situ generated chiral N-F Reagents

With B. Greedy in Angew. Chem. Int. Ed.  2003, 42, 3291; N. Shibata et al Alkaloid/NFSI K2CO3 in 
Angew. Chem. Int. Ed.  2008, ASAP. 
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 [3,3] Sigmatropic & Electrophilic Fluorodesilylation
Transfer of Chirality C-Si to C-F

W ith M. Sawicki in Beilstein J. Org. Chem. 2007 Thematic Issue Contemporary Silicon Chemistry
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d.r. [%]

>20:1 95

90

Me
COOEt

SiMe3

Me
COOEt

F

96

Me Me

>20:1

>20:1

H
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De Novo Synthesis of Enantioenriched F-Cyclitols
Catalytic Asymmetric Dihydroxylation-Fluorodesilylation
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1.1%

                                  with S Purser in Chemistry A European Journal 2006 12 9179
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then R1R2R3SiCl
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70% yield 
d.r. > 98:2 
e.e. = 87%

 R1=Me, R2= tBu

77% yield 
d.r. > 98:2 
e.e. = 69%

Y. Landais Eur. J. Org. Chem. 2004 3173
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De Novo Synthesis of Enantioenriched F-Cyclitols
Catalytic Asymmetric Dihydroxylation-Fluorodesilylation
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                                                       Chemistry A European Journal 2006 12 9179-9185.
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Synthesis of Enantioenriched F-Cyclitols
Asymmetric Allylation-RCM-Fluorination
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F
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With S. Purser in Synlett  2007, 7, 1166-1168.
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Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-directional Approach

With S. Purser in Org. Lett.  2008 ASAP

1. Novel deoxyfluoro-myo-inositols are highly valuable compounds to intervene 
with the phosphatidylinositol cycle

2. Cyclic anti- and syn- 1,4-difluorocycloalkenes are unknown

3. No information is availab le on their reactivity or physical properties. 
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Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-Directional Approach

With S. Purser in Org. Lett.  2008 ASAP
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Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-Directional Approach

With S. Purser in Org. Lett.  2008 ASAP
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+
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O
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Synthesis of Enantioenriched Difluorinated Cyclitols
The Two-Directional Approach

With S. Purser in Org. Lett.  2008 ASAP
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Diels-Alder & Electrophilic Fluorination
The REVERSE Approach
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20With C. Lam in Angew. Chem. Int. Ed.  2007, 46, 5106-5110. 

Ph

SiMe3

COOMe

COOMe

Ph

COOMe

COOMeF

1.2 eq. Selectfluor
CH3CN, rt, 1h

dr > 20:1

64%

Ph

SiMe3

COMe
Ph

COMeF

1.2 eq. Selectfluor
CH3CN, rt, 4h

dr = 9:1
dr > 20:1

60%

O

O

O
Ph

SiMe3

O

O

O
Ph

F

1.2 eq. Selectfluor
CH3CN, rt, 1h

76%

dr = 4:1
dr > 20:1

 

Diels-Alder & Electrophilic Fluorination
The REVERSE Approach
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Ph
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Me N

O

O

O

N

O

SiMe3

Me

Ph

+
+

Major Minor

1.4 eq ClAlMe2
-20oC, 2h, DCM 

yield  =  88%
dr = 3:1

(dr >20:1)
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O

Ph

O

N

O

SiMe3

Me

Ph

O

Ph

O

1.2 eq. Selectfluor, rt, 1h
75% yield

N

O

Me

Ph

O

Ph

O

F

OH

Me

Ph

F

LiBH4

3h, 54%

dr crude and purified > 20:1

ee > 99%
dr > 20:1

COX

Ph
Me

SiMe3

F+

Diels-Alder & Electrophilic Fluorination
The REVERSE Approach

With C. Lam in Angew. Chem. Int. Ed.  2007, 46, 5106
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O

N
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N

O

t-
Bu

t-BuTfO OTf

COX

Me

SiMe3

Me

Ph

F+

Diels-Alder & Electrophilic Fluorination
The REVERSE Approach
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SiMe3

Me N

O

O

O
N

O

O O

SiMe3
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+

Major

5 mol % CuL2(OTf)2
DCM, 64h, rt
yield  =  45 %

endo:exo > 20:1
ee = 94%

Me Me

N
O

O O

Me

Ph

N
O

O O

Me

Ph

+
F F

Selectfluor, CH3CN
91% yield
syn/anti 6/1 [crude]

Me

EtSLi
Me

Ph

F

Me

COSEt

Me

Major Minor

99%

With C. Lam in Angew. Chem. Int. Ed.  2007, 46, 5106 
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Fluorocyclisation: Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

 with S. Wilkinson and M. Schuler

HO OBn
O

OBn

I

O
OBn

F

I2, NaHCO3

MeCN
MeCN

"F
+
"

97%

HO SiR3

HO OH

"F+"Selectfluor

O
OH

F

fluorocyclization
then

oxidative cleavage

HO

F

fluorodesilylation

R3Si = Me3Si R3Si = Me3Si

SiR3 = masked OH
enhance reactivity
control regioselectivity

Novel Approach for Fluoroetherifications

54%
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Endo Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

 with S. Wilkinson and M. Schuler

 SM accessible via CM
 Fluoroetherification with Si(i-Pr)3
>>> Selectfluor in MeCN
 Fluoroetherification with Si(i-Pr)2p-Tolyl
>>> NFSI in MeCN
 Syn suprafacial
 E-allylsilanes       Syn selectivity

O

F

Si(i-Pr)3

O

F

Si(i-Pr)2p-Tolyl

O

F

Si(i-Pr)3

O

F

Si(i-Pr)3

O

F

Si(i-Pr)3

O

F

Si(i-Pr)2p-Tolyl

90% 72% 73%

60% 52% N

EtO

O

54%

O

F

Si(i-Pr)3

O

OO

F

Si(i-Pr)3

51%

77%

OHi-Pr3Si OHi-Pr3Si

OHi-Pr3Si

OHi-Pr2p-TolylSi
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Endo Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

with S. Wilkinson and M. Schuler

 SM accessible via RCM-ring opening
 Fluoroetherification with Si(i-Pr)3
>>> Selectfluor in MeCN
 Fluoroetherification with Si(i-Pr)2p-Tolyl
>>> NFSI in MeCN
 Syn suprafacial
 Z-allylsilanes       Anti selectivity

Erosion is observed [ > 20 :1 to 10:1]
Si(iPr)2pTolyl is oxidatively cleavable
HBF4 then H2O2 TBAF

O

F

Si(i-Pr)2p-Tolyl

O

F

Si(i-Pr)3

O

F

Si(i-Pr)2p-Tolyl

66% 64%

51% 67%
O

F

Si(i-Pr)2p-Tolyl

Synthesis of allylsilane [RCM-ring opening]:

O
Si

i-Pr i-Pr

Cl Cl
Si

i-Pr i-Pr
O

Si

i-Pri-Pr1. HO(CH2)2C(CH3)=CH2
Et3N, DCM, 82%

2.

MgBr

THF, 77%

2 mol %
Hoveyda-Grubbs
DCM, reflux
96%

Si(i-Pr)2p-Tolyl

HO
p-TolylLi, THF

65%

Synthesis of allylsilane [RCM-ring opening]:

O
Si

i-Pr i-Pr

Cl Cl
Si

i-Pr i-Pr
O

Si

i-Pri-Pr1. HO(CH2)2CH=CH2
Et3N, DCM, 62%

2.

MgBr

THF, 80%

2 mol %
Hoveyda-Grubbs
DCM, reflux
96%

Si(i-Pr)2p-Tolyl

HO
p-TolylLi, THF

40%
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Endo Fluoroetherification and Fluoroamination
Access to both SYN and ANTI Fluorinated Heterocycles

(i-Pr)3Si

H

H

"F+"

(i-Pr)3Si

H

H

F

+

HO

O

F

(i-Pr)3Si

OH

O

F

(i-Pr)3Si
H

H

"F+"

H

F
HO

OH

Si(i-Pr)3
Si(i-Pr)3

H
+

E

Z

cis

trans

no bond rotation

possible bond rotation

Et

OH

Bu

O
Et Bu

I

I2, NaHCO3

CH3CN, rt, 3h

90%

Et

OH

Bu
O

Et Bu

I

I2, NaHCO3

CH3CN, rt, 72 h

60%

O

H

R

H

Z

E

H

I

R

OH

E

Z

Knight, D. W. et al. J. Chem. Soc., Perkin Trans. 1, 1999, 2143.



27

What have we learned? What is coming next?
Synthesis of Fluorinated Compounds from Organosilanes

SiMe3

C

F

R1

R3

R2
R1

R3

R2

R1

R3

R2

SiMe3
R4

R5
R3 R1

R4

F

R2

R5

C

SiMe3

CC

F

SiMe3
F

R4

R3

R4 R5

R1

R1R2

R3

R3

R2

R1

R5
R2 R1 R2

R3

SE2' Transfer of chirality

SE2' Transfer of chirality
asymmetric fluorination [catalytic variant]
diastereoselective fluorodesilylation
fluorous variant 
hot variant [radiochemistry]

moderate to excellent level E/Z

moderate to excellent level E/Z

SiR3

R1

R2

HX

X

SiR3

F

R2

R1

syn/anti stereochemistry is programmable R

SiMe3

R

R3Si

R

R F

F

Two-directional approach

1. Allylic fluorides and the inside fluoro effect
2. Allylic fluorides and Pd(0)-catalysed reactions
3. Fluorine Chemistry and Au Catalysis
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Allylic Fluorides are Responsive to Iodocyclisations
 Access to β-Fluorinated Lactones

N

N

N

OH
H
N

Ph
OH

OCONHtBu F

Reductive Amination

Epoxide opening

Amide Coupling

N

N

CHO

NH
H2N

OH

CONHtBu

Boc

Ph

OF

OH

O

A. G. Myers et al. J. Am. Chem. Soc. 2001, 123, 7207

O

Ph

O

F

I

HO

Ph

O

F
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Synthesis of β-Fluorinated γ-lactones
The fluorine substituent is a SYN stereodirecting group

With M. Tredwell  in Angew. Chem. Int. Ed.  2008, 47, 357-360.

OH

O

Bn

F

OH

O

Bn

F

O

O

Bn

FI

O

O

Bn

FI

OH

O

Bn

O

O

Bn

I

OH

OF

O

O

FI

MeMe

OH

OF

O

O

FI

Me

Me

A
B

A
B

A
B

A
B

A
B

86%
94%

95%
74%

24%
25%

48%
72%

100%
100%

> 20:1
> 20:1

> 20:1
> 20:1

> 20:1
> 20:1

> 20:1
> 20:1

2:1
2:1

A: I2, DCM-aq. NaHCO3, rt; B: I2, CH3CN, rt

(+)

(+)

(±)

(±)

(-) (+)

(±)

(±)

(-)

(-)

yield d.r.Alkenoic acid lactone
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Fluorination of Less Activated Substrates
When possible, late fluorination for application in PET ….

N

N

N

OH
H
N

Ph
OH

OCONHtBu F

OH

OHF

OH

HO

Et

Et

OH

FHO

A

DC

C13H27

F

NH2

OH

N

HO
F

F

O
HO

N

NH2

O

O

O

F

OR

RO

OH

OHO

O

MeO

OH

O

O

COOH

OH

F

OHAcNH

HO OH

HO

F-Vitamin D3
F-HIV-Protease Inhibitor

F-Cyclitols F-Sphingosine

gemcitabineF-Daunomycinone F-Sialic acid
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Synthesis of β-Fluorinated γ-lactones
The fluorine substituent is a SYN stereodirecting group

 

 I2-π Complex is loosely associated
 Proximal orientation of HCOO- is preferred
 Distal orientation is ~ 4 kcal/mol less stable
 Fluorine resides preferentially inside
 F inside is preferred over F outside by 1 kcal/mol
 F inside is preferred over F anti by 3 kcal/mol
 HCOO- approaches at 110o; backside attack
   of σ*C-I bond

  Angew. Chem. Int. Ed.  2008, 47, 357-360.
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β-Fluoro-Tetrahydrofurans, -Pyrrolidines and -Lactams
The fluorine substituent is a SYN stereodirecting group

Angew. Chem. Int. Ed.  2008, 47, 357 and with L. Combettes unpublished results.

O

FI

O

FI

Me

Me

TsN

FI

52% d.r. = 12:1 92% d.r. > 20:1

97% d.r. > 20:1

O

FI

88% d.r. = 9:1

O

FI

69% d.r. = 9:1

O

F

69% d.r. = 12:1

I

TsN

FI

85% d.r. = 6:1

42% d.r. = 12:1

TsN

FI

65% d.r. = 10:1

Me

Me

TsN

F

26% d.r. > 10:1

I

TsN

FI

88% d.r. = 14:1

TsN

FI

86% d.r. = 3.1

Me

Me

O

0 kcal mol-1 2.1 kcal mol-1

Reaction conditions: I2, MeCN or I2, DCM/aq. NaHCO3
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Allylic Fluorides are Responsive to Pd-Catalyzed Substitution
Leaving Group Ability of Fluorine

Togni et al. Eur. J. Inorg. Chem. 2006 1397

Fujii. N et al. Tetrahedron 2008 4332

Fe
P
Ph2

N
N

Pd

Ph

Ph

Me

Me

+
Me

PhPh

F

Pd(dba)2, ligand

CO2Et

NHBoc

FF

CO2Et

NHBoc

FPhSiH3, Et3N, 

cat. [Pd(allyl)Cl]2, 

ligand, 50 ˚C
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Pd- and Phosphine-Catalysed Ring Closures
C-O Ring Closure of Difluorinated Enones &Ynones

O

O

Me

O

O Ph

O

OMe

MeF

Me

F

Ph

O

O

PhMe

O Ph

O

Me

OH

Ph

O

O
Me

Me

O

O

Me

Me

O

O

Ar

F

F

F

F

F

F

F

F

F
F

!-/"-Hydroxyenone & "-Hydroxyynone

R1

OOH

R2

OOH

R2

R1
F F

F F

Me
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Pd- and Phosphine-Catalysed Ring Closures
C-O Ring Closure of Enones &Ynones

W ith M. Reiter, F. Silva, M. Sawicki in Org. Lett.  2004, 6, 91; J. Am. Chem. Soc. 2005, 127, 1481; J. Org. Chem. 2005, 70, 8478;
  J. Org. Chem.  2006, 71, 8390; Chemistry A European Journal  2006, 12, 7190; Org. Lett.  2006, 8, 5417. 

 

Pd(II)

O
Me

O

93%
Bullatenone

O2

Me

O

O Ph

O

OMe

MeMe

Me

Me

68%, 
9:1 d.r.

Ph

78%,
95:5 dr

O

O

PhMe

86%

O Ph

O

Me

Me

74% 
95:5 dr

OH

Ph

O

O
Me

Me

70% 
95:5 dr

O

O

Me

Me

54%

!-/"-Hydroxyenone & "-Hydroxyynone

Pd(II)

PR3

O

O OMOM

Ar

90% 
90% ee

R1

OOH

R2

OOH

R2

R1

Me



36With M. Reiter and F. Silva in Org. Lett.  2004, 6, 91 & J. Am. Chem. Soc. 2005, 127, 1481
& J. Org. Chem. 2005, 70, 8478

LnPdX2

O R2

O

O R2

O

HPdLnX

PdLn

oxy-
palladation

[Ox]

O R2R1

R1

R2

OHO

R1

Pd

X

L X

!-alkyl-Pd "3-oxoallyl-Pd

R1

LnXPd

Ln-1XPd

olefin 
coordination

#-hydride 
elimination

R2

OHO

R1

O

!

 PdCl2, CuCl, O2

O

O

ArMe

O

Me

OH

Ar

97% ee

(±)

1 mol% ab84G3, 
PBS/ toluene

50% conversion

O

Me

OH

Ar

PBS/ toluene, 50 °C
100% conversion

not isolated
Ar = 4-OMe-Ph 97% ee

One-pot bioorganic synthesis of enantioenriched dihydropyranones

Fluorinated Dihydro- and Tetrahydropyranones
De Novo Synthesis of Fluorinated O-Heterocycles & Carbohydrates

O

O

PhMe

Me

74% yield

Bullatenone
93% yield

O
Ph

O

Me

Me

OH

Ph

O

O Me
Me

70% yield
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Fluorinated Dihydropyranones
 from α,α-Difluoro-β-Hydroxylated Ynones

  The fluorine substituents affect significantly reactivity
  More efficient catalytic ring closures are needed
  Explore non-oxidative ring closures Ph

OH O

F F Me

HO O

Me

MeO

1 mol % ab84G3 
in PBS/toluene 50%

PdCl2, CuCl, Na2HPO4 (10 mol%)
O2, DME (0.1M)

50°C, 99%

O Me

O

MeO
50%

97% ee 12h

Ph

OH O

F F

Me

PdCl2, CuCl, Na2HPO4 
(10 mol%)

O2, DME (0.1M)
50°C

O

O

Me

F

F

67% 7 days

Ph

With M. Reiter J. Am. Chem. Soc.  2005, 1481; Org. Lett.  2004, 91. 



38With M. Schuler, F. Silva, C. Bobbio and A. Tessier

OOH

solvent, time
F F O

O

Ph

BnO
BnO

F

F
catalyst

Ph

Gold and Fluorine
 6-Endo-dig Non Oxidative Ring Closure of α,α-Difluoro-β-Hydroxylated Ynones

Catalyst

(MeCN)2PdCl2
(MeCN)4Pd(BF4)2

Amberlyst-15

NaH

HCl

TfOH

PtCl2
InCl3

AgNO3

AgSbF6

AuCl3
AuCl

Au(PPh3)OTf

Loading [mol%]

10

8

-[b]

100

100

50

5

5

5

5

5

5

5

Conditions

DCM, 18h

DCM, 18h

DCM, 18h

DCM, 5h

CH3CN, 40h

DCM, 29h

DCM, 18h

DCM, 18h

THF, 18h

DCM, 18h

DCM, 18h

DCM, 18h

DCM, 18h

Yield [%]

-[a]

15

-[a]

-[c]

-[a]

-[c]

-[a]

-[a]

-[a]

25

79

93

90
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Gold and Fluorine
 6-Endo-dig Non Oxidative Ring Closure of α,α-Difluoro-β-Hydroxylated Ynones

O R1

O

oxy-
auration

R2

F

alkyne 
coordination

proto-
deauration

Au(I)

R2

OH O

R1
F F

Au(I)

F
Au

H+

O R1

O

R2

F

F
H

R2

OH O

R1
F F

O

O

p-MeOPh Ph

F

F

O

O

p-CF3Ph Ph

F

F

O

O

Cy Ph

F

F

O

O

BnOCH2 SiMe3

F

F

O

O

BnOCH2 Me

F

F

O

O

Cy nPr

F

F

O

O

p-NO2Ph Et

H

H

O

O

PhCH2CH2 Ph

H

H

O

O

Ph Ph

F

F

92% 94% 94%

90% 83% < 5%

92% 89%

65%

O

O

BnOCH2 Me

F

F

75%

AuCl or AuCl3 in DCM
RT, 18 h
Validation with fluorinated & non-fluorinated ynones
No erosion of enantiomeric excess upon cyclisation

With M. Schuler, F. Silva, C. Bobbio and A. Tessier
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Gold and Fluorine
 6-Endo-dig Ring Closure of α,α-Difluoro-β-Hydroxylated Ynones

O R1

O

oxy-
auration

R2

F

alkyne 
coordination

deauration
with
other

electrophiles ?

Au(I)

R2

OH O

R1
F F

Au(I)

F
Au

H+

O R1

O

R2

F

F
E

R2

OH O

R1
F F

With M. Schuler, F. Silva, C. Bobbio and A. Tessier
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Gold and Fluorine
 6-Endo-dig Ring Closure of β-Hydroxylated Ynones: Iodo- & bromoalkoxylation

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed.  2008  Early View 

OOH

R1
rt, 12-40h

F F O

O

R1
R2

F

F
Condition A, B or C

R21

X = I
X = Br
X = Cl

X

A: 5 mol% AuCl, 1.2 eq. NIS, acetone
B: 5 mol% AuCl, 1.2 eq. NBS, DCM
C: 5 mol% AuCl, 1.2 eq. NCS, DCM

O

O

BnOCH2 Ph

F

F

O

O

Ph Ph

F

F

O

O

pMeOPh Ph

F

F

O

O

Ph Ph

F

F

O

O

Cy nPr

F

F

O

O

Cy Ph

F

F

O

O

PhCH2CH2 Ph

F

F

O

O

pMeOPh Ph

F

F

65% 76% 92%

65%

68%

82%70% 0%

I I I

I

I

BrBr Cl

Ph

OH O

Ph
F F

5 mol % AuCl
1.2 eq NIS
acetone, 24h
76%

O Ph

O

Ph

F

F

I

Ph

O
O

F F

Br
+

Ph

Zn 3 eq., CuCl 0.3 eq.

then 1.1 eq. BF3
.Et2O

 3 eq. Bu3SnCH=CH2, 
0.01 eq. Pd(PPh3)4

65%

64%

O Ph

O

Ph

F

F
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Gold and Fluorine
 Fluorinated Building Blocks or Fluorinations are Scarcely Explored…

 Gold Catalysis and Fluorination

J. P. Sadighi et al. 
J. Am. Chem. Soc. 2007, 129, 7736.

Hammond et al. 
J. Org. Chem. 2007, 72, 8559.

Toste et al. 
J. Am. Chem. Soc. 2006, 128, 12062

 Gold Catalysis with Fluorinated Building Blocks

Et Et

Et3N.HF

Et F

(SIPr)Au Et

(SIPr)Au-F  +

Et

Et

(SIPr)Au
DCM

Et F

H Et
64%

SIPr = 1,3bis(2,6-diisopropylphenyl)imidazolin-2-ylidene
N N

ArAr

Au

BF4
-

CF3

H

OMe

R1

R2

5 mol % (4-CF3C6H4)3PAuCl

5 mol % AgBF4, DCM, rt

R1

OMe

CF3

H

OH

Ph

F
F

AuBr3 (0.05 eq)

DCM, reflux, 24 h O

F

Ph

34%

[AgNO3 is better]

66%
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Gold & Fluorine
 Alkoxyfluorination of α,α-Difluoro-β-Hydroxylated Ynones

OOH

R'

RR" R" O

O

R' R

F

O

O

R' R

FF

F

R"= HR"= F

Au-catalyst

"F+"

Au-catalyst

"F+"

 Compatibility of gold catalysis with “F+” ?
 Which electrophilic fluorinating reagent ?
 Mechanism & Intermediacy of Organogold Species ?

R R

Et3N.HF

Au-Catalyst

R F

H R

Known Approach: Gold and "F-" source

R R
NuH/ F+

R F

Nu RAu-catalyst

New Approach: Gold and "F+" source

 Compatibility of gold catalysis with “F-”
 Rare nucleophilic approach to fluoro alkenes
 No regiocontrol for unsymmetrical alkynes

J. P. Sadighi J. Am. Chem. Soc. 2007, 129, 7736.



44

Gold & Fluorine
 Alkoxyfluorination of α,α-Difluoro-β-Hydroxylated Ynones

1d 3d 2d

Ratio determined by 19F NMR

Entry F
+
 Reagent (eq.) Conditions 

1d 

[%] 

3d 

[%] 

2d 

[%] 

1 NFSI (2.5) DCM, rt, 18h 73 0 27 

2 NFSI (1.5 ) DCM, reflux, 18h 93 0 7 

3 Pyridinium (2.0 ) MeCN, rt, 6 d 68 0 32 

4 Selectfluor (1.5 ) MeCN, rt, 55h 0 40 60 

5 Selectfluor (2.5 ) MeCN, rt, 48h 0 45 55 

6 Selectfluor (2.5) 
DCM, NaHCO3, 

rt, 66h 
100 0 0 

 

O

O

F

Ar Ph

F

Ar

O

Ph

HO

F F

F

5 mol % AuCl

O

O

F

Ar Ph

H
F

+

Ar = p-MeOPh

"F+"

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed.  2008  Early View 
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Gold & Fluorine
 Alkoxyfluorination of α,α-Difluoro-β-Hydroxylated Ynones

O

O

F

R1 R2

F

R1

O

R2

HO

F F

F

5 mol % AuCl

O

O

F

R1 R2

H
F

+

"F+"

O

O

PhPh

F

F
F

O

O

PhPh

F

F
H

O

O

Php-MeOPh

F

F
F

O

O

Php-MeOPh

F

F
H

O

O

PhCy

F

F
F

O

O

PhCy

F

F
H

O

O

Cy

F

F
F

O

O

Cy

F

F
H

20/33

26/33 27/37

20/15

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed.  2008  Early View 
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Gold & Fluorine
 Alkoxyfluorination of α,α-Difluoro-β-Hydroxylated Ynones

 No reaction occurred between Selectfluor
and Ynones in the absence of AuCl
 The protodeaurated dihydropyranone does
not react with Selectfluor in the absence or in
the presence of AuCl
 Electrophilic fluorination of vinylgold
intermediate

R2

OH O

R1

O R1

O

R2

H

O R1

O

R2

F

O R1

O

R2

F

Selectfluor

AuCl

Selectfluor

Control Experiments

F F

F

F

F

F

F

F

O R1

O

oxy-
auration

R2

F

alkyne 
coordination

fluoro-
deauration

R2

OH O

Au(I)

R1
F F

R2

OH O

R1
F F

Au(I)

F
Au

H+

O R1

O

R2

F

F
Fproto-

deauration

O R1

O

R2

F
F

H

N

N

F

Cl
+

+
2 BF4

-

Au(I)

N

N

F

Cl
+

+

2 BF4
-

[with or without AuCl]

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed.  2008  Early View 
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Pd(0)-Pd(II)-Pd(IV) & Fluorine
 Grushin - Sanford - Ritter

F

Pd

F

Pd

(o-Tol)3P P(o-Tol)3

X X

PBut
2Pri

Pri

Pri

F

X

C6H6, 80 ˚C

X = NO2, 10% X  = H, Me, OMe
no productProblems with Pd(II) Ar-F formation

N

HF

N+

F

Pd(OAc)2

µwave, 150 ˚C

N

FF

Sanford; catalytic in Pd

N

NNs

Pd

Ar

py ArF

N

NNs

Pd

NCMe

py +

+

BF4
–

Selectfluor

MeCN

 50 ˚C, 30 min

Ritter; stoichiometric in Pd[ex. ArB(OH)2]

BF4
—

Grushin, V. V.; Marshall, W . J. Organometallics 2007, 26, 4997-5002; 
Hull, K. L.; Anani W . Q.; Sanford M. S. J Am Chem Soc 2006, 128, 7134-7135.
Furuya, T.; Ritter, T. J. Am. Chem. Soc. 2008, 130, 10060-10061; 
Furuya, T.; Kaiser, H. M.; Ritter, T. Angew. Chem., Int. Ed. 2008, 47, 5993-5996.

 Grushin

 Sanford & Ritter



48

Gold & Fluorine
 Alkoxyfluorination of  α,α-Difluoro-β-Hydroxylated Ynones

5 mol % AuCl, 24- 48 h, MeCN, 2.5 eq. Selectfluor  [with or without H2O]

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed.  2008  Early View 

p-MeOPh

OH O

PhF F

Ph

OH O

PhF F

Cy

OH O

nPrF F

Ph

OH O

Ph

OH O

Ph

OH O

Me

O Ph

O

p-MeOPh

F
F

F

O Ph

O

Ph

F
F

F

O Ph

O

Cy

F
F

F

O Ph

O

Ph

F
F

OH

O Ph

O

F
F

OH

O Me

O

F
F

OH

40:60

50:50

50%

Ph

Ph 59%

Ph

Ph 41%

45:55

O Ph

O

p-MeOPh

F
F

H

O Ph

O

Ph

F
F

H

O Ph

O

Cy

F
F

H

O Me

O

F

Ph
O

32%

O Ph

O

F

Ph
O

39%

O Ph

O

Ph

F

O

13%

26%

20%

27%

15%

33%

33%
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Gold & Fluorine
 Alkoxyfluorination of α,α-Difluoro-β-Hydroxylated Ynones

 No reaction occurred between Selectfluor
and Ynones in the absence of AuCl
 The protodeaurated dihydropyranone does
react with Selectfluor in the absence or in the
presence of AuCl
 Electrophilic fluorination might or might not
involve vinylgold intermediate

O R1

O

oxy-
auration

R2

H

alkyne 
coordination

fluoro-
deauration

R2

OH O

Au(I)

R1
H H

R2

OH O

R1
H H

Au(I)

H
Au

H+

O R1

O

R2

H
H

F

proto-
deauration

O R1

O

R2

H
H

H

N

N

F

Cl
+

+
2 BF4

-

Au(I)

N

N

F

Cl
+

+

2 BF4
-

[with or without AuCl]

O R1

O

R2

H
H

F
F

OH

N

N

F

Cl
+

+
2 BF4

-

[with or without AuCl]

With M. Schuler, F. Silva, C. Bobbio and A. Tessier Angew. Chem. Int. Ed.  2008  Early View 
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Au- and PR3-Catalysed Synthesis of F-Targets
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Double Organocatalytic Approach: Amine and Phosphine
 5-Exo-dig Cyclisation of HydroxylatedYnones
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Double Organocatalytic Approach: Amine and Phosphine
 5-Exo-dig Cyclisation of HydroxylatedYnones
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PR3-Catalysed Synthesis of F-Targets
 5-Exo-dig Cyclisation of α,α-Difluoro-β-Hydroxylated Ynones
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